
§≥–∫√√≥“∏‘°“√

æ√™—¬  ‚Õ‡®√‘≠√—µπå
«‘∑Ÿ√  ™‘π «à“ß«—≤π°ÿ≈
«’√æ—≤πå   ÿ«√√≥∏√√¡“
°«’»—°¥‘Ï  ®‘µµ«—≤π√—µπå
 ÿ¢‰™¬   “∑∂“æ√
¡“«‘π  «ß»å “¬ ÿ«√√≥

»—≈¬»“ µ√å«‘«—≤πå 38
BASIC SCIENCE IN SURGERY

VOLUME 2

WISDOM OF SURGEONSWISDOM OF SURGEONSWISDOM OF SURGEONSWISDOM OF SURGEONSWISDOM OF SURGEONS

38



æ‘¡æå§√—Èß∑’Ë 1
æ.». 2552
 ß«π≈‘¢ ‘∑∏‘Ï

ISBN 978-974-9773-26-0

 ”π—°æ‘¡æå°√ÿß‡∑æ‡«™ “√
3/3  ÿ¢ÿ¡«‘∑ 49 ·¢«ß§≈Õßµ—π‡Àπ◊Õ ‡¢µ«—≤π“ °√ÿß‡∑æ¡À“π§√ 10110
‚∑√. 0-2258-7954, 0-2662-4347
‚∑√ “√ 0-2258-7954
E-mail : bkkmed@gmail.com

√“§“ 500.00 ∫“∑



§”π”

°

«‘∑¬“»“ µ√åæ◊Èπ∞“πÀ√◊Õ basic science ‡ªìπ√“°∞“π¢Õß«‘™“™’æ

∑ÿ° “¢“ ´÷Ëß®–‡ªìπ°“√ª√—∫∞“π§«“¡‡¢â“„®„π°“√π”‡Õ“«‘™“™’æ‰ªªØ‘∫—µ‘‰¥â

Õ¬à“ß∂Ÿ°µâÕß ·µà·æ∑¬åª√–®”∫â“π»—≈¬»“ µ√å ·≈–»—≈¬·æ∑¬å ´÷Ëß„™â‡«≈“

 à«π„À≠à‰ª°—∫°“√¥Ÿ·≈ºŸâªÉ«¬·≈–Õ¬Ÿà„πÀâÕßºà“µ—¥ ¡—°®–‰¡à„Àâ§«“¡ ”§—≠

¢Õß«‘™“«‘∑¬“»“ µ√åæ◊Èπ∞“π∑—Èß∑’Ë§«“¡®√‘ß·≈â« °“√¥Ÿ·≈ºŸâªÉ«¬„Àâ‰¥âº≈°“√

√—°…“∑’Ë¥’ ®”‡ªìπ®–µâÕß¡’§«“¡√Ÿâ §«“¡‡¢â“„® √«¡∂÷ßµ‘¥µ“¡§«“¡°â“«Àπâ“

∑“ß«‘™“°“√¥â“π«‘∑¬“»“ µ√åæ◊Èπ∞“πÕ¬à“ßµàÕ‡π◊ËÕß ‡æ◊ËÕæ—≤π“·π«∑“ß°“√

√—°…“„Àâ‡°‘¥ª√–‚¬™πå Ÿß ÿ¥·°àºŸâªÉ«¬ §«“¡‡¢â“„®„π«‘∑¬“»“ µ√åæ◊Èπ∞“π

πÕ°®“°®–„Àâ»—≈¬·æ∑¬å§‘¥«à“ ∑”Õ¬à“ß‰√ ‰ª‡ªìπ§π∑’Ë§‘¥«à“ ∑”∑”‰¡ ·≈–

∑”‰¡µâÕß∑” Õ—π®–°àÕ„Àâ‡°‘¥°“√√—°…“ °“√¥Ÿ·≈ºŸâªÉ«¬ ®–¡ÿàßµ√ß‰ª∑’Ë “‡Àµÿ

¢Õß‚√§ À√◊Õæ¬“∏‘ ¿“æ Õ—π®–„Àâª√–‚¬™πå Ÿß ÿ¥·°àºŸâªÉ«¬‚¥¬µ√ß

πÕ°®“°∑“ß¥â“π°“√√—°…“·≈â« §«“¡‡¢â“„®„π«‘∑¬“»“ µ√åæ◊Èπ∞“π ®–™à«¬

„Àâ»—≈¬·æ∑¬å¡’‡Àµÿº≈·≈– “¡“√∂µÕ∫ªí≠À“∑’Ë§≈ÿ¡‡§√◊Õ ‰¥âÕ¬à“ß¡—Ëπ„®

·≈–™—¥‡®π ªí≠À“∑’Ë‰¡à “¡“√∂À“§”µÕ∫‰¥â ®–π”‰ª Ÿà°“√§âπ§«â“‡æ‘Ë¡‡µ‘¡

·≈–¡’°“√∑”«‘®—¬‡æ‘Ë¡‡µ‘¡Õ¬à“ß¡’À≈—°°“√ ‡¥‘¡∑’«‘∑¬“»“ µ√åæ◊Èπ∞“π∑“ß¥â“π

»—≈¬»“ µ√å  à«π„À≠à®–‡πâπ·µà„π‡√◊ËÕß°“¬«‘¿“§»“ µ√å  √√’«‘∑¬“·≈–

æ¬“∏‘«‘∑¬“ ·µà„πªí®®ÿ∫—π §«“¡°â“«Àπâ“∑“ß«‘∑¬“»“ µ√åæ◊Èπ∞“π·¢πßµà“ß Ê

‡™àπ «‘»«æ—π∏ÿ°√√¡»“ µ√å Õ≥Ÿæ—π∏ÿ»“ µ√å ™’«‡§¡’ ≈â«π·≈â«·µà¡’§«“¡

°â“«Àπâ“‰ªÕ¬à“ß√«¥‡√Á«·≈–‡∑§‚π‚≈¬’∑—ÈßÀ≈“¬¡ÿàßµÕ∫ πÕßµàÕª√–‚¬™πå

 ÿ¢¢Õß¡«≈¡πÿ…¬™“µ‘ ¥—ßπ—Èπ»—≈¬·æ∑¬å„π¬ÿ§ªí®®ÿ∫—π·≈–Õπ“§µ πÕ°®“°

®–µâÕß¡’∑—°…–„π°“√ºà“µ—¥∑’Ë¥’·≈â« ¬—ß¡’§«“¡®”‡ªìπ®–µâÕß¡’¿Ÿ¡‘ªí≠≠“∑’Ë

‡ªìπÕß§åª√–°Õ∫ ”§—≠Õ¬à“ß°«â“ß¢«“ß ‡æ◊ËÕ π—∫ πÿπ§«“¡ “¡“√∂¢Õß

µπ‡Õß¥â«¬



¢

°“√Õ∫√¡„πÀ≈“¬§√—Èß∑’Ëºà“π¡“√«¡∂÷ß§√—Èßπ’È §≥–Õπÿ°√√¡°“√

«‘∑¬“»“ µ√åæ◊Èπ∞“π∑“ß»—≈¬»“ µ√å √“™«‘∑¬“≈—¬»—≈¬·æ∑¬å·Ààßª√–‡∑»‰∑¬

¡’§«“¡¡ÿàßÀ«—ß∑’Ë®–ª≈Ÿ°Ωíß„Àâ»—≈¬·æ∑¬å√ÿàπ‡¬“«åµ√–Àπ—°∂÷ß§«“¡ ”§—≠

¢Õß°“√¡’§«“¡√Ÿâ§«“¡‡¢â“„®„π«‘∑¬“»“ µ√åæ◊Èπ∞“πÕ¬à“ß‡æ’¬ßæÕ ‚¥¬

‡©æ“–Õ¬à“ß¬‘Ëß„π·¢πß«‘™“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬∑“ß¥â“π

»—≈¬°√√¡ ‡æ◊ËÕ„Àâ‡°‘¥§«“¡¡—Ëπ„®„π°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬Õ¬à“ß∂Ÿ°µâÕß·≈–¡’

ª√– ‘∑∏‘¿“æ

√Õß»“ µ√“®“√¬åπ“¬·æ∑¬å≥√ß§å  ‡≈‘»Õ√√¶¬¡≥’
ª√–∏“π§≥–Õπÿ°√√¡°“√«‘∑¬“»“ µ√åæ◊Èπ∞“π∑“ß»—≈¬»“ µ√å

√“™«‘∑¬“≈—¬»—≈¬·æ∑¬å·Ààßª√–‡∑»‰∑¬



ºŸâπ‘æπ∏å

π“¬·æ∑¬å°ƒµ‘¬“  °ƒµ¬“°’√≥
√Õß»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

π“¬·æ∑¬å°ƒ…≥å  ·°â«‚√®πå
ºŸâ™à«¬»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

π“¬·æ∑¬å°‘µµ‘æ—π∏ÿå  ƒ°…å‡°…¡
√Õß»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à

æ—π‡Õ°π“¬·æ∑¬å§‡™π∑√å  ªîòπ ÿ«√√≥
Õ“®“√¬å»—≈¬·æ∑¬å

°Õß»—≈¬°√√¡ ‚√ßæ¬“∫“≈Õ“π—π∑¡À‘¥≈ ≈æ∫ÿ√’

·æ∑¬åÀ≠‘ß®—π®‘√“  ‡æ™√ ÿ¢»‘√‘
Õ“®“√¬å

¿“§«‘™“√—ß ’«‘∑¬“ §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

π“¬·æ∑¬å™ÿ¡æ≈  «àÕß«“π‘™
ºŸâ™à«¬»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

π“¬·æ∑¬å∫—≥±Ÿ√  ππ∑ Ÿµ‘
ºŸâ™à«¬»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

§



ß

π“¬·æ∑¬å∫ÿ≠™—¬  ∑«’√—µπ»‘≈ªá
Õ“®“√¬å»—≈¬·æ∑¬å

¿“§«‘™“»—≈¬»“ µ√å «‘∑¬“≈—¬·æ∑¬»“ µ√å°√ÿß‡∑æ¡À“π§√ ·≈–«™‘√æ¬“∫“≈

·æ∑¬åÀ≠‘ßªî¬πÿ™  æŸµ√–°Ÿ≈
ºŸâ™à«¬»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å ‚√ßæ¬“∫“≈√“¡“∏‘∫¥’

π“¬·æ∑¬åæ√™—¬  ‚Õ‡®√‘≠√—µπå
»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

π“¬·æ∑¬åæ√æ√À¡  ‡¡◊Õß·¡π
√Õß»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

π“¬·æ∑¬å‰æ∫Ÿ≈¬å  ®‘«–‰æ»“≈æß»å
Õ“®“√¬å»—≈¬·æ∑¬å

¿“§«‘™“»—≈¬»“ µ√å ‚√ßæ¬“∫“≈√“™«‘∂’

π“¬·æ∑¬å«√¡‘π∑√å  ‡À√’¬≠ ÿ«√√≥
Õ“®“√¬å»—≈¬·æ∑¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

π“¬·æ∑¬å«‘∑Ÿ√  ™‘π «à“ß«—≤π°ÿ≈
Õ“®“√¬å»—≈¬·æ∑¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

æ—π‡Õ°π“¬·æ∑¬å ÿ¢‰™¬   “∑∂“æ√
Õ“®“√¬å»—≈¬·æ∑¬å

°Õß»—≈¬°√√¡ ‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“



®

·æ∑¬åÀ≠‘ß ÿ¿“æ√  ‚Õ¿“ “ππ∑å
Õ“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈

π“¬·æ∑¬å‚ ¿≥  ®‘√ ‘√‘∏√√¡
»“ µ√“®“√¬å

¿“§«‘™“»—≈¬»“ µ√å §≥–·æ∑¬»“ µ√å ‚√ßæ¬“∫“≈√“¡“∏‘∫¥’

·æ∑¬åÀ≠‘ßÕ√«√√≥  æß»å√«’«√√≥
ºŸâ™à«¬»“ µ√“®“√¬å

¿“§«‘™“«‘ —≠≠’«‘∑¬“ §≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈ ¡À“«‘∑¬“≈—¬¡À‘¥≈



 “√∫—≠

Trauma 383

°ƒ…≥å  ·°â«‚√®πå

BURN 393

 ÿ¿“æ√  ‚Õ¿“ “ππ∑å
æ√æ√À¡  ‡¡◊Õß·¡π

°“√®—¥°“√ ∂“π°“√≥å°“√∫“¥‡®Á∫®“°·√ß√–‡∫‘¥ 420

(Management of Blast Injury)

§‡™π∑√å  ªîòπ ÿ«√√≥

°“√Àâ“¡‡≈◊Õ¥·≈–°“√·¢Áß‡ªìπ≈‘Ë¡‡≈◊Õ¥∑’Ëº‘¥ª°µ‘ 446

(Hemostasis and Clotting Disorder)

°‘µµ‘æ—π∏ÿå  ƒ°…å‡°…¡

Transfusion 469

°ƒµ‘¬“  °ƒµ¬“°’√≥

Molecular Biology Techniques 490

æ√™—¬  ‚Õ‡®√‘≠√—µπå

Clinical Application of Molecular Biology 529

«‘∑Ÿ√  ™‘π «à“ß«—≤π°ÿ≈

Tumour Immunology 546

 ÿ¢‰™¬   “∑∂“æ√

Principles of Surgical Oncology 571

«√¡‘π∑√å  ‡À√’¬≠ ÿ«√√≥

™

.............................................................................................................

................................................................................................................

..........................................

..............................................

......................................................................................................

................................................................

..........................................

........................................................................................

............................................................



§«“¡√Ÿâæ◊Èπ∞“π∑“ß√—ß ’√—°…“ 612

®—π®‘√“  ‡æ™√ ÿ¢»‘√‘

Clinical Diagnosis and Confirmatory Testing 624

of Brain Death in Adults

ªî¬πÿ™  æŸµ√–°Ÿ≈

°“√ª≈Ÿ°∂à“¬Õ«—¬«–„π∑“ß§≈‘π‘° 640

(Clinical Transplantation)

∫—≥±Ÿ√  ππ∑ Ÿµ‘

Transplant Immunology 660

(¿“«–¿Ÿ¡‘§ÿâ¡°—π·≈–°“√ª≈Ÿ°∂à“¬Õ«—¬«–)

‚ ¿≥  ®‘√ ‘√‘∏√√¡

Wound Healing and Wound Care 675

™ÿ¡æ≈  «àÕß«“π‘™

·º≈‡ªìπ™π‘¥πŸπ·≈–§’≈Õ¬¥å 706

(Hypertrophic Scars and Keloids)

∫ÿ≠™—¬  ∑«’√—µπ»‘≈ªá

 √’√«‘∑¬“¢Õß≈”‰ â „À≠à·≈–∑«“√Àπ—° 717

‰æ∫Ÿ≈¬å  ®‘«–‰æ»“≈æß»å

Principles of Anesthesia 738

Õ√«√√≥  æß»å√«’«√√≥

¿“§ºπ«° 756

(©∫—∫√à“ß) À≈—° Ÿµ√«‘∑¬“»“ µ√åæ◊Èπ∞“π∑“ß»—≈¬»“ µ√å
√“™«‘∑¬“≈—¬»—≈¬·æ∑¬å·Ààßª√–‡∑»‰∑¬

Index 821

´

................................................................................................................

..........................................................................................................

............................................................................

............................................................

..............................................................................

.......................................................

............................................................................

......................................................................

..................................

............................................................................



Trauma

°ƒ…≥å  ·°â«‚√®πå

383

Õÿ∫—µ‘‡Àµÿ‡ªìπ “‡Àµÿ°“√µ“¬ Ÿß ÿ¥Àπ÷Ëß„π “¡¢Õßª√–‡∑» ·¡â„πª√–‡∑»æ—≤π“

·≈â« ‡™àπ  À√—∞Õ‡¡√‘°“  “‡Àµÿ°“√µ“¬®“°Õÿ∫—µ‘‡Àµÿ¢Õß™“«Õ‡¡√‘°—πÕ“¬ÿ 1-34 ªï ¡“°

‡ªìπÕ—π¥—∫Àπ÷Ëß ·≈–¬—ß¡“°°«à“ “‡Àµÿ°“√µ“¬Õ◊ËπÊ √«¡°—π1 πÕ°®“°°“√∫“¥‡®Á∫®–∑”„Àâ

‡ ’¬™’«‘µ·≈â« °Á¬—ß∑”„Àâ‡°‘¥§«“¡æ‘°“√À√◊Õ∑ÿææ≈¿“æ∑—Èß√à“ß°“¬·≈–®‘µ„® ¡’º≈°√–∑∫

Õ—π¡“°¡“¬·°à™’«‘µºŸâ∫“¥‡®Á∫

Tri-Modal Distribution of Trauma Death
2

°“√‡ ’¬™’«‘µ¢ÕßºŸâ∫“¥‡®Á∫æ∫¡“° ÿ¥µ“¡™à«ß‡«≈“À≈—ß°“√∫“¥‡®Á∫

1. First peak ª√–¡“≥§√÷ËßÀπ÷Ëß¢ÕßºŸâ∑’Ë‡ ’¬™’«‘µ®“°Õÿ∫—µ‘‡Àµÿ ‡ ’¬™’«‘µ„π

«‘π“∑’ À√◊Õ‰¡à°’Ëπ“∑’À≈—ß‡°‘¥‡Àµÿ  “‡Àµÿ°“√µ“¬ à«π„À≠à‡°‘¥®“°°“√∫“¥‡®Á∫¢Õß»’√…–

√ÿπ·√ß °“√∫“¥‡®Á∫∑’ËÀπâ“Õ°√ÿπ·√ß À√◊Õ°“√¢“¥Õ“°“»À“¬„® §«“¡æ¬“¬“¡∑’Ë®–≈¥°“√

µ“¬„π™à«ß‡«≈“·√°π’ÈµâÕß‡æ‘Ë¡§«“¡ ”§—≠¢Õß°“√ªÑÕß°—πÀ√◊Õ≈¥§«“¡√ÿπ·√ß¢ÕßÕÿ∫—µ‘‡Àµÿ

2. Second peak çGolden hoursé ‡ªìπ°“√‡ ’¬™’«‘µ„π‡«≈“‡ªìπ™—Ë«‚¡ß

À≈—ß‡°‘¥‡Àµÿ §‘¥‡ªìπª√–¡“≥ 30% ¢Õß°“√µ“¬ ‚¥¬§√÷ËßÀπ÷Ëß‡ ’¬™’«‘µ®“°°“√‡ ’¬‡≈◊Õ¥

(hemorrhage)  à«πÕ’°ª√–¡“≥§√÷Ëß‡ ’¬™’«‘µ®“°°“√∫“¥®Á∫¢Õß√–∫∫ª√– “∑ à«π°≈“ß

(Central nervous systems) ‚¥¬°“√¥Ÿ·≈√—°…“∑’Ë‡À¡“– ¡¢Õß∑’¡·æ∑¬å “¡“√∂≈¥

Õ—µ√“°“√µ“¬„π™à«ßπ’È≈ß‰¥â

3. Third peak ‡ªìπ°“√‡ ’¬™’«‘µÀ≈—ß¬’Ë ‘∫ ’Ë™—Ë«‚¡ßÀ≈—ß‡°‘¥‡Àµÿ §‘¥‡ªìπ
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ª√–¡“≥ 10-20%  à«π„À≠à‡°‘¥®“°°“√µ‘¥‡™◊ÈÕ ¿“«– pulmonary embolism ·≈– multi-

organ failure

Trauma Care Systems

°“√„Àâ°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫„πªí®®ÿ∫—π‰¥âæ‘ Ÿ®πå™—¥‡®π·≈â««à“ ºŸâ∫“¥‡®Á∫§«√‰¥â√—∫

°“√¥Ÿ·≈Õ¬à“ß‡ªìπ√–∫∫ ·≈–‡ªìπ¢—ÈπµÕπ®–™à«¬≈¥Õ—µ√“°“√ Ÿ≠‡ ’¬™’«‘µ·≈–∑ÿææ≈¿“æ‰¥â

1. Access to Care °“√‡¢â“∂÷ß°“√¥Ÿ·≈¢ÕßºŸâ∫“¥‡®Á∫π—Èπµà“ß°—∫ºŸâªÉ«¬∑—Ë«‰ª

°≈à“«§◊Õ„π∫“ß°√≥’ºŸâ∫“¥‡®Á∫‰¡à “¡“√∂‡¢â“∂÷ß°“√¥Ÿ·≈√—°…“‰¥â¥â«¬µπ‡Õß µâÕß‰¥â√—∫°“√

™à«¬‡À≈◊Õ®“°∫ÿ§≈“°√∑“ß°“√·æ∑¬å®“°„π∑’Ë‡°‘¥‡Àµÿ ‡æ◊ËÕπ” àß ∂“πæ¬“∫“≈µàÕ‰ª

● Triage »—æ∑åπ’È¡“®“°¿“…“Ω√—Ëß‡» ‡°à“ çTrieré ·ª≈«à“°“√®”·π° (sort-

ing) ‚¥¬À—«Àπâ“»—≈¬·æ∑¬å∑À“√¢Õßπ‚ª‡≈’¬π Dominique Jean Larrey ‰¥â‡ªìπºŸâ

√‘‡√‘Ë¡π”À≈—°°“√°“√®”·π°ºŸâªÉ«¬‡æ◊ËÕ®—¥≈”¥—∫§«“¡ ”§—≠„π°“√„Àâ°“√√—°…“3 ·≈–„™â

∑À“√·≈–√∂¡â“≈”‡≈’¬ßºŸâ∫“¥‡®Á∫ÕÕ°®“° π“¡√∫ ªí®®ÿ∫—π√–∫∫ triage ∂Ÿ°π”¡“ª√—∫

„™â°—∫°“√∫“¥‡®Á∫¢Õßª√–™“™π∑—Ë«‰ª‚¥¬¬÷¥À≈—°«à“ºŸâ∫“¥‡®Á∫§«√‰¥â√—∫°“√¥Ÿ·≈®“°

 ∂“πæ¬“∫“≈∑’Ë‡À¡“– ¡ „π√–¬–‡«≈“∑’Ë‡À¡“– ¡ ‡π◊ËÕß®“°ºŸâ∫“¥‡®Á∫∑—ÈßÀ¡¥¡’ª√–¡“≥

‡æ’¬ß 7-15% ‡∑à“π—Èπ∑’Ë¡’Õ“°“√Àπ—°À√◊Õ¡’°“√∫“¥‡®Á∫®”‡æ“– ∑’Ë®”‡ªìπµâÕß°“√°“√¥Ÿ·≈

®“°»Ÿπ¬åÕÿ∫—µ‘‡Àµÿ4 Overtriage À¡“¬∂÷ß °“√ àßºŸâ∫“¥‡®Á∫∑’Ë‰¡à√ÿπ·√ß ‰¡à¡’§«“¡®”‡ªìπ

µâÕß‰¥â√—∫°“√¥Ÿ·≈®“° ∂“πæ¬“∫“≈√–¥—∫»Ÿπ¬åÕÿ∫—µ‘‡Àµÿ‰ª¬—ß»Ÿπ¬åÕÿ∫—µ‘‡Àµÿ ∑”„Àâ‡°‘¥

§«“¡ ‘Èπ‡ª≈◊Õß∫ÿ§≈“°√·≈–‡§√◊ËÕß¡◊Õ Undertriage À¡“¬∂÷ß°“√ª√–‡¡‘πºŸâ∫“¥‡®Á∫«à“‰¡à

µâÕß°“√°“√¥Ÿ·≈®“° ∂“πæ¬“∫“≈√–¥—∫»Ÿπ¬åÕÿ∫—µ‘‡Àµÿ ∑—Èß∑’Ë„π∑’Ë ÿ¥·≈â«ºŸâ∫“¥‡®Á∫¡’°“√

∫“¥‡®Á∫√ÿπ·√ß ´÷Ëß¡’Õ—πµ√“¬°«à“ Overtriage ‚¥¬∑—Ë«‰ªÀ“°„™â°“√ª√–‡¡‘π«à“¡’°“√π” àß

ºŸâ∫“¥‡®Á∫Àπ—° (major trauma patients; Injury Severity Score >15) ‰ª¬—ß ∂“π

æ¬“∫“≈∑’Ë‰¡à„™à»Ÿπ¬åÕÿ∫—µ‘‡Àµÿ ¬Õ¡√—∫‰¡à‡°‘π 5%5

● Triage decision making4,6 „π°“√ª√–‡¡‘πºŸâªÉ«¬„π∑’Ë‡°‘¥‡Àµÿ«à“¡’§«“¡

√ÿπ·√ß‡æ’¬ß„¥ µâÕß‰¥â√—∫°“√¥Ÿ·≈‡√àß¥à«π·≈– àßµàÕ‰ª¬—ß»Ÿπ¬åÕÿ∫—µ‘‡ÀµÿÀ√◊Õ‰¡à

1. Physiologic Criteria ‡ªìπ°“√ª√–‡¡‘π ¿“«–¢ÕßºŸâªÉ«¬∑’Ë ”§—≠∑’Ë ÿ¥

‡ªìπ≈”¥—∫·√° §◊Õ°“√ª√–‡¡‘π vital signs µà“ßÊ ‡™àπ §«“¡¥—π‚≈À‘µ ™’æ®√ √–¥—∫§«“¡
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√Ÿâ ÷°µ—«

2. Anatomic Criteria °“√∫“¥‡®Á∫∑’ËÕ«—¬«–À√◊Õ∫√‘‡«≥∑’Ë¡’Õ«—¬«– ”§—≠

¢Õß√à“ß°“¬∑’Ë —ß‡°µ‰¥â™à«¬∫àß∫Õ°∂÷ß§«“¡√ÿπ·√ß¢Õß°“√∫“¥‡®Á∫‰¥â ºŸâ∫“¥‡®Á∫∑’Ëµ√«®

æ∫°“√∫“¥‡®Á∫ ”§—≠‡™àπ penetrating injury ¢Õß»’√…– §Õ ≈”µ—« ·¢π‡Àπ◊Õ»Õ° ¢“

‡Àπ◊Õ‡¢à“, flail chest, amputation of limbs above wrist or ankle, limb paralysis,

major burns (>10%) À√◊Õ¡’ inhalation injury, pelvic fracture ‡À≈à“π’È§«√‰¥â√—∫°“√

¥Ÿ·≈·≈– àßµàÕ¬—ß»Ÿπ¬åÕÿ∫—µ‘‡Àµÿ

3. Mechanism of Injury ™à«¬∑”π“¬‚Õ°“ ‡°‘¥°“√∫“¥‡®Á∫∑’Ë√ÿπ·√ß

‡™àπ°“√™π¢Õßæ“Àπ–∑’Ë¡’ºŸâ‡ ’¬™’«‘µ„π∑’Ë‡°‘¥‡Àµÿ µ°®“°∑’Ë Ÿß¡“°°«à“ 6 ‡¡µ√ ¡’°“√µ‘¥§“

„πæ“Àπ–π“π°«à“ 20 π“∑’

4. Age, Comorbid Disease, Environmental Concern and Para-

medic Judgment „π°√≥’ºŸâ ŸßÕ“¬ÿ (§”®”°—¥§«“¡ >55 ªï) ∫“¥‡®Á∫ æ∫¡’ morbidity

·≈– mortality  Ÿß°«à“„π«—¬ºŸâ„À≠à ¢≥–∑’Ë morbidity ·≈– mortality „π‡¥Á°π—Èπ‰¡àµà“ß°—π

·µàæ∫«à“ºŸâ∫“¥‡®Á∫∑’Ë‡ªìπ‡¥Á°µâÕß°“√°“√¥Ÿ·≈ Õÿª°√≥å ·≈–∫ÿ§≈“°√ ∑’Ë·µ°µà“ß À≠‘ß

µ—Èß§√√¿å¡“°°«à“ 20  —ª¥“Àå ºŸâ∑’Ë¡’‚√§√à«¡‚¥¬‡©æ“–√–∫∫À“¬„®·≈–‰À≈‡«’¬π‚≈À‘µ

‡∫“À«“π À√◊Õ¡’¿“«– hypothermia °Á§«√‰¥â√—∫°“√¥Ÿ·≈„π»Ÿπ¬åÕÿ∫—µ‘‡Àµÿ∑’Ë¡’§«“¡æ√âÕ¡

À√◊Õ„Àâµ“¡«‘®“√≥≠“≥¢Õß∫ÿ§≈“°√°Ÿâ™’«‘µ

● START triage (Simple Triage and Rapid Transport)7 „π°√≥’ mass

casualty À√◊Õ¡À—πµ¿—¬À¡Ÿà ®ÿ¥ª√– ß§å‡æ◊ËÕª√–‡¡‘πºŸâ∫“¥‡®Á∫®”π«π¡“°„π√–¬–‡«≈“

Õ—π√«¥‡√Á« ºŸâ∫“¥‡®Á∫®–∂Ÿ°ª√–‡¡‘π§«“¡√ÿπ·√ß‡ªìπ 4 °≈ÿà¡·¬°µ“¡ ’ ‚¥¬ ’‡¢’¬«À¡“¬

∂÷ß°≈ÿà¡∑’Ë “¡“√∂√Õ‰¥â  ’·¥ßÀ¡“¬∂÷ß°≈ÿà¡∑’ËµâÕß‰¥â√—∫°“√¥Ÿ·≈∑—π∑’  ’‡À≈◊ÕßÀ¡“¬∂÷ß

°≈ÿà¡∑’ËµâÕß‰¥â√—∫°“√¥Ÿ·≈¥à«π  à«π ’¥”À¡“¬∂÷ß°≈ÿà¡ºŸâ∑’Ë‡ ’¬™’«‘µ·≈â«À√◊Õ§“¥«à“®–‡ ’¬™’«‘µ

∫“ßª√–‡∑»¡’°“√„™â ’πÈ”‡ß‘π„π°≈ÿà¡ºŸâ∑’Ë¬—ß¡’™’«‘µ ·µà§‘¥«à“°“√∫“¥‡®Á∫√ÿπ·√ß‰¡à “¡“√∂

™à«¬™’«‘µ‰¥â

2. Prehospital Care

- çscoop and runé vs. çstay and playé „πªí®®ÿ∫—π‡ªìπ∑’Ë¬Õ¡√—∫·≈â««à“

°“√æ¬“¬“¡„Àâ resuscitation ‚¥¬°“√„Àâ “√πÈ”ºŸâªÉ«¬∫“¥‡®Á∫·∫∫ penetrating „π∑’Ë
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‡°‘¥‡Àµÿ ®π§«“¡¥—π‚≈À‘µ°≈—∫ Ÿà¿“«–ª°µ‘°àÕππ” àß ∂“πæ¬“∫“≈‰¡à‡ª≈’Ë¬π·ª≈ßÕ—µ√“µ“¬

Õ’°∑—Èß¬—ß∑”„Àâ¡’°“√‡ ’¬‡≈◊Õ¥¡“°¢÷Èπ ®÷ß‡ªìπ∑’Ë·π–π”∑—Ë«‰ª«à“ §«√§«∫§ÿ¡¥«“¡¥—π‚≈À‘µ

systolic ‰¡à„ÀâµË”°«à“ 90 ¡‘≈≈‘‡¡µ√ª√Õ∑ (mean arterial pressure 60-65 ¡‘≈≈‘‡¡µ√

ª√Õ∑) ‡æ◊ËÕ„Àâ‡≈◊Õ¥‰ª‡≈’È¬ß ¡ÕßæÕ‡æ’¬ß °àÕπ®–‰¥â√—∫°“√Àâ“¡‡≈◊Õ¥πà“®–‡À¡“– ¡∑’Ë ÿ¥

 ”À√—∫°“√∫“¥‡®Á∫·∫∫ blunt π—Èπ ¬—ß‡ªìπ∑’Ë∂°‡∂’¬ß°—πÕ¬Ÿà

- Prehospital Airway Management °“√‡ªî¥∑“ß‡¥‘πÀ“¬„®°àÕππ” àß

‚√ßæ¬“∫“≈π—Èπ Àπà«¬°Ÿâ™’æ‰¥â√—∫°“√Ωñ°Ωπ basic life support ‚¥¬ chin lift ·≈– jaw

thrust ‚¥¬‰¡à∑” head tilt „πºŸâ∫“¥‡®Á∫  “¡“√∂„ à oropharyngeal À√◊Õ nasopharyn-

geal airway ‡æ◊ËÕªÑÕß°—π≈‘Èπµ°Õÿ¥°—Èπ∑“ß‡¥‘πÀ“¬„®‰¥â °“√„ à Endotracheal tube „π

∑’Ë‡°‘¥‡Àµÿ¡’Õ—µ√“ ”‡√Á® ‰¡à·µ°µà“ß®“°°“√„ à„π‚√ßæ¬“∫“≈ ·µà¡’Õ—µ√“µ“¬ Ÿß¢÷Èπ∑—Èß„π

‡¥Á°·≈–ºŸâ„À≠à8 „πªí®®ÿ∫—π„™â laryngeal mask airway ·≈– dual-lumen airway

(pharyngotracheal lumen airway ·≈– Combitube) „π∑’Ë‡°‘¥‡Àµÿ¡“°¢÷Èπ

- Prehospital intravenous fluid ¡“µ√∞“π¢ÕßπÈ”‡°≈◊Õ∑’Ë„Àâ„π∑’Ë‡°‘¥‡Àµÿ‡ªìπ

isotonic crystalloid solution (0.9% NaCl, Ringer Lactate solution) 1-2 ≈‘µ√∑“ß

peripheral vein Õ¬à“ß‰√°Á¥’¬—ß‰¡à¡’¢âÕ¡Ÿ≈∑’Ëæ‘ Ÿ®πå‰¥â™—¥‡®π«à“ °“√„ÀâπÈ”‡°≈◊Õ„π∑’Ë‡°‘¥

‡Àµÿ™à«¬≈¥Õ—µ√“µ“¬‰¥âÕ¬à“ß¡’π—¬ ”§—≠ Õ’°∑—Èß„π°√≥’ penetrating torso injury Õ“®

∑”„Àâ‡ ’¬‡≈◊Õ¥¡“°¢÷Èπ

- Hypertonic solution, blood, hemoglobin solution °“√„™â hyper-

tonic saline (7.5% NaCl) „π prehospital setting π‘¬¡„πª√–‡∑»·∂∫¬ÿ‚√ª

Õ¬à“ß‰√°Áµ“¡„πªí®®ÿ∫—π ‰¡àæ∫«à“¡’¢âÕ¥’°«à“°“√„Àâ isotonic saline „π·ßàÕ—µ√“µ“¬ ·µà

¬—ßπ‘¬¡„™â„π°√≥’ ß§√“¡‡π◊ËÕß®“°ª√‘¡“µ√∑’ËµâÕßæ°æ“πâÕ¬°«à“ °“√‡°Á∫√—°…“‡≈◊Õ¥µâÕß

„™âÕÿª°√≥å¡“° ®÷ß‰¡à‡ªìπ∑’Ëπ‘¬¡„π°“√„™âπÕ°‚√ßæ¬“∫“≈ „π ß§√“¡Õ‘√—° ¡’°“√π”

 “√≈–≈“¬∑¥·∑π‡≈◊Õ¥ (hemoglobin solution) ¡“„™â‡™àπ PolyHeme

- Transportation °“√ àßµàÕºŸâ∫“¥‡®Á∫§”π÷ß∂÷ß§«“¡‡À¡“– ¡·µà≈–√“¬

3. Hospital Care

- Predesignated trauma team ¡’°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫‚¥¬∑’¡·æ∑¬å æ¬“∫“≈

·≈–∫ÿ§≈“°√Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß
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4. Rehabilitation °“√øóôπøŸ ¡√√∂¿“æ√à“ß°“¬·≈–®‘µ„®¢ÕßºŸâ∫“¥‡®Á∫‡ªìπ ‘Ëß

 ”§—≠ µâÕß‰¥â√—∫§«“¡√à«¡¡◊Õ°—π√–À«à“ß ·æ∑¬åºŸâ√—°…“ π—°°“¬¿“æ∫”∫—¥ ºŸâªÉ«¬ ·≈–

§√Õ∫§√—«

Initial evaluation of the trauma patient9 °“√ª√–‡¡‘πºŸâªÉ«¬‡∫◊ÈÕßµâπ‡æ◊ËÕ

ª√–‡¡‘πÀ“ immediate life threaten condition (primary survey) §«√∑”„Àâ§√∫

∂â«π¿“¬„π 5-10 π“∑’

Airway Maintenance with Cervical Spine Protection

°“√‡ªî¥∑“ß‡¥‘πÕ“°“»‡ªìπ ‘Ëß ”§Ì≠Õ—π¥—∫·√° ‡π◊ËÕß®“° ¡Õß¢“¥ÕÕ°´‘‡®π

‰¥â‰¡à‡°‘π 4 π“∑’ „πºŸâ∫“¥‡®Á∫·∫∫ blunt À√◊Õ‰¡à∑√“∫°≈‰°°“√∫“¥‡®Á∫·πà™—¥ „Àâ§‘¥‰«â

‡ ¡Õ«à“¡’ cervical spine injury ‰¥â °“√¥Ÿ·≈‡æ◊ËÕ‡ªî¥∑“ß‡¥‘πÕ“°“»®÷ß§«√°√–∑”¥â«¬

§«“¡√–¡—¥√–«—ß ‰¡à∑”°“√ flex À√◊Õ extend »’√…–¡“° §«√¡’ºŸâ™à«¬Àπ÷Ëß§π∑” manual

inline immobilization ‰«âµ≈Õ¥ À√◊Õ „ à hard collar ‡™àπ Philadelphia collar

‚¥¬∑—Ë«‰ªÀ“°ºŸà∫“¥‡®Á∫√Ÿâ ÷°µ—«¥’ ∂“¡µÕ∫‰¥â ‰¡à¡’‡ ’¬ß·À∫ ¡—°‰¡à‰¥âµâÕß°“√°“√¥Ÿ·≈‡√◊ËÕß

airway ‡æ‘Ë¡‡µ‘¡ ¬°‡«âπ„π°√≥’ penetrating neck ∑’Ë¡’ expanding hematoma, burn

∫√‘‡«≥™àÕßª“° √Ÿ®¡Ÿ° ·≈– hypopharynx, extensive subcutaneous air ∑’Ë§Õ, se-

vere maxillofacial injury, À√◊Õ ¡’‡≈◊Õ¥ÕÕ°¡“°„π∑“ß‡¥‘πÀ“¬„®11

Resuscitation °“√™à«¬‡À≈◊Õ¥â“π airway ∑’Ë¥’∑’Ë ÿ¥§◊Õ°“√∑” çdefinite air-

way maintenanceé À¡“¬∂÷ß°“√∑’Ë¡’∑àÕ™à«¬À“¬„®Õ¬Ÿà„πÀ≈Õ¥≈¡ ‚¥¬∑—Ë«‰ªπ‘¬¡„ à

∑àÕ™à«¬À“¬„® orotracheal ‡π◊ËÕß®“°∑”‰¥âßà“¬ ·æ∑¬å à«π„À≠à¡’§«“¡§ÿâπ‡§¬ ·µàÕ“®¡’

¢âÕ‡ ’¬„π°√≥’∑’ËµâÕß„ à∑àÕπ“π®– √â“ß§«“¡√”§“≠ ·≈–„π√“¬∑’Ë¡’°√–¥Ÿ°°√“¡À—° Õ“®

°—¥∑àÕ∑”„Àâ‡≈◊Õ¥ÕÕ°¡“°¢÷Èπ  à«π°“√„ à∑àÕ™à«¬À“¬„® nasotracheal ºŸâ∫“¥‡®Á∫®–

√”§“≠πâÕ¬°«à“ ·µà¡’¢âÕÀâ“¡À“°¡’ fracture base of skull À√◊Õ „π‡¥Á°Õ“¬ÿπâÕ¬°«à“ 12

ªï ‡π◊ËÕß®“°‡¬◊ËÕ∫ÿ·≈–°√–¥Ÿ°ÕàÕπ¬—ß‰¡à‡®√‘≠‡µÁ¡∑’Ë °“√∑” blind nasotracheal intuba-

tion  “¡“√∂°√–∑”‰¥â„π°√≥’ºŸâªÉ«¬À“¬„®‡Õß‰¥â‡∑à“π—Èπ „π∫“ß°√≥’∑’Ë‰¡à “¡“√∂„ à∑àÕ

™à«¬À“¬„®‰¥âÀ≈—ß®“°‰¥âæ¬“¬“¡·≈â« 1-2 §√—Èß ‡™àπ severe maxillo-facial injury, blunt

neck injury, severe inhalation injury Õ“®µâÕßæ‘®“√≥“∑” çsurgical airwayé „πºŸâ
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∫“¥‡®Á∫·π–π”∑” cricothyroidotomy ¡“°°«à“ emergency tracheostomy ‡π◊ËÕß®“°

∑”‰¥âßà“¬°«à“ ·≈–‰¡àµâÕß·Àßπ§ÕºŸâªÉ«¬

Breathing and Ventilation

¿“«–Õ—πµ√“¬‡√àß¥à«π„π·ßà breathing ª√–°Õ∫¥â«¬ tension pneumothorax,

open pneumothorax, severe flail chest, massive hemothorax °“√µ√«®√à“ß°“¬

·≈– chest x-ray °Á‡æ’¬ßæÕ∑’Ë®–„Àâ°“√«‘π‘®©—¬¿“«–µà“ßÊ ‰¥â

- Tension Pneumothorax ¡’≈¡√—Ë«‡¢â“™àÕßªÕ¥‚¥¬‰¡à¡’∑“ßÕÕ° §«“¡¥—π

∑’Ë‡æ‘Ë¡¢÷Èπ„π™àÕßÕ°∑”„Àâ°¥‡∫’¬¥ mediastinum ‰ª¥â“πµ√ß¢â“¡ °¥‡∫’¬¥À≈Õ¥‡≈◊Õ¥¥”

„À≠à inferior vena cava ≈¥ venous return ºŸâªÉ«¬¡’Õ“°“√‡Àπ◊ËÕ¬ÀÕ∫ À“¬„®‡√Á«

‡¢’¬« §«“¡¥—π‚≈À‘µµË” ·°â‰¡à‰¥â¥â«¬°“√„ÀâπÈ”‡°≈◊Õ ‡≈◊Õ¥‰¡à‰ª‡≈’È¬ß ¡Õß ¡’Õ“°“√ —∫ π

´÷¡≈ß µ√«®æ∫ øíßªÕ¥‰¡à‰¥â¬‘π‡ ’¬ßÀ“¬„®‡¢â“ÕÕ° ‡§“–ªÕ¥¢â“ßπ—Èπ®–‚ª√àßº‘¥ª°µ‘

À≈Õ¥≈¡‡¢¬◊ÈÕπÕÕ°®“°»Ÿπ¬å°≈“ß‰ª¬—ß¥â“πµ√ß¢â“¡ ·≈–§«“¡¥—π‚≈À‘µµË” Õ“®æ∫ jugular

vein ‚ªÉßæÕß ·°â‰¢‚¥¬°“√∑” needle thoracocenthesis ·≈–„ à chest drain ‰¡à

§«√√Õ«‘π‘®©—¬®“°¿“æ chest x-ray

- Open Pneumothorax ¡’√Ÿ√—Ë«¢π“¥„À≠à∑’Ëºπ—ß∑√«ßÕ° ∑”„Àâ≈¡ºà“π‡¢â“

ÕÕ°∑’Ë√Ÿ√—Ë« ·∑π∑’Ë®–ºà“π‡¢â“ÕÕ°∑“ßÀ≈Õ¥≈¡ √Ÿ√—Ë«¢π“¥„À≠à°«à“ Õß„π “¡¢Õß¢π“¥

‡ âπºà“π»Ÿπ¬å°≈“ßÀ≈Õ¥≈¡ ‡¡◊ËÕÀ“¬„®‡¢â“≈¡®–ºà“π‡¢â“∑“ß√Ÿ√—Ë«∑’Ëºπ—ß∑√«ßÕ°·∑π∑’Ë®–

‡¢â“∑“ßÀ≈Õ¥≈¡ ‡ÀÁπ‡ªìπ≈—°…≥– çsucking chest woundé ∑”„Àâ‰¡à “¡“√∂·≈°

‡ª≈’Ë¬π°ä“´‰¥â ºŸâªÉ«¬®–¡’Õ“°“√¢Õß hypoxia ·≈– hypercarbia ·°â‰¢‚¥¬°“√ªî¥·º≈

∑’Ëºπ—ß∑√«ßÕ°·∫∫ one way value ‡æ◊ËÕ„Àâ≈¡∑’Ë§â“ßÕ¬Ÿà„π™àÕß‡¬◊ËÕÀÿâ¡ªÕ¥ “¡“√∂ÕÕ°

¡“‰¥â ·µà≈¡‰¡à‡¢â“‰ª‡æ‘Ë¡ ®“°π—Èπ„ à chest drain ·≈â«æ‘®“√≥“ºà“µ—¥ªî¥∫“¥·º≈∑’Ëºπ—ß

∑√«ßÕ°µàÕ‰ª

- Flail Chest °“√∫“¥‡®Á∫¢Õß∑√«ßÕ°∑’Ë¡’°√–¥Ÿ°´’Ë‚§√ßÀ—°¡“°°«à“ 2 ´’Ë

·≈–¡“°°«à“ 2 µ”·Àπàß9 ·ºß°√–¥Ÿ°´’Ë‚§√ß∑’ËÀ—°®–‰¡à∂Ÿ°¬÷¥°—∫ºπ—ß∑√«ßÕ°∑”„Àâ‡¡◊ËÕ

À“¬„®®–¢¬—∫≈Õ¬ «π∑“ß°—∫ºπ—ß∑√«ßÕ° à«πÕ◊Ëπ (paradoxical movement) ‡™àπ‡¡◊ËÕ

À“¬„®‡¢â“ ºπ—ß∑√«ßÕ°®–¢¬“¬ÕÕ°‡æ◊ËÕ¥Ÿ¥Õ“°“»‡¢â“ªÕ¥ ·µà·ºàπ∑√«ßÕ° à«π∑’ËÀ—°®–
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∂Ÿ°¥Ÿ¥‡¢â“ «π∑“ß°—π ‡¥‘¡‡™◊ËÕ«à“‡ªìπ “‡Àµÿ∑”„Àâ°“√·≈°‡ª≈’Ë¬π°ä“´¢ÕßªÕ¥‰¡à¥’

·µàªí®®ÿ∫—πæ‘ Ÿ®πå™—¥·≈â««à“ Õ“°“√ hypoxia ¢ÕßºŸâ∫“¥‡®Á∫ flail chest ‡°‘¥®“°¿“«–

ªÕ¥™È” (lung contusion) ∑’Ë‡°‘¥√à«¡°—π¡“°°«à“ °“√√—°…“®÷ß¡ÿàß‡πâπ‰ª¥Ÿ·≈‡√◊ËÕß lung

contusion ‚¥¬„Àâ¡’ adequate ventilation „Àâ¬“≈¥§«“¡‡®Á∫ª«¥ ·≈–„Àâ “√πÈ”Õ¬à“ß

‡æ’¬ßæÕ „π∫“ß√“¬Õ“®æ‘®“√≥“„ à‡§√◊ËÕß™à«¬À“¬„®·≈–„Àâ positive end expiratory

pressure

- Massive Hemothorax À¡“¬∂÷ß¿“«–‡≈◊Õ¥ÕÕ°„π™àÕß‡¬◊ËÕÀÿâ¡ªÕ¥®”π«π

¡“° ‚¥¬∑—Ë«‰ªπ‘¬“¡∂÷ß‡≈◊Õ¥ÕÕ°¡“°°«à“ 1,500 ¡‘≈≈‘≈‘µ√À√◊Õ Àπ÷Ëß„π “¡¢Õßª√‘¡“µ√

‡≈◊Õ¥„π√à“ß°“¬ ∑”„ÀâªÕ¥‰¡à¢¬“¬·≈°‡ª≈’Ë¬π°ä“´‰¡à¥’ Õ’°∑—Èß‡ ’¬‡≈◊Õ¥„π™àÕßªÕ¥¡“°

∑”„Àâ§«“¡¥—π‚≈À‘µµË”  à«π„À≠à¡—°æ∫®“°°“√∫“¥‡®Á∫·∫∫ penetrating ‚¥¬¡—°‡°‘¥

®“°°“√©’°¢“¥¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ß intercostal ∑’Ë¡“‡≈’È¬ß°≈â“¡‡π◊ÈÕ∑√«ßÕ° À√◊Õ‡π◊ÈÕªÕ¥

µ√«®æ∫ªÕ¥‰¡à¢¬“¬ ºŸâªÉ«¬À“¬„®ÀÕ∫‡Àπ◊ËÕ¬øíßªÕ¥‰¡à‰¥â¬‘π‡ ’¬ßÀ“¬„®‡¢â“ÕÕ° ‡§“–

ªÕ¥¢â“ßπ—Èπ®–∑÷∫º‘¥ª°µ‘ À≈Õ¥≈¡‡¢¬◊ÈÕπÕÕ°®“°»Ÿπ¬å°≈“ß‰ª¥â“πµ√ß¢â“¡ §«“¡¥—π

‚≈À‘µµË” µ—«´’¥‡¬Áπ µ“´’¥ √—°…“‚¥¬„Àâ fluid resuscitation √à«¡°—∫ chest drain ‡æ◊ËÕ

√–∫“¬‡≈◊Õ¥∑’Ë§—ËßÕÕ° ®“°π—Èπ®÷ßæ‘®“√≥“ºà“µ—¥‡æ◊ËÕÀâ“¡‡≈◊Õ¥µàÕ‰ª

Circulation with Hemorrhage Control

°“√¥Ÿ·≈√–∫∫‰À≈‡«’¬π‚≈À‘µ·≈–°“√Àâ“¡‡≈◊Õ¥‡ªìπ ‘Ëß ”§—≠ æ÷ß√–≈÷°‰«â‡ ¡Õ«à“

°“√√—°…“¿“«–‡≈◊Õ¥ÕÕ°∑’Ë ”§—≠∑’Ë ÿ¥§◊Õ°“√Àâ“¡‡≈◊Õ¥ ¥—ßπ—Èπ§«√Àâ“¡‡≈◊Õ¥∑’ËÕÕ°°àÕπ®÷ß

„Àâ “√πÈ”À√◊Õ‡≈◊Õ¥‡¢â“∑¥·∑π °“√Àâ“¡‡≈◊Õ¥∑—Ë«‰ª∑”‰¥â‚¥¬°“√„™â¡◊Õ°¥∫√‘‡«≥®ÿ¥‡≈◊Õ¥ÕÕ°

(manual compression) °“√‡¬Á∫ªî¥∫“¥·º≈Õ¬à“ß√«¥‡√Á«‡æ◊ËÕÀâ“¡‡≈◊Õ¥ °“√¥“¡

°√–¥Ÿ°∑’ËÀ—°„ÀâÕ¬Ÿàπ‘Ëß √«¡∂÷ß°“√√—¥°√–¥Ÿ°‡™‘ß°√“π (pelvic binding) ‰¡à·π–π”„Àâ„™â

tourniquet ‡æ◊ËÕ√—¥Àâ“¡‡≈◊Õ¥∑’ËÕÕ°∫√‘‡«≥√–¬“ß§å ‡π◊ËÕß®“°∑”„ÀâÕ«—¬«– à«πª≈“¬Õ◊Ëπ

¢“¥‡≈◊Õ¥‰ª¥â«¬ ¬°‡«âπ„π°√≥’∑’Ë·¢πÀ√◊Õ¢“¢“¥‰ª·≈â« Õ“°“√¢Õß°“√‡ ’¬‡≈◊Õ¥ “¡“√∂

·∫àß‰¥â‡ªìπ 4 class ¥—ßµ“√“ß∑’Ë 1

°“√„Àâ “√πÈ”∑¥·∑π„π°√≥’ºŸâ∫“¥‡®Á∫¡’Õ“°“√À√◊ÕÕ“°“√· ¥ß¢Õß¿“«–™ÁÕ°

„Àâ “√≈–≈“¬ warm isotonic solution 1-2 ≈‘µ√ À√◊Õ 20 ¡‘≈≈‘≈‘µ√µàÕ°‘‚≈°√—¡¿“¬„π
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µ“√“ß∑’Ë 1

Class I Class II Class III Class IV

ª√‘¡“≥‡≈◊Õ¥∑’ËÕÕ° ‰¡à∂÷ß 15% 15% - 30% 30% - 40% ¡“°°«à“ 40%

(% ¢Õßª√‘¡“≥‡≈◊Õ¥)

ª√‘¡“≥‡≈◊Õ¥∑’ËÕÕ° ‰¡à∂÷ß 750 ¡≈. 750-1,500 ¡≈. 1,500-2,000 ¡≈. ¡“°°«à“

(ºŸâªÉ«¬Àπ—° 70 °°.) 2,000 ¡≈.

™’æ®√ (§√—Èß/π“∑’) πâÕ¬°«à“ 100 ¡“°°«à“ 100 ¡“°°«à“ 120 ¡“°°«à“ 140

§«“¡¥—π‚≈À‘µ ª°µ‘ ª°µ‘ À√◊Õ postural µË” µË”

hypotension

Õ—µ√“°“√À“¬„® 14-20 20-30 30-40 ¡“°°«à“ 35

ªí  “«–µàÕ™—Ë«‚¡ß ¡“°°«à“ 30 20-30 5-15 πâÕ¬¡“°

√–¥—∫§«“¡√Ÿâ ÷°µ—« ª°µ‘À√◊Õ°√–«π °√–«π°√–«“¬  —∫ π ´÷¡

°√–«“¬‡≈Á°πâÕ¬

µ“√“ß∑’Ë 2

Rapid response Transient response No response

 —≠≠“≥™’æ °≈—∫ Ÿàª°µ‘·≈–§ß °≈—∫ Ÿàª°µ‘·µà·¬à≈ßÕ’° ‰¡à°≈—∫ Ÿà¿“«–ª°µ‘

ª°µ‘Õ¬Ÿà‡¡◊ËÕ≈¥πÈ”‡°≈◊Õ ‡¡◊ËÕ≈¥πÈ”‡°≈◊Õ∑’Ë„Àâ

¡’„Àâ

 “‡Àµÿ -ª√‘¡“≥‡≈◊Õ¥∑’ËÕÕ° - ª√‘¡“≥‡≈◊Õ¥∑’ËÕÕ° - ª√‘¡“≥‡≈◊Õ¥∑’ËÕÕ°

‰¡à∂÷ß 20% 20% - 40% ¡“°°«à“ 40%

- ¬—ß¡’‡≈◊Õ¥ÕÕ°‡æ‘Ë¡ - ¬—ß¡’‡≈◊Õ¥ÕÕ°‡æ‘Ë¡

- ‰¡à„™à°“√™äÕ°®“°‡ ’¬

‡≈◊Õ¥‡™àπ tension

pneumothorax,

cardiac tamponade

§«“¡µâÕß°“√ Crystalloid Crystalloid ± blood Blood

“√πÈ”
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15 π“∑’ (fluid challenge test) ‚¥¬¥Ÿ°“√µÕ∫ πÕß¢ÕßºŸâªÉ«¬‡ªìπ rapid responder,

transient responder, unresponder ¥—ßµ“√“ß∑’Ë 2

Disability

√–¥—∫§«“¡√Ÿâ ÷°µ—«∑’ËµË”≈ß àßº≈„Àâ‰¡à “¡“√∂ª°ªÑÕß∑“ß‡¥‘πÕ“°“»®“°°“√

Õÿ¥°—Èπ ‡™àπ ≈‘Èπµ° À√◊Õ¡’‡≈◊Õ¥ÕÕ°‰¥â ¥—ßπ—ÈπÀ“°ºŸâ∫“¥‡®Á∫¡’√–¥—∫§«“¡√Ÿâ ÷°µ—«‡¡◊ËÕ

ª√–‡¡‘π‚¥¬ Glasgow Coma Scale πâÕ¬°«à“À√◊Õ‡∑à“°—∫ 8 ∂◊Õ«à“¡’‚Õ°“  Ÿß∑’Ë®–‡°‘¥

°“√Õÿ¥°—Èπ ∑“ß‡¥‘πÀ“¬„®‰¥â ®÷ß§«√ªÑÕß°—π‚¥¬°“√∑” definite airway Õ¬à“ß‰√°Áµ“¡

‰¡à§«√ª√–‡¡‘π¢≥–¡’§«“¡¥—π‚≈À‘µµË”Õ¬Ÿà

Exposure/Environmental Control

·º≈À√◊Õ¿“«–∑’Ë∑”„ÀâºŸâ∫“¥‡®Á∫‡ ’¬™’«‘µ‰¥âÕ¬à“ß√«¥‡√Á«π—Èπ Õ“®´àÕπÕ¬Ÿà„π

∫√‘‡«≥¢Õß√à“ß°“¬∑’Ëµ√«®‰¥â≈”∫“°„π∑à“πÕπÀß“¬ °“√∂Õ¥‡ ◊ÈÕºâ“ÕÕ°¢ÕßºŸâ∫“¥‡®Á∫

ÕÕ°‡æ◊ËÕµ√«®¥Ÿ∫“¥·º≈∑’Ë¡’∑—ÈßÀ¡¥∑—Ë«∑—Èß√à“ß°“¬ (exposure) ‚¥¬‡©æ“–¥â“πÀ≈—ß‚¥¬

°“√∑”°“√æ≈‘°µ—«ºŸâ∫“¥‡®Á∫·∫∫ çlog rollingé ®÷ß¡’§«“¡ ”§—≠ ¢≥–‡¥’¬«°—π°Áæ÷ß√–«—ß

°“√‡°‘¥¿“«– hypothermia ®“°°“√‡ ’¬‡≈◊Õ¥√à«¡°—∫°“√‡ª≈◊Õ¬ºŸâ∫“¥‡®Á∫ (environmental

control) ¥â«¬°“√„Àâ§«“¡Õ∫Õÿàπ·°à√à“ß°“¬∑—π∑’∑’Ëµ√«®√—°…“‡ √Á® „Àâ “√πÈ”∑’ËÕÿàπ (Õÿ≥À¿Ÿ¡‘

38-42oC) ∫“ß°√≥’‡™àπºŸâªÉ«¬ extensive burn Õ“®µâÕßªî¥‡§√◊ËÕßª√—∫Õ“°“»‡æ◊ËÕ‡æ‘Ë¡

Õÿ≥À¿Ÿ¡‘ÀâÕß

√ÿª

°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫‡ªìπ°“√¥Ÿ·≈ºŸâªÉ«¬∑—Èßµ—« ·≈–À≈“¬√–∫∫ »—≈¬·æ∑¬å§«√µâÕß

‡¢â“„®æ◊Èπ∞“π¢Õß°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫ µ—Èß·µà‡«≈“∑’Ë‡°‘¥‡Àµÿ °≈‰°°“√¥Ÿ·≈∑—Èß«ß®√ °“√¥Ÿ·≈

‡¡◊ËÕ¡“∂÷ß‚√ßæ¬“∫“≈·≈â«°ÁµâÕß‰¥â√—∫°“√¥Ÿ·≈√à«¡°—π®“°∑’¡·æ∑¬å ·≈–æ¬“∫“≈ ∑—Èß„π

¢≥–«‘°ƒµ©ÿ°‡©‘π °“√ºà“µ—¥™à«¬‡À≈◊Õ √–¬–∑’ËÕ¬Ÿà„π‚√ßæ¬“∫“≈ √«¡∑—Èß‡¡◊ËÕÕÕ°®“°

‚√ßæ¬“∫“≈·≈â« °“¬¿“æ∫”∫—¥ øóôπøŸ ¿“æ√à“ß°“¬·≈–®‘µ„® ‡æ◊ËÕª√–‚¬™πå Ÿß ÿ¥·°àºŸâ

∫“¥‡®Á∫
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°“¬«‘¿“§¢Õßº‘«Àπ—ß (Anatomy of Skin)

º‘«Àπ—ß¢Õß√à“ß°“¬§π‡√“ª√–°Õ∫‰ª¥â«¬ 2 ™—Èπ§◊Õ epidermis ·≈– dermis

‚¥¬√–À«à“ß Õß™—Èππ’È∂Ÿ°§—Ëπ¥â«¬™—Èπ basement membrane zone (BMZ) ¥—ß· ¥ß„π

√Ÿª∑’Ë 1

™—Èπ epidermis ¡’Àπâ“∑’Ë„π°“√ªÑÕß°—π bacterial entry √«¡∑—Èß¡’∫∑∫“∑‡°’Ë¬«

°—∫ fluid balance ·≈– neurosensory  à«π™—Èπ dermis ¡’Àπâ“∑’Ë„π°“√ªÑÕß°—π°“√∫“¥

‡®Á∫, thermoregulation, ª√–°Õ∫¥â«¬ components µà“ßÊ ∑’Ë®”‡ªìπ ”À√—∫°“√

√Ÿª∑’Ë 1 °“¬«‘¿“§¢Õßº‘«Àπ—ß ÷́Ëß

ª√–°Õ∫‰ª¥â«¬™—Èπ epider-

mis ·≈– dermis
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À“¬¢Õß∫“¥·º≈‡™àπ growth factors ‡ªìπµâπ ¥—ßπ—Èπ°“√ª√–‡¡‘π¥’°√’§«“¡√ÿπ·√ß¢Õß

∫“¥·º≈‰ø‰À¡â®÷ß¢÷Èπ°—∫¥’°√’∫“¥‡®Á∫µ“¡§«“¡≈÷°¢Õßº‘«Àπ—ßπ—Ëπ‡Õß

¥’°√’¢Õß∫“¥·º≈‰ø‰À¡â (Degree of Burn Wound)

°“√ª√–‡¡‘π¥’°√’§«“¡≈÷°¢Õß∫“¥·º≈‰ø‰À¡â π—Èπ¡’§«“¡ ”§—≠¡“° ‡æ√“–

 ‘Ëß‡À≈à“π’È®–‡ªìπæ◊Èπ∞“π ”§—≠∑’Ë®–π”‰ª Ÿà°“√„Àâ°“√√—°…“∫“¥·º≈∑’Ë·µ°µà“ß°—π ∫“¥

·º≈µ◊ÈπÊ ∑“¬“√—°…“¥’ ·µà∫“¥·º≈≈÷°Ê °“√ºà“µ—¥„Àâº≈°“√√—°…“¥’°«à“ ‚¥¬∑—Ë«‰ª‡ªìπ∑’Ë

∑√“∫°—π«à“∫“¥·º≈‰ø‰À¡â ·∫àßÕÕ°‡ªìπ 3 ¥’°√’„À≠àÊ µ“¡§«“¡≈÷°¢Õß∫“¥·º≈‰ø‰À¡â1

§◊Õ

1. First degree burn ∫“¥·º≈‰ø‰À¡â™π‘¥π’È¡’æ¬“∏‘ ¿“æÕ¬Ÿà∑’Ë epider-

mis ‡∑à“π—Èπ ≈—°…≥–∫“¥·º≈π—Èπ·¥ß ‰¡àæ∫ blister ºà“π‰ª —°√–¬–Àπ÷Ëß®–¡’º‘«Àπ—ß™—Èπ

πÕ°À≈ÿ¥≈Õ°ÕÕ°¡“ æ∫‰¥â∫àÕ¬„π°≈ÿà¡ºŸâªÉ«¬∑’Ë°≈—∫®“°°“√æ—°µ“°Õ“°“» ‰ª™“¬∑–‡≈¡“

‡ªìπæ«° sun burn

2. Secondary degree burn (partial thickness burn) ‡¡◊ËÕ‰√°Áµ“¡∑’Ë

∫“¥·º≈‰À¡â°‘π≈÷°∂÷ß™—Èπ dermis ·≈â« ®–∂◊Õ«à“‡ªìπ secondary degree burn ∑—π∑’

‚¥¬∫“¥·º≈‰ø‰À¡â™π‘¥π’È§«“¡√ÿπ·√ß¢÷Èπ°—∫§«“¡≈÷°¢Õß™—Èπ dermis ∑’Ë‰¥â√—∫∫“¥‡®Á∫

‚¥¬∑—Ë«‰ª·æ∑¬å “¡“√∂·¬°∫“¥·º≈™π‘¥π’È‰¥â 2 ª√–‡¿∑§◊Õ

● Superficial second degree burn ¬—ß¡’ à«π¢Õß skin append-

ages ‰¥â·°à hair follicles, sweat glands and sebaceous glands À≈ß‡À≈◊ÕÕ¬Ÿà

§àÕπ¢â“ß¡“° ∫“¥·º≈æ«°π’Èªî¥‰¥â‡Õß‡æ√“–„π skin appendages π—Èπ®–‡ªìπ source

¢Õß epithelium ´÷Ëß “¡“√∂ßÕ°ÕÕ°¡“ ¡“π·º≈ªî¥‰¥â ∫“¥·º≈ burn ™π‘¥π’È

∑—Ë«‰ª¡—°¡’æ¬“∏‘ ¿“æÕ¬Ÿà‡æ’¬ß 1 „π 3 ¢Õß dermis  à«π∫π ∫“¥·º≈ “¡“√∂À“¬‡Õß

§àÕπ¢â“ß‡√Á« ≈—°…≥–Õ“°“√·≈–∫“¥·º≈‚¥¬√«¡§◊Õ¡’µÿà¡æÕß„  ∂â“≈Õ°‡Õ“µÿà¡æÕßÕÕ°

æ◊Èπ·º≈®– ’™¡æŸ™◊ÈπÊ ·≈–ºŸâªÉ«¬®–¡’Õ“°“√ª«¥· ∫¡“°‡æ√“– ‡ âπª√– “∑∫√‘‡«≥

º‘«Àπ—ß¬—ß‡À≈◊ÕÕ¬Ÿà‰¡à‰¥â∂Ÿ°∑”≈“¬‰ª¡“°π—° Õ“®®”ßà“¬Ê «à“ºŸâªÉ«¬®–¡“¥â«¬≈—°…≥–·º≈

¥—ßπ’È§◊Õ çBLEB, PINK, MOIST, PAINé (√Ÿª∑’Ë 2 °-¢)

°“√√—°…“∑’Ë‡À¡“– ¡ §◊Õ °“√„™â topical antibiotic treatment À√◊Õ
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ªî¥¥â«¬º≈‘µ¿—≥±å burn wound dressing µà“ßÊ

● Deep second degree burn ®–¡’ skin appendages ∂Ÿ°∑”≈“¬‰ª

§àÕπ¢â“ß¡“° ≈—°…≥–∫“¥·º≈®–µ√ß°—π¢â“¡°—∫ superficial secondary degree burn

§◊Õ ®–‰¡à§àÕ¬¡’ bleb  ’‡À≈◊Õß¢“« ·Àâß ·≈–‰¡à§àÕ¬ª«¥ (√Ÿª∑’Ë 3) ∫“¥·º≈™π‘¥π’È ¡—¬

°àÕππ‘¬¡„™â topical antibiotic treatment ´÷Ëß∫“¥·º≈¡—°ªî¥‡Õß‰¥â‡π◊ËÕß®“°·¡â«à“‡ªìπ

∫“¥·º≈¥’°√’§àÕπ¢â“ß≈÷°·µà ¬—ß¡’ dermis ∫“ß à«π‡À≈◊ÕÕ¬Ÿà ∑”„Àâ¬—ß¡’ skin appen-

dages ∫“ß à«π∑’Ë “¡“√∂‡®√‘≠ßÕ°ÕÕ°¡“®π ¡“π·º≈ªî¥‰¥â ·µà°«à“·º≈®–ªî¥π—Èπ„™â

‡«≈“§àÕπ¢â“ßπ“π ‚Õ°“ ‡°‘¥ scar contracture ·≈– wound infection  Ÿß¡“° ¥â«¬

√Ÿª∑’Ë 2 °-¢ ∫“¥·º≈‰ø‰À¡â™π‘¥ superficial partial thickness burn ¡“¥â«¬ bleb, pink,

moist, pain √—°…“‚¥¬°“√„Àâ topical antibiotic treatment À√◊Õ ªî¥¥â«¬º≈‘µ¿—≥±å

burn wound dressing

°

¢
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√Ÿª∑’Ë 3 ∫“¥·º≈‰ø‰À¡â™π‘¥ deep partial thickness secondary degree burn °“√√—°…“∑’Ë¥’

∑’Ë ÿ¥„πªí®®ÿ∫—π§◊Õ °“√∑” early excision and skin graft

‡Àµÿπ’Èªí®®ÿ∫—π°“√√—°…“∑’Ë¥’∑’Ë ÿ¥„π°≈ÿà¡π’È§◊Õ °“√∑”ºà“µ—¥ early excision ·≈–ªî¥ skin

graft

°“√√—°…“∑’Ë¥’∑’Ë ÿ¥„π°≈ÿà¡π’È§◊Õ °“√∑”ºà“µ—¥ early excision ·≈–ªî¥ skin

graft

3. Third degree burn (full thickness burn) ∫“¥·º≈™π‘¥π’È skin

appendages „π™—Èπ dermis ∂Ÿ°∑”≈“¬‰ªÀ¡¥ „π∫“ß§√—Èß®–·¬°®“° deep secondary

degree burn ‰¥â¬“°·µà¡—°‰¡à§àÕ¬¡’§«“¡ ”§—≠∑“ß§≈‘π‘°«à“®–µâÕß·¬°®“°°—π„Àâ

™—¥‡®π‡æ√“–ªí®®ÿ∫—π°“√√—°…“„π 2 °≈ÿà¡π’È‡À¡◊Õπ°—π§◊Õ ‡πâπ°“√ºà“µ—¥ Early excision

·≈–ªî¥ skin graft  ‘ËßÀπ÷Ëß ÷́Ëß·¬°‰¥â™—¥‡®π«à“‡ªìπ∫“¥·º≈ full thickness burn wound

·πàÊ §◊Õ ¡’≈—°…≥–·Àâß √Õ¬‰À¡â¥” √«¡∑—Èßæ∫≈—°…≥– superficial vessel thrombosis

(√Ÿª∑’Ë 4) ∫“¥·º≈™π‘¥π’È®–‰¡à “¡“√∂ªî¥‡Õß‰¥â  ÿ¥∑â“¬®–°≈“¬‡ªìπ granulation tissue

µâÕßªî¥¥â«¬ skin graft ´÷Ëß∂â“¡“ªî¥ skin graft ∫π granulation tissue ·≈â«¡—°®–

‰¡à‰¥âº≈¥’‡π◊ËÕß®“°‚Õ°“ ‡°‘¥ scar contracture  Ÿß ·≈–ºŸâªÉ«¬µâÕßÕ¬Ÿà‚√ßæ¬“∫“≈π“π

DeepDeep secondsecond degreedegree
((PartialPartial--thicknessthickness))

DRY, WHITE TO YELLOW, LESS PAIN!!DRY, WHITE TO YELLOW, LESS PAIN!!DRY, WHITE TO YELLOW, LESS PAIN!!
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Õ’°¥â«¬ ´÷Ëß‡ª≈◊Õß§à“„™â®à“¬¡“°2-4

°“√√—°…“ §◊Õ Early excision ·≈–ªî¥ skin graft ∑—π∑’¿“¬„π 7-10 «—π

À≈—ß®“°√—∫ºŸâªÉ«¬‰«â„π‚√ßæ¬“∫“≈ ´÷Ëß®–∑”„Àâ∫“¥·º≈À“¬‡√Á« ≈¥°“√‡°‘¥ scar con-

tracture ·≈–Õ¬Ÿà‚√ßæ¬“∫“≈πâÕ¬ ª√–À¬—¥§à“„™â®à“¬‚¥¬√«¡‰¥â¡“°

°“√ª√–‡¡‘π§«“¡≈÷°·≈–¢π“¥¢Õß∫“¥·º≈‰ø‰À¡â

°àÕπ°“√√—°…“ºŸâªÉ«¬∑’Ë‰¥â√—∫ burn injury ·æ∑¬å®”‡ªìπµâÕßª√–‡¡‘π§«“¡≈÷°

(depth) ·≈–¢π“¥¢Õß∫“¥·º≈ burn °àÕπ §«“¡≈÷°¢Õß∫“¥·º≈ burn  “¡“√∂

ª√–‡¡‘π®“°∑“ß clinical ‚¥¬°“√ ”√«®∫“¥·º≈ burn ·≈–„™â pinprick test ≈—°…≥–

¢Õß∫“¥·º≈ °≈‰°°“√À“¬¢Õß∫“¥·º≈ √«¡‰ª∂÷ßÀ≈—°°“√√—°…“∫“¥·º≈ burn

ª√–‡¡‘πµ“¡§«“¡√ÿπ·√ß ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

¢π“¥ (size) ¢Õß∫“¥·º≈ burn ‚¥¬§”π«≥®“°‡ªÕ√å‡´Áπµå¢Õßæ◊Èπ∑’Ëº‘«¢Õß

√à“ß°“¬ (total body surface area, TBSA) ¡’«‘∏’°“√§”π«≥∑—Ë«‰ª¥—ßπ’È

√Ÿª∑’Ë 4 ∫“¥·º≈ full thickness burn wound ¡’≈—°…≥–·Àâß √Õ¬‰À¡â¥” √«¡∑—Èßæ∫≈—°…≥–

superficial vessels thrombosis °“√√—°…“‡À¡◊Õπ°—∫„π deep partial thickness sec-

ondary degree burn §◊Õ °“√∑” Early excision and skin graft
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µ“√“ß∑’Ë 1 ≈—°…≥– °≈‰°°“√À“¬ ·≈–À≈—°°“√√—°…“∫“¥·º≈ burn ª√–‡¡‘πµ“¡§«“¡√ÿπ·√ß

First degree burns Epidermis only damaged

(epidermal) Painful to touch

Area initially erythematous due to vasodilatation

Desquamation in 7 days with complete scarless healing

Superficial second degree Epidermis and various degrees of dermis destroyed

(Partial-thickness) Erythematous, bleb, blisters, moist

Wet and often blistered

Painful to touch

Healing occurs through migration to the surface of epithe-

lial cells that survive in deeper portions of hair follicles as

well as in sweat and sebaceous glands

Will heal in 7-14 days by re-epithelialization

Require coverage with topical antimicrobials or wound

dressing

Deep second degree Pale and mottled, dry

(Partial-thickness) Do not blanch

May have a pseudoeschar that is soft

Remain painful to pinprick

Will heal in 14-28 days with severe scarring

Treat as third degree burn : excision and grafting for

healing

Third degree burns Involves necrosis of the entire thickness of the skin

Hard leathery eschar that is white or cherry red in color

Painless, superficial vessels thrombosis

Will require excision and grafting for healing

Leaves minor chances for healing except for very small

wounds, which may heal by contaction and epithelization
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Wallaceûs çRule of Ninesé : «‘∏’π’È “¡“√∂„™â‰¥â –¥«°·≈–√«¥‡√Á«  “¡“√∂

®¥®”π”‰ª„™â„π∑“ßªØ‘∫—µ‘‰¥âßà“¬„π°“√§”π«≥ % TBSA ¢Õß∫“¥·º≈ burn (√Ÿª∑’Ë 5)

‚¥¬¡’«‘∏’ª√–‡¡‘πßà“¬Ê §◊Õ ΩÉ“¡◊Õ¢ÕßºŸâªÉ«¬¡’§à“‡∑à“°—∫ 1% TBSA ¢Õß√à“ß°“¬

¡’√“¬ß“π«‘®—¬À≈“¬ ∂“∫—πµà“ß√“¬ß“π°“√„™â‡§√◊ËÕß¡◊Õ∑’Ë∑—π ¡—¬¡“™à«¬ª√–‡¡‘π

§«“¡≈÷°¢Õß∫“¥·º≈‰ø‰À¡â ‡™àπ °“√„™â vital dyes, laser flowmetry, thermography

·≈– magnetic resonance imaging ´÷Ëßº≈ √ÿª·≈â«æ∫«à“«‘∏’¥—ß°≈à“«‰¡à¥’‰ª°«à“°“√

ª√–‡¡‘π§«“¡≈÷°¢Õß∫“¥·º≈‰ø‰À¡â‚¥¬°“√„™â clinical evaluation ¢Õß·æ∑¬å

»—≈¬°√√¡‰ø‰À¡â∑’Ë¡’ª√– ∫°“√≥å ‡æ√“–©–π—Èπ°“√ª√–‡¡‘π§«“¡≈÷°¢Õß·º≈‰ø‰À¡â

ªí®®ÿ∫—ππ’È°Á¬—ßπ‘¬¡„™â clinical judgement ‡ªìπÀ≈—°

Pathophysiology ¢Õß∫“¥·º≈‰ø‰À¡â

·∫àßµ“¡ Jacksonûs classification ‰¥â‡ªìπ 3 ‚´π ¥—ßπ’È (√Ÿª∑’Ë 6)

(1) zone of coagulation ∫√‘‡«≥π’È‡´≈≈å®– coagulated À√◊Õ necrotic

‡π◊ÈÕ‡¬◊ËÕ∑’ËÕ¬Ÿà„π∫√‘‡«≥π’È‡ªìπ‡π◊ÈÕ‡¬◊ËÕ∑’Ëµ“¬·≈â«®”‡ªìπµâÕß debride ÕÕ°‰ª

√Ÿª∑’Ë 5 Wallaceûs çRule of Ninesé ‡ªìπ°“√

ª√–‡¡‘π% total body surface area

¢Õß·º≈‰ø‰À¡â‡∑’¬∫°—∫æ◊Èπ∑’Ëº‘«¢Õß

√à“ß°“¬ «‘∏’π’È “¡“√∂„™â‰¥â –¥«°·≈–

√«¥‡√Á«
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(2) zone of stasis Õ¬Ÿà∂—¥¡“®“° zone of coagulation ∫√‘‡«≥π’È®– vaso-

constriction ·≈–¡’°“√¢“¥‡≈◊Õ¥ ‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥π’È®√‘ßÊ ¬—ß‰¡àµ“¬ ·µàÕ“®®– progress

‡ª≈’Ë¬π‡ªìπ coagulation ‰¥â∂â“‡°‘¥°“√µ‘¥‡™◊ÈÕÀ√◊Õ¡’°“√≈¥ perfusion ¢Õß‡≈◊Õ¥∑’Ë

‰ª‡≈’È¬ß∫√‘‡«≥π—Èπ

(3) zone of hyperemia ∫√‘‡«≥π’È®– vasodilation ·≈–¡’°“√ release

¢Õß inflammatory mediators ®“° cutaneous cells µà“ßÊ ‚¥¬‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥π’È

¬—ß√Õ¥™’«‘µÕ¬Ÿà

Initial Treatment

°“√„Àâ “√πÈ”„πºŸâªÉ«¬∫“¥‡®Á∫‰ø‰À¡âπÈ”√âÕπ≈«° (Fluid Resuscitation in

Burn Patients)

°“√„Àâ “√πÈ”µâÕß§”π÷ß∂÷ß‡ªÕ√å‡´Áπµå¢Õß∫“¥·º≈‰ø‰À¡â ¥’°√’¢Õß∫“¥·º≈

‰ø‰À¡â ·≈–µâÕß¥ŸÕ“¬ÿ¥â«¬ ‚¥¬‡©æ“–„π‡¥Á°‡≈Á°®–¡’æ◊Èπ∑’Ëº‘«√à“ß°“¬µàÕπÈ”Àπ—°¡“°°«à“

„πºŸâ„À≠à ‚¥¬∑—Ë«‰ª®–„Àâ fluid resuscitation „πºŸâªÉ«¬∑’Ë‰¥â√—∫∫“¥‡®Á∫‰ø‰À¡â¥’°√’√–¥—∫

2 À√◊Õ≈÷°µ—Èß·µà™—Èπ dermis ‡ªìπµâπ‰ª ∂â“‡ªìπ first degree burn ‰¡à®”‡ªìπµâÕß‰¥â√—∫

fluid resuscitation

√Ÿª∑’Ë 6 ≈—°…≥–‚´π¢Õß°“√∫“¥‡®Á∫À≈—ß‰¥â√—∫‰ø‰À¡â ‚¥¬ zone of coagulation ®–‡ªìπ

∫√‘‡«≥∑’Ë‰¥â√—∫Õ—πµ√“¬¡“°∑’Ë ÿ¥®π‡°‘¥‡π◊ÈÕ‡¬◊ËÕµ“¬∫√‘‡«≥π’È zone of stasis ‡ªìπ

∫√‘‡«≥∑’Ë‡π◊ÈÕ‡¬◊ËÕ¬—ß¥’Õ¬Ÿà ·µà∂â“„Àâ°“√√—°…“‰¡à¥’æÕ ∫√‘‡«≥π’È®–‡ª≈’Ë¬π‡ªìπ zone of

coagulation ‰¥â
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°“√„Àâ fluid π‘¬¡„Àâ Ÿµ√ Parkland formula ‚¥¬‡√‘Ë¡„Àâµ—Èß·µà∫“¥‡®Á∫‰ø

‰À¡â‡°‘π 20% ¢Õßæ◊Èπ∑’Ëº‘«√à“ß°“¬¢÷Èπ‰ª ‚¥¬®–„Àâ∑“ßÀ≈Õ¥‡≈◊Õ¥¥”·∫∫ peripheral °àÕπ

¬°‡«âπ«à“∫“¥‡®Á∫‰ø‰À¡â‡°‘π 40% ¢Õßæ◊Èπ∑’Ëº‘«¢Õß√à“ß°“¬®÷ß®–æ‘®“√≥“„Àâ∑“ß central

vein ‚¥¬æ¬“¬“¡À≈’°‡≈’Ë¬ß°“√·∑ßÀ≈Õ¥‡≈◊Õ¥¥”∫√‘‡«≥∑’Ë¡’∫“¥·º≈‰ø‰À¡â ‡æ√“–®–

‡æ‘Ë¡Õ—µ√“°“√µ‘¥‡™◊ÈÕ¢Õß∫“¥·º≈‰¥â

 Ÿµ√∑’Ëπ‘¬¡„Àâªí®®ÿ∫—π ‰¡àπ‘¬¡„Àâ¡’ colloid ‡æ√“– ¥—ß∑’Ë∑√“∫°—π«à“√–¬–·√°Ê

®–¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß vascular permeability ·¡â«à“„Àâ colloid °Á®–‡°‘¥°“√√—Ë«´÷¡ÕÕ°‰ª

πÕ°À≈Õ¥‡≈◊Õ¥¥”¡“°‡™àπ°—π ªí®®ÿ∫—π Ÿµ√∑’Ëπ‘¬¡„™â°—π¡“°§◊Õ Parkland formula §◊Õ

Fluid resuscitation in first 24 hours :
1/2 ¢Õß “√πÈ”∑’Ë§”π«≥‰¥â∑—ÈßÀ¡¥„Àâ„π 8 ™—Ë«‚¡ß·√°, 1/2 ¢Õß∑’Ë‡À≈◊Õ„Àâ„π 16

™—Ë«‚¡ßÀ≈—ß

ºŸâ„À≠à : Ringerûs lactate 2-4 ml/kg/% Burn

‡¥Á° : Ringerûs lactate 3-4 ml/kg/% Burn

Infant or body weight <30 kgs

: Ringerûs lactate 3-4 ml/kg/% Burn+5%Dextrose at

maintenance rate

ºŸâªÉ«¬∑’Ë¡’·π«‚πâ¡∑’Ë®–‰¥â√—∫ fluid resuscitation ¡“°°«à“∑’Ë§”π«≥‰¥â‚¥¬„™â

Parkland formula ‰¥â·°àºŸâªÉ«¬‡À≈à“π’È

1. ºŸâªÉ«¬∑’Ë¡’∫“¥‡®Á∫Õ◊Ëπ√à«¡¥â«¬

2. ºŸâªÉ«¬∑’Ë∂Ÿ°‰øøÑ“¥Ÿ¥‰ø™äÕµ

3. ºŸâªÉ«¬∫“¥‡®Á∫ ”≈—°‡¢¡à“§«—π (smoke inhalation injury)

4. ºŸâªÉ«¬∑’Ë‰¥â√—∫ delayed resuscitation À√◊Õ¡’¿“«–¢“¥ “√πÈ”¡“°àÕπ

5. ºŸâªÉ«¬‰ø‰À¡â∑’Ë‡ªìπ very deep burn

6. ‡¥Á°‡≈Á° (¡’ glycogen storage µË” ‚Õ°“ ‡°‘¥ hypoglycemia  Ÿß

§«√æ‘®“√≥“„Àâ Parkland formula + maintenance fluid ∑’Ë¡’ à«πª√–°Õ∫‡ªìππÈ”µ“≈)

°“√ Monitoring ∑’Ë‡À¡“– ¡

Hourly urine output §«√„ÀâÕÕ° ¡Ë”‡ ¡Õ‰¡à¡“°À√◊Õ‰¡àπâÕ¬®π‡°‘π‰ª
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ºŸâ„À≠à : 0.5-1 ml/kg/hour

‡¥Á° <30 kgs : 1 ml/kg/hour

Management of oliguria

æ∫∫àÕ¬ ÿ¥®“°°“√„Àâ fluid resuscitation πâÕ¬®π‡°‘π‰ª °“√√—°…“‰¡à§«√

„Àâ diuretic ∂â“ºŸâªÉ«¬¬—ß‰¥â√—∫ “√πÈ”‰¡à‡æ’¬ßæÕ §«√µ√«®‡™Á§ urine output ∫àÕ¬Ê

‚¥¬∑—Ë«‰ª„π Burn ICU ®–∑” monitor urine output ∑ÿ°™—Ë«‚¡ß ‚¥¬ª√‘¡“≥ urine

output §«√ÕÕ° 0.5-1 ml/kg/hr

°“√∑”§«“¡ –Õ“¥∫“¥·º≈‰ø‰À¡â (Management of Burn Wound)

æ¬“¬“¡ cooling ·º≈ burn „Àâ‡√Á« ∑”°“√¢®—¥§«“¡√âÕπÕÕ°®“°∫“¥·º≈∑’Ë

∂Ÿ° burn ‡™àπ remove ‡ ◊ÈÕºâ“∫√‘‡«≥∑’Ë∂Ÿ°‰ø‰À¡â ‡æ√“–«‘∏’π’È®– limit ∫√‘‡«≥ tissue

damage „ÀâπâÕ¬≈ß·≈–‡™◊ËÕ°—π«à“ “¡“√∂≈¥°“√À≈—Ëß mediators µà“ßÊ ∑’ËÕ“®∑”„Àâ‡°‘¥

Õ“°“√‡®Á∫ª«¥‰¥â °“√ cooling ·º≈π—Èπ‰¡à‰¥â≈â“ß¥â«¬πÈ”‡¬Áπ®—¥ ·µà„Àâ≈â“ß·º≈¥â«¬πÈ”

–Õ“¥‡ªìπÕ’°«‘∏’∑’Ë≈¥§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ„π·º≈ burn ‰¥â °“√ cooling ·º≈ burn ®–¡’

ª√–‚¬™πå¡“° ‚¥¬‡©æ“–∂â“ºŸâªÉ«¬¡“∂÷ß‚√ßæ¬“∫“≈‰¡à‡°‘π 30 π“∑’À≈—ß‰¥â√—∫ injury

‡æ√“–®–≈¥°“√∫«¡ ·≈–°“√√—Ë«¢Õß protein ‰¥â5-6

 ”À√—∫°“√∑”§«“¡ –Õ“¥·º≈ burn ‚¥¬∑—Ë«‰ª §◊Õ ¢®—¥ ‘Ëß °ª√°ÕÕ°®“°·º≈

·≈–≈â“ß·º≈¥â«¬πÈ” –Õ“¥∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß Õ“®º ¡πÈ” ∫ŸàÕàÕπÊ ≈â“ß·º≈°Á‰¥â µ“¡¥â«¬°“√

debridement À√◊Õ¢®—¥‡Õ“ ‘Ëß·ª≈°ª≈Õ¡ ‡™àπ chemical, tar, debris ÕÕ°®“°·º≈

µ“¡¥â«¬ topical treatment À√◊Õªî¥¥â«¬ dressing µà“ßÊ7 topical treatment µà“ßÊ

§«√‰¥â√—∫°“√‡ª≈’Ë¬π«—π≈– 1-2 §√—Èß ‚¥¬‰¡à®”‡ªìπµâÕß„Àâ prophylactic antibiotic

à«π„π°√≥’∑’Ëæ‘®“√≥“„™â burn wound dressing product µà“ßÊ π—Èπ ¡—°®–æ‘®“√≥“

„™â„π superficial partial thickness burn ®–‰¥âº≈¥’ ‚¥¬ªî¥·º≈§√—ÈßÀπ÷Ëß “¡“√∂Õ¬Ÿà

‰¥â 3-5 «—π ∑”„ÀâºŸâªÉ«¬‰¥â√—∫§«“¡ –¥«° ‰¡à®”‡ªìπµâÕß‡ªî¥·º≈∫àÕ¬ ·≈–≈¥§«“¡‡®Á∫

ª«¥¥â«¬ ·µà¡’¢âÕ‡ ’¬§◊Õ √“§“§àÕπ¢â“ß·æß

„π∫“¥·º≈ secondary degree burn Õ“®æ∫µÿà¡æÕß (blisters) ‰¥â °“√√—°…“

blister π—Èπ§àÕπ¢â“ß controversy ‚¥¬∑—Ë«‰ª·≈â«·π–π”„Àâ remove blister ÕÕ° ∂â“¢π“¥
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blisters π—Èπ„À≠à Õ¬Ÿà∫√‘‡«≥¢âÕ (joints) µà“ßÊ ¢Õß√à“ß°“¬ ∑”„Àâ¡’ functional impair-

ment  à«π blisters ∑’Ë¡’¢π“¥‡≈Á°π—Èπ‰¡à®”‡ªìπµâÕß‡Õ“ÕÕ°  “¡“√∂∑‘Èß‰«â„Àâ‡ªìπ biologi-

cal dressing ‰¥â »—≈¬·æ∑¬å∫“ß°≈ÿà¡π‘¬¡≈Õ°‡Õ“ blister ÕÕ°„ÀâÀ¡¥ ‡ªìπ routine

‚¥¬„Àâ‡Àµÿº≈«à“ ‡¡◊ËÕ„™â topical antibiotic µ—«¬“¡—°®–‡¢â“∂÷ßæ◊Èπº‘«∫“¥·º≈‰¥â‚¥¬µ√ß

·≈–Õ’°°√≥’§◊Õ ªí®®ÿ∫—π∂â“ªî¥·º≈¥â«¬ burn wound dressing ·≈â«°Á¡—°®–≈¥§«“¡

‡®Á∫ª«¥‰¥â¥’Õ¬Ÿà·≈â«

„πºŸâªÉ«¬∑’Ë‰¥â√—∫ chemical injury π—Èπ§«√≈â“ß¥â«¬πÈ” –Õ“¥·µà„Àâæ‘®“√≥“

¥â«¬∂â“æ∫≈—°…≥–‡ªìπ dry powder „Àâªí¥ÕÕ°°àÕπ∑’Ë®–≈â“ß·º≈¥â«¬πÈ” –Õ“¥Õ¬à“ßπâÕ¬

30 π“∑’ ‰¡à§«√„™â antidote µà“ßÊ ´÷ËßÀ≈—ß®“°≈â“ß¥â«¬πÈ” –Õ“¥®π‡À¡“– ¡·≈â« °“√

√—°…“π—Èπ‚¥¬∑—Ë«‰ªπ—Èπ¡’À≈—°°“√‡À¡◊Õπ°—∫∫“¥·º≈‰ø‰À¡âª√–‡¿∑Õ◊ËπÊ8-9

∫“¥·º≈‰ø‰À¡â (Burn Wound)

- ·º≈ first degree burn ‚¥¬∑—Ë«‰ª·º≈ª√–‡¿∑π’ÈÀ“¬‡Õß‰¥â¿“¬„π‡«≈“‰¡à‡°‘π

1  —ª¥“Àå ‚¥¬Õ“®„Àâ°“√√—°…“‚¥¬∑“ skin lotion À√◊Õ ∑“¥â«¬ white petrolatum ‡™àπ

bacitracin ointment ‡æ◊ËÕ„Àâ§«“¡™ÿà¡™◊Èπ·°àº‘«Àπ—ß°Á‡æ’¬ßæÕ

- ·º≈ secondary degree burn ∑’Ë§àÕπ¢â“ßµ◊Èπ ‡ªìπ·∫∫ superficial partial

thickness burn ®–À“¬‰¥â¿“¬„π 3  —ª¥“Àå·≈–‰¡à§àÕ¬¡’·º≈‡ªìπ ·º≈ª√–‡¿∑π’È∂â“‰¥â

√—∫°“√¥Ÿ·≈√—°…“‰¡à¥’Õ“®·ª√‡ª≈’Ë¬π‡ªìπ deep partial thickness burn À√◊Õ full thick-

ness burn wound ‰¥â °“√√—°…“‚¥¬∑—Ë«‰ª„π∫“¥·º≈ª√–‡¿∑π’È ∑”§«“¡ –Õ“¥

∫“¥·º≈·≈â« dressing ·º≈¥â«¬ topical antibiotic µ—«∑’Ë„™â°—π∫àÕ¬Ê ‰¥â·°à 1% silver

sulfadiazine À√◊Õ Õ“®„™â dressing ·∫∫µà“ßÊ ∑’Ë “¡“√∂ control pain √«¡∑—Èß pro-

mote °“√À“¬¢Õß∫“¥·º≈°Á‰¥â ‚¥¬ªí®®ÿ∫—π∑’Ëπ‘¬¡„™â ‰¥â·°à Acticoat, Urgotul ·≈–

Aquacel Ag ‡ªìπµâπ

- ·º≈ secondary degree burn ∑’Ë§àÕπ¢â“ß≈÷° ‡ªìπ·∫∫ deep partial thick-

ness burn π—Èπ·¡â “¡“√∂À“¬‡Õß‰¥â·µà¡—°®–°‘π‡«≈“§àÕπ¢â“ßπ“π Õ“®¡“°°«à“ 3  —ª¥“Àå

®√‘ßÊ  “¡“√∂„Àâ°“√√—°…“·∫∫ superficial partial thickness burn °Á‰¥â·µà¡—°®–°‘π

‡«≈“π“π°«à“·º≈®–À“¬·≈–Õ“®¡’ morbidity µà“ßÊ ‡™àπ wound infection, scar for-
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mation ‰¥â Ÿß ‡æ√“–©–π—Èπªí®®ÿ∫—π®–„Àâ°“√√—°…“ deep partial thickness burn

‡À¡◊Õπ∫“¥·º≈ third degree À√◊Õ full thickness burn wounds ‚¥¬∑”°“√ºà“µ—¥

early excision and autografting ‡æ√“–°“√√—°…“π’È “¡“√∂≈¥Õ—µ√“°“√‡°‘¥·º≈µ‘¥‡™◊ÈÕ

≈¥°“√‡°‘¥ scar formation √«¡∑—Èß “¡“√∂≈¥√–¬–‡«≈“°“√æ—°√—°…“µ—«„π‚√ßæ¬“∫“≈

¢ÕßºŸâªÉ«¬ ¥—ßπ—Èπ·º≈ª√–‡¿∑π’ÈÀ≈—ß®“°„Àâ°“√ª∞¡æ¬“∫“≈‡∫◊ÈÕßµâπ∑’Ë ER ·≈â«§«√√—∫

ºŸâªÉ«¬‰«â„π‚√ßæ¬“∫“≈‡æ◊ËÕ√—°…“‚¥¬°“√ºà“µ—¥µàÕ‰ª

ºŸâªÉ«¬∫“ß√“¬∑’Ë‰¥â√—∫°“√ª∞¡æ¬“∫“≈‡∫◊ÈÕßµâπ∑’Ë ER ·≈–Õ“°“√‰¡àÀπ—°¡“°

‰¡à¡’¢âÕ∫àß™’È¢Õß°“√Õ¬Ÿà‚√ßæ¬“∫“≈  “¡“√∂æ‘®“√≥“„Àâ°≈—∫∫â“π‰¥â ∂â“„Àâ°“√√—°…“‡ªìπ

OPD cases §«√¡’°“√π—¥ follow up ‡ªìπ√–¬–®π°«à“·º≈®–À“¬¥’ ‚¥¬·æ∑¬å§«√¡’

§«“¡√Ÿâ«à“‡¡◊ËÕ‰√∫“¥·º≈‡√‘Ë¡¡’°“√µ‘¥‡™◊ÈÕ ‚¥¬≈—°…≥–¢Õß∫“¥·º≈ early clinical signs

of wound infection ¡’≈—°…≥–¥—ßµàÕ‰ªπ’È §◊Õ

- Wound erythema

- Cellulitis

- Increase in wound pain

- Change in wound exudates

- Change in wound appearance

·≈–∂â“¡’≈—°…≥–¥—ßµàÕ‰ªπ’È∫àß∫Õ°«à“Õ“®¡’ invasive wound infection

10 §◊Õ

- Focal, dark red, brown, or black discoloration in eschar

- ·º≈‡ª≈’Ë¬π®“° Partial thickness ‡ªìπ full thickness burn

- Early separation of eschar (‡ªìπ≈—°…≥–¢Õß invasive fungal infec-

tion)

- Hemorrhagic fat necrosis

∂â“æ∫¡’≈—°…≥–¥—ß°≈à“«§«√„Àâ æ‘®“√≥“√—∫‰«â√—°…“µ—«„π‚√ßæ¬“∫“≈

Topical antibiotic ·≈– burn wound dressing ∑’Ëπ‘¬¡„™â„π∫“¥·º≈‰ø‰À¡â

¥—ß· ¥ß„πµ“√“ß∑’Ë 2 ·≈– 3
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µ“√“ß∑’Ë 2 ™π‘¥¢Õß Topical solution/cream/ointment dressing ∑’Ë„™â∫àÕ¬Ê „π·º≈ burn

Topical solution/cream/
¢âÕ¥’ ¢âÕ‡ ’¬

ointment dressing

Polymyxin B/neomycin/ ‰¡àª«¥ ·≈–‰¡à¡’ ’∑”„Àâ°“√ ”√«®·º≈ §√Õ∫§≈ÿ¡‡™◊ÈÕ‰¡à¡“°π—° ‡®“– eschar
bacitracin ∑”‰¥âßà“¬ ‡À¡“– ”À√—∫ superficial ‰¡à¥’

burn wound
Mupirocin ointment Broad spectrum ·≈– ÕÕ°ƒ∑∏‘Ï¶à“‡™◊ÈÕ √“§“ Ÿß
(Bactroban) Methicillin resistant staphylococcal

aureus (MRSA) ‰¥â¥’
Acetic acid Broad spectrum ·≈–ÕÕ°ƒ∑∏‘Ï¶à“‡™◊ÈÕ cytotoxic

Pseudomonas ‰¥â¥’
Nystatin ointment Broad spectrum µàÕ‡™◊ÈÕ√“ √“§“ Ÿß, inactivate other (sulfamylon)

antimicrobials
Silver sulfadiazine „™â∫àÕ¬ Õ¬Ÿà„π√Ÿª cream, ÕÕ°ƒ∑∏‘Ï Transient leukopenia, ‡®“– eschar ‰¡à¥’,

Broad spectrum §≈ÿ¡ pseudomonas ‰¥â „™â∫π·º≈ graft ‰¡à¥’‡æ√“– Õ¬Ÿà„π√Ÿª
·≈–‰¡à∑”„Àâª«¥· ∫ cream, Õ“®∑”ªÆ‘°‘√‘¬“°—∫ exudate

®“°·º≈‡ªìπ pseudoeschar ´÷Ëß®√‘ßÊ
À≈ÿ¥‡Õß‰¥â·µàÕ“®∑”„Àâ‡¢â“„®º‘¥«à“‡ªìπ
eschar ®√‘ßÊ

Mafenide acetate Broad spectrum, ‡®“– eschar ‰¥â¥’ ∑”„Àâª«¥· ∫ À√◊Õ º◊Ëπ·æâ‰¥â,
(sulfamylon) (11.1% water ‡À¡“– ”À√—∫ deep partial to full carbonic anhydrase inhibitor ∑”„Àâ‡°‘¥
soluble cream or 5% in thickness burn metabolic acidosis, ‰¡à§≈ÿ¡
solution) staphylococci ·≈– fungus
Mafenide acetate Broad spectrum, ‡®“– eschar ‰¥â¥’ ∑”„Àâª«¥· ∫ À√◊Õ º◊Ëπ·æâ‰¥â,
(sulfamylon) (11.1% water ‡À¡“– ”À√—∫ deep partial to full carbonic anhydrase inhibitor ∑”„Àâ‡°‘¥
soluble cream or 5% in thickness burn metabolic acidosis, ‰¡à§≈ÿ¡
solution) staphylococci ·≈– fungus
0.5% silver nitrate solution Broad spectrum ·≈– ‰¡à∑”„Àâª«¥· ∫ ‡°‘¥ black staining µ‘¥º‘«Àπ—ß·≈–

‡À¡“– ”À√—∫„™â„π burn wound À√◊Õ ‡§√◊ËÕß¡◊Õ‡§√◊ËÕß„™â, methemoglobin-
graft site emia, electrolyte imbalance ‚¥¬‡©æ“–

hyponatremia, ¥Ÿ¥´÷¡ºà“π eschar ‰¡à¥’
0.025% sodium hypochlorite Broad spectrum impairs wound healing in high doses,
solution (Dakin) cytotoxic
0.2% nitrofurazone ÕÕ°ƒ∑∏‘Ï‰¥â°«â“ß ‚¥¬‡©æ“– §√Õ∫§≈ÿ¡ Severe allergic reaction, ‰¡à§≈ÿ¡

Gram positive ‡™àπ Staphylococci ¥’ Pseudomonas infection
Chlorhexidine Broad spectrum ª«¥· ∫·º≈, cytotoxic
Povidone-iodine Broad spectrum ·µà‰¡àπ‘¬¡„™â„π·º≈ inactivate ‚¥¬ wound exudate, Õ“®

burn ∑”„Àâ‡°‘¥ renal dysfuction ‰¥â∂â“
√à“ß°“¬¥Ÿ¥´÷¡Õπÿæ—π∏å iodine ‡¢â“‰ª¡“°
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µ“√“ß∑’Ë 3 ™π‘¥¢Õß Wound dressing product ∑’Ë„™â„π·º≈‰ø‰À¡â

Vaseline petrolatum gauze ‰¡àµ‘¥·º≈‡À¡“–∑’Ë®–„™â°—∫ donor and §√Õ∫§≈ÿ¡‡™◊ÈÕ‚√§‰¥â‰¡à°«â“ßπ—°,

or Fine mesh absorbent graft sites, ‚Õ°“ ·æâπâÕ¬, promote ‰¡à‡À¡“–°—∫·º≈∑’Ë wound fluid ¡“°

gauze impregnated with 3% wound healing‚¥¬‡æ‘Ë¡§«“¡™ÿà¡™◊Èπ

bismuth tribromophenate „Àâ∫“¥·º≈

(Xeroform)

Urgotul+/- silver broad spectrum dressing ÕÕ°ƒ∑∏‘Ï ¡’„™â„π∫“ß‚√ßæ¬“∫“≈‡∑à“π—Èπ

sulfadiazine ‡À¡◊Õπ silver sulfadiazine, ‰¡àµâÕß

∑”·º≈∫àÕ¬

Acticoat broad spectrum dressing ‚§√ß √â“ß √“§“ Ÿß ¡’„™â„π∫“ß‚√ßæ¬“∫“≈‡∑à“π—Èπ

ª√–°Õ∫¥â«¬ polyethylene mesh ∑’Ë

coated ¥â«¬ elemental silver  “¡“√∂

√∫°«π°“√∑”ß“π¢Õß bacterial cellular

respiration, ‰¡àµâÕß∑”·º≈∫àÕ¬

Mepitel ‰¡àµâÕß∑”·º≈∫àÕ¬, ≈¥ª«¥®“°°“√∑” ‰¡à‡À¡“–°—∫·º≈∑’Ëµ‘¥‡™◊ÈÕ, √“§“ Ÿß

·º≈‡«≈“≈Õ°ÕÕ°‰¡à§àÕ¬µ‘¥·º≈ ¡’„™â„π∫“ß‚√ßæ¬“∫“≈‡∑à“π—Èπ

Aquacel+/-Ag (silver) broad spectrum dressing „™â°—∫·º≈ √“§“ Ÿß ¡’„™â„π∫“ß‚√ßæ¬“∫“≈‡∑à“π—Èπ

partial thickness secondary degree

burn ∑’Ë¡’exudate §àÕπ¢â“ß¡“° ∑”„Àâ

ª«¥·º≈πâÕ¬ ∂â“·º≈‰¡à¡’µ‘¥‡™◊Õâ “¡“√∂

∑‘Èß‰«â®π‡°‘¥ reepithelialization

Tegaderm „™â°—∫·º≈ superficial secondary degree ‰¡à¡’ƒ∑∏‘Ï¶à“‡™◊ÈÕ·∫§∑’‡√’¬, ‰¡à‡À¡“–

∑’Ë –Õ“¥  “¡“√∂¡Õß‡ÀÁπ·º≈‰¥â °—∫·º≈∑’Ë¡’°“√µ‘¥‡™◊ÈÕÀ√◊Õ„π·º≈∑’Ë¡’

wound fluid ¡“°

Algisite M (‡ªìπ calcium ‡À¡“–°—∫·º≈∑’Ë¡’ exudate §àÕπ¢â“ß¡“° allergic reaction, √“§“ Ÿß ¡’„™â„π∫“ß

alginate dressing º≈‘µ®“° ™à«¬ debride ·º≈ ‚√ßæ¬“∫“≈‡∑à“π—Èπ

alginate ∑’Ëæ∫„π  “À√à“¬

∑–‡≈)
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Inhalation Injury

 “‡Àµÿ°“√µ“¬®“°‰ø‰À¡â√âÕ¬≈– 80 ‡°‘¥®“°°“√ Ÿ¥¥¡‡Õ“ “√æ‘…∑’Ë‡°‘¥®“°°“√

‡º“‰À¡â‡¢â“ Ÿà∑“ß‡¥‘πÀ“¬„® ∑“ß‡¥‘πÀ“¬„® à«πµâπ¡’°≈‰°°“√ª√—∫Õÿ≥À¿Ÿ¡‘ ®÷ß¡—°‰¡à‡°‘¥

Õ—πµ√“¬®“° thermal injury ¬°‡«âπ°“√À“¬„®√—∫‰Õ§«“¡√âÕπ∑’Ë¡’§«“¡°¥¥—π Ÿß (high-

pressure steam) µ—«∑’Ë∑”„Àâ‡°‘¥Õ—πµ√“¬‰¡à„™à‡°‘¥®“°Õÿ≥À¿Ÿ¡‘·µà‡ªìπ®“° “√æ‘…∑’Ë‡°‘¥

®“°°“√‡º“‰À¡â ‚¥¬‡©æ“–§“√å∫Õπ¡ÕπÕ°‰´¥å (Carbon monoxide-CO) ·≈–

‰Œ‚¥√‡®π‰´¬“‰π¥å (Hydrogen cyanide-HCN) ´÷Ëß∑”„Àâ‡°‘¥¿“«– hypoxia ·≈– aci-

dosis ¡“°¢÷Èπ πÕ°®“°π’È¬—ß≈¥ cerebral oxygen consumption & metabolism Õ’°

¥â«¬ toxic substance Õ◊ËπÊ ´÷Ëß¡’º≈„Àâ§«“¡√ÿπ·√ß‡æ‘Ë¡¡“°¢÷Èπ ‡™àπ hydrogen chlo-

ride, nitrogen oxide, aldehyde Õ—π®–∑”„Àâ‡°‘¥ pulmonary edema, chemical pneu-

monitis, À√◊Õ respiratory irritability

¡’°“√»÷°…“„π —µ«å∑¥≈Õß æ∫«à“¡’ lung permeability ‡æ‘Ë¡¢÷Èπ„π 6 ™—Ë«‚¡ß

·√°À≈—ß®“°‡°‘¥ thermal injury °“√À“¬„®‡Õ“ toxic substance ‡¢â“‰ª®–∑”„Àâ¡’°“√

À≈—Ëß thromboxane ·≈– inflammatory mediators Õ◊ËπÊ ∑”„Àâ¡’ pulmonary artery

pressure ‡æ‘Ë¡¢÷Èπ ¡’º≈∑”≈“¬ respiratory epitherium ·≈–À≈—Ëß chemotactic fac-

tors ∑”„Àâ≈¥ pulmonary immune function π”‰ª Ÿà bacterial growth ·≈– pneu-

monia µ“¡¡“11

Clinical Phases ·∫àß‡ªìπ 3 stages

● First stage: Acute pulmonary insufficiency- ºŸâªÉ«¬®–¡’ severe

lung injury „π 0-36 ™—Ë«‚¡ßÀ≈—ß‡°‘¥ injury Õ“°“√∑’Ëæ∫ asphyxia, CO poisoning,

broncospasm, upper airway obstruction ´÷Ëß CO poisoning ¡—°®–‡ªìπ “‡Àµÿ„Àâ

ºŸâªÉ«¬À¡¥ µ‘ ·≈–Õ“®∂÷ß¢—Èπ‡ ’¬™’«‘µ‰¥â„π√–¬–·√°

● Second stage: Pulmonary edema- æ∫‰¥â 5-30% ‡°‘¥„π 48-96 ™—Ë«‚¡ß

● Third stage: Bronchopneumonia- æ∫ 15-60% æ∫«à“¡’ mortality

50-86% ¡—°æ∫„π«—π∑’Ë 3-10 À≈—ß‡°‘¥ burn injury ‡°‘¥®“° large mucus casts „π

tracheobronchial tree ‚¥¬¡—°æ∫°“√µ‘¥‡™◊ÈÕ®“° Gram negative species ‚¥¬‡©æ“–
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Pseudomonas species

Õ—µ√“°“√‡ ’¬™’«‘µ®“°¿“«–π’È®–≈¥≈ß‰¥âÀ“°·æ∑¬åµ√–Àπ—°∂÷ß·≈–„Àâ§«“¡™à«¬

‡À≈◊ÕºŸâªÉ«¬°àÕπ∑’Ë®–¡’§«“¡√ÿπ·√ß‡°‘¥¢÷Èπ °“√«‘π‘®©—¬¿“«–π’È‡√‘Ë¡®“° ß —¬„πºŸâªÉ«¬∑’Ë¡’

ª√–«—µ‘‰ø‰À¡â„π∑’Ëªî¥·§∫ (closed space) ºŸâªÉ«¬Õ“®¡’Õ“°“√ßà«ß´÷¡À√◊ÕÀ¡¥ µ‘ µ√«®

√à“ß°“¬æ∫∫“¥·º≈‰ø‰À¡âÀ√◊Õ‡¢¡à“∫√‘‡«≥„∫Àπâ“ ‡ ’¬ßÀ“¬„®º‘¥ª°µ‘ µ√«®∑“ßÀâÕß

ªØ‘∫—µ‘°“√Õ“®æ∫ hypoxia À√◊Õ¡’√–¥—∫ CO „π‡≈◊Õ¥ Ÿß Standard diagnostic method

§◊Õ°“√∑” broncoscopy æ∫°“√∫«¡·≈–Õ—°‡ ∫ À√◊Õæ∫‡¢¡à“„π∑“ß‡¥‘πÀ“¬„® °“√∑” 133

Xe lung scan ®–™à«¬ª√–‡¡‘π parenchymal injury ‰¥â¥’

°“√√—°…“§«√‡√‘Ë¡¥â«¬°“√„Àâ 100% Oxygen ∑“ß face mask À√◊Õ nasal can-

nula ∑—π∑’ ‡æ◊ËÕ™à«¬≈¥º≈®“° CO poisoning ´÷Ëß 100% Oxygen ®–™à«¬≈¥ half-life

time ¢Õß CO ®“° 250 π“∑’„Àâ‡À≈◊ÕπâÕ¬°«à“ 50 π“∑’ ·≈–¡’¢âÕ∫àß™’È„π°“√„ à∑àÕ™à«¬

À“¬„®¥—ßµ“√“ß∑’Ë 4

ºŸâªÉ«¬∑’Ë¡’ ‘ËßµàÕ‰ªπ’È §◊Õ Carboxyhemoglobin level >10% (µà“ßª√–‡∑»®–«—¥

µ—«π’È∑’Ë ER ·µàª√–‡∑»‰∑¬‰¡à‰¥â∑”) À√◊Õ¡’ª√–«—µ‘ closed space fire ·≈– carbonaceous

sputum °≈ÿà¡ºŸâªÉ«¬π’È¡’‚Õ°“ ∑’Ë®–µâÕß„ à tube ¡“°°«à“ 90% ´÷Ëßª°µ‘·≈â« ‰¡à¡’§«“¡

®”‡ªìπµâÕß∑” bronchoscope ∑ÿ°√“¬„πºŸâªÉ«¬ inhalation injury ‡æ√“–‰¡à¡’§«“¡®”‡ªìπ

·≈– ‘Èπ‡ª≈◊Õß§à“„™â®à“¬‚¥¬‡ª≈à“ª√–‚¬™πå ‡æ√“– à«π„À≠à·≈â« °“√«‘π‘®©—¬¥Ÿ®“° clinical

°Á‡æ’¬ßæÕ·≈â« À≈—ß„ à tube ·≈â«·æ∑¬å®– monitor blood gas ‚¥¬„™â P/F ratio (ratio

µ“√“ß∑’Ë 4 Intubation Criteria

Criteria Value

PaO2 (mmHg) <60

PaCO2 (mmHg) >50 (acutely)

P/F ratio <200

Respiratory/ventilator failure Impending

Upper airway edema Severe
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of arterial PaO2 divided by FiO2 µ—«Õ¬à“ß‡™àπ ∂â“ PaO2 80 torr ∑’Ë room air (FiO2

0.2) ®–¡’ P/F ratio ‡∑à“°—∫ 400) ∂â“ P/F ratio <200 §«√„Àâ ventilatory support

°“√„Àâ fluid resuscitation ¡’§«“¡ ”§—≠„πºŸâªÉ«¬ burn ·µà°“√„Àâ

overhydration Õ“®∑”„Àâ‡°‘¥ pulmonary edema ·≈–‡æ‘Ë¡Õ—µ√“µ“¬‰¥â ¡’°“√»÷°…“

æ∫«à“ºŸâªÉ«¬‡À≈à“π’ÈÕ“®¡’§«“¡µâÕß°“√ fluid volume ¡“°°«à“ºŸâªÉ«¬ burn ∑—Ë«‰ªÕ’° 2

cc/kg/%TBSA ‰¡à¡’¢âÕ∫àß™’È„π°“√„Àâ prophylactic antibiotic ·µà®–„ÀâµàÕ‡¡◊ËÕ¡’À≈—°

∞“π«à“¡’ lung infection ‚¥¬ —ª¥“Àå·√°À≈—ß burn „Àâ§≈ÿ¡ Methicillin-resistant

Staphylococcus aureus ∂â“À≈—ß 1  —ª¥“Àå·≈â«„Àâ§≈ÿ¡ gram-negative organisms

‚¥¬‡©æ“– Pseudomonas ·≈– Klebsiella

Chemical Burn

∫“¥‡®Á∫°≈ÿà¡π’ÈÕ“®‡°‘¥∫“¥‡®Á∫‰¥â®“°∑—Èß “√‡§¡’ª√–‡¿∑°√¥ À√◊Õ ¥à“ß ·µà‚¥¬

∑—Ë«‰ª·≈â« ¥à“ß‡¢â¡¢âπ®–¡’°“√∑”≈“¬¡“°°«à“°√¥‡¢â¡¢âπ ‡æ√“–°≈‰°°“√∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ

¢Õß¥à“ß§◊Õ liquefactive necrosis ´÷Ëßµà“ß®“°°√¥‡¢â¡¢âπ∑’Ë¡—°®–‡ªìπ coagulative ne-

crosis ∑”„Àâ‰¡à¡’°“√≈–≈“¬≈ß‰ª„πº‘«Àπ—ß‡∑’¬∫‡∑à“°—∫¥à“ß‡¢â¡¢âπ °“√ª∞¡æ¬“∫“≈

‡∫◊ÈÕßµâπ‡ªìπ ‘Ëß ”§—≠ „πªí®®ÿ∫—ππ’È¬—ß‰¡à¡’ “√≈–≈“¬„¥Ê ∑’Ë√“¬ß“π‰«â«à“ “¡“√∂™–≈â“ß

°√¥·≈–¥à“ß‰¥â¥’°«à“ sterile water ‡æ√“–©–π—Èπ∂â“ “¡“√∂≈â“ß¥â«¬πÈ” –Õ“¥‰¥â‡√Á«

‡∑à“‰√¬‘Ëß¥’ ‰¡à§«√„™â “√≈–≈“¬‡æ◊ËÕ neutralizing ‡™àπ‡°‘¥Õ—πµ√“¬®“°¥à“ß ·µà°≈—∫‡Õ“

°√¥ÕàÕπ‡®◊Õ®“ß‰ª≈â“ß∫“¥·º≈ „π°√≥’π’ÈÕ“®∑”„Àâ‡°‘¥°“√∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ¡“°¢÷Èπ‰¥â °“√

ª∞¡æ¬“∫“≈‡∫◊ÈÕßµâπ‡∑à“‰ª§«√≈â“ß¥â«¬πÈ” –Õ“¥Õ¬à“ßπâÕ¬ 30 π“∑’ À√◊Õ®πÕ“°“√· ∫

√–§“¬‡§◊Õß∑ÿ‡≈“≈ß

Electrical Burn

Õÿ∫—µ‘°“√≥å

„πªí®®ÿ∫—π ·¡â«à“°“√ªÑÕß°—πÕ—πµ√“¬∑’ËÕ“®‡°‘¥®“°°√–· ‰øøÑ“ ·≈–Õÿª°√≥å

‡§√◊ËÕß„™â‰øøÑ“‰¥âª√—∫ª√ÿß·≈–æ—≤π“„Àâ¡’§«“¡ª≈Õ¥¿—¬ Ÿß¢÷Èπ ·µà°“√µ“¬·≈–°“√∫“¥

‡®Á∫®“°°√–· ‰øøÑ“„πÀ≈“¬ª√–‡∑»°Á¬—ß§ß¡’°“√√“¬ß“πÕ¬Ÿà‡ªìπ√–¬– „πª√–‡∑»
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 À√—∞Õ‡¡√‘°“·µà≈–ªï¡’Õ—µ√“°“√µ“¬®“°°√–· ‰øøÑ“‡π◊ËÕß®“°Õÿ∫—µ‘‡Àµÿ‡∑à“°—∫ 3-15%

®”π«πª√–¡“≥ 1,000 §πµàÕªï12 °“√‡ ’¬™’«‘µ„πºŸâ„À≠à à«π„À≠à¡—° —¡æ—π∏å°—∫Õ“™’æ

∑’Ë∑”Õ¬Ÿà‚¥¬µ√ß „π‡¥Á° “‡Àµÿ à«π„À≠à‡°‘¥¿“¬„π∫â“π·≈–¡—°‡ªìπ‡√◊ËÕß‡°’Ë¬«°—∫ “¬‰ø

À√◊Õª≈—Í°13

 “‡Àµÿ°“√‡ ’¬™’«‘µ à«π„À≠à¬—ß§ß‡ªìπ‡√◊ËÕßÀ—«„®≈â¡‡À≈«À≈—ß®“°°“√‡µâπ¢ÕßÀ—«„®

∑’Ëº‘¥ª°µ‘µ—Èß·µà∑’Ë‡°‘¥‡Àµÿ °“√™à«¬‡À≈◊ÕÕ¬à“ß√«¥‡√Á«®÷ß¡’§«“¡ ”§—≠„πºŸâªÉ«¬‡À≈à“π’È

Õ¬à“ß‰√°Áµ“¡ ‘Ëß∑’Ë ”§—≠∑’Ë ÿ¥§◊Õ°“√ªÑÕß°—π‰¡à„Àâ‡°‘¥ electrical injuries14

„πºŸâªÉ«¬∑’Ë‰¥â√—∫∫“¥‡®Á∫®“°‰øøÑ“·√ß Ÿß (>1000 volts) π—Èπ‚¥¬∑—Ë«‰ª·≈â«

∫“¥‡®Á∫®“° Electrical burn ¡’°≈‰°°“√∑”≈“¬ tissue ∑’Ëµà“ß®“°°“√∫“¥‡®Á∫‰ø‰À¡â

®“° flame À√◊Õ scald ‡æ√“–„π°≈ÿà¡ flame, scald ·≈– chemical burn injury π—Èπ

∫“¥‡®Á∫®–¡’§«“¡√ÿπ·√ß¡“°∑’Ë ÿ¥∫√‘‡«≥ skin ¿“¬πÕ°´÷Ëß‡ªìπ®ÿ¥∑’Ë contact °—∫‰ø

πÈ”√âÕπ À√◊Õ chemical agents ·≈–∫“¥·º≈®–¡’§«“¡√ÿπ·√ßπâÕ¬≈ß„π tissue ∑’ËÕ¬Ÿà

≈÷°≈ß‰ª ‡æ√“–Õ¬ŸàÀà“ß®“° area contact π—Ëπ‡Õß ·µà„π electrical burn π—Èπ °≈‰°°“√

∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ®–¡’§«“¡√ÿπ·√ß®“°¿“¬„π¡“°°«à“¿“¬πÕ° ‚¥¬∑√“∫®“°°Æ‰øøÑ“¢Õß

‚ÕÀå¡ (Ohm law) «à“

V = IR

V= volts, I= amp, R= ohm

∫√‘‡«≥∑’Ë‡°Á∫§«“¡√âÕπ‰¥â¡“°∑’Ë ÿ¥§◊Õ ∫√‘‡«≥∑’Ë¡’ resistance  Ÿß ÿ¥Õ—π‰¥â·°à

°√–¥Ÿ°π—Ëπ‡Õß ‡æ√“–©–π—Èπ„π electrical injury π—Èπ ∫√‘‡«≥°√–¥Ÿ°∑’Ë¥Ÿ¥§«“¡√âÕπ‰«â

¡“°®–°àÕ„Àâ‡°‘¥æ≈—ßß“π§«“¡√âÕπ∑’Ë Ÿßµ“¡°Æ¢Õß Joules, æ≈—ßß“π§«“¡√âÕπ (heat)=

I2R ∑”„Àâ°≈â“¡‡π◊ÈÕ∂Ÿ°∑”≈“¬ ‡¡◊ËÕ°≈â“¡‡π◊ÈÕ‡À≈à“π’È∂Ÿ° lysis ·≈â« ®–°≈“¬‡ªìπ myoglo-

bin ´÷Ëß¡’‚¡‡≈°ÿ≈„À≠à ∂â“‰ª∑’Ë‰µ·≈â« Õ“®®–‡°‘¥°“√µ°µ–°Õπ∑’Ë‰µ ∑”„Àâ‡°‘¥‰µ«“¬‰¥â∂â“

‰¥â√—∫°“√√—°…“‰¡à∂Ÿ°µâÕß ©–π—Èπ„π∫“ß§√—ÈßÕ“®æ∫ red urine À≈—ß electrical injury

‰¥â´÷Ëß‡ªìπ ’¢Õß myoglobinuria π—Ëπ‡Õß

°“√‡°‘¥Õ—πµ√“¬µàÕ√–∫∫µà“ßÊ ¢Õß√à“ß°“¬

1. Nervous System

°√–· ‰øøÑ“®–‰ª°¥°“√∑”ß“π¢Õß√–∫∫ª√– “∑ à«π§«∫§ÿ¡°“√À“¬„®
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(Respiratory center) ∑”„Àâ‡ ’¬™’«‘µ‰¥â ªí≠À“∑’ËÕ“®‡°‘¥¢÷Èπ„π¿“¬À≈—ß ‡™àπ ªí≠À“

„π°“√πÕπÀ≈—∫ (sleep disturbances) °√–«π°√–«“¬ ™—°‡°√Áß ¡’Õ“°“√ª«¥À√◊Õ™“®“°

°“√∑’Ë‡ âπª√– “∑ à«πª≈“¬∂Ÿ°∑”≈“¬15

2. Cardiovascular System

°“√∫“¥‡®Á∫∑’Ë‡°‘¥¢÷Èπ°—∫À—«„® ‡°‘¥‰¥â 2 ≈—°…≥– ¥—ßπ’È

1. °≈â“¡‡π◊ÈÕÀ—«„®µ“¬ (Coagulative necrosis of myocardium)

2. °“√‡µâπ¢ÕßÀ—«„®º‘¥®—ßÀ«– (Cardiac arrhythmias) æ∫‰¥â 25% ¢Õß

electrical injury16

°“√√∫°«π®—ßÀ«–°“√‡µâπ¢ÕßÀ—«„®¡—°‡°‘¥°—∫°“√ —¡º— °—∫°√–· ‰øøÑ“»—°¬åµË”

·≈–¡’ª√‘¡“≥°√–· ‰øøÑ“∑’Ë¡“°°«à“ 50 -100 ¡‘≈≈‘·Õ¡·ª√å  “¡“√∂∑”„Àâ‡°‘¥°“√‡µâπ

º‘¥®—ßÀ«–¢ÕßÀ—«„®™π‘¥ ventricular fibrillation ‰¥â  à«π°“√ —¡º— °—∫°√–· ‰øøÑ“»—°¬å Ÿß

‰¡à«à“°√–· µ√ßÀ√◊Õ°√–·  ≈—∫®– àßº≈„ÀâÀ—«„®À¬ÿ¥‡µâπ (asystole)

°“√µ√«®§≈◊Ëπ‰øøÑ“À—«„® Õ“®æ∫ sinus tachycardia, transient ST segment

elevation, reversible QT segment prolongation, premature ventricular con-

tractions, atrial fibrillation, ·≈– bundle branch block ‰¥â ·µà¡—°‡ªìπÕ¬Ÿà‰¡à°’Ë«—π

°≈â“¡‡π◊ÈÕÀ—«„®µ“¬ (acute myocardial infarction) æ∫‰¥â·µà‰¡à∫àÕ¬ °“√µ√«® Car-

diac enzyme (CPK-MB fraction) Õ“®æ∫«à“ Ÿß¢÷Èπ·≈–¡—°‡ªìπ™—Ë«§√“« ·≈–‰¡à‰¥â

À¡“¬∂÷ß°“√¡’°≈â“¡‡π◊ÈÕÀ—«„®µ“¬ ‡æ√“–§à“∑’Ë Ÿß¢÷ÈπÕ“®‡°‘¥®“°°“√∑”≈“¬°≈â“¡‡π◊ÈÕ≈“¬

®“°°√–· ‰øøÑ“17

À≈Õ¥‡≈◊Õ¥‡ªìπ‡π◊ÈÕ‡¬◊ËÕ∑’Ëπ”‰øøÑ“‰¥â¥’ ·≈–Õß§åª√–°Õ∫¿“¬„π‡ªìπ à«π

ª√–°Õ∫¢ÕßπÈ” ´÷Ëß‡ªìπµ—«π”‰øøÑ“∑’Ë¥’‡™àπ°—π À≈Õ¥‡≈◊Õ¥·¥ß¢π“¥„À≠à‰¡à§àÕ¬‰¥â√—∫º≈

°√–∑∫µàÕ§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ®“°°√–· ‰øøÑ“ ‡π◊ËÕß®“°‡≈◊Õ¥·≈–Õß§åª√–°Õ∫¿“¬„π

‰À≈·≈–‡§≈◊ËÕπ∑’ËÕ¬à“ß√«¥‡√Á«

°“√∫“¥‡®Á∫¢ÕßÀ≈Õ¥‡≈◊Õ¥„π∫√‘‡«≥ª≈“¬¡◊Õª≈“¬‡∑â“ ¡—°∑”„Àâ‡°‘¥ compart-

ment syndrome18 ∑—Èßπ’È‚¥¬∑—Ë«‰ª·≈â«°√–· ‰øøÑ“®–¡’º≈∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß

‡´≈≈å‡π◊ÈÕ‡¬◊ËÕ (depolarization of cells) ·≈–§«“¡√âÕπ (heat production) ∑”„ÀâÕß§å

ª√–°Õ∫∑’Ë‡ªìπ‚ª√µ’πµ°µ–°Õπ ‡°‘¥°“√·µ° ≈“¬¢Õß‡¡Á¥‡≈◊Õ¥·¥ß °“√µ“¬¢Õß‡¡Á¥
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‡≈◊Õ¥¢“« ‡°‘¥°“√°√–µÿâπ°≈‰°°“√‡°“–°≈ÿà¡¢Õß‡°≈Á¥‡≈◊Õ¥·≈–‡´≈≈å∑’Ë‡ªìπ à«πª√–°Õ∫

¢ÕßÀ≈Õ¥‡≈◊Õ¥‡°‘¥°“√µ“¬ ´÷Ëßº≈∑’Ëµ“¡¡“®–¡’ªí≠À“„π‡√◊ËÕß¢Õßº≈¢â“ß‡§’¬ß‡°‘¥°“√

Õÿ¥µ—π¢ÕßÀ≈Õ¥‡≈◊Õ¥ (arterial and venous thrombosis) ‰¥â

3. Skin

§«“¡√ÿπ·√ß¢Õß∫“¥·º≈¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥¢Õß°√–· ‰øøÑ“ ∫√‘‡«≥æ◊Èπ∑’Ëº‘«

 —¡º—  §«“¡µâ“π∑“π¢Õßº‘« —¡º— ·≈–√–¬–‡«≈“„π°“√ —¡º—  ®÷ßÕ“®æ∫‰¥âµ—Èß·µà

‡ªìπ‡æ’¬ß°“√∫«¡·¥ß‡©æ“–∑’Ë‡æ’¬ß‡≈Á°πâÕ¬ Local erythema ®π∂÷ß°“√‰À¡â¢Õßº‘«Àπ—ß

Õ¬à“ß√ÿπ·√ß (Full thickness burns)

‡π◊ËÕß®“°§«“¡µâ“π∑“π¢Õßº‘«Àπ—ß à«πÀπ÷Ëß¢÷ÈπÕ¬Ÿà°—∫§«“¡™◊Èπ¢Õßº‘«Àπ—ß

°√–· ‰øøÑ“‚¥¬¡“°¡—°®–∂Ÿ° àßºà“π≈ß‰ª Ÿà‡π◊ÈÕ‡¬◊ËÕ™—Èπ≈÷°·≈–Õ«—¬«–¿“¬„π°àÕπ∑’Ë®–æ∫

æ¬“∏‘ ¿“æ¢Õßº‘«Àπ—ß ´÷Ëß “¡“√∂æ∫æ¬“∏‘ ¿“æ¢Õßº‘«Àπ—ß„π™—Èπ≈÷° ‡™àπ°“√µ“¬

¢Õß‡π◊ÈÕ‡¬◊ËÕ·≈–°≈â“¡‡π◊ÈÕ™—Èπ≈÷° (massive coagulation and necrosis) ¥—ßπ—Èπ°“√

ª√–‡¡‘π∂÷ß§«“¡√ÿπ·√ß∑’Ë‡°‘¥¢÷Èπ ‰¡à “¡“√∂ª√–‡¡‘π‰¥â®“°∫“¥·º≈¿“¬πÕ°‡æ’¬ßÕ¬à“ß

‡¥’¬«19

4. Extremities

„π high-voltage injuries °“√µ“¬¢Õß°≈â“¡‡π◊ÈÕ®–√ÿπ·√ß¡“°°«à“∫“¥·º≈

À√◊Õ≈—°…≥–∑’Ë‡ÀÁπ¿“¬πÕ° compartment syndromes Õ“®‡°‘¥¢÷Èπ‰¥â®“°°“√¢“¥‡≈◊Õ¥

(vascular ischemia) ·≈–°≈â“¡‡π◊ÈÕ∑’Ë∫«¡ (muscle edema) °“√∑” Decompression

fasciotomy À√◊Õ carpal tunnel release ¡’§«“¡®”‡ªìπ‡æ◊ËÕ√—°…“ compartment syn-

dromes °“√∑’Ë°≈â“¡‡π◊ÈÕ∂Ÿ°∑”≈“¬¡“° ®–∑”„Àâ¡’°“√ª≈àÕ¬ myoglobin ´÷ËßÕ“®∑”„Àâ‡°‘¥

myoglobinuric renal failure ‰¥â major amputations ¡—°µâÕß∑”„π√“¬ severe high-

voltage injuries

°“√∑”≈“¬¢ÕßÀ≈Õ¥‡≈◊Õ¥‡°‘¥¢÷Èπ‰¥â ́ ÷ËßÕ“®∑”„Àâ‡°‘¥°“√Õÿ¥µ—π¢ÕßÀ≈Õ¥‡≈◊Õ¥

Õ“®‡ªìπ “‡Àµÿ∑”„Àâ partial-thickness burn ‡ª≈’Ë¬π‡ªìπ full-thickness burn ‰¥â®“°

°“√¢“¥‡≈◊Õ¥ ¥—ßπ—Èπ§«√§≈”™’æ®√ µ√«® capillary refill ·≈–µ√«® neurovascular ∫àÕ¬Ê

5. Skeletal System

º≈∑“ßµ√ß®“°°√–· ‰øøÑ“∑”„Àâ°≈â“¡‡π◊ÈÕ≈“¬‡°‘¥°“√À¥µ—«Õ¬à“ß√ÿπ·√ß
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(tetanic spasm) ·≈â«º≈∑“ßÕâÕ¡®“°°“√∑’ËºŸâ∑’Ë∂Ÿ°‰øøÑ“¥Ÿ¥ µ°≈ß¡“®“°∑’Ë Ÿß ´÷Ëß àßº≈

∑”„Àâ°√–¥Ÿ°À—°‰¥â‚¥¬∑’ËÕ“®‰¡àæ∫æ¬“∏‘ ¿“æ¿“¬πÕ°„¥Ê ‚¥¬µ”·Àπàß∑’Ë¡—°æ∫«à“¡’°“√

À—°‰¥â¡“°§◊Õ °√–¥Ÿ°·¢π ·≈–°√–¥Ÿ° —πÀ≈—ß ´÷Ëß®– àßº≈„Àâ‡°‘¥°“√∫“¥‡®Á∫¢Õß

‰¢ —πÀ≈—ßµ“¡¡“

6. Respiratory System

°“√∫“¥‡®Á∫‚¥¬µ√ß∑’ËªÕ¥æ∫πâÕ¬ ‡æ√“–Õ“°“»‡ªìπµ—«π”∑’Ë‰¡à¥’ ·µà¡—°æ∫

‡ªìπ®“°°“√∫“¥‡®Á∫∫√‘‡«≥∑√«ßÕ°18

7. Renal System

‡π◊ËÕß®“°‰µ ‡ªìπÕ«—¬«–∑’Ë‰«µàÕ°“√¢“¥‡≈◊Õ¥ °“√µ√«®¥Ÿæ¬“∏‘ ¿“æ∑’Ë‰µ

Õ“®æ∫«à“¡’¿“«–‰µ«“¬‡©’¬∫æ≈—π‡°‘¥¢÷Èπ‰¥â (acute renal tubular necrosis) ‡ªìπº≈

®“°°“√∑’Ë°≈â“¡‡π◊ÈÕµ“¬·≈–∑”„Àâ√–¥—∫¢Õß myoglobin ·≈– creatinine phosphokinase

„π‡≈◊Õ¥ Ÿß¢÷Èπ18

8. Other Viscera

æ∫‰¥âπâÕ¬¡“° ·µà°Á¡’√“¬ß“π°“√∫“¥‡®Á∫¢Õßµ—∫ÕàÕπ µ—∫ ≈”‰ â‡≈Á° ≈”‰ â„À≠à

°√–‡æ“–ªí  “«– ·≈–∂ÿßπÈ”¥’

Management

ºŸâªÉ«¬∑’Ë‰¥â√—∫Õÿ∫—µ‘‡Àµÿ®“°‰øøÑ“¡’°“√¥Ÿ·≈‡™àπ‡¥’¬«°—∫ºŸâªÉ«¬Õÿ∫—µ‘‡Àµÿ∑—Ë«Ê ‰ª

§◊Õµ“¡ ABCDE priorities ·≈–µ“¡ ACLS ·≈– ATLS guidelines Õ¬à“ß‰√°Áµ“¡ ‘Ëß

∑’Ë∑”‡ªìπÕ—π¥—∫·√°§◊Õ°“√µ—¥«ß®√‰øøÑ“Õ¬à“ß√–¡—¥√–«—ß‚¥¬∑’ËºŸâ™à«¬®–‰¡à‡°‘¥Õ—πµ√“¬

®“°‰øøÑ“‰ª¥â«¬ ∂â“ºŸâªÉ«¬À¬ÿ¥À“¬„®À√◊ÕÀ—«„®À¬ÿ¥‡µâπ „Àâ‡√‘Ë¡ CPR °“√‡§≈◊ËÕπ¬â“¬

µâÕß∑”Õ¬à“ß√–«—ß ‡π◊ËÕß®“°Õ“®‡°‘¥Õÿ∫—µ‘‡Àµÿ√à«¡®÷ß§«√∑” spinal immobilization ¥â«¬

● Adequate fluid resuscitation ‡ªìπ‡√◊ËÕß ”§—≠ ‚¥¬‡©æ“– high volt-

age electrical injury ‚¥¬‡√‘Ë¡®“°°“√„Àâ RLS 10 ml/kg/hr „Àâ¡’ªí  “«–ÕÕ°Õ¬à“ßπâÕ¬

0.5-1.0 ml/kg/hr „π√“¬∑’Ë‰¡àæ∫ heme pigment „πªí  “«–·≈– 1.0-1.5 ml/kg/hr

„π√“¬∑’Ë¡’ pigment load

● Diuretic ∂â“¡’ myoglobinuria πÕ°®“°®–∑”°“√√—°…“¥—ß°≈à“«‚¥¬°“√

‡æ‘Ë¡ urine output ·≈â« §«√æ‘®“√≥“„Àâ diuretic §◊Õ Mannitol ¥â«¬ ‚¥¬„Àâ 25 gms
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∑—π∑’ µ“¡¥â«¬ 12.5 gms „π∑ÿ°Ê 1 lit ¢Õß fluid resuscitation

● Urine alkalinization ‡æ◊ËÕªÑÕß°—π°“√µ°µ–°Õπ¢Õß myoglobin ∑’Ë‰µ

Õ“®æ‘®“√≥“„Àâ 7.5% sodium bicarbonate ‡æ◊ËÕ keep urine pH >7.2

● µ√«®À“ occult injuries : blunt chest, abdominal, bones, cervical

spine trauma

● Film cervical spine ∑”„π√“¬∑’Ë ß —¬ spinal injury

● EKG ·≈– Cardiac monitoring ‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 24 ™—Ë«‚¡ß ¡’¢âÕ∫àß™’È

„π√“¬µàÕ‰ªπ’È (µ“√“ß∑’Ë 5)

● Laboratory tests: CBC, electrolyte levels, serum myoglobin, blood

urea nitrogen (BUN), serum creatinine, urine analysis -¥Ÿ ’, pH, heme, myoglo-

bin, Peak CK levels ™à«¬ predict ª√‘¡“≥¢Õß muscle injury, risk of amputation

·≈– length of hospitalization, CK-MB fraction ®–∫Õ°°“√∫“¥‡®Á∫¢Õß skeletal

muscle ¡“°°«à“ myocardial injury

● Arterial blood gas (ABG) analysis ∑”„π√“¬∑’Ë¡’ª√–«—µ‘ cardiac

arrest, shortness of breath À√◊Õ shock

● °“√µ√«®Õ◊ËπÊ : Technetium pyrophosphate scanning ™à«¬∫Õ°

µ“√“ß∑’Ë 5
21 Indications for EKG monitoring

Indications for EKG monitoring

Cardiac arrest Documented loss of consciousness

Abnormal EKG History of cardiac disease

Hypoxia Chest pain

Suspicion of conductive injury

Dysrhythmia observed in prehospital or ED setting

Presence of significant risk factors for cardiac disease

Concomitant injury severe enough to warrant admission
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areas of clinically unsuspected myonecrosis ‚¥¬ nonviable muscle º≈®–‡ªìπ

cold spots §◊Õ¡’°“√ uptake πâÕ¬°«à“ª°µ‘18

● Monitor ‡√◊ËÕß compartment syndrome ¢Õß limb ‡æ√“–°≈â“¡‡π◊ÈÕ∑’Ë

∫«¡¢÷Èπ®“°§«“¡√âÕπ¢Õß bone ∑’ËÕ¬Ÿà√Õ∫Ê π—Èπ ¡—°®–∂Ÿ°√—¥‚¥¬ fascia ∑’ËÀÿâ¡√Õ∫°≈â“¡

‡π◊ÈÕÕ’°∑’ ∂â“æ∫¡’ clinical sign ¢Õß compartment syndrome §«√„Àâ°“√√—°…“‚¥¬∑”

fasciotomy ∑—π∑’

● ª°µ‘®–‰¡à∑” early operation „π electrical injury ‡æ√“–·æ∑¬åµâÕß°“√

¥Ÿ —° 3-5 «—π‡æ◊ËÕ„Àâ·πà„®∂÷ß¢Õ∫‡¢µ¢Õß injury ∑’Ë·πà™—¥°àÕπ®–≈ß¡◊Õ‰ª∑”ºà“µ—¥‡Õ“‡π◊ÈÕ

µ“¬ÕÕ° ·µà¡’ 2 °√≥’∑’ËÕ“®µâÕßæ‘®“√≥“∑” early operation ‚¥¬‡√Á«§◊Õ

o ∂â“„Àâ°“√ resuscitation Õ¬à“ß¥’·≈â« ¬—ß¡’ severe acidosis À√◊Õ¬—ß

¡’ myoglobinuria Õ¬Ÿà „π°√≥’π’ÈµâÕß√’∫ºà“µ—¥‡Õ“ source  ”§—≠§◊Õ muscle ∑’Ëµ“¬·≈â«

´÷Ëß‡ªìπ source ¢Õß myoglobin ÕÕ° °—π¿“«–‰µ«“¬

- Antibiotic

- Tetanus toxoid ·≈– tetanus immune globulin

- Adequate analgesia

- Phychologic support

- Rehability

·º≈‡ªìπ (Scar)

Pressure and scars management

°“√„™â pressure ‰ª∫π scar π—Èπ®√‘ßÊ ·≈â«‰¡à‰¥âªÑÕß°—π°“√‡°‘¥ scar ·µà®–

∑”„Àâ scar π—Èπ·∫π√“∫≈ß ‚¥¬∑—Ë«‰ª∂â“∫“¥·º≈‰ø‰À¡â§àÕπ¢â“ß≈÷° ·≈–À≈—ß®“°·º≈‰ø

‰À¡â¢ÕßºŸâªÉ«¬À“¬¥’·≈â« ∑“ßÀπà«¬‰ø‰À¡âπÈ”√âÕπ≈«° √æ.»‘√‘√“™ ®–∑”°“√√—°…“

∫“¥·º≈‰ø‰À¡âπ—ÈπµàÕ¥â«¬°“√∑” pressure management ∫π∫“¥·º≈‰ø‰À¡â∑’Ëªî¥

 π‘∑¥’·≈â« ‚¥¬«— ¥ÿ∑“ß°“√·æ∑¬å∑’Ëπ‘¬¡„™â§◊Õ

● Medical Z -custom fitted garments (expensive) ∑“ßÀπà«¬‰ø‰À¡â

®–„ÀâºŸâªÉ«¬π—¥°—π‡Õß°—∫∫√‘…—∑‡æ◊ËÕ¡“µ—¥«—¥™ÿ¥ pressure garment
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● Tubigrip (tubular elastic bandages, less expensive) √“§“®–∂Ÿ°

°«à“ pressure garment

● Mepiform ‡ªìπ·ºàπ silicone  “¡“√∂ªî¥‡æ◊ËÕ∑”„Àâ‡°‘¥ pressure man-

agement ∫π·º≈‰ø‰À¡â ∑”„Àâ scar ·∫π√“∫‰¥â ‡À¡“– ”À√—∫„™â„π∫√‘‡«≥∑’Ë‡√’¬∫ ‡™àπ

·¢π ¢“ Àπâ“∑âÕß

„πºŸâªÉ«¬∑’Ë·æ∑¬åæ‘®“√≥“„™â pressure garment À√◊Õ tubigrip À√◊Õªî¥

mepiform π—Èπ ®–·π–π”„ÀâºŸâªÉ«¬„ à«— ¥ÿπ’È‡æ◊ËÕ∑”„Àâ scar ·∫π√“∫≈ß«—π≈–‰¡àµË”°«à“ 23

hours/day ·≈–„Àâ «¡„ à‰ª®π°√–∑—Ëß

- Scar ¥Ÿ·∫π√“∫≈ß·≈–·æ∑¬å¥Ÿ·≈â««à“‰¡à®”‡ªìπÀ√◊Õ‰¡à‡ÀÁπª√–‚¬™πå¢Õß

°“√„ àÕ’°µàÕ‰ª

- Scar mature ·≈â«‚¥¬„ à¡“·≈â«‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 6-18 ‡¥◊Õπ

- ºŸâªÉ«¬‰¡àµâÕß°“√ «¡„ àÕ’°µàÕ‰ª

Biologic Dressings ·≈– Skin Substitutes

„π∫“ß°√≥’À≈—ß°“√∑” early burn wound excision ·≈â« ‰¡à¡’ donor sites

∑’Ë‡æ’¬ßæÕ∑’Ë “¡“√∂π”¡“„™âªî¥·º≈‰¥â ‚¥¬∑—Ë«‰ª·≈â« Donor sites ∑’Ë∂Ÿ°µ—¥‰ª·≈â«®–

reepithelialize ¢÷Èπ¡“„À¡à¿“¬„π 2  —ª¥“Àå ´÷Ëß “¡“√∂µ—¥„À¡àÕ’°‰¥â (reharvested)

·µà„π√–À«à“ß∑’Ë√Õ reepithelialize ¢Õß donor sites π—Èπ ®”‡ªìπµâÕßªî¥·º≈ excised

burn ¥â«¬ Biologic Dressings À√◊Õ Skin Substitutes ‰«â™—Ë«§√“«°àÕπ

®ÿ¥ª√– ß§å¢Õß°“√„™â biologic dressing

● ‡æ◊ËÕ≈¥°“√ Ÿ≠‡ ’¬ water, electrolytes, ·≈– proteins

● ªÑÕß°—π°“√À≈ÿ¥≈Õ°¢Õß∫“¥·º≈ ´÷ËßÕ“®‡ª≈’Ë¬π·ª≈ß‡ªìπ·º≈∑’Ë¡’§«“¡

≈÷°¡“°¢÷Èπ‰¥â ‚¥¬ biologic dressing ∑’Ëπ‘¬¡„™â°—π„πªí®®ÿ∫—π ‰¥â·°à Allograft À√◊Õ

Xenograft Skin ‡ªìπµâπ

®ÿ¥ª√– ß§å¢Õß°“√„™â Skin Substitutes

„™âªî¥∫π·º≈À≈—ß completely excised, noninfected wound bed ∑’Ëπ‘¬¡

„™â°—π§◊Õ º≈‘µ¿—≥±å∑’Ë¡’™◊ËÕ«à“ Integra ‚¥¬®ÿ¥ª√– ß§å¢Õß°“√„™â§◊ÕÀ«—ßº≈„Àâ‡°‘¥°“√ √â“ß
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√Ÿª∑’Ë 7 a-f · ¥ß°“√„™â permanent skin substitutes ∑’Ë‡√“√Ÿâ®—°°—π„π™◊ËÕ Integra ¡“√—°…“

·º≈‰ø‰À¡â∑’Ë‡ªìπ·∫∫ full thickness burn ¿“¬À≈—ß®“°°“√∑” early burn wound

excision (√Ÿª 7a) ·≈â«‰¥âªî¥·º≈¥â«¬ Integra ´÷Ëß‡ªìπ permanent skin substitutes

∑‘Èß‰«âª√–¡“≥ 3  —ª¥“Àå (√Ÿª 7b) ®÷ß∑”°“√≈Õ° upper silastic membrane ÕÕ°

(√Ÿª 7c) ®–‡ÀÁπ dermis „À¡à∑’Ë‡°‘¥¢÷Èπ¡“ ÷́Ëß‡√“‡√’¬°«à“ neodermis (√Ÿª 7d) À≈—ß

®“°π—Èπ‡√“®–«“ß ultrathin autograft ´÷Ëß¡’§«“¡∫“ß°«à“ª°µ‘§◊Õ∑’Ëª√–¡“≥ 0.006

π‘È« (√Ÿª 7e) ≈ß∫π neodermis √Ÿª 7f · ¥ß°“√À“¬¢Õß·º≈®–„Àâ cosmetic func-

tion ∑’Ë¥’¡“° ªí®®ÿ∫—π integra ‡ªìπ product ∑’Ëπ‘¬¡„™â¡“°„π full thickness burn

wound ∑’Ë‰¡à¡’ donor site ‡æ’¬ßæÕ„π°“√ªî¥·º≈ √«¡∑—Èß¡’ª√–‚¬™πå¡“°„π

°“√π”¡“„™â reconstructive procedures ∫√‘‡«≥ tissue defects µà“ßÊ ∑’Ë‡°‘¥

®“°∫“¥·º≈‰ø‰À¡â

a b

c d

e f
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dermis ™—Èπ„À¡àÀ√◊Õ‡√’¬°«à“ neodermis ¿“¬À≈—ß°“√«“ß skin substitutes ‡™àπ inte-

gra ≈ß‰ª ‚¥¬ integra π’È‡ªìπ permanent skin substitutes ™π‘¥Àπ÷Ëß ‡¡◊ËÕ«“ß≈ß‰ª

∫π·º≈ excised burn wound ª√–¡“≥ 2-3  —ª¥“Àå ®–‡°‘¥ neodermis ¢÷Èπ ‡¡◊ËÕ∂÷ß

‡«≈“π—Èπ »—≈¬·æ∑¬å°Á®–∑”°“√ harvested thin donor sites ∑’Ë¡’§«“¡∫“ß‡ªìπæ‘‡»…∑’Ë

0.006 π‘È« ¡“ªî¥∫π neodermis π—Èπ ¢âÕ¥’¢Õß°“√„™â ultrathin autograft ∑’Ë§«“¡∫“ß

(0.006 π‘È«) ¥—ß°≈à“«§◊Õ ®–‡°‘¥ reepithelialize ¢Õß donor site „π‡«≈“‰¡àπ“π ∑”„Àâ

 “¡“√∂µ—¥´È”π”¡“„™â‰¥âÕ’°„π‡«≈“Õ—π√«¥‡√Á« ®π “¡“√∂ªî¥∫√‘‡«≥ excised burn wound

‰¥âÀ¡¥„π∑’Ë ÿ¥ (√Ÿª∑’Ë 7 a-f)

√ÿª

°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬‰ø‰À¡âπÈ”√âÕπ≈«°„Àâ‰¥âº≈¥’π—Èπ §«√¡’°“√∑”ß“π√à«¡°—π

‚¥¬‡©æ“–·æ∑¬å æ¬“∫“≈ √«¡∂÷ß∫ÿ§≈“°√∑“ß°“√·æ∑¬å∑’Ë‡ªìπ√–∫∫ ‡æ√“–°“√ª√– ∫

º≈ ”‡√Á®„π°“√√—°…“ºŸâªÉ«¬ª√–‡¿∑π’È§ß‰¡à‰¥â¢÷Èπ°—∫°“√¥Ÿ·≈∫“¥·º≈Õ¬à“ß‡¥’¬« ·µà®–

µâÕß¡’À≈—°°“√„π°“√¥ŸºŸâªÉ«¬‚¥¬√«¡‰¡à«à“¥â“π nutrition °“√ªÑÕß°—π·≈–√—°…“ infection

¢Õß√–∫∫µà“ßÊ ¢Õß√à“ß°“¬„Àâ¥’¥â«¬ ¥â«¬‡∑§‚π‚≈¬’∑“ß°“√·æ∑¬å∑’Ë°â“«≈È”π” ¡—¬„π

ªí®®ÿ∫—ππ’È “¡“√∂‡æ‘Ë¡Õ—µ√“°“√√Õ¥™’«‘µ¢ÕßºŸâªÉ«¬‰ø‰À¡âπÈ”√âÕπ≈«°√ÿπ·√ß‰¥â¡“°¢÷Èπ

‚¥¬‡©æ“–°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬‰ø‰À¡â√ÿπ·√ß∑’Ë¡’¥’°√’‰À¡â¢Õß∫“¥·º≈‡ªìπ·∫∫√–¥—∫≈÷°

∂÷ß≈÷°¡“° ´÷Ëß°“√‡ª≈’Ë¬π·ª≈ß„π°“√√—°…“π—Èπ‡ª≈’Ë¬π‰ªÕ¬à“ß ‘Èπ‡™‘ß‡¡◊ËÕ‡∑’¬∫°—∫„πÕ¥’µ∑’Ë

π‘¬¡„™â topical antibiotic ·≈–√Õ‡«≈“À“¬¢Õß·º≈ ´÷Ëß¡—°®–¡’Õ—µ√“°“√µ“¬·≈–

∑ÿææ≈¿“æ Ÿß ·µà„πªí®®ÿ∫—ππ’È®–π‘¬¡°“√√—°…“‚¥¬«‘∏’ºà“µ—¥ early excision ·≈– early

skin graft ·µà‡π‘ËπÊ ´÷Ëßæ∫«à“≈¥‡«≈“°“√Õ¬Ÿà‚√ßæ¬“∫“≈¢ÕßºŸâªÉ«¬ ≈¥°“√‡°‘¥°“√µ‘¥

‡™◊ÈÕ¢Õß·º≈ ≈¥°“√‡°‘¥·º≈‡ªìπ¥÷ß√—Èß ·≈–‡æ‘Ë¡Õ—µ√“√Õ¥™’«‘µ¥â«¬ πÕ°®“°π’È¬—ß¡’°“√„™â

‡∑§π‘§°“√ºà“µ—¥∑’Ë√«¥‡√Á«„π°“√ debridement ·º≈‰¡à«à“®–„™âÀ≈—° Hydrosurgery

À√◊Õ°“√π”‡Õ“ Tissue engineering dermal template ¡“„™â„π°“√√—°…“∫“¥·º≈

√ÿπ·√ß∑’Ë¡’ skin graft ‰¡àæÕ„π√–¬–·√° ‡ªìπµâπ  ‘Ëß‡À≈à“π’Èπ—∫‡ªìπ advanced technol-

ogy „π°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬‰ø‰À¡â„πªí®®ÿ∫—π ´÷Ëß·æ∑¬å∑’Ë¡’∫∑∫“∑„π°“√¥Ÿ·≈√—°…“

ºŸâªÉ«¬ª√–‡¿∑π’È§«√∑√“∫‡æ◊ËÕπ”‰ª Ÿà°“√√—°…“∑’Ë‰¥âª√– ‘∑∏‘¿“æ Ÿß ÿ¥µàÕºŸâªÉ«¬
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°“√√–‡∫‘¥°àÕ„Àâ‡°‘¥·√ß√–‡∫‘¥∑’Ë‡°‘¥®“°°“√ ≈“¬µ—«¢Õß«—µ∂ÿ√–‡∫‘¥‡ªìπ·√ß¥—π

∑’Ë¡’æ≈—ß¡À“»“≈ ·√ß√–‡∫‘¥π’È “¡“√∂°àÕ„Àâ‡°‘¥°“√∫“¥‡®Á∫µàÕ√à“ß°“¬¡πÿ…¬å‰¥âÕ¬à“ß

¡“°¡“¬ „π ∂“π°“√≥å‚≈°ªí®®ÿ∫—π∑’Ë°”≈—ß‡º™‘≠°—∫ ß§√“¡„π√Ÿª·∫∫„À¡à∑’Ë‡√’¬°«à“

 ß§√“¡°“√°àÕ°“√√â“¬ ¬ÿ∑∏«‘∏’Àπ÷Ëß∑’Ëπ‘¬¡„™â„π°“√°àÕ°“√√â“¬§◊Õ °“√«“ß√–‡∫‘¥ ¥—ß®–

‡ÀÁπ‰¥â®“°Õÿ∫—µ‘°“√≥å¢Õß°“√°àÕ°“√√â“¬‚¥¬°“√„™â√–‡∫‘¥‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«∑—Ë«‚≈° ºŸâ

°àÕ°“√√â“¬π‘¬¡„™â√–‡∫‘¥‡π◊ËÕß®“° “¡“√∂°àÕ„Àâ‡°‘¥º≈°√–∑∫∑’Ë√ÿπ·√ßµàÕ —ß§¡ ¢à¡¢«—≠

·≈–∑”≈“¬§«“¡‡™◊ËÕ¡—Ëπ„π°“√√—°…“§«“¡ª≈Õ¥¿—¬¢Õß√—∞ Õ’°∑—Èß “¡“√∂®—¥∑”·≈–

ª√–°Õ∫‰¥âßà“¬ ‰¡àµâÕß„™â‡∑§‚π‚≈¬’¡“°π—° °“√√–‡∫‘¥¡—°°àÕ„Àâ‡°‘¥ºŸâ∫“¥‡®Á∫®”π«π¡“°

¥—ßπ—Èπ°“√¥Ÿ·≈√—°…“ºŸâ∫“¥‡®Á∫®“°°“√√–‡∫‘¥πÕ°®“°®–µâÕß¡’§«“¡√Ÿâ‡°’Ë¬«°—∫°“√√—°…“

°“√∫“¥‡®Á∫∑’Ë‡°‘¥¢÷Èπ°—∫ºŸâ∫“¥‡®Á∫·≈â« ¬—ßµâÕß¡’§«“¡√Ÿâ‡°’Ë¬«°—∫°“√®—¥°“√ ∂“π°“√≥å∑’Ë¡’

ºŸâ∫“¥‡®Á∫®”π«π¡“°®“°°“√√–‡∫‘¥¥â«¬ ∫∑§«“¡π’È®–°≈à“«∂÷ßÕÿ∫—µ‘°“√≥å ·≈–√–∫“¥

«‘∑¬“¢Õß°“√∫“¥‡®Á∫®“°√–‡∫‘¥ °≈‰°°“√∫“¥‡®Á∫®“°·√ß√–‡∫‘¥ °“√∫“¥‡®Á∫®“°·√ß

√–‡∫‘¥·∫∫ª∞¡¿Ÿ¡‘ (primary blast injury) ¢âÕæ‘®“√≥“„π°“√¥Ÿ·≈√—°…“ºŸâ∫“¥‡®Á∫®“°

·√ß√–‡∫‘¥ °“√®—¥°“√„π ∂“π°“√≥åºŸâ∫“¥‡®Á∫®”π«π¡“°®“°·√ß√–‡∫‘¥

Õÿ∫—µ‘°“√≥å¢Õß°“√°àÕ°“√√â“¬¥â«¬√–‡∫‘¥

‡π◊ËÕß®“° ∂“π°“√≥å‚≈°∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª §«“¡¢—¥·¬âß√–À«à“ßª√–‡∑»¡À“Õ”π“®

°—∫°≈ÿà¡Õÿ¥¡°“√≥å∑“ß»“ π“∑’Ëπ‘¬¡§«“¡√ÿπ·√ß º≈®“°°”≈—ß√∫∑’Ë·µ°µà“ß°—π ®÷ß°àÕ„Àâ
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‡°‘¥ ß§√“¡°“√°àÕ°“√√â“¬ Àπ÷Ëß„π¬ÿ∑∏«‘∏’°“√°àÕ°“√√â“¬∑’Ëπ‘¬¡„™â§◊Õ°“√«“ß√–‡∫‘¥ À√◊Õ

„™â√–‡∫‘¥µàÕ‡ªÑ“À¡“¬∑’Ë ”§—≠ ¥—ß®–‡ÀÁπ‰¥â®“°‡Àµÿ°“√≥å √–‡∫‘¥Õ“§“√‡«‘≈å¥‡∑√¥‡ Á́π‡µÕ√å

(11 °.¬. §.». 2001) °“√«“ß√–‡∫‘¥„π√∂‰ø°√ÿß¡“¥√‘¥ ª√–‡∑» ‡ªπ„πªï §.». 2003

À√◊Õ°“√«“ß√–‡∫‘¥„π°√ÿß≈Õπ¥Õπ ª√–‡∑»Õ—ß°ƒ… „πªï §.». 2005 „π∑ÿ°‡Àµÿ°“√≥å°àÕ

„Àâ‡°‘¥ºŸâ∫“¥‡®Á∫ ·≈–‡ ’¬™’«‘µÕ¬à“ß¡“°¡“¬ Õ’°∑—Èß¬—ß°àÕ„Àâ‡°‘¥§«“¡À«“¥°≈—«·≈–«‘µ°

°—ß«≈‰ª∑—Ë«‚≈° ·µà„π∑“ßµ√ß¢â“¡°Á∑”„Àâ‡°‘¥§«“¡√Ÿâ‡°’Ë¬«°—∫°“√®—¥°“√ ∂“π°“√≥å°“√

∫“¥‡®Á∫®“°·√ß√–‡∫‘¥‡ªìπÕ¬à“ß¡“°

„πª√–‡∑»‰∑¬  ∂“π°“√≥å°“√°àÕ§«“¡‰¡à ß∫„π 3 ®—ßÀ«—¥™“¬·¥π¿“§„µâ

‡√‘Ë¡ª–∑ÿ¢÷ÈπÕ’°§√—Èß ®“°‡Àµÿ°“√≥åª≈âπªóπ∑’Ë°Õßæ—π∑À“√æ—≤π“∑’Ë 4 ®.π√“∏‘«“  ‡¡◊ËÕ 4

¡.§. 2547 Õÿ∫—µ‘°“√≥å¢Õß‡Àµÿ°“√≥å§«“¡‰¡à ß∫‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß ®“° 34 §√—Èß„πªï

æ.». 2543 ‡ªìπ 1,464 §√—Èß„πªï æ.». 2549 (µ“√“ß∑’Ë 1)

®“°µ“√“ß∑’Ë 1 æ∫«à“ ∂“π°“√≥å§«“¡‰¡à ß∫∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß ‡√‘Ë¡¡’°“√

æ—≤π“°“√„™â√–‡∫‘¥‡¢â“¡“„π°“√°àÕ§«“¡‰¡à ß∫ „πªï æ.». 2547 ¡’°“√°àÕ§«“¡‰¡à ß∫

µ“√“ß∑’Ë 1  ∂‘µ‘°“√°àÕ§«“¡‰¡à ß∫„πª√–‡∑»‰∑¬ æ.». 2541-2549

°“√≈Õ∫ —ßÀ“√ «‘π“» «“ß «“ß ª≈âπ ª–∑–
ªï √«¡

∑”√â“¬√à“ß°“¬ ‚®¡µ’ °√√¡ ‡æ≈‘ß √–‡∫‘¥ Õ◊ËπÊ

2541 35 43 - - 7 85

2542 36 40 - - 9 85

2543 12 13 - - 13 38

2544 18 21 - - 7 46

2545 32 29 - - 15 76

2546 99 5 - - 21 125

2547 593 474 352 122 75 1,142

2548 897 484 237 247 288 1,669

¡.§.-°.¬.49 644 377 39 238 543 1,464

∑’Ë¡“: ¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπÀπà«¬ß“π§«“¡¡—Ëπ§ß¢Õß√—∞ ≥ °—π¬“¬π 2549, ∞“π‡»√…∞°‘®, 26 æƒ»®‘°“¬π
2549
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‚¥¬°“√«“ß√–‡∫‘¥∂÷ß 122 §√—Èß ·≈–‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß‡ªìπ 247 ·≈– 238 §√—Èß „πªï æ.».

2548 ·≈– 2549 µ“¡≈”¥—∫ „πªï æ.». 2549 ®“° ∂“π°“√≥å∑“ß°“√‡¡◊Õß∑’Ë‰¡à·πàπÕπ ¡’

°“√ª≈ÿ°¡«≈™πµàÕµâ“π√—∞∫“≈ ¡’°“√„™â√–‡∫‘¥‡æ◊ËÕ°àÕ§«“¡‰¡à ß∫ À√◊Õ‡æ◊ËÕ √â“ß

 ∂“π°“√≥å∑“ß°“√‡¡◊ÕßÕ’°À≈“¬§√—Èß„π°√ÿß‡∑æ¡À“π§√ ‡™àπ °“√«“ß√–‡∫‘¥∑’ËÀπâ“∫â“π

ª√–∏“πÕß§¡πµ√’ °“√‡µ√’¬¡«“ß√–‡∫‘¥√∂¬πµå‡æ◊ËÕ≈Õ∫ —ßÀ“√π“¬°√—∞¡πµ√’ œ≈œ

·¡â«à“®–¡’°“√ªØ‘√Ÿª°“√ª°§√Õß‚¥¬§≥–¡πµ√’§«“¡¡—Ëπ§ß·Ààß™“µ‘(§¡™.)  ∂“π°“√≥å

∑“ß°“√‡¡◊Õß°Á¬—ß§ß‰¡à ß∫¡’°“√°àÕ°«πÕ¬ŸàÕ¬à“ßµàÕ‡π◊ËÕß®π„π∑’Ë ÿ¥°Á‡°‘¥°“√«“ß√–‡∫‘¥

§√—Èß„À≠à„π°√ÿß‡∑æœ®”π«π 8 ®ÿ¥ „π«—π∑’Ë 31 ∏—π«“§¡ 2549 ¡’ºŸâ‡ ’¬™’«‘µ 3 √“¬ ∫“¥

‡®Á∫Õ’° 48 √“¬ π—∫«à“‡ªìπ°“√°àÕ§«“¡‰¡à ß∫‚¥¬°“√«“ß√–‡∫‘¥§√—Èß„À≠àÕ’°§√—ÈßÀπ÷Ëß„π

ª√–«—µ‘»“ µ√å¢Õßª√–‡∑»‰∑¬

®“°°“√«‘‡§√“–Àå·π«‚πâ¡‡Àµÿ°“√≥å§«“¡√ÿπ·√ß„π 3 ®—ßÀ«—¥™“¬·¥π¿“§„µâ

≈à“ ÿ¥„πªï 2550 (√Ÿª∑’Ë 1) æ∫«à“  “‡Àµÿ¢Õß§«“¡√ÿπ·√ß®“°°“√„™â«—µ∂ÿ√–‡∫‘¥‡ªìπ≈”¥—∫∑’Ë

√Ÿª∑’Ë 1  “‡Àµÿ¢Õß‡Àµÿ°“√≥å§«“¡√ÿπ·√ß„π 3 ®—ßÀ«—¥™“¬·¥π¿“§„µâ

∑’Ë¡“: √“¬ß“π ∂“π°“√≥å‡ΩÑ“√–«—ß°“√∫“¥‡®Á∫®“° ∂“π°“√≥å§«“¡√ÿπ·√ß„πæ◊Èπ∑’Ë®—ßÀ«—¥™“¬·¥π¿“§
„µâ http://medipe2.psu.ac.th/~vis/
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 Õß√Õß®“°°“√≈Õ∫¬‘ß ·≈–¡’·π«‚πâ¡‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß ®“°√Ÿª∑’Ë 2 ®–‡ÀÁπ·π«‚πâ¡

°“√„™â«—µ∂ÿ√–‡∫‘¥°àÕ‡Àµÿ Ÿß¢÷ÈπÕ¬à“ß™—¥‡®π  ®—ßÀ«—¥∑’Ë¡’¬Õ¥°“√°àÕ‡Àµÿ¥â«¬«—µ∂ÿ√–‡∫‘¥

 Ÿß ÿ¥§◊Õ®—ßÀ«—¥π√“∏‘«“  ·¡â«à“¿“æ√«¡¢Õß®”π«π§√—Èß„π°“√°àÕ‡Àµÿ®–‡√‘Ë¡≈¥≈ß„πªï æ.».

2550-2551 ·µà®”π«πºŸâ‡ ’¬™’«‘µ·≈–∫“¥‡®Á∫‰¡à≈¥≈ßÕ¬à“ß‡ªìπ —¥ à«πµ“¡°—π ‡π◊ËÕß®“°

°“√„™â«—µ∂ÿ√–‡∫‘¥°àÕ‡Àµÿ¡—°®–¡’®”π«πºŸâ∫“¥‡®Á∫·≈–‡ ’¬™’«‘µµàÕ§√—Èß¢Õß°“√‡°‘¥‡Àµÿ¡“°

°«à“°“√°àÕ‡Àµÿ‚¥¬°“√≈Õ∫¬‘ß Õ’°∑—Èß°“√ªØ‘∫—µ‘°“√¢ÕßΩÉ“¬‡®â“Àπâ“∑’Ë∑’Ë‡¢â¡¢âπ¡“°¢÷Èπ

∑”„ÀâΩÉ“¬ºŸâ°àÕ°“√√â“¬µâÕßµÕ∫‚µâ¥â«¬«‘∏’∑’Ë√ÿπ·√ß·≈–¡’º≈°√–∑∫„π«ß°«â“ß¡“°¢÷Èπ ®÷ß

∑”„Àâ¡’°“√‡ª≈’Ë¬π¬ÿ∑∏«‘∏’¡“„™â°“√°àÕ‡Àµÿ¥â«¬«—µ∂ÿ√–‡∫‘¥¡“°¢÷Èπ·≈–√ÿπ·√ß¬‘Ëß¢÷Èπ°«à“‡¥‘¡

πÕ°®“°π—Èπ·≈â« ∂“π°“√≥å§«“¡«ÿàπ«“¬∑“ß°“√‡¡◊Õß„π°√ÿß‡∑æ¡À“π§√ ∑’Ë¡’

°“√™ÿ¡πÿ¡ª√–∑â«ß√—∞∫“≈ ¡’°“√„™â°”≈—ß‡®â“Àπâ“‡¢â“ ≈“¬°“√™ÿ¡πÿ¡ ¥—ß‡Àµÿ°“√≥å«—π∑’Ë 7

µÿ≈“§¡ 2551 ∑’Ë¡’°“√„™â·° πÈ”µ“‡¢â“ ≈“¬°“√™ÿ¡πÿ¡ ·µàº≈®“°°“√„™â·°ä πÈ”µ“∑’Ë¡’ à«π

¢Õß«—µ∂ÿ√–‡∫‘¥Õ¬Ÿà¥â«¬∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫·≈–‡ ’¬™’«‘µ¢ÕßºŸâ√à«¡™ÿ¡πÿ¡®”π«π¡“°

®“° ∂“π°“√≥å∑’Ë°≈à“«¡“¢â“ßµâπ®–‡ÀÁπ«à“°“√°àÕ§«“¡‰¡à ß∫¥â«¬°“√„™â«—µ∂ÿ

√–‡∫‘¥ ¡’·π«‚πâ¡®–‡æ‘Ë¡¢÷Èπ ·≈–√ÿπ·√ß¢÷Èπ ¥—ßπ—Èπ®÷ß¡’§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë·æ∑¬å ´÷Ëß

√Ÿª∑’Ë 2  ∂‘µ‘°“√°àÕ‡Àµÿ¥â«¬«—µ∂ÿ√–‡∫‘¥„π 3 ®—ßÀ«—¥™“¬·¥π¿“§„µâ

∑’Ë¡“: »Ÿπ¬åªØ‘∫—µ‘°“√ ”π—°ß“πµ”√«®·Ààß™“µ‘ à«πÀπâ“ (»ª°.µ√. π.)
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‡ªìπºŸâ∑’ËµâÕß‡º™‘≠‡Àµÿ°“√≥å¥Ÿ·≈√—°…“ºŸâ∫“¥‡®Á∫®“°°“√√–‡∫‘¥ µâÕß»÷°…“À“§«“¡√Ÿâ‡æ‘Ë¡

‡µ‘¡„π‡√◊ËÕß‡°’Ë¬«°—∫°“√∫“¥‡®Á∫®“°√–‡∫‘¥ ·≈–°“√®—¥°“√ ∂“π°“√≥åºŸâ∫“¥‡®Á∫®”π«π

¡“°®“°“√√–‡∫‘¥  Õ’°∑—Èß¬—ßµâÕß√Ÿâ®—°°“√«“ß·ºπ‡µ√’¬¡°“√ ·≈–´—°´âÕ¡·ºπ‡º™‘≠‡Àµÿ

Õ¬ŸàÕ¬à“ß ¡Ë”‡ ¡Õ

√–∫“¥«‘∑¬“¢Õß°“√∫“¥‡®Á∫®“°·√ß√–‡∫‘¥ (Epidemiology of Blast Injury)

°“√»÷°…“‚√§∑“ß√–∫“¥«‘∑¬“ ‚√§µà“ßÊ ®–‡°‘¥‰¥â¢÷ÈπµâÕßª√–°Õ∫¥â«¬ ºŸâªÉ«¬

(host), ‡™◊ÈÕ‚√§ (agent), ·≈– ‘Ëß·«¥≈âÕ¡ (environment) ∂â“„™â·π«§«“¡§‘¥∑“ß√–∫“¥

«‘∑¬“¡“„™â„π°“√»÷°…“°“√∫“¥‡®Á∫®“°·√ß√–‡∫‘¥ ´÷Ëß°Áπ—∫‡ªìπ‚√§ À√◊Õ§«“¡‡®Á∫ªÉ«¬∑’Ë

‡°‘¥°—∫¡πÿ…¬å™π‘¥Àπ÷Ëß‡™àπ°—π °Á®–‰¥â·π«§«“¡§‘¥¥—ß√Ÿª∑’Ë 3

„π°“√√–‡∫‘¥ agent §◊Õ √–‡∫‘¥ ´÷ËßµâÕß»÷°…“«à“‡ªìπ√–‡∫‘¥™π‘¥„¥ ¢π“¥·≈–

πÈ”Àπ—°‡∑à“„¥  √â“ß·≈–ª√–°Õ∫·∫∫„¥ «‘∏’°“√π”¡“„™â ¬ÿ∑∏«‘∏’„π°“√«“ß√–‡∫‘¥  à«π host

§◊Õ §π∑’Ë‰¥â√—∫º≈°√–∑∫®“°√–‡∫‘¥ ∑—Èß∑“ß√à“ß°“¬·≈–®‘µ„® Õ“¬ÿ ‡æ» Õ“™’æ °“√„™â

Õÿª°√≥åªÑÕß°—π ¿“«– ÿ¢¿“æ °“√‡¢â“∂÷ß√–∫∫√—°…“æ¬“∫“≈  ÿ¥∑â“¬§◊Õ environment

√Ÿª∑’Ë 3 ·π«§«“¡§‘¥∑“ß√–∫“¥«‘∑¬“¢Õß°“√√–‡∫‘¥

AGENT HOST

Environment

Bomb

Size & Weight 

Explosive choice 

Purpose & Source 

Delivery system 

Tactic

Air and liquid hazards 

Building and non-structural debries

Open, or Confined Space, Structural collapse, 

Reflecting or Shielding surfaces

Nutrition, health 

Access to care 

Fitness, PPE 

Age, Sex & weight 

Human
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 ‘Ëß·«¥≈âÕ¡„π¢≥–‡°‘¥°“√√–‡∫‘¥  ∂“π∑’Ë‡ªî¥ À√◊Õªî¥ ¡’°“√¬ÿ∫µ—«À√◊Õæ—ß∑≈“¬¢Õß

‚§√ß √â“ßÕ“§“√À√◊Õ‰¡à ¡’ ‘Ëß∑’Ë∫—ßÀ√◊Õ –∑âÕπ §≈◊Ëπ·≈– –‡°Á¥√–‡∫‘¥ °“√ªπ‡∫◊ÈÕπ¢Õß

«—µ∂ÿÕ—πµ√“¬ ªí®®—¬‡À≈à“π’È¡’º≈µàÕ°“√∫“¥‡®Á∫®“°·√ß√–‡∫‘¥∑—Èß ‘Èπ

°“√·∫àß™π‘¥¢Õß√–‡∫‘¥

∂â“·∫àßµ“¡§«“¡‡√Á«¢Õß§≈◊Ëπ√–‡∫‘¥®–·∫àß√–‡∫‘¥ÕÕ°‡ªìπ Õß™π‘¥§◊Õ high-or-

der explosive (H.E.) & low-order explosive (LE) ·∫àß‚¥¬„™â§«“¡‡√Á«¢Õß§≈◊Ëπ∑’Ë

‡°‘¥®“°°“√√–‡∫‘¥ ∂â“√–‡∫‘¥π—Èπ°àÕ„Àâ‡°‘¥§≈◊Ëπ°√–·∑°∑’Ë¡’§«“¡‡√Á«‡Àπ◊Õ‡ ’¬ß ®–°àÕ„Àâ‡°‘¥

§≈◊Ëπ°√–·∑° (impulse wave) µ“¡¡“ (√Ÿª∑’Ë 4)  ®÷ß®–‡√’¬°√–‡∫‘¥™π‘¥π—Èπ«à“ high-or-

der explosive (HE) µ—«Õ¬à“ß ‡™àπ √–‡∫‘¥∑’Ë„™â∑“ß∑À“√, TNT œ≈œ °“√∫“¥‡®Á∫®“° HE

®–‡°‘¥®“° impulse wave ∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫‰¥â∂÷ß 4 √–¬– §◊Õ

1. Primary blast injury ‡°‘¥®“°§≈◊ËπÕ—¥°√–·∑° ∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫„π

Õ«—¬«–∑’Ë¡’™àÕß«à“ß À√◊Õ °ä“´ ∫√√®ÿÕ¬Ÿà‡™àπ ªÕ¥ ≈”‰ â °“√∫“¥‡®Á∫π’È¡—°√ÿπ·√ß®π∑”„Àâ

ºŸâªÉ«¬‡ ’¬™’«‘µ‰¥â

2. Secondary blast injury À≈—ß®“°°“√√–‡∫‘¥  –‡°Á¥√–‡∫‘¥ À√◊Õ ‘Ëß·ª≈°

ª≈Õ¡µà“ßÊ ∑’Ëª≈‘«¡“°—∫·√ß√–‡∫‘¥ °àÕ„Àâ‡°‘¥°“√∫“¥‡®Á∫‰¥â

√Ÿª∑’Ë 4 §≈◊Ëπ°√–·∑√°®“°°“√√–‡∫‘¥ High-order Explosive

PRESSURE

Peak Overpressure

Positive Pressure Phase

Negative Pressure phaseDetonation TIME
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3. Tertiary blast injury º≈®“°·√ßÕ—¥Õ“°“»∑’Ë‡°‘¥®“°°“√√–‡∫‘¥ ®–º≈—°¥—π

·≈–°√–·∑°„ÀâºŸâªÉ«¬≈Õ¬®“°æ◊Èπ ·≈–µ°°√–·∑°∑”„Àâ‰¥â√—∫∫“¥‡®Á∫®“°·√ß°√–·∑°

°“√∫“¥‡®Á∫°Á®–§≈â“¬°—∫°“√∫“¥‡®Á∫®“° blunt trauma

4. Quaternary blast injury §◊Õ°“√∫“¥‡®Á∫∑’Ë‡°‘¥®“° §«“¡√âÕπ  “√‡§¡’∑’Ë

‡°‘¥®“°°“√√–‡∫‘¥ µ—«Õ¬à“ß‡™àπ ‰ø≈«°  —¡º—  “√‡§¡’ªπ‡ªóôÕπ

°“√∫“¥‡®Á∫ 4 √–¬–π’Èæ∫‰¥â‡©æ“–√–‡∫‘¥ HE ‡∑à“π—Èπ

Low - order explosive §◊Õ√–‡∫‘¥∑’Ë‰¡à¡’ Impulse wave §≈◊Ëπ∑’Ë‡°‘¥®“°°“√

√–‡∫‘¥·∫∫π’È®–¡’§«“¡‡√Á«§≈◊Ëπ™â“°«à“‡ ’¬ß °“√∫“¥‡®Á∫∑’Ë‡°‘¥®“°√–‡∫‘¥™π‘¥π’È¡—°‡°‘¥®“°

 –‡°Á¥√–‡∫‘¥ §«“¡√âÕπ °“√°√–·∑° À√◊Õ∂Ÿ°°¥∑—∫ µ—«Õ¬à“ß ‰¥â·°à √–‡∫‘¥‡æ≈‘ß π“ª“≈å¡

°“√√–‡∫‘¥®“°‡§√◊ËÕß∫‘π™πÕ“§“√ °Á®—¥‡ªìπ°“√√–‡∫‘¥™π‘¥π’È ®–‡ÀÁπ‰¥â«à“°“√√–‡∫‘¥ HE À√◊Õ

LE ·¬°°—π‚¥¬§«“¡‡√Á«§≈◊Ëπ®“°°“√√–‡∫‘¥ ‰¡à„™à¢π“¥¢Õß√–‡∫‘¥ √–‡∫‘¥¡◊Õ∂÷ß·¡â®–

¢π“¥‡≈Á°·µà°Á®—¥‡ªìπ HE

πÕ°®“°π—Èπ™π‘¥¢Õß√–‡∫‘¥¬—ß·∫àß‰¥âµ“¡¢π“¥·≈–πÈ”Àπ—° ‚¥¬·∫àßÕÕ°‡ªìπ

√–‡∫‘¥¢π“¥‡≈Á° (small arms) √–‡∫‘¥¢π“¥‡∫“ (light arms) ·≈– √–‡∫‘¥¢π“¥Àπ—° (heavy

weapons)

Small arm ‡ªìπ√–‡∫‘¥¢π“¥‡≈Á° “¡“√∂æ°æ“À√◊Õ‡§≈◊ËÕπ¬â“¬‰¥â¥â«¬∫ÿ§§≈‡¥’¬«

µ—«Õ¬à“ß‡™àπ √–‡∫‘¥¡◊Õ, RPG

Light arm §◊Õ√–‡∫‘¥∑’Ë„™â§π 1-2 §π„π°“√‡§≈◊ËÕπ¬â“¬ µ—«Õ¬à“ß‡™àπ ®√«¥¬‘ß

®“°æ◊Èπ ŸàÕ“°“» √–‡∫‘¥· «ß‡§√◊ËÕß∑’Ë¡’πÈ”Àπ—°¡“°°«à“ 10 °.°. À√◊Õ ∑ÿàπ√–‡∫‘¥¢π“¥„À≠à

Heavy weapons √–‡∫‘¥¢π“¥„À≠à πÈ”Àπ—°¡“° ‡™àπ car bomb, plane bomb

ªóπ„À≠à À√◊Õ®√«¥®“°æ◊Èπ Ÿàæ◊Èπ À√◊Õæ◊Èπ ŸàÕ“°“»

√–‡∫‘¥¬—ß·∫àßÕÕ°µ“¡°“√‡ª√’¬∫‡∑’¬∫°—∫§«“¡√ÿπ·√ß¢Õß√–‡∫‘¥ TNT (TNT-

equivalent) ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫πÈ”Àπ—°¢Õß TNT ∑’Ë„Àâ·√ß√–‡∫‘¥‡∑à“°—π ‡ªìπ°“√«—¥

§«“¡√ÿπ·√ß¢Õß°“√√–‡∫‘¥‰¡à„™à°“√«—¥πÈ”Àπ—°¢Õß√–‡∫‘¥ µ—«Õ¬à“ß‡™àπ √–‡∫‘¥Àπ—° 2 °.°.

∑’Ë∫√√®ÿ„π°√–‡ªÜ“ —¡¿“√–„Àâ·√ß√–‡∫‘¥‡∑à“°—∫ TNT 10 °.°. ·µàæ≈—ßß“π∑’Ë‡°‘¥®“°°“√

√–‡∫‘¥‡™àπ ·√ßÕ—¥ §«“¡√âÕπ ®–≈¥≈ß„πÕ—µ√“ à«π∑’Ë·ª√º°º—π°—∫√–¬–√—»¡’¢Õß°“√

√–‡∫‘¥¬°°”≈—ß Õß (energy α 1/ radius2)
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πÕ°®“°π—Èπ·≈â«√–‡∫‘¥¬—ß·∫àßÕÕ°‰¥â®“°·À≈àßº≈‘µ À√◊Õ∑’Ë¡“ ‡™àπ ·À≈àßº≈‘µ

(source) «à“º≈‘µ®“°‚√ßß“πÕ“«ÿ∏ (mass produced) À√◊Õ·∫∫· «ß‡§√◊ËÕß (makesift)

À√◊Õ·∫àßÕÕ°µ“¡«—µ∂ÿª√– ß§å°“√º≈‘µ (original purpose) ‡™àπ «—µ∂ÿ√–‡∫‘¥∑“ß∑À“√

(military grade) À√◊Õ„™â„π°‘®°“√æ≈‡√◊Õπ (civilian grade)

√–‡∫‘¥∫“ß™π‘¥¡’°“√„™â«— ¥ÿªπ‡ªóôÕπ (adulterants) ‡æ◊ËÕ°àÕ„Àâ‡°‘¥§«“¡‡ ’¬

À“¬¡“°¢÷Èπ ‡™àπ °“√„™â«—µ∂ÿÕ—πµ√“¬ª√–‡¿∑  “√‡§¡’-™’«–-√—ß ’ ªπÕ¬Ÿà‡¡◊ËÕ√–‡∫‘¥®–·æ√à

°√–®“¬ “√‡À≈à“π’ÈÕÕ° Ÿà ‘Ëß·«¥≈âÕ¡ √–‡∫‘¥·∫∫π’È‡√’¬°«à“ dirty bomb, „π°≈ÿà¡°àÕ°“√

√â“¬∑’Ë‰¡à “¡“√∂®—¥À“«—µ∂ÿÕ—πµ√“¬∑’Ë°≈à“«¢â“ßµâπ¡“„™â‰¥â Õ“®„ à«— ¥ÿÕ◊Ëπ∑’ËÀ“‰¥â‡æ◊ËÕ‡æ‘Ë¡

Õ”π“®∑”≈“¬≈â“ß (shrapnel) ‡™àπ –‡°Á¥√–‡∫‘¥®“°µ–ªŸ ‡»…‚´à ‚≈À– œ≈œ

º≈®“°°“√√–‡∫‘¥∑’Ë°àÕ„Àâ‡°‘¥°“√∫“¥‡®Á∫ ·≈–Õ”π“®∑”≈“¬≈â“ß ‰¡à‰¥â¢÷Èπ°—∫

¢π“¥¢Õß√–‡∫‘¥‡æ’¬ßÕ¬à“ß‡¥’¬« (size dose matter) ·µà¬—ß¢÷Èπ°—∫√–¬–∑“ß®“°

®ÿ¥»Ÿπ¬å°≈“ß°“√√–‡∫‘¥ ®“°µ“√“ß∑’Ë 2 ®–‡ÀÁπ«à“Õ”π“®∑”≈“¬≈â“ß¢÷Èπ°—∫¢π“¥·≈–√–¬–

∑“ß∑’ËÀà“ß®“°»Ÿπ¬å°≈“ß°“√√–‡∫‘¥¢Õß√–‡∫‘¥·µà≈–™π‘¥

 ¿“æ·«¥≈âÕ¡°—∫°“√√–‡∫‘¥ Environment Can Protect or Harm

 ¿“æ·«¥≈âÕ¡¢≥–‡°‘¥°“√√–‡∫‘¥ “¡“√∂™à«¬ªÑÕß°—π·√ß√–‡∫‘¥ À√◊Õ„π∑“ß

µ“√“ß∑’Ë 2 ™π‘¥·≈–¢π“¥¢Õß√–‡∫‘¥·≈–√–¬–∑’Ë‡ªìπÕ—πµ√“¬

¢π“¥ (TNT- √–¬–∑’Ë‡ªìπÕ—πµ√“¬ √–¬–∑’Ë‡ªìπÕ—πµ√“¬
™π‘¥¢Õß√–‡∫‘¥

equivalent: Kg.) ∂÷ß™’«‘µ (‡¡µ√)  “À—  (‡¡µ√)

Suicide Bomb 1-5 5 10-30

Compact car 227 30 450

Sedan 455 60 530

Passenger van 1,180 80 840

Panel truck 4,545 91 1,150

Fuel truck 13,636 140 1,980

Semi-trailer 27,273 180 2,130
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µ√ß°—π¢â“¡°Á “¡“√∂™à«¬ –∑âÕπ·√ß√–‡∫‘¥∑”„Àâ∫“¥‡®Á∫√ÿπ·√ß‰¥â   ¿“æ·«¥≈âÕ¡¢≥–

‡°‘¥°“√√–‡∫‘¥¡’ 3 ·∫∫§◊Õ °“√√–‡∫‘¥„π∑’Ë‚≈àß (Open space) °“√√–‡∫‘¥„π∑’Ëªî¥ (con-

fined space) ‡™àπ „πÀâÕß „π√∂‚¥¬ “√À√◊Õ√∂‰ø °“√√–‡∫‘¥∑’Ë∑”„ÀâÕ“§“√∂≈à¡ (struc-

ture collapse : enclose space)

°“√√–‡∫‘¥„π∑’Ë‚≈àß ‡™àπ °“√√–‡∫‘¥„π π“¡°’Ã“ ∂ππ µ≈“¥ œ≈œ §«“¡√ÿπ·√ß

¢Õß√–‡∫‘¥®–·ª√º°º—π°—∫√–¬–Àà“ß®“°®ÿ¥»Ÿπ¬å°≈“ß°“√√–‡∫‘¥ °“√‡ ’¬™’«‘µ À√◊Õ∫“¥

‡®Á∫ “À— ¡—°‡°‘¥°—∫°≈ÿà¡∑’ËÕ¬Ÿà„°≈â√–‡∫‘¥ Õ—µ√“ºŸâ‡ ’¬™’«‘µª√–¡“≥√âÕ¬≈– 10 ¢ÕßºŸâ∑’Ë‰¥â

√—∫∫“¥‡®Á∫∑—ÈßÀ¡¥‡∑à“π—Èπ ‡π◊ËÕß®“°·√ß√–‡∫‘¥°√–®“¬ ·≈– “¡“√∂‡¢â“‰ª„Àâ°“√™à«¬‡À≈◊Õ

·≈–¢π àßºŸâªÉ«¬‰¥â –¥«°

°“√√–‡∫‘¥„π∑’Ëªî¥ ‡™àπ „π√∂‚¥¬ “√ √∂‰ø À√◊ÕÀâÕßª√–™ÿ¡ √–‡∫‘¥®–∑«’§«“¡

√ÿπ·√ß¡“°¢÷Èπ 2-9 ‡∑à“ º≈∑”„ÀâÕ—µ√“ºŸâ‡ ’¬™’«‘µª√–¡“≥√âÕ¬≈– 20 ¢ÕßºŸâ∑’Ë‰¥â√—∫∫“¥‡®Á∫

√âÕ¬≈– 70 ¢ÕßºŸâ‡ ’¬™’«‘µ®–µ“¬„π∑’Ë‡°‘¥‡Àµÿ ‡π◊ËÕß®“°·√ß√–‡∫‘¥ ·≈–°“√‡¢â“‰ª„Àâ§«“¡

™à«¬‡À≈◊Õ∑”‰¥â≈”∫“°

°“√√–‡∫‘¥∑’Ë∑”„ÀâÕ“§“√∂≈à¡ ·√ß√–‡∫‘¥∑’Ë°√–·∑°Õ“§“√ ®–‡æ‘Ë¡·√ß¢÷Èπ‰¥â 2-9 ‡∑à“

∑”„Àâ‚§√ß √â“ßÕ“§“√∂≈à¡ ¥—ßπ—Èπ°“√∫“¥‡®Á∫∑’Ëæ∫Õ“®‡°‘¥®“°·√ß√–‡∫‘¥ À√◊Õ‡°‘¥®“°

°“√∂≈à¡¢ÕßÕ“§“√ Õ—µ√“°“√‡ ’¬™’«‘µæ∫‰¥âª√–¡“≥√âÕ¬≈– 20 √âÕ¬≈– 90 ¢ÕßºŸâ‡ ’¬

™’«‘µ®–µ“¬„π∑’Ë‡°‘¥‡Àµÿ ‡π◊ËÕß®“°§«“¡¬“°≈”∫“°„π°“√™à«¬‡À≈◊Õ ∑”„Àâ°“√¥Ÿ·≈√—°…“

æ¬“∫“≈∑”‰¥â™â“‡æ√“–Õÿª √√§®“°´“°Õ“§“√∑’Ë∂≈à¡

 ¿“æ·«¥≈âÕ¡¢≥–‡°‘¥°“√√–‡∫‘¥ ‡™àπ ºπ—ßÕ“§“√ √—È« °”·æß œ≈œ ‡ªìπ‰¥â∑—Èß∑’Ë

°”∫—ß·√ßÕ—¥®“°√–‡∫‘¥ À√◊Õ –∑âÕπ·√ßÕ—¥∑”„Àâ‡æ‘Ë¡·√ßÕ—¥®“°√–‡∫‘¥„Àâ¡“°¢÷Èπ‰¥â

µ—«Õ¬à“ß‡™àπ ∂â“ºŸâ∫“¥‡®Á∫Õ¬ŸàÀ≈—ß°”·æß ¡’‚Õ°“ πâÕ¬∑’Ë®–∫“¥‡®Á∫Àπ—°‡π◊ËÕß®“°°”·æß

∫—ß·√ß√–‡∫‘¥‰«â „π∑“ß°≈—∫°—π∂â“ºŸâ∫“¥‡®Á∫Õ¬ŸàÀπâ“°”·æß ®–‰¥â√—∫·√ß√–‡∫‘¥∂÷ß Õß§√—Èß

‚¥¬§√—Èß·√ß®“°·√ß√–‡∫‘¥‚¥¬µ√ß §√—ÈßµàÕ¡“®“°§≈◊Ëπ –∑âÕπ¡“®“°”·æß ¥—ßπ—Èπ®÷ß¡’

‚Õ°“ ¡“°∑’Ë®–‰¥â√—∫∫“¥‡®Á∫Àπ—°

·√ß√–‡∫‘¥°àÕ„Àâ‡°‘¥°“√∫“¥‡®Á∫‰¥âÕ¬à“ß‰√

‡¡◊ËÕ«—µ∂ÿ√–‡∫‘¥ ≈“¬µ—« À√◊Õ∑’Ë‡√’¬°«à“‡°‘¥°“√√–‡∫‘¥ (detonation or deflagra-
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tion) ®–„Àâæ≈—ßß“π®”π«π¡“°ÕÕ°¡“ „π√Ÿª¢Õß·√ßÕ—¥Õ“°“»∑’Ë¢¬“¬µ—«ÕÕ°‰ª∑ÿ°

∑‘»∑“ßÕ¬à“ß√«¥‡√Á« ·√ßÕ—¥π’È‡√’¬°«à“ §≈◊Ëπ√–‡∫‘¥ (overpressure: blast wave)  ∂â“

§≈◊Ëπ√–‡∫‘¥π’È‡¥‘π∑“ß‡√Á«°«à“§«“¡‡√Á«‡ ’¬ß √–‡∫‘¥™π‘¥π—Èπ®–‡√’¬°«à“ √–‡∫‘¥§«“¡·√ß¥—π Ÿß

(high order explosive) ·µà∂â“§≈◊Ëπ√–‡∫‘¥π’È‡¥‘π∑“ß™â“°«à“§«“¡‡√Á«‡ ’¬ß √–‡∫‘¥™π‘¥π—Èπ

‡√’¬°«à“ √–‡∫‘¥·√ß¥—πµË” (low order explosive) ·√ßÕ—¥Õ“°“»®“°§≈◊Ëπ√–‡∫‘¥π’È‡Õß‡¡◊ËÕ

‡§≈◊ËÕπ∑’Ë¡“°√–∑∫°—∫√à“ß°“¬®–¡’º≈∑”„Àâ√à“ß°“¬∂Ÿ°∫’∫Õ—¥  àßº≈°√–∑∫µàÕÕ«—¬«–∑’Ë¡’

Õ“°“»∫√√®ÿÕ¬Ÿà ‡™àπ ªÕ¥  ”‰ â ∑”„ÀâÕ«—¬«–‡À≈à“π’È‰¥â√—∫°“√∫“¥‡®Á∫∑’Ë√ÿπ·√ß‰¥â ·√ßÕ—¥

®“°§≈◊Ëπ√–‡∫‘¥π’È®–≈¥≈ßÕ¬à“ß√«¥‡√Á«µ“¡√–¬–∑“ß∑’Ë‡§≈◊ËÕπ∑’Ë‰ª ¥—ßπ—ÈπºŸâ∑’ËÕ¬Ÿà„°≈â®ÿ¥

√–‡∫‘¥®–‰¥â√—∫∫“¥‡®Á∫√ÿπ·√ß°«à“ºŸâ∑’ËÕ¬Ÿà‰°≈®“°®ÿ¥√–‡∫‘¥

°“√√–‡∫‘¥πÕ°®“°®–°àÕ„Àâ‡°‘¥ §≈◊Ëπ√–‡∫‘¥ ·≈â« ‡¡◊ËÕÕ“°“»∑’Ë¡’§«“¡¥—π Ÿß®“°

°“√√–‡∫‘¥‡§≈◊ËÕπ∑’Ëºà“π‰ª Õ“°“»∑’ËÕ¬Ÿà√Õ∫Ê °Á®–‡§≈◊ËÕπ∑’Ë‡¢â“¡“·∑π∑’Ë ´÷Ëß®–°àÕ„Àâ‡°‘¥ ‘Ëß

∑’Ë‡√’¬°«à“ ≈¡√–‡∫‘¥ (blast wind) ∑—Èß blast wave & blast wind ®–æ—¥æ“ ‘Ëß¢Õßµà“ßÊ

∑’ËÕ¬Ÿà√Õ∫Ê „Àâ°√–®“¬ÕÕ°¡“ √«¡∑—Èß –‡°Á¥√–‡∫‘¥¥â«¬  ‘Ëß¢Õß∑’Ëª≈‘«°√–®“¬ÕÕ°¡“π’È

‡¡◊ËÕ¡“°√–∑∫∑‘Ë¡·∑ß√à“ß°“¬°Á®–°àÕ„Àâ‡°‘¥°“√∫“¥‡®Á∫·∫∫ penetrating injury ‰¥â∑—Ë«

√à“ß°“¬ ·√ßÕ—¥Õ“°“»∑’Ë‡°‘¥¢÷Èππ’È¬—ß “¡“√∂°√–·∑°√à“ß°“¬„Àâ≈Õ¬‰ª°√–·∑°°—∫ ‘Ëßµà“ßÊ

‡™àπ °”·æß √—È«  ‘Ëßª≈Ÿ° √â“ßÕ◊ËπÊ œ≈œ À√◊Õµ°°√–·∑°æ◊Èπ ∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫·∫∫ blunt

injury ‰¥âÕ’°

°“√√–‡∫‘¥¬—ß°àÕ„Àâ‡°‘¥ §«“¡√âÕπ §«—π À√◊Õ “√‡§¡’ ∑’ËÕ“®∑”Õ—πµ√“¬µàÕ

√à“ß°“¬‰¥âÕ’° ∂â“°“√√–‡∫‘¥·≈â«¡’‡Àµÿ°“√≥å‰ø‰À¡â À√◊ÕÕ“§“√∂≈à¡√à«¡¥â«¬ °ÁÕ“®®–æ∫

µ“√“ß∑’Ë 3 º≈®“°°“√√–‡∫‘¥∑’Ë∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫µàÕ√à“ß°“¬

§≈◊Ëπ√–‡∫‘¥ (Blast wave)

≈¡√–‡∫‘¥ (Blast wind)

–‡°Á¥√–‡∫‘¥ ·≈– ‘Ëß∑’Ëª≈‘«¡“®“°·√ß√–‡∫‘¥ (Shrapnel & Debris)

§«“¡√âÕπ ‡ª≈«‰ø

“√‡§¡’

´“°Õ“§“√  ‘Ëßª≈Ÿ° √â“ß∑’Ë∂≈à¡∑—∫
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°“√∫“¥‡®Á∫®“°‰ø‰À¡â À√◊Õ ∂Ÿ°´“°Õ“§“√∂≈à¡∑—∫‰¥â‡™àπ‡¥’¬«°—π

æ¬“∏‘ √’√«‘∑¬“¢Õß°“√∫“¥‡®Á∫®“°√–‡∫‘¥ (Pathophysiology of Blast

Injury)

§≈◊Ëπ·√ßÕ—¥®“°√–‡∫‘¥∑’Ë‡§≈◊ËÕπºà“πÕ«—¬«–¿“¬„π (solid organ) ∑’Ë¡’§«“¡Àπ“

·πàπæÕÊ °—∫¢Õß‡À≈« ¡—°®–‰¡à°àÕ„Àâ‡°‘¥§«“¡‡ ’¬À“¬ ®π°«à“·√ßÕ—¥π—Èπ¡“°®π°àÕ„Àâ

‡°‘¥§«“¡‡ ’¬À“¬¿“¬πÕ°√à“ß°“¬Õ¬à“ß™—¥‡®π·≈â« Õ¬à“ß‰√°Áµ“¡„πÕ«—¬«–∑’Ë°≈«ß À√◊Õ¡’

Õ“°“»Õ¬Ÿà (hallow organ) °“√‡ª≈’Ë¬π·ª≈ß·√ß¥—π√–À«à“ßº‘« —¡º— ¢ÕßÕ“°“»°—∫

¢Õß‡À≈«∑’ËÕ¬Ÿà„πÕ«—¬«–π—Èπ ¡—°∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫™Õ°™È”√–¥—∫∑’Ë¡Õß¥â«¬µ“‡ª≈à“‰¡à‡ÀÁπ

(microscopic) À√◊Õ√ÿπ·√ß®π “¡“√∂¡Õß‡ÀÁπ¥â«¬µ“‡ª≈à“ (macroscopic) ®π¡’°“√©’°

¢“¥¢Õß‡π◊ÈÕ‡¬◊ËÕ º≈∑’Ëµ“¡¡“§◊Õæ¬“∏‘ ¿“æÀ≈—° Õßª√–°“√¢Õß°“√∫“¥‡®Á∫®“°·√ß

√–‡∫‘¥·∫∫ primary blast injury: PBI §◊Õ ‡≈◊Õ¥ÕÕ° ·≈–Õ“°“»·∑√°‡¢â“‰ª„π‡π◊ÈÕ‡¬◊ËÕ

™àÕßÀ√◊Õ‚æ√ßÕ“°“»„π√à“ß°“¬ À√◊ÕÀ≈ÿ¥‡¢â“‰ª„π°√–· ‚≈À‘µ®π‡ªìπ øÕßÕ“°“»„π‡≈◊Õ¥

(arterial air embolism: AAE)

°“√∫“¥‡®Á∫µàÕÀŸ ·√ßÕ—¥∑’Ë¡“°æÕ®–∑”„Àâ‡¬◊ËÕ·°â«ÀŸ©’°¢“¥ À√◊Õ¡’‡≈◊Õ¥ÕÕ°

æ¬“∏‘ ¿“æ∑’Ëæ∫Õ“®‡ªìπ‰¥âµ—Èß·µà petichiae, hemotympanum À√◊Õ rupture tympanic

membrane ·µàÕ“°“√‡¬◊ËÕ·°â«ÀŸ©’°¢“¥‰¡à‰¥â‡ªìπµ—«™’È«à“‰¥â√—∫·√ß√–‡∫‘¥∑’Ë√ÿπ·√ß „π∫“ß

°√≥’Õ“®æ∫°√–¥Ÿ°ÀŸ‡§≈◊ËÕπ À√◊Õ·µ°‰¥â ·√ßÕ—¥∑’Ë‡¢â“∂÷ßÀŸ™—Èπ„πÕ“®∑”„Àâ‡°‘¥Õ“°“√

 Ÿ≠‡ ’¬°“√‰¥â¬‘π™—Ë«§√“« À√◊Õ∂“«√°Á‰¥â

·√ßÕ—¥¡’º≈µàÕ‚æ√ßÕ“°“» (sinus) ∂â“°√–¥Ÿ°∑’ËÕ¬Ÿà‚¥¬√Õ∫‰¡à‡ ’¬À“¬®“°·√ßÕ—¥

À√◊Õ·√ß√–‡∫‘¥ ¡—°®–‰¡à¡’‡≈◊Õ¥ÕÕ°„π‚æ√ßÕ“°“» ‡π◊ËÕß®“°·√ßÕ—¥‰¡à “¡“√∂ àßº≈‰ª∂÷ß‰¥â

°“√©’°¢“¥¢Õß‡π◊ÈÕªÕ¥‡π◊ËÕß®“°·√ß√–‡∫‘¥  àßº≈„Àâ¡’‡≈◊Õ¥ À√◊ÕÕ“°“» ·∑√°

‡¢â“‰ª„π‡π◊ÈÕªÕ¥ ™àÕß‡¬◊ËÕÀÿâ¡ªÕ¥ À√◊Õ∑”„Àâ‡°‘¥™àÕß∑“ßµ‘¥µàÕ√–À«à“ß∑“ß‡¥‘πÀ“¬„®°—∫

√–∫∫‰À≈‡«’¬π °“√©’°¢“¥¢Õß‡π◊ÈÕªÕ¥∑”„Àâ‡°‘¥ ¿“«–‡≈◊Õ¥ÕÕ°„π™àÕßªÕ¥ À√◊Õ ≈¡√—Ë«

„π™àÕßªÕ¥ À√◊Õ∑—Èß Õß¿“«–√à«¡°—π ∂â“¡’°“√©’°¢“¥¢ÕßÀ≈Õ¥≈¡ (bronchi) √à«¡¥â«¬

Õ“°“»®–√—Ë«‡¢â“ Ÿà™àÕßªÕ¥Õ¬à“ß√«¥‡√Á« ®π°≈“¬‡ªìπ ¿“«– tension pneumothorax ´÷Ëß

‡ªìπÕ—πµ√“¬®π∑”„Àâ‡ ’¬™’«‘µ‰¥âÕ¬à“ß√«¥‡√Á«
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·√ßÕ—¥∑’Ë∑”„Àâ¡’‡≈◊Õ¥ÕÕ°¿“¬„π‡π◊ÈÕªÕ¥ (parenchymal hemorrhage) ∑”„Àâ

‡π◊ÈÕªÕ¥™È” (pulmonary contusion) §«“¡√ÿπ·√ß¡’À≈“¬√–¥—∫ µ—Èß·µà‡ªìπ‡©æ“–∑’Ë

(localized) ®ÿ¥®È”‡≈◊Õ¥‡≈Á°Ê (patchy) À√◊Õ√Õ¬™È”∑—Ë«∑—ÈßªÕ¥ (diffuse) ‡≈◊Õ¥∑’ËÕÕ°

„π‡π◊ÈÕªÕ¥®–‰ª√∫°«π°“√·≈°‡ª≈’Ë¬π°“´√–À«à“ß∂ÿß≈¡°—∫À≈Õ¥‡≈◊Õ¥ΩÕ¬¢ÕßªÕ¥

∑”„ÀâºŸâªÉ«¬¢“¥ÕÕ°´‘‡®π‰¥â ∂â“Õ“°“»·∑√°‡¢â“‰ª„π‡π◊ÈÕªÕ¥¡“°Ê ®–∑”„Àâ‡°‘¥∂ÿß≈¡

æÕß„πªÕ¥ (pneumatocele) ´÷Ëß‡ªìπ¿“«–·∑√°´âÕπ∑’ËÕ“®· ¥ßÕ“°“√¿“¬À≈—ß‰¥â ‡≈◊Õ¥

∑’Ë‰À≈‡¢â“‰ª„π∑“ß‡¥‘πÀ“¬„®„À≠àÊ Õ“®‰ªÕÿ¥∑“ß‡¥‘πÀ“¬„® ·≈–∑”„ÀâÕ“°“»‰¡à “¡“√∂

‡¢â“‰ª∂÷ßªÕ¥‰¥â πÕ°®“°π—Èπ·≈â«Õ“°“»∑’Ë√—Ë«‡¢â“ Ÿà pulmonary vein °≈“¬‡ªìπøÕß

Õ“°“»„π‡≈◊Õ¥ (arterial air embolism: AAE) ∑’Ë “¡“√∂≈Õ¬‰ªÕÿ¥∑’ËÕ«—¬«– ”§—≠

·≈–°≈“¬‡ªìπªí≠À“√ÿπ·√ß‰¥â ‡™àπ ischemic stroke ªí®®—¬‡ ’Ë¬ß ”§—≠„π°“√¥Ÿ·≈√—°…“

ºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥∑’Ë∑”„Àâ¡’ªí≠À“ AAE §◊Õ °“√„™â™à«¬À“¬„®‚¥¬„™â·√ß¥—π Ÿß (high

airway pressure) ·≈– ¿“«–·√ß¥—π„π‡≈◊Õ¥¥”µË” (low venous pressure)

º≈¢Õß·√ß√–‡∫‘¥∑’Ë¡’µàÕ∑“ß‡¥‘πÕ“À“√ ®–∑”„Àâ¡’‡≈◊Õ¥ÕÕ°„π∑“ß‡¥‘πÕ“À“√

‡¬◊ËÕ∫ÿºπ—ß ”‰ â À√◊Õºπ—ß ”‰ â©’°¢“¥ ·≈–∑–≈ÿ ®π‡°‘¥°“√Õ—°‡ ∫„π™àÕß∑âÕß„π√–¬–·√°

·√ß√–‡∫‘¥∑’Ë∑”„Àâºπ—ß≈”‰ â¬◊¥µ—«Õ¬à“ß¡“°·µà‰¡à∑–≈ÿÀ√◊Õ©’°¢“¥  àßº≈„Àâ¡’‡≈◊Õ¥ÕÕ°„π

ºπ—ß≈”‰ â·≈â«¡’º≈∑”„Àâºπ—ß≈”‰ â¢“¥‡≈◊Õ¥·≈–∑–≈ÿ„π¿“¬À≈—ß‰¥â ¥—ßπ—Èπ°“√∫“¥‡®Á∫¢Õß

∑“ß‡¥‘πÕ“À“√®“°·√ß√–‡∫‘¥®÷ß “¡“√∂‡°‘¥¢÷Èπ‰¥â∑—π∑’À≈—ß°“√‰¥â√—∫∫“¥‡®Á∫ À√◊Õ¡’Õ“°“√

Õ’°À≈“¬«—πÀ≈—ß®“°‰¥â√—∫∫“¥‡®Á∫

°“√∫“¥‡®Á∫µàÕÕ«—¬«–Õ◊ËπÊ  “¡“√∂‡°‘¥‰¥â∑—Ë«µ—« ®“° –‡°Á¥√–‡∫‘¥ À√◊Õ

‡»… ‘Ëß¢Õß∑’Ëª≈‘«¡“°—∫·√ß√–‡∫‘¥ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß∑’Ëµ“ ∑’Ë®–µâÕßµ√«®„Àâ≈–‡Õ’¬¥ ·√ß

¥—π®“°√–‡∫‘¥ “¡“√∂º≈—°„Àâµ—«ºŸâ∫“¥‡®Á∫≈Õ¬‰ª°√–·∑° À√◊Õµ°≈ß°√–·∑°æ◊Èπ ®π‰¥â

√—∫∫“¥‡®Á∫®“°°“√°√–·∑°  à«π°“√∫“¥‡®Á∫®“°‰ø‰À¡â  ”≈—°§«—πÀ√◊Õ “√‡§¡’ À√◊Õ°“√

∫“¥‡®Á∫®“°°“√°¥∑—∫ ¡—°æ∫„π°√≥’√–‡∫‘¥·≈â«¡’‡Àµÿ°“√≥å‰ø‰À¡â À√◊ÕÕ“§“√∂≈à¡√à«¡

¥â«¬

≈—°…≥–°“√∫“¥‡®Á∫®“°·√ß√–‡∫‘¥ (Injury Pattern of Blast Injury)

®“°∑’Ë°≈à“«¡“·≈â«¢â“ßµâπ·√ß√–‡∫‘¥∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫‰¥â∂÷ß 4 √–¬–§◊Õ pri-
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mary blast injury ®“°·√ßÕ—¥¢Õß§≈◊Ëπ√–‡∫‘¥ second blast injury ®“° –‡°Á¥√–‡∫‘¥

À√◊Õ ‘Ëß∑’Ëª≈‘«¡“µ“¡·√ß√–‡∫‘¥ tertiary blast injury ®“°°“√≈â¡ À√◊Õµ°°√–·∑°®“°

·√ß√–‡∫‘¥ ·≈– quaternary blast injury ®“°§«“¡√âÕπ  “√‡§¡’ ¢Õß√–‡∫‘¥ °“√∫“¥

‡®Á∫µ“¡√Ÿª·∫∫π’È®–‡°‘¥¢÷Èπ‡©æ“–√–‡∫‘¥™π‘¥ high-order explosive ‡∑à“π—Èπ ®“°‡Àµÿº≈

¢â“ßµâπ®–æ∫«à“°“√∫“¥‡®Á∫®“°·√ß√–‡∫‘¥‡ªìπ°“√∫“¥‡®Á∫∑’Ë¡—°®–‡°‘¥¢÷ÈπÀ≈“¬∑’Ë„π√à“ß°“¬

¡—°‰¡à§àÕ¬æ∫«à“¡’°“√∫“¥‡®Á∫‡æ’¬ß∑’Ë‡¥’¬« µ—«Õ¬à“ß‡™àπ °“√√–‡∫‘¥„π√∂‚¥¬ “√ °“√

∫“¥‡®Á∫∑’ËÕ“®æ∫‰¥â„πºŸâ∫“¥‡®Á∫Àπ÷Ëß§π§◊Õ blast lung, bowel rupture, TM rupture

(primary) ∫“¥·º≈ –‡°Á¥√–‡∫‘¥„π∑’Ëµà“ßÊ (secondary) ∫“¥·º≈®“° blunt injury

‡™àπ °√–¥Ÿ°À—° (tertiary) ∫“¥·º≈‰ø≈«° À√◊Õ crush injury (quaternary)

Primary blast injury: PBI ‡°‘¥®“°·√ßÕ—¥ ´÷Ëß¡Õß‰¡à‡ÀÁπ ‡§≈◊ËÕπ∑’Ë‰¥â‡√Á«°«à“

‡ ’¬ß ·µà‚Õ°“ °“√∫“¥‡®Á∫®–≈¥≈ßµ“¡√–¬–Àà“ß‡π◊ËÕß®“°·√ßÕ—¥∑’Ë≈¥≈ßµ“¡√–¬–Àà“ß∑’Ë

‡æ‘Ë¡¢÷Èπ °“√√–‡∫‘¥„ππÈ”·√ßÕ—¥®–‡æ‘Ë¡¢÷Èπ∂÷ß “¡‡∑à“ Õ«—¬«–∑’Ë‰¥â√—∫∫“¥‡®Á∫¡—°‡ªìπÕ«—¬«–

∑’Ë¡’Õ“°“»Õ¬Ÿà‡™àπ ªÕ¥ (pulmonary PBI), ≈”‰ â (abdominal PBI) ‰´π—  ÀŸ™—Èπ°≈“ß

À√◊Õ·¡â·µà ¡Õß (blast brain) °ÁÕ“®‰¥â√—∫∫“¥‡®Á∫®“°·√ßÕ—¥‰¥â‡™àπ°—π ‡π◊ËÕß®“°·æ∑¬å

Õ“®æ∫°“√∫“¥‡®Á∫®“°·√ßÕ—¥‰¥â‰¡à∫àÕ¬π—° ∑”„Àâ‰¡à§ÿâπ‡§¬„π°“√¥Ÿ·≈√—°…“ºŸâ∫“¥‡®Á∫·∫∫π’È

‚¥¬À≈—°∑—Ë«‰ª·≈â«°“√¥Ÿ·≈√—°…“ºŸâ∫“¥‡®Á∫°≈ÿà¡π’È°Á„™âÀ≈—°°“√‡¥’¬«°—π°—∫°“√¥Ÿ·≈√—°…“ºŸâ

∫“¥‡®Á∫®“°Õÿ∫—µ‘‡Àµÿ∑—Ë«‰ª ·µà°“√√—°…“∫“ßÕ¬à“ßÕ“®µâÕßª√—∫‡ª≈’Ë¬π‰ª∫â“ß¥—ß®–°≈à“«µàÕ‰ª

Pulmonary PBI or blast lung ‡ªìπ°“√∫“¥‡®Á∫¢ÕßªÕ¥‡π◊ËÕß®“°·√ßÕ—¥®“°

§≈◊Ëπ√–‡∫‘¥ æ¬“∏‘ ¿“æ∑’Ëæ∫‡À¡◊Õπ°—∫ pulmonary contusion Õ“°“√¡’‰¥âÀ≈“¬√–¥—∫

§«“¡√ÿπ·√ß (µ“√“ß∑’Ë 4) „π°≈ÿà¡Õ“°“√√ÿπ·√ßÕ—µ√“°“√‡ ’¬™’«‘µª√–¡“≥√âÕ¬≈– 70

Õ“°“√·≈–Õ“°“√· ¥ß∑’Ëæ∫§◊Õ ¡’ª√–«—µ‘‰¥â√—∫·√ß√–‡∫‘¥ À“¬„®≈”∫“° ‰Õ À√◊Õ‰Õ‡ªìπ‡≈◊Õ¥

‡®Á∫Àπâ“Õ° À“¬„®‡√Á« ´’¥ ‡¢’¬« ‡ ’¬ßÀ“¬„®‡∫“≈ß ‡§“–ªÕ¥‰¥â‡ ’¬ß∑÷∫ Õ“®æ∫«à“¡’‡≈◊Õ¥

À√◊Õ≈¡„π™àÕß‡¬◊ËÕÀÿâ¡ªÕ¥ (pneumo-hemothorax) °“√µ√«®æ∫«à“¡’ pharyngeal

petechiae ·≈–‰Õ‡ªìπ‡≈◊Õ¥ ‡ªìπ ‘Ëß∫Õ°‡Àµÿ∑’Ë ”§—≠«à“Õ“®®–¡’ pulmonary PBI Õ“®

‡°‘¥Õ“°“√ air-emboli „πÕ«—¬«–µà“ßÊ ‡™àπ retinal artery emboli, ischemic stroke

¿“æ∂à“¬√—ß ’¢Õß∑√«ßÕ°®–™à«¬‰¥â¡“°„π°“√«‘π‘®©—¬¿“«– pulmonary PBI ¿“æ∂à“¬

√—ß ’∑√«ßÕ°¡’≈—°…≥–‡ªìπ·∂∫ΩÑ“¢“«°√–®“¬®“°¢—È«ªÕ¥À√◊Õ çWhite Butterfly signé
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πÕ°®“°π—Èπ·≈â«°“√‡®“– arterial blood gas ¬—ß™à«¬„π°“√∑”π“¬§«“¡√ÿπ·√ß¢ÕßÕ“°“√

·≈–∫àß™’È«à“ºŸâ∫“¥‡®Á∫µâÕß°“√°“√™à«¬À“¬„®¥â«¬‡§√◊ËÕß™à«¬À“¬„®À√◊Õ‰¡à ‚¥¬°“√¥Ÿ®“°

PaO2/FiO2 ratio (PFR) ¥—ßµ“√“ß∑’Ë 4 §à“π’È¡’§«“¡ —¡æ—π∏å°—∫°“√‡≈◊Õ°„™â‡§√◊ËÕß

™à«¬À“¬„®·∫∫ positive pressure ventilation: PPV µ“¡·∫∫¡“µ√∞“π∑—Ë«‰ª À√◊Õ

·∫∫æ‘‡»… °“√µ√«®æ‘‡»…Õ◊ËπÊ ‡™àπ CT chest Õ“®™à«¬„π°“√«‘π‘®©—¬¿“«– pulmonary

contusion or pneumothorax ∑’ËÕ“°“√πâÕ¬Ê ‰¥â ·µà‰¡à™à«¬„π°“√µ—¥ ‘π„®„π°“√

√—°…“∑’Ë·ºπ°©ÿ°‡©‘π

°“√¥Ÿ·≈√—°…“¿“«–π’È ‡À¡◊Õπ°—∫°“√√—°…“ severe pulmonary contusion

∑—Ë«‰ª§◊Õ „™â‡§√◊ËÕß™à«¬À“¬„®∑’Ë™à«¬‡ªî¥À≈Õ¥≈¡ ·≈–∂ÿß≈¡ ·µà§«√√–«—ß‡√◊ËÕß air emboli

πÕ°®“°π’È§«√√–«—ß‡√◊ËÕß°“√„Àâ “√πÈ”„ÀâæÕ¥’Õ¬à“„Àâ¡“°‡°‘π‰ª ‡æ√“–¡’·π«‚πâ¡∑’Ë®–‡°‘¥

pulmonary edema ‰¥âßà“¬

Blast abdomen ‡ªìπ°“√∫“¥‡®Á∫„π™àÕß∑âÕß‡π◊ËÕß®“°·√ßÕ—¥ °“√∫“¥‡®Á∫∑’Ëæ∫

§◊Õ µ°‡≈◊Õ¥„πºπ—ß≈”‰ â (intestinal intra-wall hemorrhage) °“√©’°¢“¥¢Õß mesen-

teric vessel µ—∫ ¡â“¡·µ° retroperitoneal hematoma °“√«‘π‘®©—¬Õ“®™â“‡π◊ËÕß®“°

Õ“°“√„π√–¬–·√°‰¡à™—¥‡®π ¡—°„Àâ°“√«‘π‘®©—¬‰¥âª√–¡“≥ 8-36 ™—Ë«‚¡ß À≈—ß‡°‘¥‡Àµÿ„π

√“¬∑’ËÕ“°“√‰¡à√ÿπ·√ßπ—° Õ“®¡’Õ“°“√ª«¥∑âÕß ®ÿ°·πàπ∑âÕß ª«¥‡À¡◊ÕπÕ¬“°∂à“¬Õÿ®®“√–

µ“√“ß∑’Ë 4 Severity Categories for Primary Blast Injury of the Lung

Mild Moderate Severe

Radiographic infiltrates Unilateral Asymmetrical Diffuse

PFR(mmHg) =PaO2/Fio2 >200 60-200 <60

Bronchopleural fistula No Yes

PPV requirement Unlikely for Highly likely Universal and

respiratory but conventional unconventional

problem methods usually methods common

PEEP requirement <5 if PPV 5-10 usually >10 commonly

(cmH2O) needed needed needed
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ª«¥®ÿ°∑’ËÕ—≥±– §≈◊Ëπ‰ â Õ“‡®’¬π „π√“¬∑’ËÕ“‡®’¬π‡ªìπ‡≈◊Õ¥ (hematochezia) ‡ªìπ ‘Ëß

∫Õ°‡Àµÿ∑’Ë ”§—≠«à“Õ“®¡’ °“√∫“¥‡®Á∫„π™àÕß∑âÕß®“°·√ß√–‡∫‘¥ °“√µ√«®‡æ◊ËÕ®–∫Õ°«à“¡’

°“√∫“¥‡®Á∫„π™àÕß∑âÕßÀ√◊Õ‰¡à°Á‡À¡◊Õπ°—∫°√≥’°“√∫“¥‡®Á∫®“°·√ß°√–·∑°∑’Ë™àÕß∑âÕß∑—Ë«‰ª

§◊Õ °“√µ√«®√à“ß°“¬, FAST ultrasound, DPL, CT abdomen ·µà„π°≈ÿà¡∑’Ëª√–«—µ‘‰¥â

√—∫·√ß°√–·∑°·≈–¡’Õ“°“√™ÁÕ°™—¥‡®π ¡—°®–«‘π‘®©—¬‰¥â∑—π∑’ Õ“°“√·≈–Õ“°“√· ¥ß §◊Õ

Õ“°“√ª«¥∑âÕß ∑âÕßÕ◊¥ §≈◊Ëπ‰ â Õ“‡®’¬π µ√«®√à“ß°“¬æ∫Õ“°“√°¥‡®Á∫∑’Ë∑âÕß rebound

tenderness ‡ ’¬ß≈”‰ â≈¥≈ßÀ√◊ÕÀ“¬‰ª Õ“®µ√«®æ∫Õ“°“√¢Õß¿“«– hypovolumia

°“√√—°…“‡À¡◊Õπ°—∫¿“«– blunt abdomen ∑—Ë«‰ª ·µà°“√∫“¥‡®Á∫Õ“®¡“°°«à“∑’Ë‡ÀÁπ„π

¢≥–ºà“µ—¥ ¥—ßπ—Èπ®÷ß¡’¢âÕ·π–π”„π°“√µ—¥µàÕ≈”‰ â∑’Ë∫“¥‡®Á∫®“°·√ß√–‡∫‘¥«à“„Àâµ—¥Àà“ß

®“°®ÿ¥∑’Ë∫“¥‡®Á∫ª√–¡“≥ 15 ¡.¡. ”À√—∫≈”‰ â‡≈Á° À√◊Õ 20 ¡.¡.  ”À√—∫≈”‰ â„À≠à

Blast brain ‡ªìπ°“√∫“¥‡®Á∫¢Õß ¡Õß‡π◊ËÕß°“√°√–∑∫°√–‡∑◊Õπ®“°·√ß√–‡∫‘¥

°“√∫“¥‡®Á∫∑’Ëæ∫‡™àπ cerebral concussion À√◊Õ¡’‡≈◊Õ¥ÕÕ°„π ¡Õß‰¥â Õ“°“√∑’Ëæ∫Õ“®

§≈â“¬°—∫ºŸâªÉ«¬∑’Ë¡’æƒµ‘°√√¡µ◊Ëπµ√–Àπ°®“°°“√√–‡∫‘¥ À√◊ÕºŸâªÉ«¬∑’Ë —∫ π °“√√Ÿâ µ‘≈¥≈ß

„Àâ§‘¥∂÷ß¿“«–π’È‰«â‡ ¡Õ Õ¬à“¥à«π √ÿª«à“ºŸâªÉ«¬∑’Ë¡’æƒµ‘°√√¡‡ª≈’Ë¬π·ª≈ß‰ª‡°‘¥®“°º≈

∑“ß®‘µ„®·µà∑’Ë®√‘ß·≈â«Õ“®¡’°“√∫“¥‡®Á∫¢Õß ¡Õß´àÕπÕ¬Ÿà

Secondary blast injury ‡ªìπ°“√∫“¥‡®Á∫∑’Ë‡°‘¥®“°  –‡°Á¥√–‡∫‘¥ À√◊Õ ‡»…

«— ¥ÿ∑’Ëª≈‘«¡“µ“¡·√ß√–‡∫‘¥ ∑”„Àâ‡°‘¥°“√∫“¥‡®Á∫·∫∫ penetrating injury ‰¥â∑—Ë«√à“ß°“¬

√–‡∫‘¥¢π“¥ 5 °.°.√–‡∫‘¥°≈“ß∑’Ë‚≈àß  –‡°Á¥√–‡∫‘¥ “¡“√∂æÿàßÕÕ°‰ª‰°≈‰¥â∂÷ß 100 ‡¡µ√

∫“¥·º≈®“° –‡°Á¥√–‡∫‘¥®–¡’≈—°…≥–‰¡à·πàπÕπ §“¥‡¥“∑‘»∑“ß‰¥â¬“° ∫“¥·º≈∑“ß‡¢â“

Õ“®„À≠à°«à“∑“ßÕÕ° Õ“®µâÕß„™â¿“æ∂à“¬√—ß ’ À√◊Õ CT „π°“√√–∫ÿµ”·Àπàß¢Õß –‡°Á¥

√–‡∫‘¥∑’Ë§â“ßÕ¬Ÿà„π√à“ß°“¬ ∫“¥·º≈®“° –‡°Á¥√–‡∫‘¥„Àâ∂◊Õ‡ªìπ∫“¥·º≈ °ª√° À√◊Õ¡’

°“√ªπ‡ªóôÕπ Ÿß µâÕß„Àâ°“√√—°…“‚¥¬°“√≈â“ß∑”§«“¡ –Õ“¥·º≈Õ¬à“ßæÕ‡æ’¬ß µ—¥·µàß

‡π◊ÈÕµ“¬ÕÕ°„ÀâÀ¡¥ ‡ªî¥·º≈∑‘Èß‰«â ‰¡à§«√‡¬Á∫ªî¥·º≈∑—π∑’ À≈—ß®“°π—ÈπÕ’° 2-3 «—π®÷ß

ª√–‡¡‘π·º≈Õ’°§√—Èß ∂â“·º≈‰¡à¡’Õ“°“√Õ—°‡ ∫µ‘¥‡™◊ÈÕ®÷ß‡¬Á∫ªî¥ (delayed primary clo-

sure)

Tertiary blast injury ‡ªìπ°“√∫“¥‡®Á∫∑’Ë‡°‘¥®“°·√ß√–‡∫‘¥ °√–·∑° À√◊Õº≈—°

„Àâ√à“ß°“¬ª≈‘«‰ª°√–·∑° À√◊Õµ°®“°∑’Ë Ÿß °“√∫“¥‡®Á∫∑’Ëæ∫‡°‘¥®“° blunt trauma „π
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 à«πµà“ßÊ ¢Õß√à“ß°“¬ ‡™àπ traumatic amputation, close or open fracture

°“√√—°…“‡À¡◊Õ°—∫°“√√—°…“ blunt injury ∑—Ë«‰ª

Quaternary blast injury ‡ªìπ°“√∫“¥‡®Á∫∑’Ë‡°‘¥¢÷Èπ®“°º≈¢â“ß‡§’¬ß¢Õß√–‡∫‘¥

‡™àπ §«“¡√âÕπ §«—π  “√‡§¡’ °“√∂Ÿ°∑—∫®“°´“°Õ“§“√∑’Ë∂≈à¡®“°·√ß√–‡∫‘¥ ≈—°…≥–°“√

∫“¥‡®Á∫∑’Ëæ∫ ‡™àπ crush injury, suffocation & inhalation injury, burn À√◊ÕÕ“°“√

®“°‚√§∑’Ë‡ªìπÕ¬Ÿà‡¥‘¡°”‡√‘∫¢÷Èπ ‡™àπ ÀÕ∫À◊¥ COPD ‡∫“À«“π §«“¡¥—π‚≈À‘µ Ÿß œ≈œ

Low-order Explosive (LE) ≈—°…≥–¢Õß√–‡∫‘¥™π‘¥π’È °“√√–‡∫‘¥®–‡ªìπ·∫∫

·µ°°√–®“¬ (deflagration) ‰¡à„™à°“√·µ°√–‡∫‘¥ (detonation) ´÷Ëß‡ªìπ≈—°…≥–¢Õß HE

§≈◊Ëπ∑’Ë‡°‘¥®“°°“√√–‡∫‘¥™π‘¥π’È®–™â“°«à“§«“¡‡√Á«‡ ’¬ß (subsonic çslow burné) ®÷ß

∑”„Àâ°“√√–‡∫‘¥™π‘¥π’È‰¡à¡’ ·√ßÕ—¥ ·≈–§≈◊ËπÕ—¥°√–·∑° (over-pressurize & impulse

wave) °“√∫“¥‡®Á∫∑’Ë‡°‘¥®“°√–‡∫‘¥™π‘¥π’È ®÷ß‡ªìπº≈®“° –‡°Á¥ À√◊Õ‡»…«— ¥ÿ®“°°“√

√–‡∫‘¥ §«“¡√âÕπ®“°‡ª≈«‰ø °“√ ”≈—°§«—π À√◊Õ°“√¢“¥Õ“°“»®“°°“√„™âÕÕ°´‘‡®π‰ª

„π°“√√–‡∫‘¥ πÕ°®“°π—Èπ°“√∫“¥‡®Á∫®“° crush injury or fume poisoning °Áæ∫‰¥â

‡™àπ‡¥’¬«°—π°—∫√–‡∫‘¥ HE

·¡â«à“√–‡∫‘¥™π‘¥ HE ·≈– LE ®–¡’¢âÕ·µ°µà“ß°—π ·µà·º≈∑’Ë‡°‘¥®“°°“√√–‡∫‘¥

∑—Èß Õß™π‘¥°Á∂◊Õ«à“‡ªìπ·º≈ °ª√° ¡’°“√™Õ°™È”¢Õß‡π◊ÈÕ‡¬◊ËÕ À√◊Õ ‡π◊ÈÕµ“¬¡“°°«à“ª°µ‘

Õ—µ√“°“√√Õ¥™’«‘µ®“°√–‡∫‘¥¢÷ÈπÕ¬Ÿà°—∫√–¬–Àà“ß®“°»Ÿπ¬å°≈“ß°“√√–‡∫‘¥  ¿“æ·«¥≈âÕ¡

¢≥–√–‡∫‘¥ °“√∂≈à¡¢ÕßÕ“§“√ §«“¡ –¥«°„π°“√‡¢â“‰ª™à«¬‡À≈◊Õ ª√–¡“≥√âÕ¬≈–

70-80 ¢ÕßºŸâ‡ ’¬™’«‘µ®–µ“¬„π∑’Ë‡°‘¥‡Àµÿ

Management of Blast Injury

®“°∑’Ë°≈à“«¡“¢â“ßµâπ °“√∫“¥‡®Á∫®“°·√ß√–‡∫‘¥¡’‰¥âÀ≈“¬√Ÿª·∫∫ °“√¥Ÿ·≈

√—°…“ºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥°Á¡’À≈—°°“√æ◊Èπ∞“π‡™àπ‡¥’¬«°—π°—∫°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫∑—Ë«‰ª

·µà¡’¢âÕæ‘®“√≥“∫“ßª√–°“√∑’Ë·µ°µà“ßÕÕ°‰ª ‚¥¬‡©æ“–‡√◊ËÕß primary blast injury: PBI

∑’Ë·æ∑¬å∑—Ë«‰ª‰¡à§àÕ¬¡’ª√– ∫°“√≥å„π°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫·∫∫π’È‡∑à“„¥π—° ¢âÕæ‘®“√≥“„π

ºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥∑’Ë§«√√–«—ß¡’¥—ßπ’È

¢âÕ§«√√–«—ß‡√◊ËÕß∑“ß‡¥‘πÀ“¬„® (airway compromise) ºŸâ∫“¥‡®Á∫®“° PBI
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·√ßÕ—¥®“°√–‡∫‘¥ Õ“®∑”„Àâ¡’‡≈◊Õ¥ÕÕ°„π∑“ß‡¥‘πÀ“¬„®Õ¬à“ß¡“°‰¥â ºŸâ∫“¥‡®Á∫Õ“®¡’

massive hemoptysis ®π‡°‘¥°“√Õÿ¥°—Èπ∑“ß‡¥‘πÀ“¬„®‰¥â ∂â“§“¥«à“°≈‰°°“√∫“¥‡®Á∫

‡°‘¥∑’ËªÕ¥¢â“ß„¥¢â“ßÀπ÷Ëß °“√„™â∑àÕ™à«¬À“¬„®·∫∫ selective bronchial intubation or

one lung intubation ®–™à«¬‡ªî¥∑“ß‡¥‘πÀ“¬„®‰¥â¥’  ·≈–™à«¬ªÑÕß°—π‡≈◊Õ¥∑’ËÕÕ°®“°

ªÕ¥¢â“ßÀπ÷Ëß‰¡à„Àâ√∫°«π∑“ß‡¥‘πÀ“¬„®∑’Ë¥’„πªÕ¥¢â“ß∑’Ëª°µ‘   πÕ°®“°π—Èπ·≈â«„π°√≥’

∑’Ë¡’°“√∫“¥‡®Á∫¢Õß∑“ß‡¥‘πÀ“¬„® ‡™àπ severe maxillofacial injury §«√æ‘®“√≥“

µ—¥ ‘π„®„™â surgical airway ‡™àπ cricothyroidotomy À√◊Õ emergency tracheo-

stomy µ—Èß·µà‡π‘ËπÊ Õ¬à“√Õ®π°«à“ºŸâ∫“¥‡®Á∫¡’Õ“°“√ hypoxia

PBI ®–¡’º≈µàÕªÕ¥®π¡’ªí≠À“°“√·≈°‡ª≈’Ë¬π°“´∑’Ë‰¡àæÕ‡æ’¬ß (Ventilation

insufficiency) §«√„Àâ high-flow oxygen „πºŸâ∫“¥‡®Á∫∑’Ë¡’Õ“°“√ÀÕ∫‡Àπ◊ËÕ¬ (dysp-

nea), ‡ ’¬‡≈◊Õ¥¡“° À√◊Õ¡’°“√∫“¥‡®Á∫∑’Ë√ÿπ·√ß °“√™à«¬À“¬„®¥â«¬ continuous posi-

tive airway pressure (CPAP) °Á “¡“√∂™à«¬ºŸâ∫“¥‡®Á∫‰¥â¥’ „π√“¬∑’ËÕ“°“√√ÿπ·√ß per-

sistent hypoxemia À√◊Õ‰¡à “¡“√∂·≈°‡ª≈’Ë¬π°“´‰¥â Õ“®®”‡ªìπµâÕß„™â positive-pres-

sure ventilation: PPV Õ¬à“ß‰√°Áµ“¡°“√„™â PPV ®–‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥ arterial

air embolism: AAE ¥—ßπ—Èπ∂â“ºŸâ∫“¥‡®Á∫ “¡“√∂À“¬„®‰¥â‡Õß (spontaneous negative-

pressure) ‚¥¬‰¡à¡’ªí≠À“°“√¢“¥ÕÕ°´‘‡®π∑’Ë√ÿπ·√ß §«√„Àâ high-flow oxygen °ÁæÕ

‡æ’¬ß ¢âÕæ‘®“√≥“„π°“√‡≈◊Õ°„™â‡§√◊ËÕß™à«¬À“¬„® “¡“√∂¥Ÿ‰¥â®“°µ“√“ß∑’Ë 4 „π√“¬

Õ“°“√√ÿπ·√ß ªÕ¥‰¡à¢¬“¬µ—« (marked lung stiffness) À√◊Õ permissive hypercap-

nia §«√æ‘®“√≥“„Àâ°“√√—°…“·∫∫ºŸâªÉ«¬∑’ËÕ¬Ÿà„π¿“«– ARDS

º≈®“°·√ß√–‡∫‘¥∑’Ë∑”„Àâ‡°‘¥≈¡√—Ë«„π™àÕßªÕ¥®π°≈“¬‡ªìπ¿“«– tension pneu-

mothorax Õ“°“√∑’Ëµ√«®æ∫§◊Õ ·πàπÀπâ“Õ° À“¬„®≈”∫“° ´’¥ ‡¢’¬« ‡ ’¬ßÀ“¬„®‡∫“≈ß

À√◊Õ‰¡à‰¥â¬‘π ‡ ’¬ß®“°°“√‡§“–Àπâ“Õ°®–‚ª√àß À≈Õ¥≈¡®–∂Ÿ°¥—π‡Õ’¬ß‰ª¥â“πµ√ß¢â“¡

§«“¡¥—π‚≈À‘µµË” °“√√—°…“∑”‚¥¬°“√‡®“–√–∫“¬≈¡ÕÕ°®“°™àÕßªÕ¥„Àâ‡√Á«∑’Ë ÿ¥ ¥â«¬°“√∑”

needle thoracostomy À√◊Õ∑” tube thoracostomy (intercostals drainage: ICD)

∂â“Õ“°“√¬—ß‰¡à¥’¢÷ÈπÀ≈—ß®“°„ à∑àÕ√–∫“¬∑√«ßÕ° ‡æ√“–«à“¡’≈¡√—Ë«ÕÕ°¡“°®“°

bronchopleural fistula ¢π“¥„À≠à Õ“®®”‡ªìπµâÕßæ‘®“√≥“ªÑÕß°—π≈¡√—Ë«ÕÕ°®“°ªÕ¥

¢â“ßπ—Èπ¥â«¬°“√∑” selective intubation ¢â“ßµ√ß¢â“¡
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°“√ Ÿ≠‡ ’¬‡≈◊Õ¥®“°∫“¥·º≈¿“¬πÕ° (external hemorrhage) ‡ªìπ “‡Àµÿ

°“√‡ ’¬™’«‘µÕ—π¥—∫µâπÊ ¢Õß°“√∫“¥‡®Á∫®“°°“√√∫ „π°“√√–‡∫‘¥∫“¥·º≈¿“¬πÕ°

À≈“¬Ê ·º≈∑’Ë‡ ’¬‡≈◊Õ¥æ√âÕ¡Ê °—π ·≈–Õ“®√à«¡°—∫°“√µ°‡≈◊Õ¥¿“¬„π√à“ß°“¬®π∑”„Àâ

¡’Õ“°“√ hypovolumic shock ‰¥â °“√¥Ÿ·≈∫“¥·º≈¿“¬πÕ°∑’Ë¡’‡≈◊Õ¥ÕÕ° ·π–π”

„ÀâÀâ“¡‡≈◊Õ¥‚¥¬«‘∏’°¥∑’Ë·º≈‚¥¬µ√ß (direct pressure) ´÷Ëß‡ªìπ«‘∏’∑’Ë¥’∑’Ë ÿ¥ „π√“¬∑’Ë

‡ ’¬‡≈◊Õ¥¡“°°“√°¥‰¡à “¡“√∂À¬ÿ¥‡≈◊Õ¥‰¥â À√◊Õ‡ªìπ traumatic amputation §«√

æ‘®“√≥“„™â tourniquet ‡æ◊ËÕÀâ“¡‡≈◊Õ¥„Àâ‰¥âº≈ ·µà§«√„™â™—Ë«§√“«√–À«à“ß°“√ àßµàÕ

À√◊Õ√–¬–‡«≈“ —ÈπÊ ‡∑à“π—Èπ

ºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥∑’Ë¡’Õ“°“√§«“¡¥—π‚≈À‘µµË” À√◊ÕÕ¬Ÿà„π¿“«– shock

πÕ°®“° “‡Àµÿ∑’Ëæ∫‰¥â∫àÕ¬ §◊Õ °“√‡ ’¬‡≈◊Õ¥¿“¬πÕ°, tension pneumothorax, hy-

poxia §«√§”π÷ß∂÷ß«à“Õ“®‡°‘¥®“° “‡ÀµÿÕ◊ËπÊ ‰¥âÕ’° ‡™àπ °“√µ°‡≈◊Õ¥¿“¬„π, pulmonary

embolism from DVT, crush syndrome or sepsis ´÷ËßÕ“®æ∫„π√“¬∑’Ë∂Ÿ°∑—∫µ‘¥„π

Õ“§“√ À√◊Õ‰¥â√—∫°“√™à«¬‡À≈◊Õ™â“ πÕ°®“°π—Èπ ¿“«–™ÁÕ°Õ“®‡°‘¥®“° arterial embolism

∑’Ë‰ª∑”„Àâ‡°‘¥ brain stem stroke, myocardium infarction À√◊Õ°“√∫“¥‡®Á∫∑’Ë‰¢ —πÀ≈—ß

°“√µ√«®‡æ◊ËÕÀ“ “‡Àµÿ¢Õß¿“«–™ÁÕ°∑’Ë∑”‰¥â√«¥‡√Á«§◊Õ °“√∑” DPL À√◊Õ FAST ultra-

sound ‡æ◊ËÕ§âπÀ“«à“¡’°“√µ°‡≈◊Õ¥¿“¬„πÀ√◊Õ‰¡à °“√µ√«®Õ’°Õ¬à“ß°Á§◊Õ°“√∂à“¬¿“æ√—ß ’

¢Õß°√–¥Ÿ°‡™‘ß°√“π °“√µ√«®‡À≈à“π’È‰¡à¡’°“√µ√«®„¥∑’Ë “¡“√∂„Àâº≈‡™◊ËÕ∂◊Õ‰¥â‡µÁ¡∑’Ë °“√

µ—¥ ‘π„®„Àâ°“√√—°…“®÷ß¢÷Èπ°—∫°“√æ‘®“√≥“®“°Õ“°“√ °“√µ√«®√à“ß°“¬ °≈‰°°“√∫“¥‡®Á∫

·≈–°“√‡≈◊Õ°°“√µ√«®‡æ◊ËÕ°“√«‘π‘®©—¬∑’Ë‡À¡“– ¡ °“√√—°…“¿“«–™ÁÕ°„πºŸâ∫“¥‡®Á∫®“°

·√ß√–‡∫‘¥‚¥¬°“√„Àâ “√πÈ” À√◊Õ ‡≈◊Õ¥∑¥·∑π §«√„ÀâÕ¬à“ß√–¡—¥√–«—ß‡π◊ËÕß®“°ªÕ¥Õ“®

¡’ªí≠À“∫“¥‡®Á∫®“°·√ß√–‡∫‘¥ °“√„Àâ “√πÈ”®”π«π¡“°Õ¬à“ß√«¥‡√Á«Õ“®‡ªìπÕ—πµ√“¬µàÕ

°“√À“¬„®¢ÕßºŸâ∫“¥‡®Á∫‰¥â À√◊ÕÕ“®∑”„Àâ‡°‘¥¿“«– pulmonary edema ‰¥âßà“¬ ¥—ßπ—Èπ

°“√„Àâ “√πÈ”„πºŸâ∫“¥‡®Á∫°≈ÿà¡π’È®÷ß·π–π”„Àâ·∫∫ small, repeated bolus dose ‡æ◊ËÕ≈¥

ªí≠À“ “√πÈ”‡°‘π„πªÕ¥∑’Ë™È” À√◊Õ ¡Õß∑’Ë∫«¡®“°·√ß√–‡∫‘¥

Õ“°“»∑’Ë√—Ë«ÕÕ°®“°À≈Õ¥≈¡‡¢â“ Ÿà°√–· ‡≈◊Õ¥·≈â«‰ªÕÿ¥µ—π∑’ËÕ«—¬«–µà“ßÊ (arterial

air embolism) æ∫‰¥âßà“¬„πºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥ ºŸâ∫“¥‡®Á∫∑’Ë¡’Õ“°“√¢“¥‡≈◊Õ¥

‡©æ“–®ÿ¥¢Õßº‘«Àπ—ß À√◊Õ‡¬◊ËÕ∫ÿµà“ßÊ À√◊Õ¡’Õ“°“√√Ÿâ µ‘‡ª≈’Ë¬π·ª≈ß‰ª, ™—°, focal neuro-
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logical deficit, ‡®Á∫Àπâ“Õ° À—«„®‡µâπº‘¥®—ßÀ«–, pulmonary edema, ª«¥∑âÕß À√◊Õ

ªí  “«–‡ªìπ‡≈◊Õ¥ „Àâ§‘¥«à“Õ“®¡’ “‡Àµÿ¡“®“° AAE ‰¥â ‚¥¬‡©æ“–„π√“¬∑’Ë¡’Õ“°“√

‡ª≈’Ë¬π·ª≈ßÀ≈—ß®“°„Àâ°“√√—°…“‡™àπ„ à∑àÕ™à«¬À“¬„® À√◊Õ°“√‡ª≈’Ë¬π·ª≈ß§«“¡ Ÿß  ‘Ëß

∫Õ°‡ÀµÿÕ’°ª√–°“√§◊ÕÕ“°“√º‘¥ª°µ‘∑’Ë‰¡à‡¢â“°—∫°≈ÿà¡Õ“¬ÿ À√◊Õ°“√∫“¥‡®Á∫ ‡™àπ Õ“°“√

°≈â“¡‡π◊ÈÕÀ—«„®¢“¥‡≈◊Õ¥„πºŸâ∫“¥‡®Á∫Õ“¬ÿπâÕ¬·≈–‰¡à¡’°“√∫“¥‡®Á∫∑’ËÀπâ“Õ° Õ“°“√

paraplegia‚¥¬‰¡à¡’°“√∫“¥‡®Á∫¢Õß°√–¥Ÿ° —πÀ≈—ßÀ√◊Õ‰¢ —πÀ≈—ß À√◊Õ¡’Õ“°“√ focal

neurological deficit ∑—Èß∑’Ë‰¡à¡’°“√∫“¥‡®Á∫∑’Ë»’√…– °“√ªÑÕß°—π¿“«– AAE ∑”‰¥â‚¥¬

°“√√—°…“ hypovolemia ‡æ◊ËÕ™à«¬ maintain pulmonary venous pressure ·≈–

æ¬“¬“¡À≈’°‡≈’Ë¬ß°“√„™â positive pressure ventilation  à«π°“√√—°…“‡©æ“– ”À√—∫

AAE §◊Õ °“√„™â hyperbaric oxygen (HBO) therapy

¢âÕ§«√√–«—ß„π°“√„Àâ°“√√—°…“ºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥

·¡â«à“À≈—°°“√¥Ÿ·≈√—°…“ºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥®–‡À¡◊Õπ°—∫ºŸâ∫“¥‡®Á∫®“°

Õÿ∫—µ‘‡ÀµÿÕ◊ËπÊ ·µà¡’¢âÕ§«√√–«—ß∫“ßª√–°“√∑’Ë®–µâÕßæ‘®“√≥“¥—ßπ’È

1. °“√‡ ’¬‡≈◊Õ¥¿“¬πÕ°Õ“®¡“°®π¡’§«“¡ ”§—≠°«à“‡√◊ËÕß¢Õß∑“ß‡¥‘πÀ“¬„®

·≈–®”‡ªìπµâÕß„Àâ°“√¥Ÿ·≈√—°…“°àÕπ

2. ®“°¢âÕ‡∑Á®®√‘ß∑’Ëæ∫«à“ “‡Àµÿ°“√‡ ’¬™’«‘µ∑’Ëæ∫∫àÕ¬∑’Ë ÿ¥ „πºŸâ∫“¥‡®Á∫®“°

·√ß√–‡∫‘¥∑’Ë√Õ¥™’«‘µ¡“∂÷ß‚√ßæ¬“∫“≈§◊Õ air embolism ®“° positive pressure venti-

lation ·¡â«à“ºŸâ∫“¥‡®Á∫®“°Õÿ∫—µ‘‡Àµÿ∑’ËÕ“°“√Àπ—°°“√™à«¬À“¬„®¥â«¬«‘∏’‡§√◊ËÕß™à«¬À“¬„®

‡ªìπ ‘Ëß∑’Ë®”‡ªìπ µ“¡¡“µ√∞“π°“√√—°…“∑—Ë«‰ª ·µà„πºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥¡’§«“¡‡ ’Ë¬ß

 Ÿß∑’Ë®–‡°‘¥ pneumothorax ·≈– air embolism ¥—ßπ—Èπ§«√µâÕß„™â§«“¡√–¡—¥√–«—ß

Õ¬à“ß Ÿß„π°“√æ‘®“√≥“«à“„™â‡§√◊ËÕß™à«¬À“¬„®À√◊Õ‰¡à „πºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥

3. ‡æ◊ËÕªÑÕß°—π¿“«– air embolism ∑à“πÕπ∑’Ë‡À¡“– ¡ ”À√—∫ºŸâ∫“¥‡®Á∫®“°

·√ß√–‡∫‘¥®÷ß‰¡à„™à∑à“πÕπÀß“¬µ“¡ª°µ‘ §«√®—¥„ÀâºŸâ∫“¥‡®Á∫πÕπµ–·§ß´â“¬ ‡Õ’¬ß§«Ë”

‰ª¢â“ßÀπâ“‡≈Á°πâÕ¬ (the patient placed on the left side slightly forward prone)

´÷Ëß®–™à«¬≈¥§«“¡‡ ’Ë¬ß¢Õß°“√‡°‘¥ AAE

4. °“√„Àâ “√πÈ”Õ¬à“ß√«¥‡√Á«Õ“®‡ªìπ«‘∏’°“√√—°…“„πºŸâ∫“¥‡®Á∫®“°Õÿ∫—µ‘‡Àµÿ∑—Ë«Ê ‰ª
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·µàÕ“®‡ªìπÕ—πµ√“¬„πºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥‰¥â ‡π◊ËÕß®“°¿“«– pulmonary contusion

§«√„Àâ “√πÈ”·∫∫ small bolus with frequent assessment ®–„Àâº≈¥’°«à“

5. „π∑’Ë‡°‘¥‡ÀµÿºŸâ∫“¥‡®Á∫Õ“®Õ“°“√¥’æÕ∑’Ë®–‰ª„Àâ§«“¡™à«¬‡À≈◊ÕºŸâ∫“¥‡®Á∫√“¬

Õ◊ËπÊ ·µà§«√·π–π”„ÀâºŸâ∫“¥‡®Á∫æ—° ‡π◊ËÕß®“°°“√ÕÕ°°”≈—ßÕ“®‰ª°√–µÿâπÕ“°“√ blast lung

injury ∑’Ë¬—ß‰¡à· ¥ßÕ“°“√„Àâ¡’Õ“°“√√ÿπ·√ß¢÷Èπ‰¥â

°“√®”Àπà“¬ºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥

„π°√≥’∑’ËºŸâ∫“¥‡®Á∫®“°·√ß√–‡∫‘¥Õ“°“√ª°µ‘¥’ ‰¡à¡’Õ“°“√º‘¥ª°µ‘∑“ßÀπâ“Õ° À√◊Õ

™àÕß∑âÕß ¿“æ∂à“¬√—ß ’¢Õß∑√«ßÕ°ª°µ‘ ‰¡à¡’¢âÕ∫àß™’È∑’Ë®–µâÕß√—∫‰«â√—°…“„π‚√ßæ¬“∫“≈

À≈—ß®“° —ß‡°µÕ“°“√ 4 ™—Ë«‚¡ß À≈—ß®“°‡°‘¥‡Àµÿ  “¡“√∂®”Àπà“¬„Àâ°≈—∫∫â“π‰¥â ·µàµâÕß

„Àâ§”·π–π”Õ¬à“ß≈–‡Õ’¬¥„π°“√µ‘¥µ“¡°“√√—°…“ §«√π—¥¡“µ√«®Õ’°§√—Èß¿“¬„π 24-48

™—Ë«‚¡ß „Àâ§”·π–π”Õ“°“√º‘¥ª°µ‘∑’ËÕ“®‡°‘¥®“° PBI ∑’Ë™àÕß∑âÕß ™àÕßÕ° ‡™àπ ÀÕ∫‡Àπ◊ËÕ¬

·πàπÀπâ“Õ° ª«¥∑âÕß ∑âÕßÕ◊¥ œ≈œ ∑’Ë®–µâÕß√’∫°≈—∫¡“æ∫·æ∑¬å∑—π∑’ ºŸâ∫“¥‡®Á∫Õ◊ËπÊ ∑’Ë

¡’Õ“°“√¡“°°«à“∑’Ë°≈à“«¡“¢â“ßµâπ §«√√—∫‰«â√—°…“„π‚√ßæ¬“∫“≈µ“¡¢’¥§«“¡ “¡“√∂∑’Ë¡’Õ¬Ÿà

°“√®—¥°“√ ∂“π°“√≥åºŸâ∫“¥‡®Á∫®”π«π¡“°®“°‡Àµÿ√–‡∫‘¥ (Mass Ca-

sualty Management in Explosive Incident)

°“√√–‡∫‘¥¡—°®–‡°‘¥ºŸâ∫“¥‡®Á∫®”π«π¡“°µ“¡¡“‡ ¡Õ „π°“√√–‡∫‘¥·µà≈–§√—Èß

®–¡’ºŸâ∫“¥‡®Á∫®”π«π¡“°À√◊Õ‰¡à¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬À≈“¬ª√–°“√ ‡√‘Ë¡µ—Èß·µà§«“¡µ—Èß„®¢ÕßºŸâ

°àÕ°“√√â“¬«à“®–‡æ’¬ß·§à¢à¡¢Ÿà À√◊ÕµâÕß°“√„Àâ¡’°“√∫“¥‡®Á∫≈â¡µ“¬ ‡®µπ“„π°“√«“ß√–‡∫‘¥

‡™àπ„π∑’Ë ∂“π∑’Ë™ÿ¡™π „π™à«ß‡«≈“∑’Ë¡’§πÀπ“·πàπ „™â√–‡∫‘¥¢π“¥„À≠à·≈–√ÿπ·√ß ∫√√®ÿ

 –‡°Á¥√–‡∫‘¥∑’Ë “¡“√∂∑”Õ—πµ√“¬‰¥â¡“° °“√«“ß√–‡∫‘¥„π ∂“π∑’Ëªî¥ ‡™àπ „πÀâÕßª√–™ÿ¡

Õ“§“√ √∂‚¥¬ “√¡«≈™π °Á “¡“√∂‡æ‘Ë¡§«“¡√ÿπ·√ß¢Õß°“√√–‡∫‘¥‰¥â¡“° ∂â“√–‡∫‘¥

¢π“¥„À≠à·µà√–‡∫‘¥„π ∂“π∑’Ë¡’§π‰¡àÀπ“·πàπ °ÁÕ“®‰¡à¡’ºŸâ∫“¥‡®Á∫®”π«π¡“° ·µà

√–‡∫‘¥¢π“¥‡≈Á°·µà√–‡∫‘¥„π∑’Ë§πÀπ“·πàπ À√◊Õ ∂“π∑’Ëªî¥ °Á®–¡’ºŸâ∫“¥‡®Á∫®”π«π¡“°‰¥â

°≈à“«‚¥¬ √ÿª·≈â« ¢π“¥¢Õß√–‡∫‘¥‰¡à„™àªí®®—¬À≈—°∑’Ë®–°àÕ„Àâ‡°‘¥ºŸâ∫“¥‡®Á∫®”π«π¡“°

·µàªí®®—¬À≈—°Õ¬Ÿà∑’Ë§«“¡Àπ“·πàπ¢Õß°≈ÿà¡™π ·≈–‡∑§π‘§¢Õß°“√«“ß√–‡∫‘¥„π ∂“π∑’Ë
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·≈–‡«≈“∑’Ë‡À¡“– ¡

‡¡◊ËÕ‰¥â√—∫√“¬ß“π‡Àµÿ°“√≥å√–‡∫‘¥§«√æ‘®“√≥“‡µ√’¬¡„™â·ºπ√—∫ºŸâ∫“¥‡®Á∫

®”π«π¡“°∑—π∑’ ·æ∑¬å∑’Ë‡°’Ë¬«¢âÕß ‡™àπ ·æ∑¬å‡«√©ÿ°‡©‘π »—≈¬·æ∑¬åÕÿ∫—µ‘‡Àµÿ ºŸâ∫√‘À“√

‚√ßæ¬“∫“≈ §«√∑√“∫√–∫∫°“√®—¥°“√ ∂“π°“√≥å©ÿ°‡©‘π¢Õß‚√ßæ¬“∫“≈ (Hospital

Emergency Incident Command System: HEICS) ·≈–®—¥¥”‡π‘π°“√µ“¡·ºπ∑’Ë«“ß

‰«â ‡√’¬°„™â·≈–√–¥¡∑√—æ¬“°√∑’Ë®”‡ªìπ„Àâæ√âÕ¡„™âß“π∑—π∑’ ‡™àπ √–¥¡∫ÿ§≈“°√∑’Ë‡°’Ë¬«¢âÕß

·æ∑¬å æ¬“∫“≈ ‡®â“Àπâ“∑’Ë ‡§√◊ËÕß¡◊Õ ‡§√◊ËÕß„™â ¬“ ‡«™¿—≥±å ‡≈◊Õ¥ œ≈œ πÕ°®“°π—Èπ§«√

®—¥‡µ√’¬¡æ◊Èπ∑’Ë„π‚√ßæ¬“∫“≈„Àâæ√âÕ¡√—∫ºŸâ∫“¥‡®Á∫ ‡√‘Ë¡µ—Èß·µà °“√§—¥·¬° ≈ß∑–‡∫’¬π

æ◊Èπ∑’Ë ”À√—∫ºŸâ∫“¥‡®Á∫Õ“°“√Àπ—° ª“π°≈“ß ·≈–‡∫“ ®—¥‡µ√’¬¡ à«π π—∫ πÿπ°“√√—°…“

æ¬“∫“≈„Àâæ√âÕ¡‡™àπ ·ºπ°√—ß ’ ‡¿ —™°√√¡ æ¬“∏‘«‘∑¬“ œ≈œ ®—¥‡µ√’¬¡ à«π π—∫ πÿπ∑—Ë«‰ª

‡™àπ ‚√ß§√—« ´—°√’¥ ®√“®√ ª√–™“ —¡æ—π∏å ·≈–°“√√—°…“§«“¡ª≈Õ¥¿—¬

®“°‡Àµÿ°“√≥å√–‡∫‘¥„À≠àÀ≈“¬Ê §√—Èß ‰¥â¡’ºŸâ √ÿª√Ÿª·∫∫¢Õß°“√„™â ∂“π

æ¬“∫“≈„π‡Àµÿ°“√≥å√–‡∫‘¥ (patterns of hospital use) ‰«â¥—ßπ’È

● À≈—ß‡°‘¥°“√√–‡∫‘¥ 90 π“∑’ ºŸâ∫“¥‡®Á∫√âÕ¬≈– 50-80 ®–‡¢â“√—∫°“√√—°…“∑’Ë

‚√ßæ¬“∫“≈∑’Ë„°≈â∑’Ë‡°‘¥‡Àµÿ∑’Ë ÿ¥  à«π‚√ßæ¬“∫“≈„°≈â‡§’¬ß À√◊ÕÕ¬ŸàπÕ°æ◊Èπ∑’Ë¡—°®–‰¡à

§àÕ¬¡’ºŸâ∫“¥‡®Á∫‡¥‘π∑“ß‰ª„™â∫√‘°“√

● ºŸâ∫“¥‡®Á∫Õ“°“√‰¡àÀπ—°¡—°‡¥‘π∑“ß‰ª‚√ßæ¬“∫“≈∑’Ë„°≈â∑’Ë‡°‘¥‡Àµÿ¥â«¬µπ‡Õß

‚¥¬‰¡à√Õ√∂æ¬“∫“≈©ÿ°‡©‘π ®÷ß àßº≈„Àâ

o ‰¡à‰¥â√—∫°“√§—¥·¬°Õ“°“√∫“¥‡®Á∫ ≥ ®ÿ¥‡°‘¥‡Àµÿ

o ‡¥‘π∑“ß‰ª∂÷ß‚√ßæ¬“∫“≈°àÕπºŸâªÉ«¬Õ“°“√Àπ—°

● ‚¥¬‡©≈’Ë¬ºŸâ∫“¥‡®Á∫®–„™â‡«≈“„π°“√√—°…“ ≥ ·ºπ°©ÿ°‡©‘π ª√–¡“≥ 3-6

™—Ë«‚¡ß °àÕπ∑’Ë®–√—∫‰«â‡ªìπºŸâªÉ«¬„π À√◊Õ„Àâ°≈—∫∫â“π

≈—°…≥–‡©æ“–¢ÕßºŸâ∫“¥‡®Á∫®”π«π¡“°®“°‡Àµÿ°“√≥å√–‡∫‘¥

‚Õ°“ ∑’Ë®–‰¥â∫“¥‡®Á∫®“°·√ß√–‡∫‘¥¢÷ÈπÕ¬Ÿà°—∫√–¬–Àà“ß®“°»Ÿπ¬å°≈“ß°“√√–‡∫‘¥

¥—ß√Ÿª∑’Ë 3 ®“°¿“æ®–æ∫«à“¬‘ËßÕ¬Ÿà„°≈â®ÿ¥»Ÿπ¬å°≈“ß°“√√–‡∫‘¥¡’‚Õ°“ ‰¥â√—∫∫“¥‡®Á∫ Ÿß

¡“°∑—Èß®“°§«“¡√âÕπ¢Õß√–‡∫‘¥ (thermal) ·√ß√–‡∫‘¥ (blast)  –‡°Á¥√–‡∫‘¥ (ballistic)
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º≈®“°°“√√–‡∫‘¥∑’Ë·ºà√—»¡’ÕÕ°‡ªìπ«ß°«â“ßºŸâ∫“¥‡®Á∫∑’Ë‡°‘¥¢÷Èπ®÷ß¡’§«“¡√ÿπ·√ß

·µ°µà“ß°—πÕÕ°‰ª ®“°µ“√“ß∑’Ë 5 ª√–¡“≥ 1/3 ¢ÕßºŸâ∫“¥‡®Á∫∑—ÈßÀ¡¥®–‡ªìπ°≈ÿà¡∑’Ë

Õ“°“√Àπ—° ‰¡à “¡“√∂™à«¬‡À≈◊Õµπ‡Õß‰¥â µâÕß√Õ°“√™à«¬‡À≈◊Õ®“°Àπà«¬°Ÿâ¿—¬·≈–π”

 àß‚√ßæ¬“∫“≈¥â«¬√∂æ¬“∫“≈  à«πºŸâ∫“¥‡®Á∫∑’Ë‡À≈◊ÕÕ’° 2/3 ®–‡ªìπºŸâ∫“¥‡®Á∫∑’ËÕ“°“√

∫“¥‡®Á∫‰¡à√ÿπ·√ß  “¡“√∂‡¥‘π∑“ß‰ª√—∫°“√√—°…“∑’Ë‚√ßæ¬“∫“≈‰¥â‡Õß‚¥¬‰¡àµâÕß√Õ

§«“¡™à«¬‡À≈◊Õ ¥—ßπ—Èπ„π ∂“π°“√≥å√–‡∫‘¥ ºŸâ∫“¥‡®Á∫°≈ÿà¡·√°∑’Ë‡¥‘π∑“ß¡“∂÷ß

‚√ßæ¬“∫“≈¡—°®–‡ªìπºŸâ∫“¥‡®Á∫∑’ËÕ“°“√‰¡à√ÿπ·√ß ·µà¡’®”π«π¡“°®πÕ“®≈âπ‡°‘π¢’¥

§«“¡ “¡“√∂¢Õß‚√ßæ¬“∫“≈‰¥â ®“°‡Àµÿ°“√≥å√–‡∫‘¥À≈“¬Ê ·Ààßæ∫«à“ ‚√ßæ¬“∫“≈∑’Ë

„°≈â∑’Ë‡°‘¥‡Àµÿ∑’Ë ÿ¥¡—°®–‰¥â√—∫ºŸâ∫“¥‡®Á∫®”π«π¡“°·µàÕ“°“√‰¡à√ÿπ·√ßπ—°  à«πºŸâ∫“¥‡®Á∫

Õ“°“√Àπ—°¡—°‡¥‘π∑“ß¡“∂÷ß‚√ßæ¬“∫“≈∑’À≈—ß ‚¥¬√∂æ¬“∫“≈ ´÷ËßÕ“®‡¢â“√—∫°“√√—°…“

∑’Ë‚√ßæ¬“∫“≈„°≈â∑’Ë‡°‘¥‡Àµÿ‰¡à‰¥â‡π◊ËÕß®“°‡µÁ¡‰ª¥â«¬ºŸâªÉ«¬Õ“°“√‰¡à√ÿπ·√ß∑’Ë‡¥‘π∑“ß¡“

∂÷ß°àÕπ ≈—°…≥–‡™àππ’È‡√’¬°«à“ çUpside-Downé triage

°“√ª√–¡“≥®”π«πºŸâ∫“¥‡®Á∫∑’ËÕ“®‡¢â“¡“√—∫°“√√—°…“®–¡’®”π«πª√–¡“≥ Õß

‡∑à“¢Õß®”π«πºŸâ∫“¥‡®Á∫∑’Ë‡¢â“¡“√—∫°“√√—°…“„π™—Ë«‚¡ß·√°∑’Ëπ—∫µ—Èß·µàºŸâ∫“¥‡®Á∫§π·√°

‡¥‘π∑“ß¡“∂÷ß (¥—ß√Ÿª∑’Ë 6)

µ—«Õ¬à“ß‡™àπ ‡°‘¥‡Àµÿ√–‡∫‘¥‡«≈“ 08.00 π. ºŸâªÉ«¬§π·√°‡¥‘π∑“ß¡“∂÷ß‡«≈“ 08.15

√Ÿª∑’Ë 5 ‚Õ°“ ‡°‘¥°“√∫“¥‡®Á∫‡¡◊ËÕ‡∑’¬∫°—∫√–¬–∑“ß®“°»Ÿπ¬å°≈“ß°“√√–‡∫‘¥
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π. ®”π«πºŸâ∫“¥‡®Á∫µ—Èß·µà 08.15-09.15 π. ¡’ 20 √“¬ ª√–¡“≥°“√ºŸâ∫“¥‡®Á∫∑’ËÕ“®‡¢â“

¡“√—∫°“√√—°…“®–Õ¬Ÿà∑’Ë 20 X 2 = 40 √“¬ ª√–‚¬™πå∑’Ë‰¥â√—∫®“°°“√ª√–¡“≥°“√π’È§◊Õ°“√

‡µ√’¬¡°“√∑√—æ¬“°√„ÀâæÕ‡æ’¬ß°—∫§«“¡µâÕß°“√„™â‰¥âÕ¬à“ß∂Ÿ°µâÕß

°“√ª√–‡¡‘π¢’¥§«“¡ “¡“√∂‚√ßæ¬“∫“≈„π°“√√—∫ºŸâ∫“¥‡®Á∫®“°‡Àµÿ°“√≥å

‡¡◊ËÕ‡°‘¥‡Àµÿ°“√≥å√–‡∫‘¥·≈–‡√‘Ë¡¡’ºŸâ∫“¥‡®Á∫®“°‡Àµÿ°“√≥å‡¢â“¡“√—∫√—°…“∑’Ë

‚√ßæ¬“∫“≈ §«√ª√–‡¡‘π¢’¥§«“¡ “¡“√∂¢Õß‚√ßæ¬“∫“≈«à“ “¡“√∂„Àâ°“√¥Ÿ·≈ºŸâªÉ«¬‰¥â

‡∑à“„¥ §«√·¬°‡ªìπ¢’¥§«“¡ “¡“√∂„π°“√¥Ÿ·≈ºŸâªÉ«¬Àπ—° ·≈–ºŸâªÉ«¬Õ“°“√‰¡àÀπ—°

‡π◊ËÕß®“°ºŸâ∫“¥‡®Á∫Õ“°“√Àπ—° ¡—°¡’§«“¡®”‡ªìπµâÕß„™âÀâÕßºà“µ—¥ ¥—ßπ—Èπ°“√

ª√–‡¡‘π¢’¥§«“¡ “¡“√∂¢Õß‚√ßæ¬“∫“≈„π°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫Õ“°“√Àπ—° ®÷ßª√–‡¡‘π‰¥â

®“°®”π«πÀâÕßºà“µ—¥∑’Ë “¡“√∂„Àâ∫√‘°“√‰¥â„π¢≥–π—Èπ ‡™àπ¢≥–π—Èπ¡’ÀâÕßºà“µ—¥«à“ßæ√âÕ¡

µ“√“ß∑’Ë 5 Severity Predictor for Mass Casualty Events*

Triage Category

Å Black (Dead/Expectant)

1/3 Critical Casualties --> Å Red I, II (Immediate)

Å Yellow III (Delayed-admitted)

All Casualty Victims -->

Å Yellow III (Delayed-released)

2/3 Non-Critical Casualties -->

Å Green IV (Minimal)

* The following factors can change the pattern of casualties:

● Use of manufactured weapons (i.e., military ordinance),

● Explosion in a confined space or,

● Collapse of buildings or other structures

If one of these factors is present, the pattern of casualties can change and the number

of critical casualties may double.

Source: http://www.bt.cdc.gov/masscasualties/capacity.asp
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„™âß“πÕ¬Ÿà 3 ÀâÕß ¢’¥§«“¡ “¡“√∂¢Õß‚√ßæ¬“∫“≈„π°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫Õ“°“√Àπ—°®“°

‡Àµÿ°“√≥å„π¢≥–π—Èπ §◊Õ 3 √“¬ ¢’¥§«“¡ “¡“√∂π’È‡æ‘Ë¡À√◊Õ≈¥≈ß‰¥âµ“¡®”π«πÀâÕß

ºà“µ—¥∑’Ëæ√âÕ¡„™âß“π„π¢≥–π—Èπ ‡¡◊ËÕ„¥∑’Ë¡’®”π«πºŸâ∫“¥‡®Á∫Õ“°“√Àπ—°¡“°°«à“¢’¥§«“¡

 “¡“√∂„π°“√„Àâ°“√¥Ÿ·≈¢≥–π—Èπ§«√æ‘®“√≥“ àßµàÕºŸâ∫“¥‡®Á∫‰ª¬—ß‚√ßæ¬“∫“≈Õ◊ËπÊ∑’Ë

 “¡“√∂„Àâ∫√‘°“√‰¥â∑—π∑’ ‰¡à§«√√Õ‡æ√“–Õ“®∑”„ÀâÕ“°“√∫“¥‡®Á∫·¬à≈ß‰¥â

ºŸâ∫“¥‡®Á∫Õ“°“√‰¡àÀπ—°∑’Ë¡“∂÷ß‚√ßæ¬“∫“≈ à«π„À≠à¡—°®”‡ªìπµâÕß∂à“¬¿“æ√—ß ’

¢Õß∑√«ßÕ°‡æ◊ËÕÀ“¿“«–ªÕ¥™È”®“°·√ß√–‡∫‘¥ ¥—ßπ—Èπ¢’¥§«“¡ “¡“√∂¢Õß‚√ßæ¬“∫“≈„π

°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫Õ“°“√‰¡àÀπ—°®÷ß¢÷Èπ°—∫ §«“¡ “¡“√∂„π°“√„Àâ∫√‘°“√¢Õß·ºπ°√—ß ’

‚¥¬‡©≈’Ë¬°“√∂à“¬¿“æ√—ß ’ºŸâ∫“¥‡®Á∫Àπ÷Ëß§π®–„™â‡«≈“ª√–¡“≥ 10 π“∑’ „π 1 ™—Ë«‚¡ß®÷ß

 “¡“√∂„Àâ∫√‘°“√ºŸâ∫“¥‡®Á∫‰¥â 6 §π µàÕ‡§√◊ËÕß∂à“¬¿“æ√—ß ’ 1 ‡§√◊ËÕß ‚¥¬ √ÿª¢’¥§«“¡

 “¡“√∂¢Õß‚√ßæ¬“∫“≈„π°“√„Àâ°“√∫√‘°“√ºŸâ∫“¥‡®Á∫Õ“°“√‰¡àÀπ—°„π 1 ™—Ë«‚¡ß ®–‡∑à“°—∫

®”π«π‡§√◊ËÕß∂à“¬¿“æ√—ß ’ (√«¡∑—Èß·∫∫‡§≈◊ËÕπ∑’Ë·≈–µ‘¥µ—Èß°—∫∑’Ë) X 6

‡¡◊ËÕª√–¡“≥¢’¥§«“¡ “¡“√∂∑’Ë®–¥Ÿ·≈ºŸâ∫“¥‡®Á∫‰¥â·≈â« ∂â“¡’ºŸâ∫“¥‡®Á∫‡¢â“¡“

¡“°°«à“¢’¥§«“¡ “¡“√∂∑’Ë¡’Õ¬Ÿà §«√æ‘®“√≥“ àßµàÕºŸâ∫“¥‡®Á∫‰ª√—∫°“√√—°…“„π‚√ß

æ¬“∫“≈„°≈â‡§’¬ß∑’Ë¬—ß¡’¢’¥§«“¡ “¡“√∂‡À≈◊ÕÕ¬Ÿà∑—π∑’

Source: http://www.bt.cdc.gov/masscasualties/predictor.asp

√Ÿª∑’Ë 6 Predicted Emergency Department Casualties
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 √ÿª

„π ∂“π°“√≥åªí®®ÿ∫—π°“√°àÕ°“√√â“¬¥â«¬√–‡∫‘¥¡’·π«‚πâ¡¡“°¢÷Èπ ¥—ßπ—Èπ·æ∑¬å

§«√»÷°…“À“§«“¡√Ÿâ‡°’Ë¬«°—∫°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫®“°√–‡∫‘¥ °“√√–‡∫‘¥°àÕ„Àâ‡°‘¥°“√∫“¥‡®Á∫‰¥â

4 √–¬– §◊Õ primary blast injury ®“°§≈◊Ëπ√–‡∫‘¥ secondary blast injury ®“°

 –‡°Á¥√–‡∫‘¥ tertiary blast injury ®“°°“√∑’Ë√à“ß°“¬µ°°√–·∑°°—∫«—µ∂ÿ ·≈– quater-

nary blast injury ®“°§«“¡√âÕπÀ√◊Õ “√‡§¡’®“°√–‡∫‘¥ ªí®®—¬∑’Ë¡’º≈µàÕ°“√∫“¥‡®Á∫§◊Õ

™π‘¥·≈–¢π“¥¢Õß√–‡∫‘¥ √–¬–Àà“ß®“°®ÿ¥»Ÿπ¬å°≈“ß°“√√–‡∫‘¥  ‘Ëß·«¥≈âÕ¡¢≥–‡°‘¥‡Àµÿ

( ∂“π∑’Ëªî¥ À√◊Õ‡ªî¥‚≈àß) ‡Àµÿ°“√≥å∑’Ë‡°‘¥√à«¡ (Õ“§“√∂≈à¡ ‰ø‰À¡â) ≈—°…≥–‡©æ“–¢Õß

°“√∫“¥‡®Á∫®“°√–‡∫‘¥∑’Ë‡°‘¥°—∫Õ«—¬«– ”§—≠ ‡™àπ blast lung, blast brain, blast abdo-

men µâÕß‰¥â√—∫°“√¥Ÿ·≈‡©æ“–πÕ°‡Àπ◊Õ®“°°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫∑—Ë«‰ª ‡™àπ °“√√–«—ß‡√◊ËÕß

°“√„™â‡§√◊ËÕß™à«¬À“¬„® °“√„Àâ “√πÈ” √–«—ß‡√◊ËÕß arterial air embolism œ≈œ πÕ°®“°

π—Èπ·≈â«°“√√–‡∫‘¥¡—°°àÕ„Àâ‡°‘¥ºŸâ∫“¥‡®Á∫®”π«π¡“°∑’ËµâÕß¡’°“√®—¥°“√ ∂“π°“√≥å∑’Ë

µà“ß‰ª®“° ∂“π°“√≥åºŸâ∫“¥‡®Á∫®”π«π¡“°®“° “‡ÀµÿÕ◊Ëπ ºŸâ∫“¥‡®Á∫ à«π„À≠à (2/3)

Õ“°“√‰¡à√ÿπ·√ß ·µà®–‡¥‘π∑“ß‡¢â“√—∫°“√√—°…“∑’Ë‚√ßæ¬“∫“≈°àÕπ  à«πºŸâ∫“¥‡®Á∫Õ“°“√Àπ—°

(1/3) ®–¡“∂÷ß‚√ßæ¬“∫“≈‰¥â™â“°«à“ ºŸâ∫“¥‡®Á∫ à«π„À≠à®–‡¢â“√—∫°“√√—°…“∑’Ë‚√ßæ¬“∫“≈

∑’Ë„°≈â∑’Ë ÿ¥ ºŸâ∫“¥‡®Á∫ª√–¡“≥§√÷ËßÀπ÷Ëß¢Õß∑—ÈßÀ¡¥®–‡¢â“√—∫°“√√—°…“¿“¬„π™—Ë«‚¡ß·√°

∑’Ëπ—∫®“°ºŸâ∫“¥‡®Á∫§π·√°‡¥‘π∑“ß¡“∂÷ß‚√ßæ¬“∫“≈ °“√ª√–¡“≥¢’¥§«“¡ “¡“√∂¢Õß

‚√ßæ¬“∫“≈„π°“√√—∫ºŸâ∫“¥‡®Á∫Õ“°“√Àπ—°¢÷Èπ°—∫®”π«πÀâÕßºà“µ—¥∑’Ëæ√âÕ¡„™âß“π„π¢≥–π—Èπ

 à«π¢’¥§«“¡ “¡“√∂„π°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫Õ“°“√‰¡à√ÿπ·√ß¢÷Èπ°—∫®”π«π‡§√◊ËÕß∂à“¬¿“æ

√—ß ’ X 6 °“√ª√–‡¡‘π¢’¥§«“¡ “¡“√∂¢Õß‚√ßæ¬“∫“≈®–™à«¬„π°“√‡µ√’¬¡∑√—æ¬“°√„Àâ

‡À¡“– ¡„π°“√¥Ÿ·≈ºŸâ∫“¥‡®Á∫ À√◊Õµ—¥ ‘π„® àßµàÕºŸâ∫“¥‡®Á∫‰ª¬—ß ∂“πæ¬“∫“≈Õ◊Ëπ‰¥â

Õ¬à“ß‡À¡“– ¡·≈–∑—π‡«≈“ »—≈¬·æ∑¬å§«√¡’§«“¡√Ÿâ·≈–§«“¡‡¢â“„®„π°“√¥Ÿ·≈√—°…“

ºŸâ∫“¥‡®Á∫®“°°“√√–‡∫‘¥‡ªìπÕ¬à“ß¥’ Õ’°∑—Èß„π ∂“π°“√≥å∑’Ë¡’ºŸâ∫“¥‡®Á∫®”π«π¡“°®“°°“√

√–‡∫‘¥ »—≈¬·æ∑¬å¡—°®–‰¥â√—∫°“√§“¥À«—ß«à“®–µâÕß‡ªìπºŸâπ”„π°“√∫√‘À“√®—¥°“√ ∂“π°“√≥å

®÷ß®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë»—≈¬·æ∑¬å®–µâÕß‡¢â“„®À≈—°°“√®—¥°“√ºŸâ∫“¥‡®Á∫®”π«π¡“°®“°°“√

√–‡∫‘¥‡ªìπÕ¬à“ß¥’ ‡æ◊ËÕ∫√‘À“√®—¥°“√ ∂“π°“√≥å·≈–™à«¬™’«‘µºŸâ∫“¥‡®Á∫®“°‡Àµÿ°“√≥å

√–‡∫‘¥„Àâ‰¥â¡“°∑’Ë ÿ¥
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√à“ß°“¬¢Õß¡πÿ…¬å¡’§«“¡ “¡“√∂Õ¬à“ß¡À—»®√√¬å„π°“√§«∫§ÿ¡√–∫∫°“√‰À≈

‡«’¬π‚≈À‘µ‰ª‡≈’È¬ß à«πµà“ßÊ ¢Õß√à“ß°“¬‰¥âÕ¬à“ßµàÕ‡π◊ËÕß ‡¡◊ËÕ¡’°“√∫“¥‡®Á∫‡ ’¬‡≈◊Õ¥

√à“ß°“¬°Á®–¡’°“√´àÕ¡·´¡À≈Õ¥‡≈◊Õ¥‚¥¬°“√ √â“ß°âÕπ‡≈◊Õ¥‰ªÕÿ¥µ”·Àπàß∑’Ë√—Ë«Õ¬Ÿà‡√’¬°

«à“°√–∫«π°“√Àâ“¡‡≈◊Õ¥ ·µà°√–¢∫«π°“√π’ÈÀ“°¡’¡“°‡°‘π‰ª°Á°àÕ„Àâ‡°‘¥‚∑…‰¥â „πºŸâªÉ«¬

»—≈¬°√√¡ °“√ √â“ß°âÕπ‡≈◊Õ¥∑’Ë¡“°º‘¥ª°µ‘ (clotting disorder) æ∫‰¥â∫àÕ¬®“°

À≈“¬ “‡Àµÿ  àßº≈„Àâ‡°‘¥¿“«–·∑√°´âÕπÀ≈“¬Õ¬à“ßµ“¡¡“®π∂÷ß¢—Èπ‡ ’¬™’«‘µ‰¥â ¬°

µ—«Õ¬à“ß‡™àπ myocardial infarction (MI) ·≈– pulmonary embolism ¥—ßπ—Èπ

»—≈¬·æ∑¬å§«√„Àâ§«“¡ ”§—≠°—∫§«“¡√Ÿâæ◊Èπ∞“π¢Õß°≈‰°°“√Àâ“¡‡≈◊Õ¥ (hemostasis)

·≈–°“√·¢Áßµ—«¢Õß‡≈◊Õ¥∑’Ë¡“°º‘¥ª°µ‘ Õ—π®–‡ªìπæ◊Èπ∞“π∑’Ë ”§—≠„π°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬

µàÕ‰ª „π∫∑§«“¡π’È‰¡à≈ß√“¬≈–‡Õ’¬¥„π¥â“π«‘∑¬“»“ µ√åæ◊Èπ∞“π¡“° ·µà®–‡πâπ„π à«π∑’Ë

‡°’Ë¬«¢âÕß°—∫¥â“π°“√¥Ÿ·≈ºŸâªÉ«¬»—≈¬°√√¡‡ªìπÀ≈—°

°“√Àâ“¡‡≈◊Õ¥ (Hemostasis)

√–∫∫‰À≈‡«’¬π‚≈À‘µ (cardiovascular system) ¡’Àπâ“∑’ËÀ≈—°„π°“√≈”‡≈’¬ß

Õ“À“√ ÕÕ°´‘‡®π·≈–¢Õß‡ ’¬ À¡ÿπ‡«’¬π√–À«à“ßÕ«—¬«–µà“ßÊ „π√à“ß°“¬ °“√∑’Ë√–∫∫‰À≈

‡«’¬π‚≈À‘µ®–∑”Àπâ“∑’Ë¥—ß°≈à“«‰¥â®–µâÕßÕ“»—¬¢Õß‡À≈«∑’Ë§ß ¿“æ·≈– “¡“√∂À¡ÿπ‡«’¬π

Õ¬Ÿà„πÀ≈Õ¥‡≈◊Õ¥‰¥âµ≈Õ¥‡«≈“ ‚¥¬®–µâÕßÕ“»—¬ªí®®—¬µà“ßÊ ¥—ßπ’È1
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°. √à“ß°“¬µâÕß¡’À≈Õ¥‡≈◊Õ¥∑’Ë¥’ ‰¡à√—Ë« ·≈–‰¡àµ—π ‰¥â·°à °“√¡’ vascular

endothelium ·≈– natural anticoagulant ∑’Ëª°µ‘

¢. ‡¡◊ËÕÀ≈Õ¥‡≈◊Õ¥©’°¢“¥°Á “¡“√∂∑”„Àâ‡°‘¥°âÕπ‡≈◊Õ¥ (thrombus) ‰ªÕÿ¥

„π à«π∑’Ë©’°¢“¥‡æ◊ËÕªÑÕß°—π‰¡à„Àâ‡ ’¬‡≈◊Õ¥¡“° ´÷Ëß°“√∑”‡™àππ’È®–µâÕß¡’ clotting factor

·≈–‡°≈Á¥‡≈◊Õ¥∑’Ëª°µ‘

§. ·µà°“√‡°‘¥°âÕπ‡≈◊Õ¥π’ÈµâÕß‰¡à¡“°‡°‘π‰ª®π∑”„Àâ‡°‘¥°“√Õÿ¥µ—πÀ≈Õ¥

‡≈◊Õ¥À√◊Õ‡°‘¥°âÕπ‡≈◊Õ¥¢¬“¬«ß°«â“ßÕÕ°‰ªπÕ°∫√‘‡«≥∑’ËÀ≈Õ¥‡≈◊Õ¥‰¥â√—∫°“√∫“¥‡®Á∫

´÷Ëß°√–∫«π°“√π’ÈµâÕßÕ“»—¬¢∫«π°“√ ≈“¬≈‘Ë¡‡≈◊Õ¥ (fibrinolysis) ∑’Ëª°µ‘

¥—ß∑’Ë°≈à“«¡“π’È hemostasis ‡ªìπ√–∫∫°“√ªÑÕß°—πµπ‡Õß¢Õß√à“ß°“¬ª√–‡¿∑Àπ÷Ëß

´÷Ëß¡’°“√∑”ß“πÕ¬à“ß≈–‡Õ’¬¥ÕàÕπ√–À«à“ßÀ≈“¬√–∫∫√à«¡°—π À“°¡’ à«π„¥ à«πÀπ÷Ëß∑”ß“π

¡“°À√◊ÕπâÕ¬‡°‘π°«à“ª°µ‘°Á®–°àÕ„Àâ‡°‘¥ªí≠À“‡≈◊Õ¥ÕÕ°‰¡àÀ¬ÿ¥ (bleeding) À√◊Õ‡°‘¥¡’

°âÕπ‡≈◊Õ¥¡“°®πÀ≈Õ¥‡≈◊Õ¥Õÿ¥µ—π (clotting disorder) ‰¥â

À≈—ß®“°∑’ËÀ≈Õ¥‡≈◊Õ¥‰¥â√—∫∫“¥‡®Á∫®–¡’À≈“¬°√–∫«π°“√‡°‘¥¢÷Èπµ“¡≈”¥—∫

‡Àµÿ°“√≥å ¥—ßπ’È1-5

1. Vasocontriction

‡¡◊ËÕÀ≈Õ¥‡≈◊Õ¥‰¥â√—∫∫“¥‡®Á∫®–¡’°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ„πÀ≈Õ¥‡≈◊Õ¥∑”„Àâ

‡≈◊Õ¥‰À≈ÕÕ°™â“≈ß °√–∫«π°“√π’È‡ªìπ°“√∑”ß“πºà“π∑“ß nerve reflex

2. Platelet Action

°“√∑’ËÀ≈Õ¥‡≈◊Õ¥©’°¢“¥®–°√–µÿâπ„Àâ¡’‡°≈Á¥‡≈◊Õ¥¡“‡°“– (platelet adhesion)

·≈–√«¡µ—« (platelet aggregation) ®π‡°‘¥‡ªìπ platelet plug

2.1 Platelet Adhesion

‡¡◊ËÕ¡’°“√∫“¥‡®Á∫µàÕÀ≈Õ¥‡≈◊Õ¥ ®–‡º¬„Àâ‡ÀÁπ collagen ∑’ËÕ¬Ÿà„µâµàÕ en-

dothelium (subendothelial collagen) endothelial cell ∑’Ë∫“¥‡®Á∫®–ª≈àÕ¬ von

Willebrand factor (vWF) ∑”„Àâ‡°≈Á¥‡≈◊Õ¥‡¢â“‡°“–°—∫ subendothelial collagen ·≈–

endothelium ∑’Ë∫“¥‡®Á∫°Á®–ª≈àÕ¬ tissue thromboplastin ‰ª°√–µÿâπ extrinsic path-

way ¢Õß°“√ coagulation πÕ°®“°π’È‡°≈Á¥‡≈◊Õ¥®–À≈—Ëß “√ÕÕ°®“°µ—«¢Õß‡°≈Á¥‡≈◊Õ¥‡™àπ

ADP, serotonin ‡ªìπµâπ ́ ÷Ëß “√‡À≈à“π’È®–°√–µÿâπ∑”„Àâ‡°≈Á¥‡≈◊Õ¥¡“√«¡°—π¡“°¢÷Èπ (platelet
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aggregation)

2.2 Platelet Aggregation

Arachidonic acid ´÷Ëß‡ªìπ à«πª√–°Õ∫„π phospholipid ¢Õß

‡°≈Á¥‡≈◊Õ¥®– √â“ß “√ 2 ™π‘¥§◊Õ thromboxane A2 (TXA2) ·≈– prostacyclin (PGI2)

‚¥¬°“√∑”ß“π¢Õß‡Õπ‰´¡å cyclooxygenase

TXA2 ®–∑”„Àâ‡°‘¥ platelet aggregation ¡“°·≈–À≈Õ¥‡≈◊Õ¥À¥µ—«

¡“°¢÷Èπ °“√√«¡µ—«¢Õß‡°≈Á¥‡≈◊Õ¥π’È°àÕ„Àâ‡°‘¥°“√Õÿ¥ à«π¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë∫“¥‡®Á∫‡æ◊ËÕ

À¬ÿ¥‡≈◊Õ¥ÕÕ° ·µà°“√Õÿ¥π’È¬—ß‰¡à·¢Áß·√ß¡“°π—° ‡√’¬°«à“ primary hemostatic plug

(®–·¢Áß·√ß¡“°‡¡◊ËÕ¡’ fibrin ¡“‡°“–)  à«π prostacyclin ®–∑”Àπâ“∑’Ë„π°“√√–ß—∫‰¡à„Àâ

primary hemostatic plug °√–®“¬ÕÕ°‰ª

3. Coagulation System

°√–∫«π°“√π’È∑”ß“π¥â«¬ clotting factor 12 ™π‘¥‚¥¬ 10 ™π‘¥‡ªìπæ≈“ ¡“

‚ª√µ’π∑’Ë‰À≈‡«’¬π„π°√–· ‡≈◊Õ¥ Õ’° 2 ™π‘¥‡ªìπ·§≈‡´’¬¡·≈– tissue factor „π°“√

‡√’¬°™◊ËÕπ—Èπ‰¥â„™â —≠≈—°…≥å‡ªìπ‡≈¢‚√¡—π„π°“√‡√’¬°™◊ËÕ „π¿“«–ª°µ‘®–‰¡à‡°‘¥ coagula-

tion „πÀ≈Õ¥‡≈◊Õ¥‡æ√“– clotting factor ®–Õ¬Ÿà„π√Ÿª‰¡àÕÕ°ƒ∑∏‘Ï (inactive form)

°√–∫«π°“√ coagulation ¢Õß‡≈◊Õ¥‡ªìπ°“√∑”ß“πÕ¬à“ß‡ªìπ¢—ÈπµÕπ·≈–µàÕ‡π◊ËÕß®“° plate-

let action ‚¥¬®“°°“√»÷°…“„πÀ≈Õ¥∑¥≈Õß æ∫«à“ “¡“√∂·∫àß‰¥â‡ªìπ Õß°√–∫«π°“√

§◊Õ intrinsic pathway ·≈– extrinsic pathway (√Ÿª∑’Ë 1) ·≈â«∑—Èß Õß√–∫∫¡“

∑”ß“π√à«¡°—π‡ªìπ√–∫∫‡¥’¬«°—π„π™à«ßÀ≈—ßµ√ß∫√‘‡«≥¢Õß common pathway ‚¥¬‡√‘Ë¡

∑’Ë factor X ®π ÿ¥∑â“¬‡°‘¥‡ªìπ fibrin (clot) ·µàªí®®ÿ∫—π‡™◊ËÕ«à“°√–∫«π°“√ coagulation

¢Õß‡≈◊Õ¥„π√à“ß°“¬ (in vivo) ®√‘ßÊ ‰¡à‰¥â·¬°‡ªìπÕ‘ √– 2 √–∫∫Õ¬à“ß∑’Ë‡§¬§‘¥°—π

ªí®®ÿ∫—π¡’À≈—°∞“πÀ≈“¬ª√–°“√∑”„Àâ‡™◊ËÕ«à“ extrinsic pathway ¡’∫∑∫“∑‡¥àπ„π coagu-

lation system ¡“°°«à“·≈– tissue factor ®–¡’∫∑∫“∑¡“°·≈–°√–µÿâπ∑—Èß Õß√–∫∫3

4. °√–∫«π°“√°“√≈–≈“¬≈‘Ë¡‡≈◊Õ¥ (Fibrinolysis)

„π√–À«à“ß∑’Ë¡’°“√´àÕ¡·´¡À≈Õ¥‡≈◊Õ¥·≈– ¡“π·º≈ ®–¡’°“√°”®—¥ fibrin

‚¥¬°√–∫«π°“√ fibrinolysis ´÷Ëß°√–∫«π°“√π’È¡’‡æ◊ËÕªÑÕß°—π‰¡à„Àâ‡°‘¥≈‘Ë¡‡≈◊Õ¥¡“°‡°‘π

‰ª®π‡°‘¥À≈Õ¥‡≈◊Õ¥Õÿ¥µ—π ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°“√Õÿ¥µ—ππ’ÈÕ“®°√–®“¬‰ªÕ¬à“ß°«â“ß¢«“ß
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®π‡°‘¥º≈‡ ’¬

°≈‰°°“√≈–≈“¬¢Õß≈‘Ë¡‡≈◊Õ¥‡°‘¥®“°‚ª√‡ÕÁπ‰´¡å„π‡≈◊Õ¥∑’Ë‡√’¬°«à“ plasmino-

gen ®–∂Ÿ°°√–µÿâπ‚¥¬ tissue plasminogen activator (TPA) „π‡≈◊Õ¥À√◊Õ®“°

‡π◊ÈÕ‡¬◊ËÕ„Àâ‡ª≈’Ë¬π‡ªìπ active form °≈“¬‡ªìπ plasmin ´÷Ëß “¡“√∂¬àÕ¬ fibrin „Àâ·¬°

‡ªìπ™‘Èπ à«π∑’Ë‡≈Á°≈ß´÷Ëß¡’™◊ËÕ‡√’¬°«à“ fibrin degradation product (‡™àπ D-dimer, frag-

ment X Y E) ·≈â«°Á®–∂Ÿ° reticuloendothelial system ¢—∫ÕÕ°∑“ßªí  “«–‰¥â

„π¢≥–‡¥’¬«°—π√à“ß°“¬°Á √â“ß¿“«– ¡¥ÿ≈‰¡à„Àâ¡’°“√≈–≈“¬≈‘Ë¡‡≈◊Õ¥¡“°

‡°‘π‰ª‚¥¬ endothelium ®– √â“ß plasminogen activator inhibitor I (PAI-I) ·≈–

antiplasmin πÕ°®“°π’È√à“ß°“¬¡πÿ…¬å¡’°≈‰°∏√√¡™“µ‘ªÑÕß°—π‰¡à„Àâ‡°‘¥°âÕπ‡≈◊Õ¥‰¥â

‚¥¬ßà“¬ ‚¥¬°“√¡’ natural anticoagulant (√Ÿª∑’Ë 2) ‡™àπ antithrombin (AT)  “¡“√∂

¬—∫¬—Èß°“√∑”ß“π¢Õß factor IIa (‡ªìπÀ≈—°) ·≈– protein C √à«¡°—∫°“√∑”ß“π°—∫ protein

S ®–‰ªÀ¬ÿ¥¬—Èß°“√∑”ß“π¢Õß factor Va ·≈– factor VIIIa ‡ªìπµâπ

°“√∑¥ Õ∫°√–∫«π°“√°“√Àâ“¡‡≈◊Õ¥

°“√∑¥ Õ∫¢∫«π°“√Àâ“¡‡≈◊Õ¥¡’‰¥âÀ≈“¬Õ¬à“ß‡™àπ6

ë °“√π—∫®”π«π‡°≈Á¥‡≈◊Õ¥®”π«πª°µ‘¡’ 160,000-450,000 ‡´≈≈å/mm3

(√Ÿª¥—¥·ª≈ß®“° Macintyre IM, Smith RC, The Royal College of Surgeons of Edinburgh SELECT

Program. Dundee: Dundee University Press; 2000: P 1-32.)

√Ÿª∑’Ë 1 °√–∫«π°“√Àâ“¡‡≈◊Õ¥‚¥¬ clotting factors

Intrinsic Extrinsic

XIIa Tissue factor
XIa VIIa
IX

X Xa X

Common pathway
V, prothrombin
Fibrinogen, XIIIa

Clot

▼

▼

▼▼

▼
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ë Bleeding time: °“√∑”„Àâ¡’·º≈¢π“¥‡≈Á°‡°‘¥¢÷Èπ (small puncture)

·≈â««—¥«à“π“π‡∑à“„¥®÷ß®–¡’‡≈◊Õ¥À¬ÿ¥ ª°µ‘§◊Õ 1-8 π“∑’ ‡ªìπ°“√ª√–‡¡‘π°“√∑”ß“π¢Õß

‡°≈Á¥‡≈◊Õ¥

ë Clotting time: °“√∑’Ëπ”‡≈◊Õ¥®“°À≈Õ¥‡≈◊Õ¥¥”¡“„ àÀ≈Õ¥·°â« (test tube)

·≈â««—¥«à“π“π‡∑à“„¥®÷ß‡°‘¥°âÕπ‡≈◊Õ¥„πÀ≈Õ¥·°â« ª°µ‘§à“¥—ß°≈à“«®–¡’§à“ 5-15 π“∑’

‡ªìπ°“√µ√«®°“√∑”ß“π¢Õß√–∫∫°“√·¢Áßµ—«¢Õß‡≈◊Õ¥„π√–∫∫ intrinsic ·≈– common

pathway ·≈–°“√∑”ß“π¢Õß‡°≈Á¥‡≈◊Õ¥

ë Activated partial thromboplastin time (aPTT): ‡ªìπ°“√µ√«®°“√

∑”ß“π¢Õß√–∫∫ coagulation ¢Õß‡≈◊Õ¥„π√–∫∫ intrinsic ·≈– common pathway

°“√·ª≈º≈®–∑”‚¥¬π”§à“ PTT ¢ÕßºŸâªÉ«¬‡∑’¬∫°—∫§à“§«∫§ÿ¡

ë Prothrombin time (PT) ‡ªìπ°“√µ√«®°“√∑”ß“π¢Õß√–∫∫ coagulation

„π√–∫∫ extrinsic ·≈– common pathway °“√·ª≈º≈®–∑”‚¥¬π”§à“ PT ¢ÕßºŸâªÉ«¬

√Ÿª∑’Ë 2 ·ºπ¿Ÿ¡‘ √ÿª°≈‰°°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ºà“π∑“ß intrinsic pathway √à«¡°—∫· ¥ß°≈‰°

∑’Ë natural anticoagulant ∑”ß“π °“√‡°‘¥¿“«– hypercoagulable state  “¡“√∂

‡°‘¥®“°°“√∑’ËºŸâªÉ«¬¡’ natural anticoagulant πâÕ¬°«à“ª°µ‘‰¥â (Prot C-S = protein

C √à«¡°—∫ protein S, AT = antithrombin)

(√Ÿª¥—¥·ª≈ß®“° Zelenock GB. Mastery of vascular and endovascular surgery. Philadelphia; London :

Lippincott Williams & Wilkins, 2006.)

X XIIa

XIa

IXa

VIIIa

VIIa Xa ProtC-S AT

Va Fibrinogen

II IIa (thrombin)

Fibrin

▼

▼

▼

▼
▼

▼

▼

▼

▼
▼ ▼

▲
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‡∑’¬∫°—∫§à“§«∫§ÿ¡·≈–¡’°“√ª√—∫‡≈Á°πâÕ¬°—∫§à“¡“µ√∞“π (international sensitivity

index) ·≈–√“¬ß“πº≈ÕÕ°¡“‡ªìπ PT (INR-International Normalized Ratio)

ë Test for fibrinolysis: „πºŸâªÉ«¬∑’Ë¡’ fibrinolysis ¡“°‡°‘πª°µ‘ æ∫¡’

circulating plasminogen activator ª√‘¡“≥¡“°´÷Ëß “¡“√∂µ√«®‰¥â®“° euglobulin

clot lysis time °“√µ√«®∑“ßÕ‘¡¡Ÿ‚π°Á®–æ∫ª√‘¡“≥¢Õß fibrin degradation product

∑’Ë‡æ‘Ë¡¢÷Èπ·≈–¡’°“√≈¥≈ß¢Õß circulating plasminogen

ë °“√À“ª√‘¡“≥¢Õß clotting factor ·µà≈–™π‘¥´÷Ëßªí®®ÿ∫—π “¡“√∂À“∑”‰¥â

„π°“√À“¢Õß factor VIII, IX, XI, XII ·≈– vWF

¿“«–°“√‡°‘¥°âÕπ‡≈◊Õ¥∑’Ë¡“°‡°‘π‰ª (Clotting Disorder)

¥—ß∑’Ë‰¥â°≈à“«·≈â««à“°√–∫«π°“√ hemostasis ‡ªìπ°√–∫«π∑’Ë ”§—≠‡æ◊ËÕªÑÕß°—π

‰¡à„ÀâÀ≈Õ¥‡≈◊Õ¥∑’Ë∫“¥‡®Á∫¡’°“√‡ ’¬‡≈◊Õ¥¡“°¡“¬ ·µà∂â“À“°«à“°√–∫«π°“√¥—ß°≈à“«¡’

¡“°‡°‘π‰ª °Á àßº≈„ÀâÀ≈Õ¥‡≈◊Õ¥¡’°âÕπ‡≈◊Õ¥¡“Õÿ¥µ—π (thrombosis) ®π‡≈◊Õ¥‰ª‡≈’È¬ß

Õ«—¬«–µà“ßÊ ‰¥â‰¡àæÕ ‡°‘¥Õ“°“√¢“¥‡≈◊Õ¥¢ÕßÕ«—¬«–∑’ËÀ≈Õ¥‡≈◊Õ¥π—ÈπÊ ‰ª‡≈’È¬ß‰¥â

‡ªìπ∑’Ëπà“ π„®∑’Ë¡’°“√„™â pathological term ∑’Ë§àÕπ¢â“ß —∫ π„π§«“¡À¡“¬¢Õß°âÕπ‡≈◊Õ¥7

°≈à“«§◊Õ„π∫√‘‡«≥∑’Ë¡’°√–∫«π°“√ hemostasis °âÕπ‡≈◊Õ¥‡°‘¥Õ¬ŸàπÕ°À≈Õ¥‡≈◊Õ¥‡√’¬°«à“

clot ∂â“°âÕπ‡≈◊Õ¥Õ¬Ÿà„πÀ≈Õ¥‡≈◊Õ¥‡√’¬°«à“ thrombus ·µà∂â“ thrombus ‡À≈à“π’È

À≈ÿ¥≈Õ¬‰ªÕÿ¥À≈Õ¥‡≈◊Õ¥∑’ËÀà“ß‰°≈®“°µâπ°”‡π‘¥°âÕπ‡≈◊Õ¥‡√’¬°«à“ embolus

Virchow ‰¥â°≈à“«¡“¡“°°«à“ 150 ªï«à“ ¡’ªí®®—¬Õ¬Ÿà 3 ª√–°“√ (Virchowûs triad)8

∑’Ë‡Àπ’Ë¬«π”∑”„Àâ‡°‘¥°âÕπ‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥ (thrombosis) ‚¥¬ßà“¬ ‰¥â·°à ¿“«–∑’Ë¡’

§«“¡º‘¥ª°µ‘¢Õß à«πª√–°Õ∫„π‡≈◊Õ¥´÷Ëß∑”„Àâ‡°‘¥°âÕπ‡≈◊Õ¥‰¥âßà“¬ (hypercoagulable

state) °√–· ‡≈◊Õ¥«‘Ëß™â“≈ß (stasis) ·≈–ºπ—ßÀ≈Õ¥‡≈◊Õ¥‰¥â√—∫°“√∫“¥‡®Á∫ (vessel wall

injury) ªí®®ÿ∫—π§«“¡‡¢â“„®µàÕ Virchowûs triad ¡’¡“°¢÷Èπ·≈– “¡“√∂„™âÕ∏‘∫“¬«à“

 ¿“«–„π√–À«à“ß°“√ºà“µ—¥‰¥â‡Õ◊ÈÕÕ”π«¬µàÕ°“√‡°‘¥ thrombosis ‰¥âÕ¬à“ß‰√ °“√∑’ËºŸâªÉ«¬

¡’ subclinical hypoxemia „π™à«ßÀ≈—ßºà“µ—¥À√◊Õ®“°ºŸâªÉ«¬ ŸßÕ“¬ÿ°Áµ“¡®–‰ª°√–µÿâπ‡´≈≈å

endothelial „Àâ‡√àß°“√‡°‘¥°âÕπ‡≈◊Õ¥À√◊ÕÀ—µ∂°“√∫“ßÕ¬à“ß ‡™àπ°“√ºà“µ—¥ hip/ knee

replacement, pelvic surgery ¢Õß‚√§∑“ß≈”‰ â„À≠àÀ√◊Õ‚√§∑“ßπ√’‡«™°Áµ“¡ ¡—°®–
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∑”„Àâ‡°‘¥ thrombosis ´÷ËßÕ∏‘∫“¬∫“ß à«π‰¥â®“°°“√∑’ËºŸâªÉ«¬‡À≈à“π’È¡—° ŸßÕ“¬ÿ·≈–°“√

ºà“µ—¥∑”„ÀâºŸâªÉ«¬‰¡à§àÕ¬¢¬—∫µ—«À√◊Õ‡æ√“–§«“¡ª«¥·º≈°Áµ“¡®–°àÕ„Àâ‡°‘¥ stasis ¬‘Ëß

‰ª°«à“π—Èπ¡’°“√»÷°…“æ∫«à“‚√§¡–‡√Áß —¡æ—π∏å°—∫°“√‡°‘¥ venous thrombosis 0.5%-5.8%9

¥—ßπ—ÈπÀ“°‡ªìπ°“√ºà“µ—¥¡–‡√Áß°Á®–‡°‘¥°âÕπ‡≈◊Õ¥‰¥âßà“¬‡æ√“–æ∫«à“‚√§¡–‡√Áß “¡“√∂

‡ªìπ “‡Àµÿ¢Õß hypercoagulable state „πºŸâªÉ«¬∑’Ë‡°‘¥ venous thrombosis ∑’ËÀ“

 “‡Àµÿ‰¡à‰¥â®–¡’‚Õ°“ ∂÷ß 3 ‡∑à“∑’Ë®–æ∫¡–‡√Áß¿“¬„π 3 ªï‡¡◊ËÕ‡∑’¬∫°—∫§π∑—Ë«‰ª9

§«“¡§‘¥¢Õß Virchow  “¡“√∂π”¡“„™â°—∫ arterial thrombosis10 ‰¥â‡™àπ°—π

°“√¡’¿“«–µàÕ‰ªπ’È°Á∑”„Àâ‡°‘¥ arterial thrombosis ‰¥â·°à°“√∑”ß“π¡“°‡°‘π‰ª¢Õß platelet

·≈– coagulation (abnormal blood constituents) ¡’°“√µ’∫¢ÕßÀ≈Õ¥‡≈◊Õ¥¡“° (steno-

sis turbulence flow -abnormal blood flow) ·≈–°“√·µ°¢Õß atherosclerotic plaque

(abnormal vessel wall) ¥—ßπ—Èπ°“√ªÑÕß°—π·≈–√—°…“ thrombosis §«√æ‘®“√≥“∑—Èß “¡

ªí®®—¬¡“°°«à“°“√¡Õßªí®®—¬„¥ªí®®—¬Àπ÷Ëß

™π‘¥¢Õß°“√‡°‘¥ thrombosis  “¡“√∂·∫àß‰¥â°«â“ßÊ ‡ªìπ 2 ≈—°…≥–§◊Õ

1. Arterial Thrombosis

§◊Õ°“√‡°‘¥°âÕπ‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥·¥ß àßº≈„Àâ¡’°“√¢“¥‡≈◊Õ¥‰ª‡≈’È¬ß

Õ«—¬«–µà“ßÊ ‡™àπ MI ¿“«–π’È à«π¡“°‡°‘¥®“°°“√·µ°¢Õß atherosclerotic plaque

¢ÕßÀ≈Õ¥‡≈◊Õ¥ coronary artery ·≈â«‡°‘¥ coronary thrombosis11,12 πÕ°®“°π’È¬—ß

æ∫«à“ºŸâªÉ«¬∑’Ë¡’√–¥—∫ fibrinogen  Ÿß°Á —¡æ—π∏å°—∫°“√‡°‘¥ MI  Ÿß‡™àπ°—π13 ·≈–‡™àπ‡¥’¬«

°—∫À≈Õ¥‡≈◊Õ¥ carotid ∑’Ë¡’ atherosclerotic plaque rupture ®÷ßπ”‰ª Ÿà°“√‡°‘¥ throm-

bosis ·≈â«∑”„Àâ‡≈◊Õ¥‰ª‡≈’È¬ß ¡Õß‰¡àæÕÀ√◊Õ°âÕπ‡≈◊Õ¥‡À≈à“π’È¡’°“√·µ°µ—«·≈â«À≈ÿ¥

≈Õ¬‰ª„π ¡Õß´÷Ëß∂â“Õÿ¥∑’Ë∫√‘‡«≥ middle cerebral artery ºŸâªÉ«¬°Á®–¡’Õ“°“√Õ—¡æ“µ

¢Õß·¢π¢“¥â“πµ√ß°—π¢â“¡ ·µàÀ“°°âÕπ‡≈◊Õ¥‡À≈à“π’È¡“Õÿ¥ retinal artery ®–∑”„Àâ‡°‘¥

Õ“°“√µ“∫Õ¥‰¥â (amaurosis fugax) À“°¡’°“√‡°‘¥ thrombosis À≈Õ¥‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ß¢“

(femoral artery) ®–∑”„Àâ‡°‘¥ gangrene ¢Õß‡∑â“‰¥â À√◊Õ∂â“À“°¡’ thrombosis

·≈â«°âÕπ‡≈◊Õ¥‡À≈à“π’È·µ°·≈–À≈ÿ¥≈Õ¬‰ªÕÿ¥À≈Õ¥‡≈◊Õ¥‡≈Á°Ê ‡™àπ digital artery ®–

°àÕ„Àâ‡°‘¥Õ“°“√¢“¥‡≈◊Õ¥¢Õßπ‘È«  àßº≈„Àâπ‘È«‡∑â“¡’ ’§≈È”‡√’¬°Õ“°“√‡À≈à“π—Èπ«à“ blue toe

syndrome
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„π¢≥–π’È¡’π—°«‘∑¬“»“ µ√å·≈–·æ∑¬å∑—Ë«‚≈°æ¬“¬“¡·°â‰¢·≈–ªÑÕß°—π

arterial thrombosis ‡æ√“–¿“«–¥—ß°≈à“«‡ªìπ “‡ÀµÿÀ≈—°∑’Ë∑”„ÀâºŸâªÉ«¬‡ ’¬™’«‘µÀ√◊Õ‡ªìπ

Õ—¡æ“µ  àßº≈„Àâ√—∞∫“≈·µà≈–ª√–‡∑»µâÕß„™â‡ß‘πÕ¬à“ß¡À“»“≈„π°“√¥Ÿ·≈ªí≠À“π’È  ‘Ëß∑’Ë

‡ªìπ∑’Ë¬Õ¡√—∫Õ¬à“ß°«â“ß¢«“ß‡æ◊ËÕ‰¡à„Àâ‡°‘¥ªí≠À“π’È§◊Õ°“√ªÑÕß°—π‰¡à„Àâ atherosclerotic

plaque ¡’ rupture À√◊Õ°≈à“«Õ’°π—¬Àπ÷Ëß§◊Õ°“√∑”„Àâ atherosclerotic plaque ¡’§«“¡

·¢Áß·√ß¡“°¢÷Èπ (stable plaque) „πªí®®ÿ∫—πæ∫«à“°“√§«∫§ÿ¡ risk factor ¢Õß°“√‡°‘¥

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

„Àâ¥’·≈â«®–∑”„Àâ¿“«–π’È¥’¢÷Èπ ‡™àπ ¡’°“√»÷°…“¡“°¡“¬æ∫«à“∂â“ºŸâªÉ«¬À¬ÿ¥ Ÿ∫∫ÿÀ√’Ë14 À√◊Õ

≈¥°“√¡’√–¥—∫‰¢¡—π Ÿß®“°°“√‰¥â¬“°≈ÿà¡ statin15,16 ®–∑”„ÀâºŸâªÉ«¬¡’°“√‡°‘¥ MI ·≈–

stroke πâÕ¬≈ßÕ¬à“ß™—¥‡®π·≈–πÕ°®“°π—Èπ¡’°“√„Àâ¬“°≈ÿà¡ antiplatelet ‡™àπ aspirin

÷́Ëß™à«¬∑”„Àâ‡°‘¥ thrombosis πâÕ¬≈ß °≈ÿà¡«‘®—¬¢ÕßºŸâπ‘æπ∏åæ∫«à“ºŸâªÉ«¬∑’Ë‰¥â°‘ππÈ”¡—πª≈“

(omega 3 fatty acid) ®–∑”„Àâ atherosclerotic plaque ¡’§«“¡·¢Áß·√ß¡“°¢÷Èπ (stable

plaque) ´÷Ëß ¿“«–π’È∑”„Àâ¡’‚Õ°“ ‡°‘¥ arterial thrombosis πâÕ¬≈ß17,18

À—«„®‡Õß°Á‡ªìπ·À≈àß¢Õß°“√‡°‘¥°âÕπ‡≈◊Õ¥‰¥â∫àÕ¬ ‡™àπ ¿“«– atrial fibril-

lation ∑”„Àâ¡’ stasis ¢Õß‡≈◊Õ¥„πÀ—«„® °àÕ„Àâ‡°‘¥°âÕπ‡≈◊Õ¥„πÀ—«„® (thrombosis)

·≈â«‡¡◊ËÕ‡°‘¥°âÕπ‡≈◊Õ¥‡À≈à“π’ÈÀ≈ÿ¥ÕÕ°¡“®“°À—«„®‰ªÕÿ¥µ—π„πÀ≈Õ¥‡≈◊Õ¥ ‡™àπ∑’Ë¢“°Á

∑”„Àâ¢“‡°‘¥ gangrene ‰¥â

2. Venous Thrombosis

°“√‡°‘¥°âÕπ‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥¥”´÷Ëß¡—°®–‡°‘¥„πÀ≈Õ¥‡≈◊Õ¥¥”∑’Ë¢“

¡’™◊ËÕ‡√’¬°«à“ deep vein thrombosis (DVT) ¡—° —¡æ—π∏å°—∫ªí®®—¬‡ ’Ë¬ß¥—ßµàÕ‰ªπ’È ‡™àπ

°“√‡ªìπ¡–‡√Áß„π∑âÕß·≈–ºŸâªÉ«¬À≈—ßºà“µ—¥µâπ¢“ (hip replacement) À√◊Õ°“√ºà“µ—¥„π

Õÿâß‡™‘ß°√“π ‡ªìπµâπ19 ´÷Ëß°“√ºà“µ—¥¥—ß°≈à“«¡—°®–∑”„ÀâºŸâªÉ«¬ª«¥·≈–‰¡à‡§≈◊ËÕπ‰À«À≈—ß

ºà“µ—¥°Á∑”„Àâ°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥‰¡à¥’ (stasis) ª√–°Õ∫°—∫À≈—ßºà“µ—¥ºŸâªÉ«¬‡À≈à“π’È®–

¡’ hypercoagulable state ®“°°“√¢“¥πÈ”À≈—ßºà“µ—¥√à«¡¥â«¬®÷ß°àÕ„Àâ‡°‘¥°âÕπ‡≈◊Õ¥‰¥âßà“¬

(thrombosis)2

DVT  “¡“√∂°àÕ„Àâ‡°‘¥ªí≠À“‰¥â¡“°¡“¬ ‡™àπ ∂â“°âÕπ‡≈◊Õ¥π’ÈÀ≈ÿ¥≈Õ¬

‰ªµ“¡°√–· ‡≈◊Õ¥‰ªÕÿ¥∑’ËªÕ¥°Á‡°‘¥ pulmonary embolism ·≈– “¡“√∂∑”„Àâ‡°‘¥°“√
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‡πà“¢Õß¢“ (venous gangrene) ‰¥â‡™àπ°—π „π√–¬–¬“«°âÕπ‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥¥”

‡À≈à“π’È®–‡°‘¥ recanalisation ‚¥¬°√–∫«π°“√ fibrinolysis ∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘

¢Õß≈‘Èπ„πÀ≈Õ¥‡≈◊Õ¥¥” àßº≈„Àâ‡°‘¥ chronic venous insufficiency ‰¥â„π√–¬–¬“«

Hypercoagulable state ‡ªìπ¿“«–∑’Ë∑”„Àâ‡°‘¥°âÕπ‡≈◊Õ¥‰¥âßà“¬

(thrombosis) ÷́Ëß‡¡◊ËÕ¡’§«“¡º‘¥ª°µ‘¥—ß°≈à“«®–°àÕ„Àâ‡°‘¥ venous thromboembolism

(‡™àπ DVT, superficial thrombophebitis, mesenteric vein thrombosis, cerebral

vein thrombosis) À√◊Õ arterial thrombosis ‰¥â∫àÕ¬ §«“¡º‘¥ª°µ‘π’È “¡“√∂‡°‘¥‰¥â

®“°∑—Èß§«“¡º‘¥ª°µ‘µ—Èß·µà°”‡π‘¥À√◊Õ‡°‘¥¿“¬À≈—ß „π√–∫∫ coagulation °Á‰¥â¥—ß¡’

µ—«Õ¬à“ß‚√§·≈–«‘∏’°“√µ√«®¥—ßµàÕ‰ªπ’È (µ“√“ß∑’Ë 1)2,9

∂÷ß·¡â«à“¿“«– hypercoagulable state ®–‡ªìπ‚√§∑’Ë¡’æ—π∏ÿ°√√¡‡¢â“¡“‡°’Ë¬«¢âÕß

·µà‚√§‡À≈à“π’È®–¬—ß‰¡à¡’Õ“°“√· ¥ß®π°«à“®–¡’ªí®®—¬Õ◊Ëπ‡Õ◊ÈÕÕ”π«¬„Àâ‡°‘¥Õ“°“√¢÷Èπ

(multigenetic disease) ‡™àπºŸâªÉ«¬Õ“¬ÿ 25 ªï‡ªìπ protein C deficiency µ“¡ª°µ‘

‰¡à¡’ªí≠À“ ÿ¢¿“æ„¥ ·µà‡¡◊ËÕ‡¢â“√—∫°“√ºà“µ—¥ appendectomy ª√“°Ø«à“‡°‘¥ DVT ∑’Ë¢“

‡ªìπµâπ

‚¥¬ª°µ‘„π°“√‡µ√’¬¡ºŸâªÉ«¬ºà“µ—¥À√◊Õ∑”À—µ∂°“√„¥Ê ‰¡à¡’§«“¡®”‡ªìπ∑’Ë®–

µ√«®¿“«– hypercoagulable state π’È·∫∫ª√–®” (routine) ¬°‡«âπºŸâªÉ«¬µàÕ‰ªπ’È§«√

‰¥â√—∫°“√µ√«®3

µ“√“ß∑’Ë 1 °“√ àßµ√«®æ‘‡»…„π¿“«– hypercoagulable state

‚√§ °“√µ√«®

Antithrombin III deficieny Antithrombin assay ·≈– Antithrombin activity

Protein C deficiency Protein C assay ·≈– Protein C activity

Protein S deficiency Free protein S Ag assay

Factor V Leiden APC resistance assay/ factor V leiden ‚¥¬ PCR ‡∑§π‘§

Antiphospholipid syndrome Antiphospholipid /anticoagulant Ab level

Hyperhomocystinemia Homocysteine level
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ë ¡’ª√–«—µ‘ thrombosis ¢Õß ¡“™‘°„π§√Õ∫§√—«À≈“¬§π

ë ¡’ª√–«—µ‘ thrombosis µÕπÕ“¬ÿπâÕ¬°«à“ 30 ªï

ë ¡’ª√–«—µ‘ thrombosis À√◊Õ¡’ª√–«—µ‘·∑âß≈Ÿ°∫àÕ¬Ê

ë ‡°‘¥ venous thrombosis „πµ”·Àπàß∑’Ëæ∫‰¥â‰¡à∫àÕ¬ (À≈Õ¥‡≈◊Õ¥¥”Õ◊Ëπ

πÕ°‡Àπ◊Õ®“°À≈Õ¥‡≈◊Õ¥¥”∫√‘‡«≥¢“) ‡™àπ „πÀ≈Õ¥‡≈◊Õ¥¥”¢Õß≈”‰ âÀ√◊ÕÀ≈Õ¥‡≈◊Õ¥

¥”¢Õß ¡Õß

ºŸâªÉ«¬∑’Ë¡’Õ“°“√ thrombosis ·≈–µ√«®æ∫¿“«– hypercoagulable state

§«√‰¥â√—∫°“√√—°…“‚¥¬ anticoagulant µ≈Õ¥™’«‘µ „π°√≥’∑’Ëæ∫«à“‡ªìπ hypercoagulable

state ‚¥¬ºŸâªÉ«¬‡Õß¬—ß‰¡à¡’Õ“°“√ thrombosis „¥Ê °Á‰¡à®”‡ªìπµâÕß‰¥â¬“ anticoagu-

lant ªÑÕß°—π°“√‡°‘¥ thrombosis µ≈Õ¥™’«‘µ ·µà®–®”‡ªìπÕ¬à“ß¡“°„π™à«ß∑’Ë®–¡’§«“¡

‡ ’Ë¬ß Ÿß ‡™àπ ™à«ß‰¥â√—∫°“√ºà“µ—¥9  ‘Ëß∑’Ë¡—°®–º‘¥æ≈“¥„π°“√ªØ‘∫—µ‘ß“π„π°“√ àßµ√«®

hypercoagulable state π’È§◊Õ°“√‡®“–‡≈◊Õ¥‡æ◊ËÕÀ“ hypercoagulable state µâÕß∑”

°àÕπ°“√‰¥â¬“°≈ÿà¡ anticoaglant „¥Ê √«¡∂÷ß heparin ¡‘©–π—Èπ¬“ anticoagulant

∑’Ë„Àâ‰ª®–‰ª≈¥√–¥—∫¢Õß natural anticoagulant ‰¥â (√“¬≈–‡Õ’¬¥¡’¿“¬À≈—ß) ‚¥¬„π

§«“¡‡ªìπ®√‘ß√–¥—∫ protein C, protein S ·≈– AT Õ“®®–‰¡àµË”‡≈¬°Á‰¥â

¿“«– hypercoagulable state ∑’Ëæ∫‰¥â∫àÕ¬„π∑“ß§≈‘π‘°

Õ—π∑’Ë®√‘ß¿“«– hypercoagulable state π—∫«à“æ∫‰¥â‰¡à∫àÕ¬ ·µà‚√§∑’Ë®–°≈à“«µàÕ

‰ªπ’È “¡“√∂æ∫‰¥â∫â“ß„π°“√¥Ÿ·≈ºŸâªÉ«¬

1. Antithrombin deficiency

AT ‡ªìπ‚ª√µ’π∑’Ë¬—∫¬—Èß°“√∑”ß“π¢Õß thrombin, kallikrein, factor Xa,

IXa, VIIa ·≈– XIa6 ´÷Ëß‡ªìπ‚ª√µ’π∑’Ëº≈‘µ®“°µ—∫ ¡’ half life 2.8 «—π ¿“«–π’È‡ªìπ “‡Àµÿ

1-2% „π venous thrombosis ´÷ËßÕ“®®–‡°‘¥ venous thrombosis „πµ”·Àπàß∑’Ëæ∫

‰¡à∫àÕ¬ ‡™àπ mesenteric À√◊Õ cerebral thrombosis ºŸâªÉ«¬‚√§π’È∑’Ë¡’§«“¡º‘¥ª°µ‘‡ªìπ

·∫∫ homozygous ¡—°®–‡ ’¬™’«‘µµ—Èß·µà„π§√√¿å ¬“ heparin ‡ªìπ¬“∑’ËÕÕ°ƒ∑∏‘Ïºà“π∑“ß

AT  “‡Àµÿ‚√§π’È‡°‘¥‰¥â®“°°√√¡æ—π∏ÿåÀ√◊Õ‡ªìπ‚√§∑’Ë‡°‘¥¿“¬À≈—ß®“°‚√§µ—∫ ‚√§¡–‡√Áß

‚√§µ‘¥‡™◊ÈÕ disseminated intravascular coagulation (DIC) ¿“«–∑ÿæ‚¿™π“°“√À√◊Õ
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‡ªìπ‚√§‰µ (nephrotic syndrome) °Á∑”„Àâ‡°‘¥‚√§π’È‰¥â‡π◊ËÕß®“°°“√‡ ’¬‚ª√µ’π (AT)

„π∑“ß‡¥‘ππÈ”ªí  “«–‡ªìπµâπ20

°“√«‘π‘®©—¬§«√ ß —¬„πºŸâªÉ«¬∑’Ë‰¡à “¡“√∂∑”„Àâ‡°‘¥¿“«– anticoagulated

‰¥â (PTT ‰¡à prolong) ∑—Èß∑’Ë‰¥â heparin ®”π«π¡“°À√◊Õ‡°‘¥¿“«– thrombosis ∑—Èß∑’Ë¡’¬“

heparin Õ¬Ÿà °“√«‘π‘®©—¬®–∑”‚¥¬°“√«—¥√–¥—∫ AT antigen À√◊Õ AT activity9

«‘∏’√—°…“‚√§π’È§◊Õ„Àâ¬“ heparin À≈—ß®“°∑’Ë‡æ‘Ë¡√–¥—∫ AT ‚¥¬°“√„Àâ fresh

frozen plasma ·≈–µ“¡¥â«¬°“√„Àâ oral anticoagulant ¬“°≈ÿà¡Õ◊Ëπ∑’Ë “¡“√∂„™â„π

°“√√—°…“ ‡™àπ direct thrombin inhibitor ‡™àπ lepirudin ‡ªìπµâπ (°≈à“«√“¬≈–‡Õ’¬¥

¿“¬À≈—ß) „πºŸâªÉ«¬∑’Ë¡’¿“«–π’È§«√‰¥â√—∫°“√ prophylaxis ™à«ß√–À«à“ß°“√ºà“µ—¥·≈–À“°

¡’Õ“°“√¢Õß venous thrombosis §«√®–‰¥â¬“√—°…“µ≈Õ¥™’«‘µ9

2. Protein C À√◊Õ S deficiency

Protein C À√◊Õ protein S ‡ªìπ‚ª√µ’π∑’Ë √â“ß®“°µ—∫ ‚¥¬∑’Ë„™â«‘µ“¡‘π‡§

„π°“√º≈‘µ ¡’ half life 4-6 ™—Ë«‚¡ß ∑—Èß°“√¢“¥ protein C À√◊Õ protein S ‡ªìπ “‡Àµÿ¢Õß

venous thrombosis 2-5%9 ‚¥¬ª°µ‘ activated protein C (APC) ®–∑”Àπâ“∑’Ë‡ªìπ

anticoagulant ‚¥¬°“√‰ª¬—∫¬—Èßƒ∑∏‘Ï¢Õß factor Va, factor VIIIa, APC ·≈–¬—ß‰ª¬—∫¬—Èß

plasminogen activator inhibitor6 ®÷ß∑”„ÀâÕ—µ√“°“√‡°‘¥ fibrinolysis ‡æ‘Ë¡¢÷Èπ  à«π

protein S ‡ªìπ cofactor ¢Õß APC ¥—ßπ—ÈπºŸâªÉ«¬∑’Ë¢“¥ protein S ®–¡’Õ“°“√§≈â“¬°—∫

ºŸâªÉ«¬∑’Ë¢“¥ protein C20

 à«π¡“°ºŸâªÉ«¬∑’Ë‡ªìπ‚√§∑—Èß Õß®–¡“æ∫·æ∑¬å¥â«¬Õ“°“√ venous throm-

bosis „πÕ“¬ÿ∑’ËπâÕ¬°«à“ 30 ªï  “‡ÀµÿÀ≈—°¢Õß‚√§π’È¡—°¡“®“°‚√§∑“ßæ—π∏ÿ°√√¡ ∂â“‡ªìπ

‚√§π’È·∫∫ autosomal dominant °Á¡—°®–‡ ’¬™’«‘µ ¿“«– DIC (purpura fulminans)

µ—Èß·µàÕ¬Ÿà„π§√√¿å¢Õß¡“√¥“ ·µà„πºŸâªÉ«¬∑’Ë‡ªìπ heterogenous protein C deficiency

®–æ∫«à“¡’°“√≈¥≈ß¢Õß antigenic protein C πâÕ¬°«à“ 60% ¢Õß§à“ª°µ‘ ‚√§‡À≈à“π’È

 “¡“√∂‡ªìπ‚√§∑’Ë‡°‘¥¿“¬À≈—ß®“° “‡Àµÿµà“ßÊ ‡™àπ ‚√§µ—∫ DIC ·≈– nephrotic syn-

drome9

°“√«‘π‘®©—¬‚√§‡À≈à“π’È∑”‚¥¬°“√«—¥√–¥—∫ protein C ·≈– protein S „π

‡≈◊Õ¥ °“√√—°…“„π°√≥’∑’ËºŸâªÉ«¬¡’ venous thrombosis ·≈â« §◊Õ°“√„Àâ heparin ·≈â«
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µ“¡¥â«¬ oral anticoagulant (‡™àπ coumadin ‡ªìπµâπ) ·µà„π°√≥’∑’ËºŸâªÉ«¬¬—ß‰¡à¡’ª√–«—µ‘

thrombosis ‡≈¬ °“√ªÑÕß°—π (prophylaxis) ‡ªìπ ‘Ëß∑’Ë§«√°√–∑” ‡™àπ „π¢≥–∑’ËºŸâªÉ«¬

®–‡¢â“√—∫°“√ºà“µ—¥∑’Ë¡’§«“¡‡ ’Ë¬ß ŸßµàÕ°“√‡°‘¥ DVT  à«π§«“¡®”‡ªìπ∑’Ë®–„Àâ¬“√—°…“

µ≈Õ¥™’«‘µ„π°≈ÿà¡∑’Ë‰¡à¡’Õ“°“√π—Èπ¬—ß‰¡à®”‡ªìπ9

°“√ªÑÕß°—π·≈–°“√√—°…“ Clotting Disorder

1. °“√„Àâ¬“∑’ËªÑÕß°—π°“√°àÕµ—«¢Õß≈‘Ë¡‡≈◊Õ¥

¬“∑’ËªÑÕß°—π°“√°àÕµ—«¢Õß≈‘Ë¡‡≈◊Õ¥ “¡“√∂·∫àß‰¥â‡ªìπ 2 °≈ÿà¡„À≠à§◊Õ anti-

coagulant ·≈–antiplatelet3,4,16

1.1 Anticoagulant

Heparin (Unfractionated Heparin-UFH)

‡ªìπ anionic mucopolysaccharide °“√ÕÕ°ƒ∑∏‘ÏªÑÕß°—π°“√°àÕµ—«¢Õß≈‘Ë¡

‡≈◊Õ¥ºà“π‚¥¬°“√®—∫°—∫ AT ·≈â«‡ª≈’Ë¬π·ª≈ß AT ®“° slow form ‡ªìπ rapid form

„π°“√¬—∫¬—Èß°“√∑”ß“π¢Õß factor IIa ·≈– Xa21 ¬“¡’ half life ª√–¡“≥ 1-2 ™—Ë«‚¡ß

´÷Ëß§àÕπ¢â“ß —Èπ·≈–ª√–°Õ∫°—∫¡’ first pass metabolism §àÕπ¢â“ß¡“°22 ¥—ßπ—Èπ°“√„Àâ¬“

π’ÈÕ¬à“ß¡’ª√– ‘∑∏‘¿“æπ—Èπ§«√‰¥â√—∫∑“ß intravenous ¡“°°«à“°“√°‘π·≈–®“°°“√»÷°…“

®”π«π¡“°¬◊π¬—π«à“ continuous intravenous infusion ¥’°«à“°“√„Àâ bolus intrave-

nous route ¬“π’È¡’¢π“¥ mucopolysaccharide 5,000-35,000 Dalton ·≈–‡π◊ËÕß®“°

‰¡àºà“π placenta ¥—ßπ—Èπ®÷ßª≈Õ¥¿—¬„π°“√„Àâ·°àÀ≠‘ß∑’Ëµ—Èß§√√¿å ¬“π’È‡¡◊ËÕ„Àâ‰ª·≈â«®–¡’

ª√‘¡“≥πâÕ¬°«à“§√÷Ëß∑’Ë®–‰ª®—∫°—∫ AT ¥—ßπ—Èπ¬“®÷ß„Àâº≈‰¡à·πàπÕπ§«√µ‘¥µ“¡°“√√—°…“

‚¥¬°“√«—¥ aPTT „Àâ¡’§à“¡“°°«à“ 1.5 ‡∑à“‡¡◊ËÕ‡∑’¬∫°—∫ control À“° aPTT ‰¡à‰¥â∂÷ß

√–¥—∫π’Èæ∫«à“¡’‚Õ°“  Ÿß∑’Ë®–‡°‘¥ thrombosis ´È”¢÷Èπ¡“Õ’° ƒ∑∏‘Ï¢Õß UFH π’È¬—ß¡’º≈Õ◊Ëπ

Õ’°‡™àπ ¬—∫¬—Èß°“√∑”ß“π¢Õß‡°≈Á¥‡≈◊Õ¥ ¬—∫¬—Èß°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ‡√’¬∫∑’Ëºπ—ßÀ≈Õ¥

‡≈◊Õ¥´÷Ëß‡ªìπ “‡ÀµÿÀ≈—°¢Õß°“√µ’∫´È” (intimal hyperplasia) ¢ÕßÀ≈Õ¥‡≈◊Õ¥À≈—ß®“°

°“√∂à“ß¢¬“¬À≈Õ¥‡≈◊Õ¥ (angioplasty)19 ·µà„π¢≥–‡¥’¬«°—π°ÁÕ“®®–‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ

°“√‡°‘¥‡≈◊Õ¥ÕÕ°¡“°‡ªìπ¿“«–·∑√°´âÕπÕ’°¥â«¬ ∂÷ß·¡â®–¡’°“√»÷°…“∫àß™’È«à“ heparin
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¡’º≈µàÕ plasminogen ·≈– plasmin ·µàº≈‚¥¬µ√ßµàÕ fibrinolysis π—∫«à“¡’πâÕ¬¡“°

¥—ßπ—Èπ∫∑∫“∑¢Õß heparin ®÷ß‡ªìπ‡√◊ËÕß¢Õß°“√ªÑÕß°—π°“√‡°‘¥°âÕπ‡≈◊Õ¥¡“°°«à“°“√‰ª

∑”≈“¬À√◊Õ≈–≈“¬°âÕπ‡≈◊Õ¥∑’Ë¡’Õ¬Ÿà·≈â« (endogenous fibrinolysis)21,23

„πºŸâªÉ«¬‚√§À≈Õ¥‡≈◊Õ¥°“√„Àâ¬“π’È‡æ◊ËÕÀ«—ßƒ∑∏‘Ï‡√Á«§«√„Àâ bolus ∑“ßÀ≈Õ¥‡≈◊Õ¥

¥”ª√–¡“≥ 5,000 unit (À√◊Õ 80 unit/kg) µ“¡¥â«¬°“√„Àâ¬“Õ¬à“ßµàÕ‡π◊ËÕß∑“ßÀ≈Õ¥‡≈◊Õ¥¥”

(continuous intravenous infusion) ́ ÷Ëß„π§π‰∑¬¡—°‡√‘Ë¡µâπ¥â«¬ª√–¡“≥ 500 unit/hr

·≈â«ª√—∫√–¥—∫¬“µ“¡§à“ PTT „πÕ’° “¡™—Ë«‚¡ßµàÕ¡“ º≈¢â“ß‡§’¬ß¢Õß heparin ‡™àπ

‡≈◊Õ¥ÕÕ°¡“° heparin induced thrombocytopenia (HIT), hypersensitivity, alope-

cia, osteoporosis ¥—ßπ—Èπ§«√µ‘¥µ“¡ª√‘¡“≥¢Õß‡°≈Á¥‡≈◊Õ¥ 3-5 «—πÀ≈—ß®“°‰¥â¬“

Heparin ¡’Õ’°√Ÿª·∫∫Àπ÷Ëß§◊Õ low molecular weight heparin (LMWH)

‡ªìπ heparin ∑’Ë¡’¢π“¥ mucopolysaccharide 2,000-8,000 Dalton ́ ÷Ëß‡≈Á°≈ß°«à“ UFH

∑”¡“®“° UFH ‚¥¬ºà“π°√–∫«π°“√∑“ß‡§¡’À√◊Õ depolymerisation ∑”„Àâ¢π“¥‡≈Á°≈ß

(fragmentation) ‡Àµÿº≈∑’Ë∑”„Àâ‡≈Á°≈ß‡æ√“–®–¡’§ÿ≥ ¡∫—µ‘„À¡à∑’Ë‡©æ“–·µ°µà“ß®“°

UFH §◊Õƒ∑∏‘Ï à«π„À≠à®–‡¥àπ„π¥â“π°“√µâ“π factor Xa22 ·µà¡’ƒ∑∏‘ÏµàÕ factor IIa

(thrombin) πâÕ¬°«à“ (´÷Ëß thrombin ‡ªìπ»Ÿπ¬å°≈“ß¢Õß°“√ coagulation)  àßº≈„Àâ

bleeding complication æ∫‰¥âπâÕ¬°«à“ ∑’Ë√Ÿâ®—°°—π„πªí®®ÿ∫—π‡™àπ enoxapyrin, fraxiparin

nadroparin ·≈– tinzaparin ´÷Ëß®–¡’ƒ∑∏‘Ï‡À¡◊Õπ UFH ·µà LMWH ¡’ half life ∑’Ë

¬“«°«à“ª√–¡“≥ 4 ™—Ë«‚¡ß·≈–‡¡◊ËÕ„Àâ LMWH  “¡“√∂¡’ bioavailability ∂÷ß 90% ·µà

„π¢≥–∑’Ë UFH ®–¡’ƒ∑∏‘Ï¥—ß°≈à“«‡æ’¬ß 30%21 ‡π◊ËÕß®“°°“√∑’Ë UFH ¡’ nonspecific binding

Õ¬à“ß¡“°µàÕ endothelium, plasma proteins, albumin, macrophage ·≈– platelet

¥—ßπ—Èπº≈¢Õß°“√∑’Ë¡’ nonspecific binding πâÕ¬·≈–°“√¡’ half life ∑’Ë¡“°¢÷Èπ LMWH

®÷ß “¡“√∂„Àâ∑“ß„µâº‘«Àπ—ß 1-2 §√—ÈßµàÕ«—π°Á‡æ’¬ßæÕ®÷ß‡ªìπ∑“ß‡≈◊Õ°∑’Ë¥’„π°“√√—°…“‚√§

DVT ·∫∫ºŸâªÉ«¬πÕ°9 πÕ°®“°π—Èπ¬—ß –¥«°„π°“√ªÑÕß°—π°“√‡°‘¥ DVT „π√–À«à“ßºà“µ—¥

∫“ßÕ¬à“ß‡™àπ hip replacement ‡æ√“–¡’ƒ∑∏‘Ï anticoagulant ·µà bleeding complica-

tion æ∫πâÕ¬°«à“ ‡π◊ËÕß®“°°“√∑’Ë predictable pharmacokinetics ¥—ßπ—Èπ®÷ß “¡“√∂

„Àâ¬“‚¥¬°“√§”π«≥ª√‘¡“≥¬“®“°πÈ”Àπ—°ºŸâªÉ«¬‰¥â‚¥¬∑’Ë‰¡àµâÕß°“√°“√µ‘¥µ“¡º≈„π

ºŸâªÉ«¬∑—Ë«‰ª ¬°‡«âπºŸâªÉ«¬∫“ß°≈ÿà¡∑’Ë§«√µ‘¥µ“¡§◊ÕºŸâªÉ«¬∑’Ë¡’‚√§µ—∫ ‚√§‰µ ‡¥Á° À≠‘ß
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µ—Èß§√√¿å §π∑’ËÕâ«πÀ√◊ÕºÕ¡¡“°Ê ‚¥¬µ√«®À“§à“¢Õß antifactor Xa activity ‰¡à„™à

aPTT πÕ°®“°π’È‚Õ°“ ‡°‘¥º≈·∑√°´âÕπ§◊Õ HIT æ∫‰¥âπâÕ¬°«à“·µà∂÷ßÕ¬à“ß‰√°Á§«√

µ‘¥µ“¡ª√‘¡“≥¢Õß‡°≈Á¥‡≈◊Õ¥ 3-5 «—πÀ≈—ß®“°‰¥â¬“‡™àπ‡¥’¬«°—∫„π§π∑’Ë‰¥â UFH ¢âÕ‡ ’¬

¢Õß LMWH §◊Õ√“§“·æß°«à“ UFH ·≈–‡π◊ËÕß®“° LMWH ®–¢—∫ÕÕ°∑“ß‰µ ¥—ßπ—Èπ∂â“

ºŸâªÉ«¬∑’Ë¡’ severe renal insufficiency (creatinine clearance πâÕ¬°«à“ 30 ml/min)

§«√‰¥â√—∫°“√ª√—∫¢π“¥¬“

„π°√≥’∑’ËºŸâªÉ«¬¡’ªí≠À“‡≈◊Õ¥ÕÕ°¡“°®“°º≈¢Õß UFH  “¡“√∂·°âªí≠À“‚¥¬

°“√À¬ÿ¥¬“ª√–¡“≥ 3 ™—Ë«‚¡ß°Á®–À¡¥ƒ∑∏‘Ï¬“ À√◊ÕÀ“°µâÕß°“√·°âªí≠À“‡≈◊Õ¥ÕÕ°„π

√–¬–‡«≈“Õ—π —Èπ∑—π∑’ °Á “¡“√∂ reverese ‰¥â¥â«¬¬“ protamine (antidote) ‡™àπ

√–À«à“ßºà“µ—¥°Á “¡“√∂·°â‰¥â‚¥¬°“√„Àâ protamine „πª√‘¡“≥ 1 mg µàÕ 100 U ¢Õß

heparin ∑’Ë„Àâ„π™à«ß 3 ™—Ë«‚¡ß∑’Ëºà“π¡“ ‚¥¬ protamine ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èßº≈¢Õß UFH

¡“°°«à“ LMWH ¥—ßπ—Èπ„π™à«ß√–À«à“ß°“√ºà“µ—¥»—≈¬·æ∑¬å®÷ß¬—ßπ‘¬¡„™â UFH ¡“°°«à“

LMWH

HIT æ∫‰¥â 1-30% „πºŸâ∑’Ë‰¥â√—∫ heparin ¿“«–π’È‡°‘¥®“°°“√∑’Ë ¬“ heparin ‰ª

‡Àπ’Ë¬«π”„Àâ‡°‘¥ immunoglobulin G ́ ÷Ëß‡ªìπ antibody ∑’Ë®–‡°“–°—∫ platelet factor IV

∑”„Àâ‡°‘¥ aggregate ¢Õß‡°≈Á¥‡≈◊Õ¥ àßº≈„Àâ‡°‘¥ thrombosis ‰¥â∑—ÈßÀ≈Õ¥‡≈◊Õ¥·¥ß

·≈–À≈Õ¥‡≈◊Õ¥¥”9 „π¢≥–‡¥’¬«°—π platelet °Á®–∂Ÿ°°”®—¥‡ªìπ®”π«π¡“°‡æ√“–¡’°“√

°√–µÿâπ·≈–„™âß“π®”π«π¡“° àßº≈„Àâ‡°‘¥¿“«– thrombocytopenia ∑—Èß UFH ·≈– LMWH

 “¡“√∂°àÕ„Àâ‡°‘¥ HIT ‰¥â∑—Èßπ—Èπ·µà LMWH ®–‡°‘¥ HIT ‰¥âπâÕ¬°«à“ ¿“«– HIT ¡—°®–

‡°‘¥¿“¬„π 3-14 «—πÀ≈—ß®“°‡√‘Ë¡„Àâ heparin ¥—ßπ—Èπ§«√®–µ√«®π—∫®”π«π‡°≈Á¥‡≈◊Õ¥

À≈—ß®“°°“√„Àâ¬“ heparin ¥â«¬∑ÿ° 3-5 «—π °“√‡°‘¥ HIT ‡ªìπ immunological effect

‰¡à‰¥â‡ªìπ dose related  “¡“√∂‡°‘¥‰¥â·¡â°√–∑—Ëß„π heparin ∑’Ëª√‘¡“≥πâÕ¬Ê ‡™àπ °“√

flush  “¬ intravenous ¥â«¬ heparin °Á‡°‘¥‰¥â ‡ªìπµâπ §«√∑”°“√«‘π‘®©—¬„πºŸâªÉ«¬∑’Ë¡’

®”π«π‡°≈Á¥‡≈◊Õ¥≈¥≈ß 50% À√◊ÕπâÕ¬°«à“ 100,000 /1 ml À√◊Õ„πºŸâªÉ«¬∑’Ë¡’ thrombosis

„πµ”·Àπàß∑’Ë·ª≈°Ê6 √–À«à“ß∑’Ë‰¥â√—∫°“√√—°…“¥â«¬ heparin Õ¬Ÿà °“√ àßµ√«®æ‘‡»…„π‚√§

π’È§◊Õ°“√µ√«®À“ antiheparin‚¥¬«‘∏’ enzyme-linked immunosorbent assay (ELISA)

°“√√—°…“§◊ÕÀ¬ÿ¥„Àâ¬“ heparin„π∑ÿ°°√≥’√«¡∂÷ß°“√∑” heparin flush ¥â«¬  à«π LMWH
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°Á¡’ cross reactivity 92% °—∫ heparin antibody ∑’Ë‡°‘¥®“°°“√°√–µÿâπ¢Õß UFH

¥—ßπ—Èπ‰¡à§«√„Àâ LMWH „πºŸâªÉ«¬¿“«– HIT π’È ¬“∑’Ë§«√®–„Àâ·∑π§◊Õ¬“∑’Ë§π≈–°≈ÿà¡°—∫

heparin ‡™àπ°≈ÿà¡ direct thrombin inhibitor ‡™àπ lepirudin ·≈– argatroban

‡æ√“–¬“°≈ÿà¡π’È‰¡à¡’ªí≠À“ cross reactivity °—∫ heparin antibody9

¬“°≈ÿà¡ synthetic oligosaccharide ‡ªìπÕ’°°≈ÿà¡∑’Ë„°≈â‡§’¬ß°—∫ UFH ·≈–

LMWH ‚¥¬ —ß‡§√“–ÀåÕÕ°¡“‡©æ“– à«π∑’ËÕÕ°ƒ∑∏‘ÏµàÕ AT ‡™àπ°—π (pentasaccharide)

‚¥¬ÕÕ°ƒ∑∏‘Ï∑’Ë factor Xa ‡∑à“π—Èπ ‰¡à¡’ƒ∑∏‘ÏµàÕ factor IIa ‡≈¬22 ¥—ßπ—Èπ®÷ß¡’™◊ËÕ«à“ selec-

tive factor Xa inhibitor ¬“„π°≈ÿà¡π’È ‡™àπ fondaparinux À√◊Õ idraparinux ¬“π’È„™â

„π°“√√—°…“À√◊Õ prophylacxis DVT ¡’ half life ∂÷ß 17 ™—Ë«‚¡ß ¥—ßπ—Èπ “¡“√∂„Àâ‡æ’¬ß

«—π≈–§√—Èß ‚¥¬∑’Ë‰¡à®”‡ªìπµâÕßµ‘¥µ“¡«—¥µ‘¥µ“¡º≈¢Õß¬“„πºŸâªÉ«¬∑—Ë«‰ª ·µà∂÷ßÕ¬à“ß‰√°Á

µ“¡¬“π’È¢—∫ÕÕ°∑“ß‰µ·≈–‰¡à¡’ antidote §«√√–¡—¥√–«—ß°“√„™â„πºŸâªÉ«¬‚√§‰µ‡™àπ°—π9

Coumadin (Warfarin)

‡ªìπ¬“∑’ËÕÕ°ƒ∑∏‘Ï °—¥°—Èπ°“√∑”ß“π¢Õß vitamin K (vitamin K dependent

epoxide reductase)  àßº≈„Àâ¡’§«“¡º‘¥ª°µ‘„π°“√º≈‘µ factor IIa, VIIa, IXa, Xa,

protein C ·≈– protein S23 πà“ —ß‡°µÿ«à“¬“π’È °—¥°—Èπ∑—Èß procoagulant ·≈– natural

anticoagulant ·µà∂÷ßÕ¬à“ß‰√°Áµ“¡ƒ∑∏‘Ï‚¥¬√«¡§◊Õ°“√‡ªìπ anticoagulant ·µà ‘Ëß∑’Ë

µâÕß√–«—ß§◊Õ∂â“ºŸâªÉ«¬‡ªìπºŸâ∑’Ë¡’ protein C deficiency ·≈– protein S deficiency Õ¬Ÿà

°àÕπ·≈â« °“√‰¥â¬“ coumadin ®–‰ª∑”„Àâ¡’°“√¢“¥∑—Èß protein C ·≈– protein S

Õ¬à“ß¡“°„π™à«ß·√°Ê ‡π◊ËÕß®“° protein C ·≈– protein S ¡’ half life  —Èπ¡“° ¥—ßπ—Èπ

‡¡◊ËÕ‰¥â coumadin ®–‰ª≈¥√–¥—∫‚ª√µ’π∑—Èß Õß°àÕπ àßº≈„Àâ™à«ß·√°¡’¿“«–°“√‡°‘¥≈‘Ë¡

‡≈◊Õ¥Õ¬à“ß¡“°∑”„Àâ‡°‘¥¿“«– thrombosis ‰¥â„π microcirculation ´÷Ëß¡’™◊ËÕ‡√’¬°¿“«–

π’È«à“ warfarin induced skin necrosis ®–‡°‘¥¡’ full thickness skin loss ∫√‘‡«≥∑’Ë¡’

‰¢¡—π – ¡¡“°Ê ·≈–¡’‡≈◊Õ¥‰ª‡≈’È¬ßπâÕ¬ ‡™àπ ∫√‘‡«≥ ‡µâ“π¡ °âπ·≈–Àπâ“∑âÕß9 ¥—ßπ—Èπ

‡æ◊ËÕªÑÕß°—π°“√‡°‘¥¿“«–π’È®÷ß®”‡ªìπµâÕß„Àâ¬“ anticoagulant ‡™àπ heparin ÕÕ°ƒ∑∏‘Ï„Àâ

¥’°àÕπ®÷ß®–„Àâ coumadin

Coumadin (warfarin) ‡ªìπ¬“°‘π·≈–¡’ half life 60 ™—Ë«‚¡ß °“√„Àâ¬“®–‡√‘Ë¡
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‡ÀÁπº≈ª√–¡“≥ 3 «—π ¥—ßπ—Èπ∂â“ºŸâªÉ«¬µâÕß°“√„Àâ¡’ anticoagulant effect ∑—π∑’ °ÁµâÕß„Àâ

heparin „π™à«ß∑’Ë√Õº≈¢Õß coumadin 3-5 «—π „π∑“ßªØ‘∫—µ‘¡—°®–µâÕß„Àâ¬“ heparin

§Ÿà°—π°—∫ coumadin ª√–¡“≥ 3-5 «—π‚¥¬¥Ÿº≈¢Õß coumadin ®“°§à“ PT (INR) ‡¡◊ËÕ§à“

PT (INR) ¡’§à“ 2 - 3 ®÷ßÀ¬ÿ¥°“√„Àâ¬“ heparin ‡ªìπ∑’Ëπà“ π„®«à“‡ªÑ“À¡“¬¢Õß°“√‰¥â¬“

π’È„π·µà≈–‚√§¡’§«“¡·µ°µà“ß°—π¥—ßµ“√“ß∑’Ë 2

‡π◊ËÕß®“°¬“π’Èºà“π√°‰¥â¥—ßπ—Èπ‰¡à§«√„Àâ„πºŸâÀ≠‘ß∑’Ëµ—Èß§√√¿å‡æ√“–¡’ teratogenic

effect ·≈– “¡“√∂‡°‘¥ intracranial bleeding ¢Õß∑“√°„π§√√¿å‰¥â·≈–º≈¢â“ß‡§’¬ß

 ”§—≠¢Õß°“√„™â¬“π’È§◊Õ°“√¡’‡≈◊Õ¥ÕÕ°¡“°´÷Ëß¬“π’È®–∑”„Àâ‡≈◊Õ¥ÕÕ°¡“°¢÷Èπ„πºŸâªÉ«¬

À≈“¬°≈ÿà¡20 ‡™àπ ºŸâªÉ«¬∑’Ë¡’ liver failure, malnutrition, renal impairment, thyro-

toxicosis πÕ°®“°π—Èπ¬“π’Èª°µ‘®–‡°“–°—∫ albumin 97% ¥—ßπ—Èπ∂â“¡’¬“µ—«Õ◊Ëπ‰ª¢—∫‰≈à

coumadin „ÀâÕÕ°¡“‡ªìπ free form ¡“°¢÷Èπ°Á®–¡’ƒ∑∏‘Ï‡æ‘Ë¡¢÷Èπ ‡™àπ phenylbutazone,

co-trimoxazole, amiodarone ·≈–¬—ß¡’ drug interaction °—∫¬“Õ◊ËπÊ ‰¥âÕ’°¡“°¡“¬

∑’Ë®–∑”„Àâ¬“¡’ƒ∑∏‘Ï¡“°¢÷Èπ ‡™àπ cimetidine, metronidazole, allopurinol ·≈– laxative

¥—ßπ—Èπ®÷ß§«√µ‘¥µ“¡°“√√—°…“Õ¬à“ß„°≈â™‘¥„πºŸâªÉ«¬°≈ÿà¡π’È º≈¢â“ß‡§’¬ß¢Õß°“√„™â¬“Õ◊Ëπ§◊Õ

hypersensitivity, skin rash, alopecia ·≈– purpura

°“√∑’Ë¡’‡≈◊Õ¥ÕÕ°¡“°À≈—ß®“°‰¥â¬“π’È (INR > 4.5)  “¡“√∂·°â‰¢‰¥â‚¥¬°“√

À¬ÿ¥¬“‰ª 1-2 «—π·≈â«‡√‘Ë¡„Àâ„À¡à„π¢π“¥¬“∑’ËµË”≈ß ·µà∂â“‡≈◊Õ¥ÕÕ°¡“°µâÕß°“√√—°…“

¥à«π‡æ◊ËÕÀ¬ÿ¥‡≈◊Õ¥∑—π∑’°Á “¡“√∂·°â‰¢‚¥¬°“√„Àâ fresh frozen plasma ·µà°“√„Àâ vita-

min K ‡À¡◊Õπ‡ªìπ antidote π—ÈπµâÕß√–«—ß ‡æ√“–°“√„Àâ vitamin K ®–‡°‘¥Õ“°“√ resis-

µ“√“ß∑’Ë 2 §à“ PT (INR) ∑’Ë§«√®–‡ªìπ„π·µà≈–‚√§„πºŸâªÉ«¬∑’Ë‰¥â√—∫¬“ coumadin5*

‚√§∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√„Àâ¬“ coumadin PT (INR)

Prophylaxis DVT, high risk surgery 2.0-2.5

Mitral stenosis, atrial fibrillation 2.0-3.0

Recurrent DVT 3.0-4.5

(*µ“√“ß¥—¥·ª≈ß®“° Brennan M, Carpenter R. STEP Course: haematology and neoplasia. London :

Oxford : RCSE; Blackwell Science, 2001.)
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tant µàÕ¬“‡¡◊ËÕ®–„Àâ coumadin „À¡àÕ’°§√—Èß®÷ß∑”„Àâ°“√ª√—∫¬“∑”‰¥â¬“°´÷Ëß®–Õ“®®–

µâÕß√Õ‡«≈“∂÷ß 3  —ª¥“Àå°«à“®–‰¥â√–¥—∫¬“∑’Ë§«√®–„Àâ ·µà„π°√≥’∑’Ë‰¡àµâÕß°“√„Àâ¬“π’ÈÕ’°

·≈â«°Á “¡“√∂„Àâ vitamin K 10 mg ‰¥â‡≈¬23

„π°√≥’∑’ËºŸâªÉ«¬‰¥â√—∫¬“ coumadin Õ¬Ÿà·µà¡’§«“¡®”‡ªìπµâÕßÀ¬ÿ¥¬“ ‡™àπ µâÕß

‰¥â√—∫°“√ºà“µ—¥ À√◊ÕÀ—µ∂°“√ °“√‰¥â¬“π’È°Á “¡“√∂∑”„Àâ‡°‘¥ªí≠À“‡≈◊Õ¥ÕÕ°¡“°®“°

À—µ∂°“√‰¥â ·µà∂â“À¬ÿ¥°Á®–¡’ªí≠À“‡°‘¥ thrombosis ‰¥âÕ’° °“√¥Ÿ·≈¿“«–π’È “¡“√∂·∫àß

ÕÕ°‡ªìπ 2 °≈ÿà¡3

1. „π°√≥’∑’Ë®–∑”À—µ∂°“√‡≈Á°‡™àπ ∑”øíπÀ√◊Õ∂Õπøíπ®”π«ππâÕ¬  “¡“√∂

∑”‰¥â‚¥¬À¬ÿ¥¬“ 3 «—π°àÕπ°“√∂Õπøíπ ·≈â«®÷ß‡√‘Ë¡„À¡àÀ≈—ß°“√∑”À—µ∂°“√π—Èπ

2. „π°√≥’∑’Ë®”‡ªìπµâÕß‰¥â√—∫ major operation ·≈–ºŸâªÉ«¬∑’Ë¡’§«“¡‡ ’Ë¬ß

 ŸßµàÕ°“√‡°‘¥ thrombosis ∂â“À¬ÿ¥¬“ coumadin ‡™àπ §π∑’Ë‡§¬¡’ thromboembolism

¡“°àÕπ (stroke, acute leg embolism)  “¡“√∂∑”°“√‡µ√’¬¡ºà“µ—¥‚¥¬„ÀâºŸâªÉ«¬Õ¬Ÿà„π

‚√ßæ¬“∫“≈Õ¬à“ßπâÕ¬ 3 «—π°àÕπºà“µ—¥ À¬ÿ¥ coumadin Õ¬à“ßπâÕ¬ 3 «—π ·≈â«∑”°“√

µ√«® PT (INR) ∂â“‡¡◊ËÕ„¥¡’§à“πâÕ¬°«à“ 2.5 °Á‡√‘Ë¡„Àâ¬“ heparin ∑—π∑’„Àâ¡’ PTT ª√–¡“≥

2 ‡∑à“¢Õß§à“§«∫§ÿ¡ °àÕπºà“µ—¥À¬ÿ¥ heparin 4 ™—Ë«‚¡ß°àÕπºà“µ—¥ ·≈–‡√‘Ë¡ heparin

Õ’°§√—Èß 6 ™—Ë«‚¡ßÀ≈—ßºà“µ—¥ ·≈â«°Á‡√‘Ë¡„Àâ coumadin °‘π·≈–¡’™à«ß∑’Ë§“∫‡°’Ë¬«°—∫°“√„Àâ

heparin µ“¡∑’Ë°≈à“«¡“

Direct Thrombin Inhibitors

Õ—π∑’Ë®√‘ß¡’¬“À≈“¬°≈ÿà¡∑’Ë°≈à“«¡“¡’º≈µàÕ thrombin ∑—Èß UFH, LMWH,

coumadin ·µà∑ÿ°µ—«≈â«π·µàÕÕ°ƒ∑∏‘Ï∑“ßÕâÕ¡ ¬“°≈ÿà¡ direct thrombin inhibitors

®–ÕÕ°ƒ∑∏‘Ï®”‡æ“–µàÕ thrombin ‚¥¬°“√®—∫°—∫ thrombin ∑—Èß∑’Ë‡ªìπ free À√◊Õ bound

form thrombin24 ªí®®ÿ∫—π¬“„π°≈ÿà¡π’È‰¥â·°à lepirudin, bivalirudin, argatroban ·≈–

ximelagatran ‡ªìπµâπ ¬“°≈ÿà¡π’È‡ªìπ¬“∑’Ë™à«¬„π°“√·°âªí≠À“ HIT ‡ªìπÕ¬à“ß¥’ ¬“∑’Ë‡§¬

‰¥â√—∫§«“¡ π„®¡“°„π°≈ÿà¡π’È§◊Õ ximelagatran ‡ªìπ¬“°‘π∑’ËÕÕ°ƒ∑∏‘Ï‡√Á«¡“°·≈–‰¡à

®”‡ªìπµâÕß§«∫§ÿ¡¥â«¬ PTT, PT À√◊Õ√–¥—∫¬“·µàÕ¬à“ß„¥ ‡π◊ËÕß®“°ÕÕ°ƒ∑∏‘Ï‡√Á« ¬“π’È¡’

·π«‚πâ¡«à“®– –¥«°„π°“√„™â‰¥â¥’°«à“ coumadin „π‡√◊ËÕß∑’Ë coumadin ¡’ drug inter-
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action ¡“°√«¡∂÷ßÕ“À“√¥â«¬ ·≈–‰¡à®”‡ªìπ∑’Ë®–µâÕß¡’°“√µ√«® PT (INR) „π√–À«à“ß

°“√‰¥â¬“ ‡§¬¡’°“√µ—Èß§«“¡À«—ß‰«â«à“¬“π’Èπà“®–π”¡“„™â·∑π heparin ·≈– coumadin

‰¥â‡π◊ËÕß®“°¡’°“√»÷°…“º≈¢Õß¬“π’È°—∫ coumadin „π·ßà°“√ªÑÕß°—π°“√‡°‘¥ stroke „π

§π∑’Ë¡’ atrial fibrillation º≈æ∫«à“‰¡à·µ°µà“ß°—π25 ·µà„π√–¬–À≈—ß°≈—∫æ∫«à“¬“π’È¡’º≈

∑”≈“¬µ—∫®÷ß‰¥â√—∫°“√¬Õ¡√—∫πâÕ¬≈ß·≈–§ßµâÕßµ‘¥µ“¡°“√æ—≤π“¬“°≈ÿà¡π’ÈµàÕ‰ª

1.2 Antiplatelet

¬“°≈ÿà¡ antiplatelet ¡’∫∑∫“∑Õ¬à“ß¡“°„π°“√√—°…“‚√§À≈Õ¥‡≈◊Õ¥ ‚¥¬

‡©æ“–°“√‡°‘¥ thrombosis „π‚√§À≈Õ¥‡≈◊Õ¥·¥ß®“°°“√∑’Ë‡¡◊ËÕ atherosclerotic plaque

¡’°“√·µ°·≈â«®–‡°‘¥°âÕπ‡≈◊Õ¥∑’Ë¡’‡°≈Á¥‡≈◊Õ¥‡ªìπ à«πª√–°Õ∫À≈—°

Aspirin (Acetylsalicylic Acid-ASA)

‡ªìπ¬“∑’Ëµâ“π°“√ÕÕ°ƒ∑∏‘Ï‡Õπ‰´¡å cyclooxygenase ∑”„Àâ‡°≈Á¥‡≈◊Õ¥√«¡µ—«°—π

(platelet aggregation) ‰¥â≈”∫“°‡æ√“–¡’ thromboxane A2 πâÕ¬ ∑”„Àâ‡°‘¥ thrombo-

sis ‰¥â¬“°¢÷Èπ22 ·µà®ÿ¥ÕàÕπ¢Õß¬“π’È§◊Õ‰¡à “¡“√∂ªÑÕß°—π°“√√«¡µ—«¢Õß‡°≈Á¥‡≈◊Õ¥∑’Ëºà“π

¡“∑“ß°≈‰°Õ◊ËππÕ°®“° thromboxane A2 ‡™àπºà“π∑“ß ADP receptor ‡ªìπµâπ ®“°°“√

»÷°…“„π The Antiplatelet Trialistûs Collaboration ‰¥â√“¬ß“π«à“¬“°≈ÿà¡π’È “¡“√∂≈¥

°“√¢“¥‡≈◊Õ¥„πÕ«—¬«–∑’Ë ”§—≠‡™àπ°“√‡°‘¥ stroke À√◊Õ MI À√◊Õ leg gangrene ‰¥â 25-

27%26 „πºŸâªÉ«¬∑’Ë¡’§«“¡‡ ’Ë¬ß ŸßµàÕ°“√‡°‘¥‚√§À≈Õ¥‡≈◊Õ¥·¥ßÕÿ¥µ—π ¬“π’È “¡“√∂∑”„Àâ

‡°‘¥ªí≠À“‡≈◊Õ¥ÕÕ°‰¥â 1-2% ‚¥¬‡©æ“–„π ¡Õß·≈–∑“ß‡¥‘πÕ“À“√ °“√‰¥â¬“π’È‰¡à¡’

§«“¡®”‡ªìπµâÕß¡’°“√‡®“–‡≈◊Õ¥‡æ◊ËÕª√–‡¡‘πµ‘¥µ“¡·µàÕ¬à“ß„¥ ¬“°≈ÿà¡π’È¡—°∂Ÿ°π”¡“„™â

„π°“√ªÑÕß°—π°“√‡°‘¥ arterial thrombosis ‚¥¬¡’°“√„™â¢π“¥¬“„Àâ‡≈◊Õ°„™â‰¥â·µ°µà“ß

°—πµ—Èß·µà 50-1,200 mg µàÕ«—π ·µà¢π“¥∑’Ë‰¥âº≈ Ÿß ÿ¥„π°“√ªÑÕß°—πÀ≈Õ¥‡≈◊Õ¥·¥ßÕÿ¥µ—π

(vascular event) §◊Õ√–À«à“ß 75-150 mg µàÕ«—π26 ®÷ß‡ªìπ¢π“¥∑’Ë·π–π”„Àâ„πºŸâªÉ«¬∑—Ë«‰ª

·≈–ºŸâªÉ«¬∑’ËµâÕß°“√ºà“µ—¥§«√À¬ÿ¥¬“Õ¬à“ßπâÕ¬ 7 «—π°àÕπºà“µ—¥ ·µà¡’°“√ºà“µ—¥∫“ß

ª√–‡¿∑∑’Ë¡’‚Õ°“ ‡°‘¥°âÕπ‡≈◊Õ¥ Ÿß¡“°‡™àπ carotid endarterectomy ´÷Ëß‡ªìπ°“√≈Õ°

atherosclerotic plaque ∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√‡°‘¥ stroke ÕÕ°®“° carotid artery æ∫«à“

carotid endarterectomy ‡ √Á®·≈â«‡≈◊Õ¥®– —¡º— °—∫ collagen ´÷Ëß‡ªìπ à«π∑’Ë‡À≈◊ÕÀ≈—ß
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®“°°“√≈Õ° plaque ÕÕ°®÷ß¡’‚Õ°“  Ÿß∑’Ë®–‡°‘¥ thrombosis À≈—ß®“°ºà“µ—¥‰¥â  àßº≈

„Àâ‡°‘¥ stroke µ“¡¡“ ¥—ßπ—Èπ°“√ºà“µ—¥ª√–‡¿∑π’È®–‰¡à·π–π”„ÀâÀ¬ÿ¥¬“ antiplatelet

·µàÕ¬à“ß„¥27

Thienopyridines

¬“°≈ÿà¡ thienopyridines À≈—ß®“°∑’Ë°‘π¬“®–∂Ÿ°¥Ÿ¥ ÷́¡ºà“π∑“ß‡¥‘πÕ“À“√·≈â«‰ª

metabolized ∑’Ëµ—∫ ®“°π—Èπµ—«¬“®–‰ª block ∑’Ë adenosine diphosphate receptor

(ADP) ∑’ËÕ¬Ÿà∫πº‘«¢Õßºπ—ß‡´≈≈å¢Õß‡°≈Á¥‡≈◊Õ¥ ¬“„π°≈ÿà¡π’È ‰¥â·°à ticlopidine, clopidogrel

®“°°“√»÷°…“¢Õß CAPRIE ´÷Ëß‡ªìπ°“√»÷°…“√–À«à“ß°“√„Àâ aspirin °—∫ clopidogrel

°—∫º≈¢Õß°“√ªÑÕß°—π°“√¢“¥‡≈◊Õ¥¢ÕßÕ«—¬«–µà“ßÊ „πºŸâªÉ«¬∑’Ë¡’ª√–«—µ‘ cerebrovascu-

lar disease, coronary artery disease ·≈– peripheral artery disease ∑’Ë¢“ æ∫«à“

clopidogrel  “¡“√∂≈¥°“√‡°‘¥Õ«—¬«–¢“¥‡≈◊Õ¥‰¥â¥’°«à“ aspirin ‚¥¬√«¡ 8.7%28 ‚¥¬

°≈ÿà¡∑’Ë‰¥âº≈¡“°∑’Ë ÿ¥§◊Õ°≈ÿà¡∑’ËºŸâªÉ«¬‡ªìπ peripheral artery disease ∑’Ë¢“  “¡“√∂≈¥

Õÿ∫—µ‘°“√≥å¥—ß°≈à“«‡ªìπ 23.8%28 ·µà‡π◊ËÕß®“°À≈—°∞“π¥â“ππ’È¢Õß aspirin ¡’¡“°¡“¬

·≈–Àπ—°·πàπ ∑”„Àâ„πªí®®ÿ∫—π¬“∑’Ë·π–π”„Àâ„™âªÑÕß°—π°“√¢“¥‡≈◊Õ¥®–‡ªìπ aspirin ·µà

„π°√≥’∑’Ë aspirin ‰¡à‰¥âº≈ (aspirin resistance) ®–·π–π”„Àâ clopidrogrel ‡ªìπ¬“

∑“ß‡≈◊Õ°µàÕ¡“26 πÕ°®“°π’È¬—ß¡’°“√·π–π”„Àâ„™â¬“√à«¡°—π√–À«à“ß clopidrogrel ·≈–

aspirin „πºŸâªÉ«¬∑’Ë‡ªìπ coronary artery disease ∑’Ë‰¥â√—∫°“√∑” percutaneous coro-

nary angioplasty (stent) ‡æ√“– “¡“√∂≈¥¿“«–·∑√°´âÕπ‰¥â23

Cilostazol

Cilostazol ‡ªìπ¬“∑’Ë‰¥â√—∫§«“¡‡™◊ËÕ∂◊Õ„π°“√√—°…“ peripheral artery disease

¢Õß¢“∑’Ë¡’Õ“°“√ intermittent claudication «à“ “¡“√∂‡æ‘Ë¡√–¬–∑“ß‡¥‘π‰¥â26 cilostazol

‡ªìπ¬“∑’ËÕÕ°ƒ∑∏‘Ï‚¥¬°“√¬—∫¬—Èß phosphodiesterase III ∑”„Àâ¡’°“√‡æ‘Ë¡ intracellular

cyclic AMP (cAMP)23 πÕ°®“°π—Èπ¬—ß¡’º≈„π¥â“πÕ◊ËπÊ Õ’°§◊Õ antiplatelet ·µàƒ∑∏‘Ï

¥—ß°≈à“«‡ªìπƒ∑∏‘Ï∑’Ë‰¡à√ÿπ·√ß ®“°°“√»÷°…“µ√«®¥Ÿ bleeding time ‡∑’¬∫°—∫ aspirin ·≈–

clopidrogrel æ∫«à“¬“∑—Èß Õßπ’È‡æ‘Ë¡ bleeding time Õ¬à“ß¡“°·µà cilostazol ‰¡à¡’º≈
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¡“°·¡â°√–∑—Ëß„Àâ¬“π’È√à«¡°—∫ aspirin À√◊Õ clopidrogrel ¥—ßπ—Èπ‡¡◊ËÕ‡æ‘Ë¡¬“π’È‡¢â“‰ª°—∫

antiplatelet µ—«Õ◊Ëπ¥Ÿ‡À¡◊Õπ®–‰¡à‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ¿“«–·∑√°´âÕπ‡≈◊Õ¥ÕÕ°¡“°¢÷Èπ29,30

πÕ°®“°π’È¬—ß¡’¬“ antiplatelet Õ◊ËπÊ Õ’°‡™àπ prostacyclin analogue (ilioprost,

betaprost), dipyridamole (persantin), dextran, Anti GPIIa/IIIb inhibitor ‡ªìπµâπ

‡ªìπ∑’Ëπà“ π„®«à“°“√ªÑÕß°—π°“√‡°‘¥ thrombosis „πÀ≈Õ¥‡≈◊Õ¥·¥ß¡—°„™â

antiplatelet ®–„Àâº≈¥’ ·µà„π∑“ß venous thrombosis ·≈– atrial fibrillation ¡—°„™â

anticoagulant ∑—Èßπ’È‡ªìπ‡æ√“–°“√‡°‘¥ thrombosis „π∑—Èß Õß°≈ÿà¡π’È¡’≈—°…≥–·µ°µà“ß°—π

µ“¡∑’Ë∑√“∫¥’«à“ thrombus ª√–°Õ∫¥â«¬ platelet ·≈– fibrin deposit  “¡“√∂®”·π°

thrombus ‰¥â‡ªìπ 2 ª√–‡¿∑§◊Õ31

1. White thrombus §◊Õ°âÕπ‡≈◊Õ¥∑’Ë¡’ à«πª√–°Õ∫¢Õß‡°≈Á¥‡≈◊Õ¥‡¥àπ´÷Ëß¡—°

‡°‘¥„π arterial thrombosis ¥—ßπ—Èπ°“√‰¥â antiplatelet ®÷ß‰¥âº≈¥’„π°“√ªÑÕß°—π°“√‡°‘¥

MI À√◊Õ stroke

2. Red thrombus §◊Õ°âÕπ‡≈◊Õ¥∑’Ë¡’ à«πª√–°Õ∫¢Õß fibrin deposit

‡¥àπ√à«¡°—∫ erythrocyte ´÷Ëß¡—°‡°‘¥„π venous thrombosis ·≈– thrombosis „π‚√§

atrial fibrillation ¥—ßπ—Èπ‚√§¥—ß°≈à“«®÷ß§«√‰¥â√—∫ anticoagulant

2. °“√√—°…“ Thrombosis

°“√√—°…“¿“«– thrombosis ¡’®ÿ¥¡ÿàßÀ¡“¬§◊Õæ¬“¬“¡‡ªî¥À≈Õ¥‡≈◊Õ¥∑’Ë¡’°âÕπ

‡≈◊Õ¥Õÿ¥µ—πÕ¬Ÿà„Àâ‡≈◊Õ¥‰À≈‡«’¬π‰¥â –¥«°  “¡“√∂∑”‰¥â∑—Èß°“√ºà“µ—¥‡™àπ thrombectomy,

embolectomy ‡ªìπµâπ  à«π¬“∑’Ë„™â√—°…“§◊Õ¬“≈–≈“¬≈‘Ë¡‡≈◊Õ¥ (thrombolytic therapy)

´÷Ëß∂Ÿ°„™â∫àÕ¬„πºŸâªÉ«¬∑’Ë¡’ acute MI (coronary thrombosis) À√◊Õ acute limb ischaemia

(femoral thrombosis)23

Thrombolytic therapy §◊Õ°“√„Àâ¬“°≈ÿà¡ thrombolytic agent ‡™àπ strep-

tokinase À√◊Õ recombinant TPA ‡ªìπµâπ ¬“π’È®–™à«¬„Àâ¡’°“√≈–≈“¬¢Õß≈‘Ë¡‡≈◊Õ¥

‚¥¬ºà“π∑“ß°“√°√–µÿâπ°√–∫«π°“√ fibrinolysis À√◊Õ‡ªìπ “√∑’Ë§≈â“¬°—∫ “√ tissue plas-

minogen activator (TPA)23 ¬°µ—«Õ¬à“ß¬“„π°≈ÿà¡π’È‡™àπ streptokinase º≈‘µ¡“®“°

Group C β haemolytic streptococci ™à«¬°“√‡ª≈’Ë¬π®“° plasminogen ‡ªìπ plas-

min  à«π synthetic TPA º≈‘µ¡“®“° recombinant technology (recombinant TPA-
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rTPA)  “√‡À≈à“π’È¡’§«“¡ “¡“√∂„π°“√≈–≈“¬≈‘Ë¡‡≈◊Õ¥‚¥¬°“√¬—∫¬—Èß plasminogen ac-

tivator inhibitor-1 ·µà¢âÕ‡ ’¬¢Õß “√‡À≈à“π’È§◊Õ°“√¢“¥§«“¡®”‡æ“–‡®“–®ßµàÕ∫√‘‡«≥

∑’Ë¡’À≈Õ¥‡≈◊Õ¥Õÿ¥µ—π32 ¥—ßπ—Èπ‡¡◊ËÕºŸâªÉ«¬‰¥â¬“π’È·∫∫ systemic ‡™àπ°“√„Àâ intravenous

rTPA „πºŸâªÉ«¬ MI ‡æ◊ËÕ≈–≈“¬ coronary thrombosis ®–¡’Õ“°“√‡≈◊Õ¥ÕÕ°„π∑’Ëµà“ßÊ

∑’Ë¡’·º≈Õ¬Ÿà‚¥¬∑’Ë‰¡à¡’Õ“°“√‚¥¬‡©æ“–∑’ËÕ—πµ√“¬§◊Õ„π ¡Õß·≈–∑“ß‡¥‘πÕ“À“√ ·µà∂â“

„™â‡ √‘¡°—∫°“√ºà“µ—¥º≈¢â“ß‡§’¬ßπ’È®–≈¥≈ß ‡æ√“– “¡“√∂„Àâ¬“µ√ß°—∫∑’Ë¡’ thrombus

¡“° ‡™àπºŸâªÉ«¬∑’Ë¡’ femoral embolism ·≈â«¡’ thrombus §â“ß„πÀ≈Õ¥‡≈◊Õ¥‡≈Á°Ê

À≈—ßºà“µ—¥π”°âÕπ‡≈◊Õ¥ÕÕ° (embolectomy) ·≈â« »—≈¬·æ∑¬å “¡“√∂„Àâ thrombolytic

agent ‚¥¬µ√ß®“°°“√„ à catheter «“ßµ√ß°âÕπ‡≈◊Õ¥ºà“πÀ≈Õ¥‡≈◊Õ¥ femoral artery

‰¥â ¥—ßπ—Èπª√‘¡“≥¬“°Á®–„™âπâÕ¬°«à“°“√„Àâ¬“·∫∫ systemic ¡“° º≈¢â“ß‡§’¬ß¢Õß

thrombolytic agent Õ◊ËπÊ ∑’Ë “¡“√∂æ∫‰¥â ‡™àπ Õ“°“√·æâ hypersensitivity µàÕ strep-

tokinase ‰¥â·°à flush, breathlessness, rash, urticaria, hypotension23

 √ÿª

√à“ß°“¬¢Õß¡πÿ…¬å‰¥â¡’°√–∫«π°“√∑’Ë®–∑”„Àâ‡≈◊Õ¥À¬ÿ¥‰À≈ÕÕ°®“°√à“ß°“¬´÷Ëß

‡√’¬°«à“ hemostasis °≈‰°¥—ß°≈à“«‡ªìπ°“√∑”ß“πÕ¬à“ß≈–‡Õ’¬¥ÕàÕπ√–À«à“ßÀ≈“¬Ê

ªí®®—¬ ∑—Èß àß‡ √‘¡„Àâ¡’°“√‡°‘¥°âÕπ‡≈◊Õ¥°—∫°“√ªÑÕß°—π‰¡à„Àâ‡°‘¥°âÕπ‡≈◊Õ¥¡“°‡°‘π‰ª

°“√‡ ’¬ ¡¥ÿ≈¢Õß√–∫∫π’ÈÕ“®∑”„Àâ‡°‘¥°âÕπ‡≈◊Õ¥ (thrombosis) ¢π“¥„À≠à¢÷Èπ„πÀ≈Õ¥

‡≈◊Õ¥π”¡“ Ÿà°“√¢“¥‡≈◊Õ¥¢ÕßÕ«—¬«–µà“ßÊ °“√√—°…“·≈–ªÑÕß°—π°“√‡°‘¥ thrombosis

µâÕß§‘¥∂÷ß°“√·°âªí≠À“∑—Èß 3 ¥â“π §◊Õ„π à«πª√–°Õ∫¢Õß‡≈◊Õ¥ ºπ—ßÀ≈Õ¥‡≈◊Õ¥·≈–

°√–· ‡≈◊Õ¥ (Virchowûs triad)
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°“√„Àâ‡≈◊Õ¥ºŸâªÉ«¬‡√‘Ë¡¡’∑”°—πµ—Èß·µà ¡—¬ §.». 1667 ‚¥¬·æ∑¬å‰¥âπ”‡≈◊Õ¥·°–

¡“„Àâ‡¥Á°™“¬«—¬ 15 ªï ´÷Ëßº≈≈—æ∏å∑’Ë‰¥â§◊ÕºŸâªÉ«¬‡¥Á°¡’Õ“°“√¥’¢÷Èπ®÷ß‰¥â¡’°“√„Àâ‡≈◊Õ¥®“°

 —µ«å Ÿà§πÕ’° ·µàºŸâªÉ«¬√“¬µàÕÊ ¡“‡ ’¬™’«‘µ ®÷ß¡’°“√Àâ“¡„Àâ‡≈◊Õ¥µ—Èß·µàπ—Èπ‡ªìπµâπ¡“

®π„πªï §.». 1900 Landsteiner ‰¥âπ”‡≈◊Õ¥°≈ÿà¡ A, B, O ¡“„™â ·≈–„πªï §.». 1939

¡’°“√§âπæ∫ Rh group ∑”„Àâ°“√„Àâ‡≈◊Õ¥‡√‘Ë¡·æ√àÀ≈“¬Õ’°§√—Èß

°“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥‡ªìπ°“√™à«¬™’«‘µºŸâªÉ«¬Õ¬à“ßÀπ÷Ëß ·µà

‡À¡◊Õπ°—∫°“√√—°…“ºŸâªÉ«¬¥â«¬«‘∏’Õ◊ËπÊ ∑’ËÕ“®¡’º≈·∑√° ấÕπ‰¥â∑—Èß„π√–¬– —Èπ·≈–√–¬–¬“«

¡’‚Õ°“ µ‘¥‡™◊ÈÕ HIV, hepatitis, syphilis, malaria ·≈–Õ◊ËπÊ

À≈—°„π°“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥
1,2

1. °“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥‡ªìπ‡æ’¬ß à«πÀπ÷Ëß„π°“√√—°…“ºŸâªÉ«¬

2. æ¬“¬“¡„Àâ¡’°“√‡ ’¬‡≈◊Õ¥„ÀâπâÕ¬∑’Ë ÿ¥‡æ◊ËÕ≈¥§«“¡µâÕß°“√¢Õß‡≈◊Õ¥·≈–

 à«πª√–°Õ∫¢Õß‡≈◊Õ¥

3. ºŸâªÉ«¬∑’Ë‡ ’¬‡≈◊Õ¥Õ¬à“ß‡©’¬∫æ≈—π§«√‰¥â√—∫°“√„Àâ “√πÈ”∑¥·∑π∑’Ë‡À¡“– ¡

„π√–À«à“ß∑’Ë√Õ°“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥ (effective resuscitation)

4. √–«—ß transfusion-transmissible infections

5. „Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥‡¡◊ËÕ¡’ benefit ¡“°°«à“ risk
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Typing and Cross-Matching

Major cross-match ‡ªìπ°“√π”‡¡Á¥‡≈◊Õ¥·¥ß¢ÕßºŸâ∫√‘®“§ ∑”ªØ‘°‘√‘¬“°—∫

πÈ”‡À≈◊ÕßºŸâªÉ«¬ ‡æ◊ËÕ¥Ÿ A, B, O compatibility ´÷ËßπÈ”‡À≈◊ÕßºŸâªÉ«¬∑’Ëπ”¡“„™âµ√«®‰¡à§«√

‡°Á∫π“π‡°‘π 72 ™—Ë«‚¡ß „π°√≥’∑’ËºŸâªÉ«¬µâÕß‰¥â√—∫ dextran √à«¡¥â«¬§«√π”‡≈◊Õ¥‰ª∑”

cross-match °àÕπ„Àâ Dextran ‡æ√“–Õ“®‰ª°«π°“√ cross-match ‰¥â

„π¿“«–ª°µ‘®–‰¡àπ”‡≈◊Õ¥ Rh-positive ‰ª„ÀâºŸâªÉ«¬ Rh-negative ·µà∂â“¡’

§«“¡®”‡ªìπ®√‘ßÊ °ÁÕ“®„Àâ‰¥â ·≈–æ‘®“√≥“„Àâ Anti-Rh antiserum (RhoGAM) ‡≈◊Õ¥

O Rh-negative  “¡“√∂„ÀâºŸâªÉ«¬Õÿ∫—µ‘‡Àµÿ‰¥âÕ¬à“ßª≈Õ¥¿—¬·µà‰¡à§«√‡°‘π 4 Unit

‡π◊ËÕß®“°Õ“®‡°‘¥ hemolysis

Banked Whole blood

„πª√–‡∑»‰∑¬¡’ 2 ¢π“¥ §◊Õ 350, 450 ml ¡’√–¥—∫Œ’‚¡‚°≈∫‘πª√–¡“≥ 12 g/dl

·≈–√–¥—∫Œ’¡“‚µ§√‘∑ª√–¡“≥ 36% Whole blood ®–¢“¥‡°≈Á¥‡≈◊Õ¥∑’Ë∑”ß“π‰¥â (Func-

tional platelet), Factor V ·≈– Factor VIII

°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘¢Õß‡¡Á¥‡≈◊Õ¥·¥ß‡¡◊ËÕ‡°Á∫‰«âπ“πÊ

- intracellular ADP ≈¥≈ß

- 2,3 Diphosphoglycerate ≈¥≈ß∑”„Àâ oxygen dissociation curve shift

to the left

- §«“¡ “¡“√∂„π°“√π” oxygen ≈¥≈ß

- pH ≈¥≈ß

- lactic acid ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢÷Èπ

- potassium ÕÕ°¡“πÕ°‡¡Á¥‡≈◊Õ¥·¥ß

- §«“¡‡¢â¡¢âπ¢Õß ammonia ‡æ‘Ë¡¢÷Èπ

¢âÕ∫àß™’È

- °“√∑¥·∑π‡¡Á¥‡≈◊Õ¥·¥ß„π¿“«– hypovolemia ∑’Ë‡°‘¥®“°°“√‡ ’¬‡≈◊Õ¥

‡©’¬∫æ≈—π

- °“√‡ª≈’Ë¬π∂à“¬‡≈◊Õ¥ (exchange transfusion)
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Fresh Whole Blood
3

‡ªìπ‡≈◊Õ¥∑’Ë‡°Á∫‰¡à‡°‘π 24 ™—Ë«‚¡ß ªí®®ÿ∫—π„™â„π π“¡√∫∑’Ë‰¡à§àÕ¬¡’ Blood Bank

∑À“√·µà≈–§π®–∑√“∫À¡Ÿà‡≈◊Õ¥¢Õßµπ‡Õß‡¡◊ËÕ¡’ºŸâ∫“¥‡®Á∫µâÕß‰¥â√—∫‡≈◊Õ¥ ∑À“√∑’Ë¡’À¡Ÿà

‡≈◊Õ¥µ√ß°—π®–¡“∫√‘®“§·≈–„ÀâºŸâªÉ«¬∑—π∑’ ∑”„Àâ‰¡à¡’ªí≠À“‡√◊ËÕß°“√‡°Á∫‡≈◊Õ¥·≈– hypo-

thermia ·µàÕ“®¡’°“√µ‘¥‡™◊ÈÕ∑“ß‡≈◊Õ¥‰¥â

Red Cell

1. Packed Red Cell (PRC)

Packed red cell 1 unit ¡’ª√‘¡“≥ 150-330 ml ¡’√–¥—∫Œ’‚¡‚°≈∫‘πª√–¡“≥

20 g/dl ·≈–√–¥—∫Œ’¡“‚µ§√‘∑ª√–¡“≥ 55-75%

¢âÕ∫àß™’È

- ºŸâªÉ«¬∑’Ë¡’Õ“°“√‚≈À‘µ®“ß∑—Èß·∫∫‡©’¬∫æ≈—π·≈–‡√◊ÈÕ√—ß (Acute À√◊Õ Chronic

symptomatic anemia)

2. Leukocyte-Reduced Red Blood Cell Concentrates

- Leukocyte poor packed red blood cell (LPRC) §◊Õ  à«πª√–°Õ∫

¢Õß‡≈◊Õ¥∑’Ë‰¥âªíòπ·¬°‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°‰ª LPRC ®“° ¿“°“™“¥‰∑¬¡’ª√‘¡“≥‡¡Á¥‡≈◊Õ¥

¢“«∑’Ë‡À≈◊Õ„π∂ÿßπâÕ¬°«à“ 1.2 x 109 cells/bag √–¥—∫Œ’¡“‚µ§√‘∑ª√–¡“≥ 50-70% LPRC

1 unit ¡’ª√‘¡“≥ 200-350 ml

- Leukodepleted packed red blood cell (LDPRC) §◊Õ  à«πª√–°Õ∫

¢Õß‡≈◊Õ¥∑’Ë‰¥â°√Õß·¬°‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°‰ª‚¥¬„™â Leukocyte depleting filter

ª√‘¡“≥‡¡Á¥‡≈◊Õ¥¢“«∑’Ë‡À≈◊Õ„π∂ÿßπâÕ¬°«à“ 5 x 106 cells/bag √–¥—∫Œ’¡“‚µ§√‘∑·≈–ª√‘¡“≥

®–‡ª≈’Ë¬π·ª≈ßµ“¡ à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ëπ”¡“°√Õß √“§“ 1,980 ∫“∑µàÕ bag ·∫àß‰¥â

‡ªìπ 2 ™π‘¥ ‰¥â·°à

Prestorage filter

§◊Õ  à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë°√Õß‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°À≈—ß®“°∑’Ë‰¥â√—∫∫√‘®“§

‰¡à‡°‘π 24 ™—Ë«‚¡ß ( ¿“°“™“¥‰∑¬∑”°“√°√Õß·¬°‡¡Á¥‡≈◊Õ¥¢“«∑’Ë 4 ™—Ë«‚¡ß) ‡ªìπ à«π

ª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë‰¥âº≈¥’∑’Ë ÿ¥„π°“√≈¥ febrile nonhemolytic transfusion reactions
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‡π◊ËÕß®“°‡À≈◊Õ‡¡Á¥‡≈◊Õ¥¢“« cytokine ·≈– “√Õ◊ËπÊ ∑’ËÀ≈—Ëß®“°‡¡Á¥‡≈◊Õ¥¢“«¡’ª√‘¡“≥πâÕ¬

·µà°“√°√Õß·¬°‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°∑—π∑’À≈—ß®“°‰¥â√—∫∫√‘®“§  à«πª√–°Õ∫¢Õß‡≈◊Õ¥π—Èπ

Õ“®∑”„Àâ‡™◊ÈÕ·∫§∑’‡√’¬∑’Ëªπ‡ªóôÕπ®“°°√–∫«π°“√‡®“–‡≈◊Õ¥®“°ºŸâ∫√‘®“§¬—ß§ßÕ¬Ÿà·≈–

 “¡“√∂‡®√‘≠‡µ‘∫‚µ‰¥â ‡æ√“–©–π—Èπ®÷ß§«√∑‘Èß√–¬–‡«≈“ —°æ—°°àÕπ°√Õß·¬°‡¡Á¥‡≈◊Õ¥¢“«

‡æ◊ËÕ„Àâ‡¡Á¥‡≈◊Õ¥¢“«‡°Á∫°‘π‡™◊ÈÕ·∫§∑’‡√’¬°àÕπ∑”°“√°√Õß·¬°‡¡Á¥‡≈◊Õ¥¢“«

Poststorage filter

§◊Õ  à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë°√Õß·¬°‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°À≈—ß®“°‰¥â√—∫∫√‘®“§

‡°‘π 24 ™—Ë«‚¡ß  “¡“√∂°√Õß·¬°‡¡Á¥‡≈◊Õ¥¢“«‰¥â∑—Èß∑’Ë∏π“§“√‡≈◊Õ¥À√◊Õ∑’Ë¢â“ß‡µ’¬ßºŸâªÉ«¬

(bedside filter) Õ“®®–‰¡à “¡“√∂≈¥°“√‡°‘¥ febrile nonhemolytic transfusion re-

actions ‰¥â¥’‡∑à“°—∫ prestorage filter ‡π◊ËÕß®“° “¡“√∂°√ÕßÕÕ°‰¥â‡æ’¬ß‡¡Á¥‡≈◊Õ¥¢“«

·µà„π à«πª√–°Õ∫¢Õß‡≈◊Õ¥¬—ß§ß¡’ cytokine ·≈– “√Õ◊ËπÊ ∑’ËÀ≈—Ëß®“°‡¡Á¥‡≈◊Õ¥¢“«

 à«πª√–°Õ∫¢Õß‡≈◊Õ¥Õ◊Ëπ∑’Ë¡’‡¡Á¥‡≈◊Õ¥¢“«ªπ‡ªóôÕπ “¡“√∂π”¡“°√Õß·¬°

‡¡Á¥‡≈◊Õ¥¢“«ÕÕ°‰¥â‚¥¬„™â leukocyte depleting filter ‡™àπ°—π

¢âÕ∫àß™’È

- ‡æ◊ËÕ≈¥Õ—µ√“°“√‡°‘¥ febrile nonhemolytic transfusion reaction (LPRC

À√◊Õ LDPRC)

- ‡æ◊ËÕ≈¥Õ—µ√“°“√‡°‘¥ human leukocyte antigen alloimmunization

(LDPRC)

- ‡æ◊ËÕ≈¥Õ—µ√“°“√µ‘¥‡™◊ÈÕ cytomegalovirus (LDPRC)

«‘∏’„Àâ·≈–¢âÕ§«√√–«—ß„π°“√„™â red cell

- Packed red cell, leukocyte poor packed red blood cell ·≈–

leukodepleted packed red blood cell 1 unit  “¡“√∂‡æ‘Ë¡√–¥—∫Œ’¡“‚µ§√‘∑‰¥âª√–¡“≥

3% ·≈–‡æ‘Ë¡√–¥—∫Œ’‚¡‚°≈∫‘π‰¥âª√–¡“≥ 1 g/dl

- §«√‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 2-6oC

Platelet

1. Platelet concentrates (PC) §◊Õ ‡°≈Á¥‡≈◊Õ¥∑’Ë‡µ√’¬¡®“°°“√ªíòπ·¬°
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Whole blood ‚¥¬ Platelet concentrates 1 unit ¡’ª√‘¡“≥ 50-60 ml ¡’®”π«π

‡°≈Á¥‡≈◊Õ¥¡“°°«à“ 5.5 x 1010 µ—«

2. Pooled-leukocyte poor platelet concentrate (LPPC) §◊Õ ‡°≈Á¥‡≈◊Õ¥

∑’Ë‡µ√’¬¡®“°°“√√«¡ platelet concentrates 4-6 donor units ‚¥¬«‘∏’ close system

ª√‘¡“≥ ‡°≈Á¥‡≈◊Õ¥∑’Ë‰¥â®–¡’ª√–¡“≥‡∑’¬∫‡∑à“°—∫ 4-6 units ¢Õß platelet concentrates

¡’ª√‘¡“≥ 300-350 ml

3. Single donor platelet concentrate (SDP) §◊Õ ‡°≈Á¥‡≈◊Õ¥∑’Ë‡µ√’¬¡‚¥¬

‡∑§π‘§ apheresis ®“°ºŸâ∫√‘®“§ 1 √“¬ SDP 1 unit ¡’ª√‘¡“≥ 200-400 ml ¡’®”π«π

‡°≈Á¥‡≈◊Õ¥ 3-5 x 1011 µ—«

¢âÕ∫àß™’È

- √—°…“¿“«–‡≈◊Õ¥ÕÕ° ‡π◊ËÕß®“°‡°≈Á¥‡≈◊Õ¥µË”À√◊Õ‡°≈Á¥‡≈◊Õ¥∑”ß“πº‘¥ª°µ‘

(platelet function defects)

- ªÑÕß°—π¿“«–‡≈◊Õ¥ÕÕ° ‡π◊ËÕß®“°‡°≈Á¥‡≈◊Õ¥µË”

«‘∏’„Àâ·≈–¢âÕ§«√√–«—ß„π°“√„™â platelet

- 1 unit of platelet concentrates/ 10 kg body weight ®– “¡“√∂

‡æ‘Ë¡‡°≈Á¥‡≈◊Õ¥‰¥âª√–¡“≥ 20-40 x 109/L

- „π∫“ß¿“«–Õ“®®”‡ªìπµâÕß‡æ‘Ë¡ª√‘¡“≥‡°≈Á¥‡≈◊Õ¥∑’Ë„Àâ ‡™àπ disseminated

intravascular coagulation, septicemia, splenomegaly

- §«√„™â special platelet infusion set À√◊Õ„π°√≥’∑’Ë‰¡à¡’„Àâ‡ª≈’Ë¬π infu-

sion set „À¡à°àÕπ„Àâ‡°≈Á¥‡≈◊Õ¥

- §«√‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 20-24oC Àâ“¡·™à‡¬Áπ

√–¥—∫‡°≈Á¥‡≈◊Õ¥ (threshold) ∑’Ë§«√‰¥â√—∫‡°≈Á¥‡≈◊Õ¥‡æ◊ËÕªÑÕß°—π°“√¡’‡≈◊Õ¥ÕÕ°

„π¿“«–µà“ßÊ ¥—ßµ“√“ß∑’Ë 14

°“√‰¡àµÕ∫ πÕßµàÕ°“√„Àâ‡°≈Á¥‡≈◊Õ¥ (Platelet Refractoriness)

°“√‰¡àµÕ∫ πÕßµàÕ°“√„Àâ‡°≈Á¥‡≈◊Õ¥‡ªìπªí≠À“ ”§—≠¡“°„πºŸâªÉ«¬∑’ËµâÕß‰¥â√—∫

‡≈◊Õ¥·≈–‡°≈Á¥‡≈◊Õ¥‡ªìπ√–¬–‡«≈“π“π ‡π◊ËÕß®“°¿“«–π’È àßº≈°√–∑∫µàÕ°“√√—°…“ºŸâªÉ«¬
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∑”„ÀâÕ—µ√“ Morbidity ·≈– Mortality ‡æ‘Ë¡¢÷Èπ ®÷ß∂◊Õ‡ªìπ¿“«–∑’ËµâÕß„Àâ§«“¡ ”§—≠„π

°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬ °“√«‘π‘®©—¬°“√‰¡àµÕ∫ πÕßµàÕ°“√„Àâ‡°≈Á¥‡≈◊Õ¥  “¡“√∂§”π«≥

‚¥¬„™â Ÿµ√ Corrected Count Increment (CCI)

Body Surface Area (m2) x Platelet Count Increment
CCI = x 1011

No. of Platelets Transfused

‚¥¬°“√«‘π‘®©—¬°“√‰¡àµÕ∫ πÕßµàÕ°“√„Àâ‡°≈Á¥‡≈◊Õ¥ µâÕß«—¥ª√‘¡“≥‡°≈Á¥‡≈◊Õ¥

∑’Ë 1 ™—Ë«‚¡ßÀ≈—ß®“°‰¥â√—∫‡°≈Á¥‡≈◊Õ¥ ·≈â«π”¡“§”π«≥µ“¡ Ÿµ√ CCI ‚¥¬°”Àπ¥„Àâ§à“

CCI πâÕ¬°«à“ 5,000 /mm3 µ‘¥µàÕ°—π 2 §√—Èß¢Õß°“√‰¥â√—∫‡°≈Á¥‡≈◊Õ¥ “‡Àµÿ¢Õß°“√‰¡à

µÕ∫ πÕßµàÕ°“√„Àâ‡°≈Á¥‡≈◊Õ¥

1. Platelet Alloimmunization §◊Õ ¿“«–∑’ËºŸâªÉ«¬¡’ Antibodies µàÕ Anti-

gen ∫πº‘«¢Õß‡°≈Á¥‡≈◊Õ¥ºŸâ∫√‘®“§∑’Ë‰¡àµ√ß°—∫ Antigen ¢ÕßºŸâªÉ«¬ ∑’Ë ”§—≠·∫àß‡ªìπ 3

™π‘¥ ‰¥â·°à

- ABO antigen

- Human Leukocyte Antigen ∫πº‘«‡°≈Á¥‡≈◊Õ¥¡’ HLA class I (¡’‡©æ“–

HLA-A ·≈– HLA-B antigens) ´÷Ëß anti HLA-A ·≈– anti HLA-B ∂◊Õ‡ªìπ “‡Àµÿ

 ”§—≠∑’Ë ÿ¥¢Õß°“√‡°‘¥°“√‰¡àµÕ∫ πÕßµàÕ°“√„Àâ‡°≈Á¥‡≈◊Õ¥

µ“√“ß∑’Ë 1 Threshold for platelet transfusion

Chronic thrombocytopenia (AA, MDS) 5,000 /mm3

Acute leukemia 10,000 / mm3

Post Chemotherapy 10,000 / mm3

Bone marrow transplantation 10,000-20,000 / mm3

Acute leukemia with high fever 20,000 / mm3

Invasive procedure, minor surgery 50,000 / mm3

Lumbar puncture 80,000 / mm3

Major Surgery 100,000 / mm3
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- Human platelet antigen ‡°‘¥®“°§«“¡·µ°µà“ß¢Õß Platelet glyco-

protein IIb/IIIa À√◊Õ platelet glycoprotein Ib √–À«à“ßºŸâªÉ«¬·≈–ºŸâ∫√‘®“§ ‚¥¬°“√

‡√’¬°™◊ËÕ antibodies „π√–∫∫π’È®–„™â HPA system ‚¥¬®–µ—Èß™◊ËÕ„Àâ allele ∑’Ëæ∫∫àÕ¬„π

™“«µ–«—πµ°‡ªìπ a ·≈–Õ’° allele ∑’Ëæ∫πâÕ¬°«à“‡ªìπ b ‡™àπ HPA-la ®–æ∫∫π‡°≈Á¥

‡≈◊Õ¥¢Õßª√–™“°√µ–«—πµ° 98% ‡ªìπµâπ

2. Platelet Autoimmunization

§◊Õ ¿“«–∑’ËºŸâªÉ«¬¡’ antibodies µàÕ antigen ¢Õß‡°≈Á¥‡≈◊Õ¥¢Õßµπ‡Õß

·≈–ºŸâ∫√‘®“§∑ÿ°§π ¡—°æ∫‡ªìπ antibodies µàÕ high frequency antigens

3.  “‡Àµÿ∑’Ë‰¡à„™à¿Ÿ¡‘µâ“π∑“π (non immune causes of platelet refractori-

ness)

‰¥â·°à ¿“«–‰¢â µ‘¥‡™◊ÈÕ ¡â“¡‚µ ¬“∫“ß™π‘¥‡™àπ amphotericin B, Vanco-

mycin, Massive bleeding À√◊Õ Disseminated Intravascular coagulation

°“√ªÑÕß°—π¢Õß°“√‰¡àµÕ∫ πÕßµàÕ°“√„Àâ‡°≈Á¥‡≈◊Õ¥

- Leukodepleted blood product

- °“√°√Õß‡¡Á¥‡≈◊Õ¥¢“«ÕÕ° “¡“√∂™à«¬≈¥°“√‡°‘¥¿“«–°“√‰¡àµÕ∫ πÕß

µàÕ‡°≈Á¥‡≈◊Õ¥‰¥â ‚¥¬°“√„™â‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë¡’ª√‘¡“≥‡¡Á¥‡≈◊Õ¥¢“«

πâÕ¬°«à“ 106 µ—«„π·µà≈– unit ¢Õß°“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥æ∫«à“ “¡“√∂

≈¥°“√‡°‘¥ Platelet Alloimmunization ‰¥â 30-50%

- °“√©“¬√—ß ’ UVB (‰¡à„™à√—ß ’·°¡¡à“) æ∫«à“ “¡“√∂≈¥Õ—µ√“°“√‡°‘¥ platelet

alloimmunization ‰¥â„°≈â‡§’¬ß°—∫°“√„™â leukodepleted blood product

- °“√„™â Single donor platelet ‡æ◊ËÕ™à«¬„Àâ°“√‡°‘¥ anti-HLA ™â“≈ß ·µà‰¡à

 “¡“√∂ªÑÕß°—π‰¥â 100%

°“√√—°…“¢Õß°“√‰¡àµÕ∫ πÕßµàÕ°“√„Àâ‡°≈Á¥‡≈◊Õ¥

- æ‘®“√≥“„Àâ HLA-matched platelets „π°√≥’∑’Ë¡’ anti-HLA ‚¥¬°“√„Àâ HLA-

matched platelets µâÕß©“¬√—ß ’·°¡¡à“·°à HLA-matched platelets ‡æ◊ËÕªÑÕß°—π¿“«–
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transfusion-associated graft-versus-host disease

- æ‘®“√≥“„Àâ cross-matched platelet „π°√≥’∑’Ë‰¡à “¡“√∂À“ HLA-

matched platelets ‰¥â

- æ‘®“√≥“„Àâ¬“ Intravenous Immunoglobulin, Corticosteroid, Immu-

nosuppressive À√◊Õ Therapeutic Plasmapheresis ‡æ◊ËÕ≈¥ª√‘¡“≥ Antibodies (·µà‰¡à¡’

Randomized controlled trial ¬◊π¬—π)

- æ‘®“√≥“„Àâ‡°≈Á¥‡≈◊Õ¥„πª√‘¡“≥∑’Ë¡“°¢÷ÈπÀ√◊Õ∂’Ë¢÷Èπ„π°√≥’∑’Ë‡°‘¥®“°

 “‡Àµÿ∑’Ë‰¡à„™à¿Ÿ¡‘µâ“π∑“π

Plasma

1. Fresh Frozen Plasma

§◊Õ Plasma ∑’Ë‡µ√’¬¡®“°°“√ªíòπ·¬° whole blood ·≈–·™à·¢Áß∑’ËÕÿ≥À¿Ÿ¡‘

µË”°«à“ -25oC ¿“¬„π 6 ™—Ë«‚¡ßÀ≈—ß°“√∫√‘®“§ ∂◊Õ‡ªìπ à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë¡’ coagu-

lation factor §√∫·≈–‡ªìπ à«πª√–°Õ∫¢Õß‡≈◊Õ¥™π‘¥‡¥’¬«∑’Ë¡’ factor V Õ¬Ÿà FFP 1 unit

¡’ª√‘¡“≥ 150-300 ml

¢âÕ∫àß™’È

- ∑¥·∑π°“√¢“¥ multiple coagulation factor ‡™àπ ºŸâªÉ«¬ liver

disease, massive blood transfusion ·≈– disseminated intravascular coagula-

tion

- Thrombotic thrombocytopenic purpura

2. Cryoremoved Plasma (CRP)

§◊Õ Plasma ∑’Ë‡À≈◊Õ®“°°“√ªíòπ·¬° cryoprecipitate ÕÕ°®“° FFP ·≈â«

π”¡“·™à·¢Áß∑’ËÕÿ≥À¿Ÿ¡‘ -20oC Õ’°§√—Èß ‚¥¬®–¡’ª√‘¡“≥ Factor VIII, Factor XIII ·≈–

Fibrinogen ≈¥≈ß Cryoremoved plasma 1 unit ¡’ª√‘¡“≥ 150-300 ml

¢âÕ∫àß™’È

- ∑¥·∑π°“√¢“¥ multiple coagulation factor (¬°‡«âπ Factor VIII, Factor

XIII ·≈– Fibrinogen)
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- Thrombotic thrombocytopenic purpura

«‘∏’„Àâ·≈–¢âÕ§«√√–«—ß„π°“√„™â Plasma

- Initial dose 15 ml/kg

- À≈—ß®“°≈–≈“¬ (Thaw) §«√„™â„ÀâÀ¡¥¿“¬„π 6 ™—Ë«‚¡ß ‡π◊ËÕß®“° Labile

coagulation factors (Factor V, VIII) ®–≈¥≈ß

- À≈—ß®“°≈–≈“¬ (Thaw) µâÕß‡°Á∫√—°…“„πÕÿ≥À¿Ÿ¡‘ 2-6oC

Cryoprecipitate

‡µ√’¬¡®“° FFP ‚¥¬π” FFP ¡“≈–≈“¬·≈–ªíòπ·¬°µ–°Õπ cryoprecipitate

∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ·≈â«π”µ–°Õπ cryoprecipitate ¡“·™à·¢Áß°≈—∫∑’ËÕÿ≥À¿Ÿ¡‘πâÕ¬°«à“ -25oC

cryoprecipitate 1 unit ¡’ª√‘¡“≥ 10-20 ml ¡’ Factor VIII, XIII, fibrinogen ·≈– von

willebrand factor

¢âÕ∫àß™’È

- √—°…“ Inherited coagulopathies

Von Willebrand Factor (Von Willebrandûs disease)

Factor VIII deficiency (Hemophilia A)

Factor XIII deficiency

- √—°…“ acquired coagulopathies ‡™àπ disseminated intravascular

coagulation with bleeding

«‘∏’„™â·≈–¢âÕ§«√√–«—ß

- À≈—ß®“°≈–≈“¬ (Thaw) §«√„™â„ÀâÀ¡¥¿“¬„π 6 ™—Ë«‚¡ß ‡π◊ËÕß®“° labile

coagulation factors ®–≈¥≈ß

- ‰¡à®”‡ªìπµâÕß„™â‡ªìπ ABO-compatible product

Concentrated and recombinant DNA technology ‡™àπ recombinant factor

VIIa (NovoSeven)5, recombinant factor VIII (Bioclate), factor IX recombinant

(BeneFIX), 20% human albumin „π 1 ml ®–¡’ albumin 200 mg ‡ªìπµâπ
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¢âÕ∫àß™’È„π°“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥

¢âÕ∫àß™’È‚¥¬∑—Ë«‰ª

Improvement in oxygen carrying capacity °“√π” Oxygen ‰ª‡≈’È¬ß

 à«πµà“ßÊ ¢Õß√à“ß°“¬‡ªìπÀπâ“∑’ËÀ≈—°¢Õß‡¡Á¥‡≈◊Õ¥·¥ß „π°“√≥’ chronic anemia §«√

®–·°â‰¢∑’Ë “‡Àµÿ·∑π°“√„Àâ‡≈◊Õ¥‡π◊ËÕß®“°√à“ß°“¬¡’°“√ª√—∫µ—«¡“√–¬–Àπ÷Ëß‡™àπ‡¥’¬«°—∫

À≠‘ßµ—Èß§√√¿®–¡’¿“«– physiologic anemia ∑’Ë‰¡à®”‡ªìπµâÕß·°â‰¢ ºŸâªÉ«¬ à«π„À≠à∑“ß

»—≈¬°√√¡®–æ∫ºŸâªÉ«¬ acute anemia ´÷Ëß∫“ß§√—Èß®”‡ªìπ∑’Ë®–µâÕß„Àâ‡≈◊Õ¥‡æ◊ËÕ·°â‰¢¿“«–

anemia π—ÈπÊ

Volume replacement ‡ªìπ¢âÕ∫àß™’È„π°“√„Àâ‡≈◊Õ¥∑’Ëæ∫∫àÕ¬∑’Ë ÿ¥„πºŸâªÉ«¬

»—≈¬°√√¡ ‡ªìπ°“√ª√–‡¡‘π∑’Ë¬“°«à“ºŸâªÉ«¬‡ ’¬‡≈◊Õ¥·≈–µâÕß°“√‡≈◊Õ¥ª√‘¡“≥‡∑à“„¥„π

ºŸâªÉ«¬∑’Ë°”≈—ßºà“µ—¥Õ¬Ÿà ‚¥¬‡©æ“–§à“ª°µ‘µà“ßÊ ∑’ËµâÕß°“√¡’§à“·µ°µà“ß°—πÕÕ°‰ª„π·µà≈–

°√≥’ ‡™àπ ºŸâªÉ«¬ºŸâ„À≠à∑’Ë·¢Áß·√ß‡ ’¬‡≈◊Õ¥„π‡«≈“Õ—π√«¥‡√Á« 1,000 ml ®–¡’§à“ Hct

≈¥ 3% „π™—Ë«‚¡ß·√° 5% „π 24 ™—Ë«‚¡ßµàÕ¡“ ·≈– 8% ∑’Ë 72 ™—Ë«‚¡ß À≈—°‚¥¬∑—Ë«‰ª

„π°“√„Àâ “√∑¥·∑π‡≈◊Õ¥·æ∑¬å®–ª√–‡¡‘π estimate blood loss ·≈–„Àâ “√∑¥·∑π

¥—ßµ“√“ß∑’Ë 2

Replacement of clotting factors „Àâ„πºŸâªÉ«¬∑’Ë¢“¥ªí®®—¬µà“ßÊ µ“¡∑’Ë®”‡ªìπ

¢âÕ∫àß™’È∑’Ë®”‡æ“–

Massive Transfusion À¡“¬∂÷ß°“√„Àâ‡≈◊Õ¥¡“°°«à“ 2,500 ml „π§√—Èß‡¥’¬«

À√◊Õ ¡“°°«à“ 5,000 ml „π 24 ™—Ë«‚¡ß ªí≠À“µà“ßÊ ∑’Ëµ“¡¡“„πºŸâªÉ«¬ massive transfu-

sion ¡’

µ“√“ß∑’Ë 2 Recommendation for fluid resuscitate

<20% ¢Õß Total Blood Volume ∑¥·∑π‚¥¬ Crystalloid solution

50% ¢Õß Total Blood Volume ∑¥·∑π‚¥¬ Crystalloid solution plus PRC

>50% ¢Õß Total Blood Volume ∑¥·∑π‚¥¬ Crystalloid solution plus PRC plus plasma

‚¥¬ Crystalloid ∑’Ë„Àâ®–¡’§à“‡ªìπ “¡‡∑à“¢Õßª√‘¡“≥‡≈◊Õ¥∑’Ëª√–‡¡‘π
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Volume over load

DIC

Dilution thrombocytopenia

Impaired plt function

Depletion of coagulation factor V, VIII, XI

Hypothermia

«‘∏’°“√„Àâ‡≈◊Õ¥

Routine administration „π√–¬–·√°„Àâ‡≈◊Õ¥∑“ßÀ≈Õ¥‡≈◊Õ¥¥”„πÕ—µ√“ 5

ml/min ‡¡◊ËÕ —ß‡°µ‰¡àæ∫ªØ‘°‘√‘¬“∑’Ëº‘¥ª°µ‘®÷ß„Àâ„πÕ—µ√“∑’Ë‡√Á«¢÷Èπ·≈–ªí®®—¬∑’Ë®–®”°—¥

§«“¡‡√Á«„π°“√„Àâ§◊Õ¢π“¥¢Õß‡¢Á¡∑’Ë„™â·≈–§«“¡¬“«¢Õß “¬ √–¬–‡«≈“∑’Ë‡À¡“– ¡„π

°“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥¥—ßµ“√“ß∑’Ë 3

ªØ‘°‘√‘¬“®“°°“√√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥ (Transfusion Reactions)

Transfusion reactions  “¡“√∂‡°‘¥‰¥â„πºŸâªÉ«¬∑ÿ°§π∑’Ë‰¥â√—∫‡≈◊Õ¥·≈– à«π

ª√–°Õ∫¢Õß‡≈◊Õ¥ ∑’Ë ”§—≠¡’¥—ßπ’È

1. ªØ‘°‘√‘¬“®“°°“√√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥™π‘¥‡©’¬∫æ≈—π (Acute

complications of transfusion) §◊ÕªØ‘°‘√‘¬“®“°°“√√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥

µ“√“ß∑’Ë 3 √–¬–‡«≈“∑’Ë‡À¡“– ¡„π°“√„Àâ‡≈◊Õ¥

Start infusion Complete infusion

Whole blood or Within 30 minutes of removing Within 4 hours (or less in

red cells pack from refrigerator high ambient temperature)

Platelet concentrates Immediately Within 20 minutes

Fresh frozen plasma As soon as possible Within 20 minutes

and cryoprecipitate
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∑’Ë‡°‘¥¢÷Èπ¿“¬„π 24 ™—Ë«‚¡ß ·∫àß‡ªìπ 3 ™π‘¥¥—ßπ’È

1.1 ªØ‘°‘√‘¬“®“°°“√√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥™π‘¥‡©’¬∫æ≈—π·∫∫‰¡à

√ÿπ·√ß (mild reactions)

 “‡Àµÿ

- ¿“«– hypersensitivity √–¥—∫‰¡à√ÿπ·√ß

Õ“°“√·≈–Õ“°“√· ¥ß

º◊Ëπ≈¡æ‘…À√◊Õº◊Ëπ·¥ß§—π‡°‘¥¿“¬„π‡«≈“ —ÈπÊ ¿“¬„π‡«≈“‡ªìππ“∑’®“°°“√

‰¥â√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥ ‡π◊ËÕß®“°‚ª√µ’π„π plasma ¢ÕßºŸâ∫√‘®“§ ∑”„Àâ‡°‘¥

hypersensitivity ·≈–¡’°“√À≈—Ëß histamine

°“√√—°…“

- „Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥™â“≈ß

- „Àâ¬“ antihistamine (chlorpheniramine 0.1 ml/kg ∑“ß°≈â“¡‡π◊ÈÕ

À√◊Õ∑“ßÀ≈Õ¥‡≈◊Õ¥¥”)

- ∂â“Õ“°“√‰¡à¥’¢÷Èπ§«√À¬ÿ¥„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥ ·≈â«„Àâ¬“ corti-

costeroids ∑“ßÀ≈Õ¥‡≈◊Õ¥¥”

°“√ªÑÕß°—π

∂â“ºŸâªÉ«¬¡’ª√–«—µ‘°“√‡°‘¥ªØ‘°‘√‘¬“®“°°“√√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥

™π‘¥‡©’¬∫æ≈—π·∫∫‰¡à√ÿπ·√ß§«√„Àâ¬“ antihistamine °àÕπ„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫

‡≈◊Õ¥∑ÿ°§√—Èß

1.2 ªØ‘°‘√‘¬“®“°°“√√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥™π‘¥‡©’¬∫æ≈—π·∫∫

√ÿπ·√ßª“π°≈“ß (moderately severe reactions)

 “‡Àµÿ

- ¿“«– hypersensitivity √–¥—∫ª“π°≈“ß∂÷ß√ÿπ·√ß

- ¿“«– febrile non-hemolytic reaction ‡°‘¥®“° antibodies µàÕ‡¡Á¥

‡≈◊Õ¥¢“« ‡°≈Á¥‡≈◊Õ¥ À√◊Õ‚ª√µ’π„π plasma ‡°‘¥„πºŸâªÉ«¬∑’Ë‡§¬‰¥â√—∫‡≈◊Õ¥À√◊Õ‡§¬

µ—Èß§√√¿å¡“°àÕπ

- °“√ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬„π√–¬–‡√‘Ë¡µâπ
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Õ“°“√·≈–Õ“°“√· ¥ß

‰¢â Àπ“« —Ëπ Àπâ“·¥ß (flushing) º◊Ëπ≈¡æ‘…§—π (urticaria) ‡Àπ◊ËÕ¬ (mild

dyspnea) „® —Ëπ (palpitation, tachycardia) ·≈–ª«¥»’√…– Õ“°“√‡À≈à“π’È‡°‘¥®“° an-

tibodies „π plasma ¢ÕßºŸâªÉ«¬‡°‘¥ªØ‘°‘√‘¬“°—∫‡¡Á¥‡≈◊Õ¥¢“«¢ÕßºŸâ∫√‘®“§

°“√√—°…“

- À¬ÿ¥„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥

- „Àâ “√πÈ”∑“ßÀ≈Õ¥‡≈◊Õ¥¥” (normal saline)

- °‘π¬“ paracetamol ·≈–„Àâ¬“ antihistamine, corticosteroid ∑“ß

À≈Õ¥‡≈◊Õ¥¥”

- ∫—π∑÷°ª√‘¡“≥ªí  “«– 24 ™—Ë«‚¡ß ‡æ◊ËÕ‡ΩÑ“√–«—ßÕ“°“√· ¥ß¢Õß hemoly-

sis

-  àß‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥ infusion set ·≈–‡®“–‡≈◊Õ¥ºŸâªÉ«¬

À≈—ß‡°‘¥ªØ‘°‘√‘¬“®“°°“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥¡“„Àâ∏π“§“√‡≈◊Õ¥

°“√ªÑÕß°—π

„πºŸâªÉ«¬∑’Ë‡§¬‡°‘¥¿“«– febrile non-hemolytic reaction §«√„Àâ

°‘π¬“ paracetamol °àÕπ„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥ 1 ™—Ë«‚¡ß ·≈–„Àâ´È”

Õ’°§√—Èß∑’Ë 3 ™—Ë«‚¡ßÀ≈—ß®“°‡√‘Ë¡„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥ °“√„Àâ‡≈◊Õ¥·≈–

 à«πª√–°Õ∫¢Õß‡≈◊Õ¥„πÕ—µ√“∑’Ë™â“≈ß∑’Ë¡’ à«π™à«¬≈¥¿“«– febrile non-hemolytic

reaction

1.3 ªØ‘°‘√‘¬“®“°°“√√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥™π‘¥‡©’¬∫æ≈—π·∫∫

√ÿπ·√ß (life-threatening reactions)

 “‡Àµÿ

- ¿“«– Acute intravascular hemolysis

- °“√ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬·≈– septic shock

- ¿“«– Anaphylactic reaction

- ¿“«– Transfusion-associated lung injury

- ¿“«–πÈ”‡°‘π (fluid overload)
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Acute intravascular hemolysis

‡ªìπªØ‘°‘√‘¬“∑’Ë‡°‘¥®“° type II hypersensitivity ‚¥¬ºŸâªÉ«¬¡’ antibodies

µàÕ red blood cell „π‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë‰¥â√—∫ ´÷ËßªØ‘°‘√‘¬“∑’Ë√ÿπ·√ß

¡—°‡°‘¥®“°„Àâ‡≈◊Õ¥º‘¥À¡Ÿà‚¥¬‡©æ“–À¡Ÿà ABO ·≈– Rh

Õ“°“√·≈–Õ“°“√· ¥ß

- „πºŸâªÉ«¬√Ÿâ ÷°µ—« (conscious patient)

‰¢â Àπ“« —Ëπ ª«¥√âÕπº‘«Àπ—ß∫√‘‡«≥∑’Ë‰¥â√—∫‡≈◊Õ¥ ªí  “«– ’™“·≈–ÕÕ°πâÕ¬

(hemoglobinuria, oliguria) „® —Ëπ (tachycardia) hypotension ·≈– disseminated

intravascular coagulation Õ“°“√®–‡°‘¥¢÷Èπ¿“¬„π‡«≈“ —ÈπÊ (¿“¬„π‡«≈“‡ªìππ“∑’)

À√◊ÕÀ≈—ß®“°‰¥â√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥πâÕ¬°«à“ 10 ml

- „πºŸâªÉ«¬‰¡à√Ÿâ ÷°µ—« (unconscious patient)

¡’Õ“°“√· ¥ß∫“ßÕ¬à“ß∑’Ë “¡“√∂ —ß‡°µ‰¥â ‡™àπ hypotension ªí  “«–

 ’™“·≈–ÕÕ°πâÕ¬ (hemoglobinuria, oliguria) ¿“«–‡≈◊Õ¥ÕÕ°®“° Disseminated

intravascular coagulation

°“√µ√«®∑“ßÀâÕßªØ‘∫—µ‘°“√

-  àß‡≈◊Õ¥ºŸâªÉ«¬‡æ◊ËÕµ√«® CBC, Coagulation screen, Direct antiglobulin

test, BUN, Creatinine, Electrolytes, Hemoculture (‡æ◊ËÕ«‘π‘®©—¬·¬°‚√§ Bacteria

contamination)

-  àß‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥ Infusion set ·≈–‡®“–‡≈◊Õ¥ºŸâªÉ«¬

À≈—ß‡°‘¥ªØ‘°‘√‘¬“®“°°“√„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥¡“„Àâ∏π“§“√‡≈◊Õ¥

°“√√—°…“

- À¬ÿ¥„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥·≈–·®âß„Àâ‡®â“Àπâ“∑’Ë∏π“§“√‡≈◊Õ¥

∑√“∫‡æ◊ËÕµ√«® Õ∫ªØ‘°‘√‘¬“¥—ß°≈à“«

- „ÀâÕÕ°´‘‡®π

- „Àâ “√πÈ”∑“ßÀ≈Õ¥‡≈◊Õ¥¥” (normal saline)

- „Àâ¬“¢—∫ªí  “«–

- ∂â“‡°‘¥¿“«– disseminated intravascular coagulation §«√„Àâ à«π
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ª√–°Õ∫¢Õß‡≈◊Õ¥‡æ◊ËÕ·°â‰¢¿“«–π’È

°“√ªÑÕß°—π

- µ√«® Õ∫™◊ËÕ-π“¡ °ÿ≈ ‡≈¢∑’ËºŸâªÉ«¬∫πµ—«Õ¬à“ß‡≈◊Õ¥·≈– àß„∫¢Õ‡≈◊Õ¥°—∫

µ—«ºŸâªÉ«¬Õ¬à“ß∂Ÿ°µâÕß°àÕπ àß¡“∑’Ë∏π“§“√‡≈◊Õ¥

- µ√«® Õ∫™◊ËÕ-π“¡ °ÿ≈ ‡≈¢∑’ËºŸâªÉ«¬∫π∂ÿß‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß

‡≈◊Õ¥«à“µ√ß°—∫ºŸâªÉ«¬°àÕπ„Àâ∑ÿ°§√—Èß

Bacterial contamination and Septic shock

°“√ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ “¡“√∂‡°‘¥‰¥â„π∑ÿ°¢—ÈπµÕπ¢Õß°“√√—∫∫√‘®“§

°“√µ√«®À¡Ÿà‡≈◊Õ¥ ·≈–°“√„Àâ‡≈◊Õ¥ ‡æ√“–©–π—Èπ®÷ß§«√√–¡—¥√–«—ß„π∑ÿ°¢—ÈπµÕπ ´÷Ëß‡™◊ÈÕ

∑’Ëæ∫¡“°§◊Õ Pseudomonas species ( “¡“√∂‡®√‘≠‡µ‘∫‚µ‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 2-6oC) ·≈–

Staphylococci ( “¡“√∂‡®√‘≠‡µ‘∫‚µ‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 20-24oC)

Õ“°“√·≈–Õ“°“√· ¥ß

‰¢â Ÿß Àπ“« —Ëπ·≈–Õ“®¡’ hypotension ´÷ËßÕ“®‡°‘¥∑—π∑’À√◊Õ‡°‘¥¿“¬„π

√–¬–‡«≈“‡ªìπ™—Ë«‚¡ßÀ≈—ß„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥

°“√√—°…“

- „Àâ¬“ªØ‘™’«π–∑“ßÀ≈Õ¥‡≈◊Õ¥¥”

- √—°…“ª√–§—∫ª√–§Õßµ“¡Õ“°“√ (supportive care)

Anaphylactic reactions

ªí®®—¬‡ ’Ë¬ß§◊Õ°“√„Àâ FFP „πª√‘¡“≥¡“°·≈–‡√Á«‚¥¬‡©æ“–°“√∑” plasma

exchange ‡°‘¥‡π◊ËÕß®“° cytokine „π plasma  “‡Àµÿ∑’Ëæ∫πâÕ¬·µà “¡“√∂°àÕ„Àâ‡°‘¥

anaphylactic reactions ∑’Ë√ÿπ·√ß§◊Õ IgA deficiency ´÷Ëß‡°‘¥®“°ºŸâªÉ«¬∑’Ë¢“¥ IgA

·µà°”‡π‘¥∑”„Àâ¡’ªØ‘°‘√‘¬“µàÕ IgA „π à«πª√–°Õ∫¢Õß‡≈◊Õ¥

Õ“°“√·≈–Õ“°“√· ¥ß

¿“«– Cardiovascular collapse (hypotension), respiratory distress

(wheezing, bronchospasm, laryngeal edema), urticaria ‚¥¬‰¡à¡’‰¢â

°“√√—°…“

- „Àâ¬“ adrenaline 1 :1,000 ¢π“¥ 0.01 mg/kg ©’¥‡¢â“∑“ß°≈â“¡‡π◊ÈÕ
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Transfusion-Associated Lung Injury (TRALI)
6

‡°≥±å°“√«‘π‘®©—¬ transfusion-associated lung injury

- Acute lung injury

1. ‡°‘¥ Bilateral infiltrates ∫π Chest X-rays ¿“¬„π√–¬–‡«≈“ 6 ™—Ë«‚¡ß

( à«π¡“°®–‡°‘¥¿“¬„π√–¬–‡«≈“ 1-2 ™—Ë«‚¡ß) ‚¥¬‰¡àæ∫À≈—°∞“π¢Õß Left atrial hyper-

tension (‡™àπ Circulatory overload)

2. Hypoxemia

Ratio of PaO2/FiO2 ≤ 300 À√◊Õ SpO2 ≤ 90% on room air À√◊ÕÕ“°“√¢Õß

Hypoxemia Õ◊ËπÊ

- ‰¡àæ∫ acute lung injury °àÕπ‰¥â√—∫‡≈◊Õ¥À√◊Õ à«πª√–°Õ∫¢Õß‡≈◊Õ¥

- ‰¡àæ∫ risk factor Õ◊Ëπ¢Õß acute lung injury

°≈‰°°“√‡°‘¥‚√§

1. Immune (antibody)-mediated transfusion-associated lung injury

æ∫ 65-90% ¢ÕßºŸâªÉ«¬ °≈‰°¢Õß‚√§‡°‘¥®“°¿“«–∑’ËºŸâ∫√‘®“§‡≈◊Õ¥¡’ leuko-

cyte antibodies µàÕ neutrophils ¢ÕßºŸâªÉ«¬ ‡¡◊ËÕ‰¥â√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß

‡≈◊Õ¥‡¢â“‰ª„π√à“ß°“¬¢ÕßºŸâªÉ«¬·≈â« antibodies ®“°ºŸâ∫√‘®“§®–‰ª®—∫°—∫ neutrophils

¢ÕßºŸâªÉ«¬ ∑”„Àâ Neutrophils ∂Ÿ°°√–µÿâπ∑’Ë∫√‘‡«≥‡π◊ÈÕ‡¬◊ËÕªÕ¥·≈–À≈—Ëß “√ Bioactive

products ÕÕ°¡“∑”„Àâ¡’°“√∑”≈“¬‡π◊ÈÕ‡¬◊ËÕªÕ¥ ´÷Ëß¡—°‡°‘¥°—∫ºŸâ∫√‘®“§‡≈◊Õ¥ºŸâÀ≠‘ß∑’Ë¡’

∫ÿµ√·≈â«

2. Non-immune Mechanism

æ∫ 15% ¢ÕßºŸâªÉ«¬ À√◊Õ‡√’¬°«à“ a two hit model ‚¥¬¡’ Cytokines ∑’Ë

À≈—Ëß®“° Endothelium „πªÕ¥ ∑”„Àâ Neutrophils ¬÷¥µ‘¥Õ¬Ÿà°—∫ Endothelium

´÷Ëß‡Àµÿ°“√≥å·√°π’È∂Ÿ°°√–µÿâπ‰¥â‚¥¬°“√µ‘¥‡™◊ÈÕ °“√ºà“µ—¥ Õÿ∫—µ‘‡Àµÿ ·≈– Massive trans-

fusion  à«π‡Àµÿ°“√≥å 2 ∑’Ë¡“°√–µÿâπ§◊Õ °“√‰¥â√—∫‡≈◊Õ¥∑’Ë¡’ Lipid priming molecules,

Cytokines, CD40 ligand À√◊Õ Endotoxin ‡¢â“‰ª∑”„Àâ Neutrophils À≈—Ëß Oxidases

·≈– Proteases ¡“∑”≈“¬ Endothelium ∑’ËªÕ¥
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°“√√—°…“

„Àâ°“√√—°…“·∫∫ª√–§—∫ª√–§Õßµ“¡Õ“°“√ ‡π◊ËÕß®“°‰¡à¡’°“√√—°…“∑’Ë®”‡æ“–

ºŸâªÉ«¬®–¥’¢÷Èπ¿“¬„π 96 ™—Ë«‚¡ß ·µà¡’‚Õ°“ ‡ ’¬™’«‘µ 5-10%

2. ªØ‘°‘√‘¬“®“°°“√√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥™π‘¥™â“ (Delayed Compli-

cations of Transfusion)

 “‡Àµÿ

- °“√µ‘¥‡™◊ÈÕ®“°°“√‰¥â√—∫‡≈◊Õ¥ (Transfusion-transmitted infectious)

- ¿“«– Delayed hemolytic reaction

- ¿“«– Post-transfusion purpura

- ¿“«– Transfusion-associated graft-versus-host disease (TA-GVHD)

- ¿“«–‡À≈Á°‡°‘π (Iron overload)

°“√µ‘¥‡™◊ÈÕ®“°°“√‰¥â√—∫‡≈◊Õ¥ (Transfusion-Transmitted Infectious)

°“√‰¥â√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥ ¡’‚Õ°“ ‡ ’Ë¬ß∑’Ë®–‰¥â√—∫‡™◊ÈÕµà“ßÊ (In-

fectious agents) ‡™àπ human immunodeficiency virau (HIV), hepatitis C virus

(HCV), hepatitis B virus (HBV), human T-cell lymphotropic virus (HTLV),

malaria, cytomegalovirus, epstein-Barr virus, Human parvovirus B19,

Toxoplasmasis, Treponema pallidum, Trypanosoma cruzi, Brucellosis

ªí®®ÿ∫—π‰¥âæ—≤π“‡∑§π‘§°“√µ√«®‡™◊ÈÕ‰«√— ´÷Ëß “¡“√∂≈¥√–¬–‡«≈“°“√µ√«®æ∫‡™◊ÈÕ‰«√— 

÷́ËßÕ¬Ÿà„π√–¬–øí°µ—« (window period) §◊Õ Nucleic-acid amplification testing (NAT)

Nucleic-acid amplification testing (NAT) „™âÀ≈—°°“√ polymerase chain

reaction (PCR) ´÷Ëß‡ªìπ°“√µ√«®µ—«‡™◊ÈÕ‰«√— ‚¥¬µ√ß ‡π◊ËÕß®“° “¡“√∂≈¥√–¬–‡«≈“

°“√µ√«®æ∫‡™◊ÈÕ‰«√—  ÷́ËßÕ¬Ÿà„π√–¬–øí°µ—« ®÷ß∑”„Àâ≈¥‚Õ°“ °“√µ‘¥‡™◊ÈÕ®“°°“√‰¥â√—∫‡≈◊Õ¥

ªí®®ÿ∫—π “¡“√∂„™â NAT „π°“√µ√«® HIV, HCV, HBV ‚¥¬ “¡“√∂≈¥√–¬–‡«≈“°“√

µ√«®æ∫‡™◊ÈÕ‰«√— ´÷ËßÕ¬Ÿà„π√–¬–øí°µ—«„π‚√§ HIV15 ®“° 16 «—π‡À≈◊Õ 9 «—π„π 16 unit

minipool-NAT (MP-NAT) ·≈– 9.5 «—π„π 24 unit MP-NAT  ”À√—∫ HCV15 ®“° 70-

80 «—π‡À≈◊Õ 7.4 «—π„π 16 unit MP-NAT ·≈– 8 «—π„π 24 unit MP-NAT  à«π HBV16
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®“° 56 «—π‡À≈◊Õ 40-50 «—π„π MP-NAT ·≈– 15-34 «—π

Delayed Hemolytic Reaction

‡°‘¥„πºŸâªÉ«¬∑’Ë‡§¬‰¥â√—∫µ—«°√–µÿâπ„Àâ √â“ß antibodies ®“° antigen ∫πº‘«‡¡Á¥

‡≈◊Õ¥„π√–À«à“ßµ—Èß§√√¿åÀ√◊Õ‡§¬‰¥â√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫‡≈◊Õ¥ ‡¡◊ËÕ√–¬–‡«≈“ºà“π‰¥â

√–¥—∫ antibodies ≈¥√–¥—∫≈ß®÷ß‰¡à “¡“√∂µ√«®æ∫‰¥â À≈—ß®“°∑’ËºŸâªÉ«¬‰¥â√—∫°“√

°√–µÿâπÕ’°§√—Èß‚¥¬°“√‰¥â√—∫‡≈◊Õ¥∑’Ë¡’ antigen ∫πº‘«‡¡Á¥‡≈◊Õ¥∑’Ëµ√ß°—∫ antibodies „π

√à“ß°“¬ ®–°àÕ„Àâ‡°‘¥°“√‡æ‘Ë¡¢÷Èπ¢Õß Antibodies „π√à“ß°“¬Õ¬à“ß√«¥‡√Á« (Secondary

immune response)

Õ“°“√·≈–Õ“°“√· ¥ß

‰¢â ́ ’¥ ‡À≈◊Õß ( à«π¡“°‡ªìπ extravascular hemolysis) ∫“ß§√—ÈßÕ“®¡’¿“«–

hemoglobinuria

°“√µ√«®∑“ßÀâÕßªØ‘∫—µ‘°“√‡æ‘Ë¡‡µ‘¡

-  àß‡≈◊Õ¥ºŸâªÉ«¬‡æ◊ËÕµ√«® CBC, coagulation screen, antiglobulin test,

BUN, creatinine, electrolytes

- µ√«®‡™Á§À¡Ÿà‡≈◊Õ¥ºŸâªÉ«¬´È”

- °“√√—°…“

- ‰¡à¡’°“√√—°…“∑’Ë®”‡æ“–§«√√—°…“ª√–§—∫ª√–§Õßµ“¡Õ“°“√

- ∂â“¡’¿“«– hypotension À√◊Õ¿“«–‰µ«“¬ „Àâ√—°…“‡À¡◊Õπ¿“«– acute in-

travascular hemolysis

°“√ªÑÕß°—π

§«√µ√«® antibodies µàÕ‡¡Á¥‡≈◊Õ¥·¥ß„π plasma ¢ÕßºŸâªÉ«¬¥â«¬§«“¡

√Õ∫§Õ∫

Post-Transfusion Purpura

‡ªìπ¿“«–∑’Ëæ∫‰¥âπâÕ¬‚¥¬®–æ∫‡°≈Á¥‡≈◊Õ¥µË” (ª√‘¡“≥‡°≈Á¥‡≈◊Õ¥πâÕ¬°«à“ 100

x 109/L) √à«¡°—∫¿“«–‡≈◊Õ¥ÕÕ°À≈—ß®“°‰¥â√—∫ à«πª√–°Õ∫¢Õß‡¡Á¥‡≈◊Õ¥·¥ßÀ√◊Õ‡°≈Á¥‡≈◊Õ¥
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ª√–¡“≥ 5-10 «—π  “‡Àµÿ‡π◊ËÕß®“°ºŸâªÉ«¬¡’ alloantibodies µàÕ antigens ∫πº‘«‡°≈Á¥

‡≈◊Õ¥∑’Ë‰¥â√—∫ æ∫∫àÕ¬„πºŸâªÉ«¬∑’Ë¡’ human platelet-specific antigen 1b (HPA-1b)

·∫∫ homozygous ´÷Ëß‡§¬∂Ÿ°°√–µÿâπ¥â«¬°“√µ—Èß§√√¿åÀ√◊Õ°“√‰¥â√—∫‡≈◊Õ¥·≈– à«π

ª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë¡’ HPA-1a ®÷ß¡’°“√ √â“ß alloantibodies µàÕ HPA-1a ‡¡◊ËÕ‰¥â√—∫

‡°≈Á¥‡≈◊Õ¥∑’Ë¡’ HPA-1a ®÷ß‡°‘¥°“√∑”≈“¬¢Õß∑—Èß‡°≈Á¥‡≈◊Õ¥∑’Ë‰¥â√—∫·≈–‡°≈Á¥‡≈◊Õ¥

¢Õßµ—«ºŸâªÉ«¬¥â«¬ ∑”„Àâ‡°‘¥¿“«–‡°≈Á¥‡≈◊Õ¥µË”Õ¬à“ß√ÿπ·√ß ‚¥¬¬—ß‰¡à∑√“∫°≈‰°°“√

‡°‘¥‚√§∑’Ë·πà™—¥  à«π¡“°‡°≈Á¥‡≈◊Õ¥®–¢÷Èπ‡Õß¿“¬„π 2-4  —ª¥“Àå (Self-limited disease)

ºŸâªÉ«¬¡’‚Õ°“ ‡°‘¥¿“«–‡≈◊Õ¥ÕÕ°Õ¬à“ß√ÿπ·√ßª√–¡“≥ 10-20%

°“√√—°…“

- „Àâ immunoglobulin (IVIG) ∑“ßÀ≈Õ¥‡≈◊Õ¥¥”ª√‘¡“≥ 1 g/kg π“π 2

«—π

- ∂â“‰¡àµÕ∫ πÕß„Àâ∑” plasmapheresis

- „π°√≥’∑’Ë‡°‘¥¿“«–‡≈◊Õ¥ÕÕ°„Àâ‡°≈Á¥‡≈◊Õ¥™π‘¥ Antigen-negative platelet

°“√ªÑÕß°—π

„π°√≥’∑’ËºŸâªÉ«¬¡’ª√–«—µ‘ post-transfusion purpura °“√„Àâ‡°≈Á¥‡≈◊Õ¥

§√—ÈßµàÕ‰ªµâÕß„Àâ‡°≈Á¥‡≈◊Õ¥™π‘¥ Antigen-negative platelet

Transfusion-Associated Graft-Versus-Host Disease (TA-GVHD)

‡°‘¥¢÷Èπ‡¡◊ËÕ viable T-lymphocytes „π‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë‰¥â√—∫

‡¢â“‰ª (engraft) ‡æ‘Ë¡®”π«π (proliferate) ·≈–µàÕµâ“π‡π◊ÈÕ‡¬◊ËÕ¢ÕßºŸâªÉ«¬ (host tissues)

°≈‰°°“√‡°‘¥‚√§

- ¡’§«“¡·µ°µà“ß„π human leukocyte antigen (HLA) ¢ÕßºŸâªÉ«¬·≈–ºŸâ

∫√‘®“§‡≈◊Õ¥

- „π à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë‰¥â√—∫¡’ viable T-lymphocytes

- ºŸâªÉ«¬¢“¥ viable T-lymphocytes ∑’Ë∑”ß“π‰¥âµ“¡ª°µ‘ ®÷ß‰¡à “¡“√∂∑”≈“¬

viable T-lymphocytes ¢ÕßºŸâ∫√‘®“§‡≈◊Õ¥‰¥â

´÷Ëß‡¡◊ËÕ¡’§√∫∑—Èß 3 ªí®®—¬∑’Ë°≈à“«¡“·≈â«®–æ∫«à“ viable T-lymphocytes „π
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‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ë‰¥â√—∫  “¡“√∂‡¢â“‰ª„πµ—«ºŸâªÉ«¬·≈–‡®√‘≠‡µ‘∫‚µµàÕ

µâ“π‡π◊ÈÕ‡¬◊ËÕ¢ÕßºŸâªÉ«¬‰¥â

Õ’°°≈‰°Àπ÷Ëß∑’Ë ”§—≠§◊Õ one-way HLA match ‡ªìπ¿“«–∑’ËºŸâ∫√‘®“§¡’ HLA

‡À¡◊Õπ°—π∑—Èß 2 ¢â“ß (HLA homozygous donor) ·≈– HLA ¢ÕßºŸâ∫√‘®“§µ√ß°—π°—∫

HLA ¢ÕßºŸâªÉ«¬ (shares one HLA haplotype) ∑”„Àâ viable T-lymphocytes ¢ÕßºŸâ

∫√‘®“§ “¡“√∂µ√«®æ∫§«“¡‰¡à‡¢â“°—π„πÕ’° haplotype „π HLA ¢ÕßºŸâªÉ«¬ àßº≈„Àâ

viable T-lymphocytes ¢ÕßºŸâ∫√‘®“§µàÕµâ“π‡π◊ÈÕ‡¬◊ËÕ¢ÕßºŸâªÉ«¬ ‚¥¬∑’Ë√–∫∫¿Ÿ¡‘§ÿâ¡°—π

¢ÕßºŸâªÉ«¬‰¡à “¡“√∂°”®—¥ viable T-lymphocytes ¢ÕßºŸâ∫√‘®“§‰¥â ¡’‚Õ°“ æ∫‰¥â Ÿß

„πºŸâ∫√‘®“§∑’Ë‡ªìπ≠“µ‘æ’ËπâÕß

Õ“°“√·≈–Õ“°“√· ¥ß

‰¢â §≈◊Ëπ‰ âÕ“‡®’¬π ∑âÕß‡ ’¬ º◊Ëπ °“√∑”ß“π¢Õßµ—∫º‘¥ª°µ‘ ·≈–¿“«– pan-

cytopenia ¡—°‡°‘¥¢÷Èπ„π√–¬–‡«≈“ 7-10 «—πÀ≈—ß‰¥â√—∫‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥

°“√√—°…“

„Àâ°“√√—°…“·∫∫ª√–§—∫ª√–§Õßµ“¡Õ“°“√ ‡π◊ËÕß®“°‰¡à¡’°“√√—°…“∑’Ë®”‡æ“–

ºŸâªÉ«¬¡’‚Õ°“ ‡ ’¬™’«‘µª√–¡“≥ 90%

°“√ªÑÕß°—π

„Àâ‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥∑’Ëºà“π°“√©“¬√—ß ’·°¡¡“·°àºŸâªÉ«¬∑’ËÕ¬Ÿà

„π°≈ÿà¡‡ ’Ë¬ß¥—ß¢âÕ∫àß™’È∑’Ë°≈à“«¡“·≈â«¢â“ßµâπ

 √ÿª

§«“¡√Ÿâ§«“¡‡¢â“„®„π°“√‡≈◊Õ°„™â‡≈◊Õ¥·≈– à«πª√–°Õ∫¢Õß‡≈◊Õ¥Õ¬à“ß∂Ÿ°µâÕß

‡À¡“– ¡ √–¡—¥√–«—ß¿“«–·∑√°´âÕπµà“ßÊ ®–‡ªìπ°“√™à«¬™’«‘µºŸâªÉ«¬‰¥â‡ªìπÕ¬à“ß¥’

‡Õ° “√Õâ“ßÕ‘ß

1. æ√√≥¥’ «—≤π∫ÿ≠¬ß‡®√‘≠, æ≈¿—∑√ ‚√®πåπ§√‘π∑√å. Basic transfusion medicine. Collective
Review; 2551.



°ƒµ‘¬“  °ƒµ¬“°’√≥ 489

2. World Health Organization Blood Transfusion Safety. Clinical Use Blood 2008; 1-221.
3. Spinella PC. Warm fresh whole blood transfusion for severe hemorrhage: U.S. military and

potential civilian applications. Crit Care Med 2008; 36(7 Suppl):S340-5.
4. Slichter SJ. Relationship between platelet count and bleeding risk in thrombocytopenic pa-
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∫∑π”

Õ≥Ÿ™’««‘∑¬“‡ªìπ°“√»÷°…“‡°’Ë¬«°—∫‚§√ß √â“ß·≈–°“√∑”ß“π¢Õß ‘Ëß¡’™’«‘µ„π√–¥—∫

Àπà«¬æ—π∏ÿ°√√¡ ·≈–‚¡‡≈°ÿ≈ ‡ªìπ “¢“∑’Ë§“∫‡°’Ë¬«°—π√–À«à“ßæ—π∏ÿ»“ µ√å·≈–™’«‡§¡’

‡ªÑ“À¡“¬À≈—°¢ÕßÕ≥Ÿ™’««‘∑¬“ ‰¥â·°à °“√«‘‡§√“–Àå≈—°…≥–‚§√ß √â“ß√–¥—∫‚¡‡≈°ÿ≈·≈–

°“√‡¢â“„®°≈‰°°“√∑”ß“π¢Õß‡´≈≈å Õ«—¬«– ·≈– ‘Ëß¡’™’«‘µ„π ¿“«–ª√°µ‘·≈–„π ¿“«–∑’Ë

‡°‘¥æ¬“∏‘ ¿“æ Õ≥Ÿ™’««‘∑¬“¡ÿàß‡πâπ»÷°…“ªØ‘ —¡æ—π∏å√–À«à“ß√–∫∫µà“ßÊ ¿“¬„π‡´≈≈å ´÷Ëß

√«¡∂÷ßªØ‘ —¡æ—π∏å√–À«à“ß°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ (DNA) Õ“√å‡ÕÁπ‡Õ (RNA) ·≈–‚ª√µ’π

·≈–»÷°…“«à“°√–∫«π°“√‡À≈à“π’È∂Ÿ°§«∫§ÿ¡Õ¬à“ß‰√ §«“¡°â“«Àπâ“„À¡àÊ ∑’Ë‡°‘¥¢÷Èπ„π√–¬–

‡«≈“  ∑’Ëºà“π¡“∑—Èß§«“¡√Ÿâ§«“¡‡¢â“„®∂÷ß°≈‰°∑“ß‡¡µ“∫Õ≈‘´÷¡ °“√· ¥ßÕÕ°¢Õß¬’π °“√

 àß —≠≠“π¿“¬„π‡´≈≈å ·≈–°“√‡®√‘≠‡µ‘∫‚µ¢ÕßÕ«—¬«–µà“ßÊ °“√π”‡Õ“‡∑§‚π‚≈¬’∑“ß¥â“π

recombinant DNA ·≈–ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈‘‡¡Õ‡√  (polymerase chain reaction À√◊Õ

PCR) µ≈Õ¥®π§«“¡ ”‡√Á®¢Õß‚§√ß°“√®’‚π¡¡πÿ…¬å (Human Genome Project) µà“ß

°àÕ„Àâ‡°‘¥º≈¥’ ”À√—∫¡«≈¡πÿ…¬™“µ‘ ∑—Èß„π·ßà§«“¡√Ÿâ§«“¡‡¢â“„®∑’Ë‡æ‘Ë¡¡“°¢÷Èπµ≈Õ¥®π

°“√π”‡Õ“°“√‡ª≈’Ë¬π·ª≈ß∑’Ë®”‡ªìπ¡“ª√–¬ÿ°µå„™â„π°“√¥Ÿ·≈√—°…“‚√§

„πªí®®ÿ∫—π §«“¡°â“«Àπâ“Õ¬à“ß√«¥‡√Á«„π∑“ßÕ≥Ÿ™’««‘∑¬“·≈–Õ≥Ÿæ—π∏ÿ»“ µ√å

‰¥âªØ‘«—µ‘§«“¡√Ÿâ§«“¡‡¢â“„®¢Õß‚√§·≈–æ¬“∏‘ ¿“æµà“ßÊ ´÷Ëß¡’º≈Õ¬à“ß¡“°µàÕ°“√¥Ÿ·≈

ºŸâªÉ«¬∑“ß»—≈¬°√√¡ »—≈¬·æ∑¬å§ßµâÕßµ√–Àπ—°«à“§«“¡°â“«Àπâ“À≈“¬Ê Õ¬à“ß∑“ß

»—≈¬°√√¡‡ªìπº≈¡“®“°§«“¡√Ÿâ∑’Ë‰¥â®“°°“√»÷°…“∑“ß¥â“πÕ≥Ÿ™’«‚¡‡≈°ÿ≈ „πÕπ“§µÕ—π„°≈â

‡∑§π‘§∑“ßÕ≥Ÿ™’««‘∑¬“®–∂Ÿ°π”¡“„™â‡æ‘Ë¡¡“°¢÷Èπ„π‚√§∑“ß»—≈¬°√√¡·≈–π”‰ª Ÿà·π«∑“ß

„À¡àÊ „π°“√‡≈◊Õ°«‘∏’°“√ºà“µ—¥µà“ßÊ ¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ»“ µ√å ‡™àπ ¬’π BRCA ·≈– RET
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‰¥â∂Ÿ°π”¡“„™â„π°“√µ—¥ ‘π„®ºà“µ—¥‡æ◊ËÕ°“√ªÑÕß°—π¡–‡√Áß‡µâ“π¡ ¡–‡√Áß√—ß‰¢à ·≈–¡–‡√Áß

µàÕ¡‰∑√Õ¬¥å «‘∏’°“√µ—¥µàÕ∑“ßæ—π∏ÿ»“ µ√å°”≈—ß‰¥â√—∫°“√»÷°…“‡æ◊ËÕπ”‰ª Ÿà°“√√—°…“

√–¥—∫¬’π ‡æ◊ËÕ‡ªìπ°“√√—°…“‡ √‘¡¿“¬À≈—ß°“√ºà“µ—¥°âÕπ¡–‡√ÁßÕÕ° ¥—ßπ—Èπ °“√‡√’¬π√Ÿâ

‡°’Ë¬«°—∫À≈—°°“√æ◊Èπ∞“π∑“ß¥â“πÕ≥Ÿ™’««‘∑¬“ Õ≥Ÿæ—π∏ÿ»“ µ√å ·≈–™’«‡§¡’®÷ß‡ªìπ ‘Ëß ”§—≠

 ”À√—∫»—≈¬·æ∑¬å∑ÿ°§π ∫∑§«“¡µàÕ‰ªπ’È‡ªìπ°“√∑∫∑«π§«“¡√Ÿâæ◊Èπ∞“π∑—Ë«‰ª¢ÕßÕ≥Ÿ

™’««‘∑¬“·≈–„Àâ§«“¡√Ÿâ‡°’Ë¬«°—∫‡∑§‚π‚≈¬’∑’Ë¡’°“√π”¡“„™â∫àÕ¬Ê ∑—Èß„π°“√«‘®—¬·≈–„π

°“√π”¡“„™â„π°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬∑“ß»—≈¬°√√¡

·π«§‘¥æ◊Èπ∞“π¢ÕßÕ≥Ÿ™’««‘∑¬“

°“√‡√‘Ë¡µâπ¬ÿ§„À¡à¢ÕßÕ≥Ÿ™’««‘∑¬“‡°‘¥¢÷Èπ‡¡◊ËÕ¡’°“√§âπæ∫‚§√ß √â“ß∑’Ë‡ªìπ§Ÿà‡°≈’¬«

¢Õß¥’‡ÕÁπ‡Õ ‚¥¬ ‡®¡ å «—µ —π ·≈– ø√“π´‘  §√‘° „πªï §.». 19531 ≈—°…≥–‚§√ß √â“ß

¢Õß¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ§Ÿà‡∫ ®—∫°—ππ’È‡ªìπæ◊Èπ∞“π„π°“√ √â“ß§Ÿà‡À¡◊Õπ¢Õß¥’‡ÕÁπ‡Õ¢÷Èπ¡“ °“√

 —ß‡§√“–Àå¥’‡ÕÁπ‡Õ (DNA replication) ‡ªìπ°“√· ¥ß„Àâ‡ÀÁπ∂÷ß°≈‰°„π°“√ àßºà“π¢âÕ¡Ÿ≈

∑“ßæ—π∏ÿ°√√¡ Ÿà√ÿàπ≈Ÿ°À≈“π∂—¥‰ª

¿“¬„π‡´≈≈å¥’‡ÕÁπ‡Õª√–°Õ∫¢÷Èπ‡ªìπ‚§√‚¡‚´¡ ≈—°…≥–∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß¢Õß¥’

‡ÕÁπ‡Õ §◊Õ§«“¡ “¡“√∂„π°“√ àßµàÕ¢âÕ¡Ÿ≈∑’Ë ”§—≠ ”À√—∫°“√∑”Àπâ“∑’Ëµà“ßÊ ¢Õß‡´≈≈å

‚¥¬Õ“»—¬À≈—°°“√¢Õß§Ÿà‡∫ ∑’Ë®—∫°—π (√Ÿª∑’Ë 1) ¥’‡ÕÁπ‡Õ∑”Àπâ“∑’Ë‡ªìπæ‘¡æå‡¢’¬« ”À√—∫

°√–∫«π°“√ —ß‡§√“–ÀåÕ“√å‡ÕÁπ‡Õ (RNA transcription) Õ—πª√–°Õ∫¥â«¬ messenger RNA

(mRNA À√◊Õ Õ“√å‡ÕÁπ‡Õ∑’Ë∑”Àπâ“∑’Ë √â“ß‚ª√µ’π), ribosomal RNA (rRNA) ·≈– transfer

RNA (tRNA) ‚¥¬ mRNA π”‡Õ“¢âÕ¡Ÿ≈®“°¥’‡ÕÁπ‡Õ‰ª Ÿà°√–∫«π°“√ √â“ß‚ª√µ’π (trans-

lation) ‚¥¬§«“¡™à«¬‡À≈◊Õ¢Õß rRNA ·≈– tRNA ¢—ÈπµÕπ¢Õß°√–∫«π°“√‡À≈à“π’È¡’

°“√§«∫§ÿ¡Õ¬à“ß≈–‡Õ’¬¥‡æ◊ËÕ„Àâ°“√· ¥ßÕÕ°¢Õß¬’π‡°‘¥¢÷Èπ„π‡´≈≈å∑’Ëµ”·ÀπàßÀ√◊Õ

Õ«—¬«–∑’Ë®”‡æ“–·≈–„π™à«ß‡«≈“∑’Ë‡À¡“– ¡

À≈—°°“√æ◊Èπ∞“π¢Õß™’«‚¡‡≈°ÿ≈·≈–™’««‘∑¬“¢Õß‡´≈≈å

¥’‡ÕÁπ‡Õ ·≈–æ—π∏ÿ°√√¡

¥’‡ÕÁπ‡Õ ‡ªìπ™◊ËÕ¬àÕ¢Õß “√æ—π∏ÿ°√√¡∑’Ë¡’™◊ËÕ∑“ß«‘∑¬“»“ µ√å«à“ °√¥¥’ÕÕ° ’́‰√‚∫-
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π‘«§≈’Õ‘° (deoxyribonucleic acid) ´÷Ëß‡ªìπ°√¥π‘«§≈’Õ‘° (°√¥∑’Ëæ∫„π„®°≈“ß¢Õß

‡´≈≈å∑ÿ°™π‘¥) ∑’Ëæ∫„π‡´≈≈å¢Õß ‘Ëß¡’™’«‘µ∑ÿ°™π‘¥ ‰¥â·°à §π  —µ«å æ◊™ ‡™◊ÈÕ√“ ·∫§∑’‡√’¬

‰«√—  ‡ªìπµâπ ¥’‡ÕÁπ‡Õ∫√√®ÿ¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡¢Õß ‘Ëß¡’™’«‘µ™π‘¥π—Èπ‰«â ´÷Ëß¡’≈—°…≥–∑’Ë

º ¡º “π¡“®“° ‘Ëß¡’™’«‘µ√ÿàπ°àÕπ (æàÕ·≈–·¡à) ·≈– “¡“√∂∂à“¬∑Õ¥‰ª¬—ß ‘Ëß¡’™’«‘µ√ÿàπ∂—¥

‰ª (≈Ÿ°À≈“π)

ºŸâ§âπæ∫¥’‡ÕÁπ‡Õ §◊Õ ø√’¥√‘™ ¡’‡™Õ√å „πªï æ.». 2412 (§.». 1869) ·µà‰¡à∑√“∫

«à“¡’‚§√ß √â“ßÕ¬à“ß‰√ ®π„πªï æ.». 2496 (§.». 1953) ‡®¡ å ¥’. «—µ —π ·≈–ø√“π´‘ 

§√‘° ‡ªìπºŸâ‰¢§«“¡≈—∫‚§√ß √â“ß¢Õß¥’‡ÕÁπ‡Õ ·≈–π—Ëππ—∫‡ªìπ®ÿ¥‡√‘Ë¡µâπ¢Õß¬ÿ§‡∑§‚π‚≈¬’

∑“ß¥’‡ÕÁπ‡Õ

·À≈àß‡°Á∫·≈–∂à“¬∑Õ¥¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡„π ‘Ëß¡’™’«‘µ·∑∫∑ÿ°™π‘¥§◊Õ ¥’‡ÕÁπ‡Õ

´÷Ëß‡ªìπ‚æ≈’‡¡Õ√å¢Õßπ‘«§≈’‚Õ‰∑¥å (nucleotides) À√◊Õ°√¥π‘«§≈’Õ‘°ª√–‡¿∑Àπ÷Ëß ¬°‡«âπ

√Ÿª∑’Ë 1 °√–∫«π°“√∂à“¬∑Õ¥¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡®“°¥’‡ÕÁπ‡Õ‰ª Ÿà‚ª√µ’π
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RNA virus À√◊Õ “√™’«‚¡‡≈°ÿ≈∫“ß™π‘¥ ‡™àπ viroid ´÷Ëß¡’§ÿ≥ ¡∫—µ‘∫“ßª√–°“√„°≈â‡§’¬ß

°—∫ ‘Ëß¡’™’«‘µ·µà‰¡à¡’¥’‡ÕÁπ‡Õ °√¥π‘«§≈’Õ‘°¡’ 2 ™π‘¥§◊Õ °√¥¥’ÕÕ°´‘‰√‚∫π‘«§≈’Õ‘°´÷Ëß‡ªìπ

‚æ≈’‡¡Õ√å¢Õß deoxyribonucleotides ·≈–°√¥‰√‚∫π‘«§≈’Õ‘° (ribonucleic acid, RNA)

´÷Ëß‡ªìπ‚æ≈’‡¡Õ√å¢Õß ribonucleotides ‚¥¬π‘«§≈’‚Õ‰∑¥å∑ÿ°™π‘¥¡’Õß§åª√–°Õ∫À≈—°§◊Õ

1. πÈ”µ“≈‡æπ‚µ  (pentose) ¡’ 2 ™π‘¥§◊Õ πÈ”µ“≈‰√‚∫  (ribose) ´÷Ëßæ∫

‡ªìπ à«πª√–°Õ∫¢ÕßÕ“√å‡ÕÁπ‡Õ·≈–πÈ”µ“≈¥’ÕÕ°´‘‰√‚∫  (deoxyribose) ´÷Ëßæ∫‡ªìπ à«π

ª√–°Õ∫¢Õß ¥’‡ÕÁπ‡Õ

2. ‡∫ ‰π‚µ√‡®π (nitrogenous base) ‡ªìπ “√ª√–°Õ∫Õ–‚√‡¡µ‘°∑’Ë¡’

‰π‚µ√‡®π‡ªìπ à«πª√–°Õ∫¡’ 2 ™π‘¥§◊Õ‡∫ ‡æ’¬«√’π (purine) ·≈–‡∫ ‰æ√‘¡‘¥’π (pyrimi-

dine) ‚¥¬‡∫ ‡æ’¬«√’π∑’Ëæ∫∑—Èß„π ¥’‡ÕÁπ‡Õ·≈–Õ“√å‡ÕÁπ‡Õ §◊ÕÕ–¥‘π’π (adenine, A) ·≈–

°—«π’π (guanine, G)  à«π‡∫ ‰æ√‘¡‘¥’π„π ¥’‡ÕÁπ‡Õ §◊Õ‰´‚µ´’π (cytosine, C) ·≈–‰∏¡’π

(thymine, T) ‡∫ ‰æ√‘¡‘¥’π∑’Ëæ∫„πÕ“√å‡ÕÁπ‡Õ §◊Õ ‰´‚µ´’π (cytosine, C) ·≈–¬Ÿ√“´‘≈

(uracil, U)

3. °√¥øÕ øÕ√‘° (phosphoric acid) ‡¡◊ËÕ√à«¡°—∫πÈ”µ“≈‡æπ‚µ ¥â«¬æ—π∏–

3', 5'-øÕ ‚ø‰¥‡Õ ‡∑Õ√å ‡ªìπ sugar-phosphate backbone ¢Õß°√¥π‘«§≈’Õ‘°

¥’‡ÕÁπ‡Õ„ππ‘«‡§≈’¬ ¢Õß‡´≈≈åæ◊™·≈– —µ«åÕ¬Ÿà√«¡°—∫‚ª√µ’π´÷Ëß‡√’¬°«à“π‘«§≈’‚Õ

‚ª√µ’π (nucleoprotein) ´÷Ëß‡ªìπ à«πª√–°Õ∫¢Õß‚§√‚¡‚´¡ ‚¥¬ª°µ‘·≈â«°√¥π‘«§≈’-

Õ‘°æ∫„π‡´≈≈å„πª√‘¡“≥πâÕ¬‡æ’¬ß 1-2% ¥’‡ÕÁπ‡Õ¡’√Ÿª√à“ß‡ªìπ‡°≈’¬«§Ÿà∑’Ë¢¥«πµ“¡‡¢Á¡π“Ãî°“

§≈â“¬∫—π‰¥≈‘ß∑’Ë∫‘¥µ—« ¢“¢Õß∫—π‰¥·µà≈–¢â“ß°Á§◊Õ°“√‡√’¬ßµ—«¢Õßπ‘«§≈’‚Õ‰∑¥å (Nucleotide)

∑’Ë‡™◊ËÕ¡°—π¥â«¬æ—π∏– phosphodiesterase √–À«à“ß§“√å∫Õπµ”·Àπàß 5' ¢Õß¢“¢â“ßÀπ÷Ëß

°—∫§“√å∫Õπµ”·Àπàß 3' ¢ÕßÕ’°¢“Àπ÷Ëß (√Ÿª∑’Ë 2) π‘«§≈’‚Õ‰∑¥å‡ªìπ‚¡‡≈°ÿ≈∑’Ëª√–°Õ∫

¥â«¬πÈ”µ“≈ øÕ ‡øµ (´÷Ëßª√–°Õ∫¥â«¬øÕ øÕ√— ·≈–ÕÕ°´‘‡®π) ·≈–‡∫  (À√◊Õ¥à“ß)

π‘«§≈’‚Õ‰∑¥å¡’Õ¬Ÿà ’Ë™π‘¥ ‰¥â·°à Õ–¥’π’π (adenine, A), ‰∑¡’π (thymine, T), ‰´‚∑´’π

(cytosine, C) ·≈–°—«π’π (guanine, G) ¢“¢Õß∫—π‰¥ Õß¢â“ßÀ√◊Õπ‘«§≈’‚Õ‰∑¥å∂Ÿ°‡™◊ËÕ¡

¥â«¬‡∫  ‚¥¬∑’Ë A ®–‡™◊ËÕ¡°—∫ T ·≈– C ®–‡™◊ËÕ¡°—∫ G ‡∑à“π—Èπ („π°√≥’¢Õß¥’‡ÕÁπ‡Õ)

·≈–¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡„π ‘Ëß¡’™’«‘µ™π‘¥µà“ßÊ ‡°‘¥¢÷Èπ®“°°“√‡√’¬ß≈”¥—∫¢Õß‡∫ „π

¥’‡ÕÁπ‡Õπ—Ëπ‡Õß
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≈—°…≥–‚§√ß √â“ß·∫∫§Ÿà ‡∫ ∑’Ë®—∫§Ÿà°—π· ¥ß„Àâ‡ÀÁπ∂÷ß°“√∑’Ë¡’°≈‰°·∫∫

æ‘¡æå‡¢’¬« ”À√—∫°“√‡æ‘Ë¡®”π«π “√æ—π∏ÿ°√√¡ °“√ àßµàÕ “√¥’‡ÕÁπ‡Õ®“°‡´≈≈å·¡à‰ª Ÿà

‡´≈≈å≈Ÿ°‡°‘¥¢÷Èπ„π√–À«à“ß°“√·∫àßµ—«¢Õß‡´≈≈å (mitosis) ‚¥¬°àÕπ∑’Ë‡´≈≈å®–·∫àßµ—«

¥’‡ÕÁπ‡ÕµâÕß¡’‡æ‘Ë¡®”π«π‡ªìπ§ŸàÕ¬à“ß·¡àπ¬” √–À«à“ß°“√·∫àßµ—« ·¢π Õß¢â“ß¢Õß¥’‡ÕÁπ‡Õ

·¬°®“°°—π·≈–·µà≈–¢â“ß®– √â“ß·¢πÕ’°¢â“ß‚¥¬°“√®—∫§Ÿà‡∫ ∑’Ëµ√ß°—π ¥’‡ÕÁπ‡Õ§Ÿà„À¡à∑’Ë

‡°‘¥¢÷Èπ¡’¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡∑’Ë‡À¡◊Õπ°—π ´÷Ëß “¡“√∂ àßµàÕ‰ª¬—ß‡´≈≈å≈Ÿ°À≈“π‰¥â §«“¡

·¡àπ¬”¢Õß DNA replication ¡’§«“¡ ”§—≠Õ¬à“ß¬‘Ëß¬«¥„π°“√¥”√ß‰«â´÷Ëß°“√∂à“¬∑Õ¥

∑“ßæ—π∏ÿ°√√¡®“°√ÿàπÀπ÷Ëß‰ª ŸàÕ’°√ÿàπÀπ÷Ëß Õ¬à“ß‰√°Áµ“¡ §«“¡º‘¥æ≈“¥¬—ß “¡“√∂‡°‘¥¢÷Èπ

‰¥â„π°√–∫«π°“√π’È„π¡πÿ…¬å ¥’‡ÕÁπ‡Õ∂Ÿ° √â“ß¢÷Èπ„À¡à„πÕ—µ√“ 50 π‘«§≈’‚Õ‰∑¥åµàÕ«‘π“∑’

√Ÿª∑’Ë 2 ‚§√ß √â“ß¢Õß¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ¢¥‡°≈’¬«§Ÿà
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‚¥¬¡’‚Õ°“ ‡°‘¥§«“¡º‘¥æ≈“¥Àπ÷Ëß§√—ÈßµàÕ∑ÿ° 109 ¢Õß°“√·∫àßµ—« ‡¡◊ËÕ¡’§«“¡º‘¥æ≈“¥

‡°‘¥¢÷Èπ·≈–‰¡à “¡“√∂·°â‰¢´àÕ¡·´¡‰¥â ®π¡’°“√∂à“¬∑Õ¥¥’‡ÕÁπ‡Õ∑’Ëº‘¥ª√°µ‘‰ª Ÿà‡´≈≈å≈Ÿ°

À≈“π ‡√’¬°«à“‡°‘¥¿“«–¡‘«‡µ™—Ëπ „π°√≥’∑’Ë§«“¡º‘¥æ≈“¥‡°‘¥¢÷Èπ„πÀπ÷Ëß§Ÿà‡∫  ‡√’¬°«à“ çpoint

mutationé ´÷ËßÕ“®π”‰ª Ÿà§«“¡º‘¥ª√°µ‘‰¥â 2 ™π‘¥ ∂â“‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√¥

Õ¡‘‚πÀπ÷Ëßµ—« ‡√’¬°«à“ çmissense mutationé ∂â“ point mutation ∑”„Àâ‡°‘¥°“√·∑π∑’Ë

¢Õß°√¥Õ¡‘‚π¥â«¬ stop codon ‡√’¬°«à“ çnonsense mutationé ´÷Ëß¡’º≈„Àâ‡°‘¥°“√

À¬ÿ¥°àÕπ°”Àπ¥¢Õß°√–∫«π°“√ √â“ß‚ª√µ’π‚¥¬∫àÕ¬§√—Èß‡ªìπº≈„Àâ‰¡à¡’°“√ √â“ß‚ª√µ’π

∂â“‡°‘¥°“√‡æ‘Ë¡¢÷Èπ√à«¡°—∫¢“¥À“¬‰ª¢Õß§Ÿà‡∫  ‡√’¬°«à“ çframeshift mutationé ´÷Ëß

π”‰ª Ÿà°“√ √â“ß°√¥Õ¡‘‚π∑’Ë‰¡à‡°’Ë¬«¢âÕß ∑”„Àâ‚ª√µ’π∑”Àπâ“∑’Ë‰¡à‰¥âµ“¡ª√°µ‘ Õ¬à“ß‰√

°Áµ“¡°“√‡°‘¥¡‘«‡µ™—Ëπ∫“ß§√—Èß‰¡à¡’º≈µàÕ°“√ √â“ß‚ª√µ’π·≈–‰¡à¡’º≈µàÕ°“√∑”Àπâ“∑’Ë¢Õß

 ‘Ëß¡’™’«‘µ

≈”¥—∫¥’‡ÕÁπ‡Õ (DNA sequence) À√◊Õ ≈”¥—∫æ—π∏ÿ°√√¡ (genetic sequence)

‡ªìπ™ÿ¥¢ÕßÕ—°…√∑’Ë·∑π‚§√ß √â“ßª∞¡¿Ÿ¡‘ (primary structure) ¢Õß‚¡‡≈°ÿ≈À√◊Õ “¬

¥’‡ÕÁπ‡Õ´÷Ëß¡’§«“¡ “¡“√∂∑’Ë®–¢π àß¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡ Õ—°…√∑’Ë„™â„π≈”¥—∫¥’‡ÕÁπ‡Õ‰¥â·°à

A, C, G, ·≈– T ´÷Ëß·∑πÀπà«¬¬àÕ¬π‘«§≈’‚Õ‰∑¥å (nucleotide) ¢Õß “¬¥’‡ÕÁπ‡Õ ‰¥â·°à

‡∫ Õ–¥’π’π (adenine), ‰´‚µ´’π (cytosine), °—«π’π (guanine) ·≈– ‰∑¡’π (thymine)

µ“¡≈”¥—∫´÷ËßµàÕ°—π¥â«¬æ—π∏–‚§‡«‡≈π∑å°—∫·°πÀ≈—°øÕ ‡øµ (phospho-backbone)

‚¥¬∑—Ë«‰ª·≈â«≈”¥—∫®–∂Ÿ°æ‘¡æå™‘¥°—∫Õ—°…√µ—«µàÕ‰ª‚¥¬‰¡à¡’™àÕß«√√§®“°¥â“π 5' ‰ª 3'

®“°´â“¬‰ª¢«“ ‡™àπ „π≈”¥—∫ AAAGTCTGAC ™ÿ¥¢Õßπ‘«§≈’‚Õ‰∑¥å∑’Ë¡’≈”¥—∫‡∫ ¡“°°«à“

4 µ—«®–‡√’¬°«à“ ≈”¥—∫¥’‡ÕÁπ‡Õ

°“√∑”ß“π∑“ß™’«¿“æ¢Õß≈”¥—∫¥’‡ÕÁπ‡Õ®–¢÷Èπ°—∫¢âÕ¡Ÿ≈∑’ËÕ¬Ÿà„π≈”¥—∫¥’‡ÕÁπ‡Õ

≈”¥—∫π’ÈÕ“® sense (¡’π—¬) À√◊Õ anti-sense (‰¡à¡’π—¬) À√◊ÕÕ“®‡ªìπ à«π∑’Ë∂Õ¥√À— 

æ—π∏ÿ°√√¡ (coding) À√◊Õ‰¡à∂Õ¥‡ªìπ√À— æ—π∏ÿ°√√¡ (noncoding) ≈”¥—∫¥’‡ÕÁπ‡Õπ—Èπ

Õ“®∫√√®ÿ¢âÕ¡Ÿ≈ ¥’‡ÕÁπ‡Õ¢¬– (junk DNA) ≈”¥—∫¥’‡ÕÁπ‡ÕÕ“®∂Õ¥¡“‰¥â®“°«—µ∂ÿ¥‘∫∑“ß

™’«¿“æºà“π°√–∫«π°“√∑’Ë‡√’¬°«à“ °“√≈”¥—∫¥’‡ÕÁπ‡Õ (DNA sequencing) „π∫“ß§√—Èß

Õ“®¡’Õ—°…√Õ◊ËπÊ πÕ°‡Àπ◊Õ®“° A, T, C, ·≈– G ª√“°Ø„π≈”¥—∫¥’‡ÕÁπ‡Õ ´÷Ëß· ¥ß∂÷ß

§«“¡°”°«¡ (ambiguity) „π‚¡‡≈°ÿ≈¥’‡ÕÁπ‡Õµ—«Õ¬à“ß∑—ÈßÀ¡¥Õ“®¡’π‘«§≈’‚Õ‰∑¥å¡“°°«à“
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1 ™π‘¥∑’ËÕ¬Ÿà„πµ”·Àπàßπ—Èπ

°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π

°“√· ¥ßÕÕ°¢Õß¬’π À¡“¬∂÷ß °“√∂Õ¥√À— æ—π∏ÿ°√√¡¢Õß¬’π®“°¥’‡ÕÁπ‡Õ‡ªìπ

mRNA ·≈â«‡°‘¥°“√·ª≈√À— ‡ªìπ‚ª√µ’π √À— æ—π∏ÿ°√√¡¢Õß¬’π„π¥’‡ÕÁπ‡Õ ‡ªìπµ—«

°”Àπ¥™π‘¥¢Õß‚ª√µ’π∑’Ë‡´≈≈å √â“ß ‚¥¬‡√‘Ë¡®“°°“√∂Õ¥√À— æ—π∏ÿ°√√¡∑’ËÕ¬Ÿà„π¥’‡ÕÁπ‡Õ‡ªìπ

mRNA „ππ‘«‡§≈’¬  ·≈–·ª≈√À— ‡ªìπ‚ª√µ’π„π‰´‚µæ≈“ ´÷¡ ´÷Ëß‚ª√µ’ππ’È¡’§«“¡

‡°’Ë¬«¢âÕß„π∑ÿ°°√–∫«π°“√¢Õß ‘Ëß¡’™’«‘µ ‡™àπ ‡ªìπ‡ÕÁπ‰´¡å∑’Ë„™â„π°“√¬àÕ¬Õ“À“√ ‡ªìπ à«π

ª√–°Õ∫¢Õßµ—«√—∫ —≠≠“≥ (receptor) ·≈–·Õπµ‘∫Õ¥’È (antibody) ∑’Ëª°ªÑÕß√à“ß°“¬

®“° ‘Ëß·ª≈°ª≈Õ¡µà“ßÊ

®’‚π¡¢Õß§πª√–°Õ∫¥â«¬π‘«§≈’‚Õ‰∑¥å 3x109 §Ÿà ·µà¡’‡æ’¬ß 10% ¢Õß≈”¥—∫¥’

‡ÕÁπ‡Õ‡∑à“π—Èπ∑’Ë∂Ÿ°∂Õ¥√À— ‡ªìπÕ“√å‡ÕÁπ‡Õ (mRNA, rRNA ·≈– tRNA) ≈”¥—∫æ—π∏ÿ°√√¡

„π “¬¥’‡ÕÁπ‡Õ∑’Ë°”Àπ¥°“√ —ß‡§√“–Àå mRNA ‡√’¬°«à“ ç¬’πé  à«π¢Õß≈”¥—∫¥’‡ÕÁπ‡Õ∑’Ë

‰¡à¡’Àπâ“∑’Ë„π°“√∂à“¬∑Õ¥√À— æ—π∏ÿ°√√¡ Õ“®∑”Àπâ“∑’Ë‡ªìπ‚§√ß √â“ßÀ√◊Õ¡’Àπâ“∑’ËÕ◊ËπÊ „π

Àπ÷Ëß¬’π¡—°¡’§Ÿàπ‘«§≈’‚Õ‰∑¥å¡“°°«à“ 100,000 §Ÿà ·µà„π mRNA ¡—°¡’‡æ’¬ß 1,000 §Ÿàπ‘«§≈’

‚Õ‰∑¥å  à«π„À≠à¢Õßπ‘«§≈’‚Õ‰∑¥å∑’Ë‡À≈◊Õ‡ªìπ à«π∑’Ë‰¡à “¡“√∂∂Ÿ°∂Õ¥√À—  ‡√’¬°«à“ çintronsé

„π¢≥–∑’Ë à«π∑’Ë “¡“√∂∂Õ¥√À— ‡ªìπÕ“√å‡ÕÁπ‡Õ‰¥â ‡√’¬°«à“ çexonsé

„π®’‚π¡¡πÿ…¬å¡’¬’πª√–¡“≥ 30,000 ™π‘¥·µà®–¡’‡æ’¬ß∫“ß¬’π‡∑à“π—Èπ∑’Ë “¡“√∂

„™âß“π‰¥â„π·µà≈–‡´≈≈å ‡æ√“–¡’°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π„Àâ‡°‘¥¢÷Èπ‡©æ“– à«π∑’Ë

µâÕß°“√‡∑à“π—Èπ ‡√’¬°°√–∫«π°“√„π°“√§«∫§ÿ¡„Àâ¡’°“√· ¥ßÕÕ°‡©æ“–¬’π∑’ËµâÕß°“√«à“

ç°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’πé (regulation of gene expression) °“√· ¥ßÕÕ°

¢Õß¬’π‡ªìπ°“√∂à“¬∑Õ¥¢âÕ§«“¡∑“ß™’«¿“æÀ√◊Õ¢âÕ§«“¡∑“ßæ—π∏ÿ°√√¡∑’Ë∫√√®ÿÕ¬Ÿà„π¥’

‡ÕÁπ‡Õ‰ª¬—ß mRNA ·≈â«®÷ß·ª≈√À— ‰ª‡ªìπ‚ª√µ’π „π‡´≈≈å√à“ß°“¬¢Õß ‘Ëß¡’™’«‘µ∑ÿ°‡´≈≈å

¡’¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡À√◊Õ¬’π‡À¡◊Õπ°—π ·µà„π√–À«à“ß°“√‡®√‘≠‡µ‘∫‚µ·≈–°“√‡ª≈’Ë¬π ¿“æ

(differentiation) ·µà≈–‡´≈≈å¡’°≈‰°°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π‡À≈à“π’Èµà“ß

‡«≈“À√◊Õµà“ß«“√–°—π °“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’πÕ“®·∫àß‡ªìπ 2 ™à«ß§◊Õ

- ™à«ß√–À«à“ß°√–∫«π°“√∂Õ¥√À— æ—π∏ÿ°√√¡ (transcription) ‚¥¬‡ªìπ°“√

§«∫§ÿ¡°“√ —ß‡§√“–Àå mRNA ´÷Ëß≈”¥—∫‡∫ ∑’ËÕ¬Ÿà∫π “¬ mRNA ∂Ÿ°°”Àπ¥‚¥¬≈”¥—∫
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¢Õß‡∫ „π “¬·¡àæ‘¡æå¥’‡ÕÁπ‡Õ

- ™à«ß√–À«à“ß°√–∫«π°“√·ª≈√À— æ—π∏ÿ°√√¡¡“‡ªìπ‚æ≈’‡ªª‰∑¥å (polypep-

tide) À√◊Õ‚ª√µ’π‚¥¬‡ªìπ°“√ —ß‡§√“–Àå‚æ≈’‡ªª‰∑¥å À√◊Õ°“√ √â“ß‚ª√µ’π

¬’π “¡“√∂‡ªìπ‰¥â∑—Èß ¥’‡ÕÁπ‡Õ À√◊Õ«à“ Õ“√å‡ÕÁπ‡Õ °Á‰¥â ·µà„π ‘Ëß¡’™’«‘µ™—Èπ Ÿßπ—Èπ

®–‡ªìπ¥’‡ÕÁπ‡ÕÀ¡¥‡æ√“–‡ ∂’¬√¡“°‡À¡“–·°à°“√‡°Á∫¢âÕ¡Ÿ≈ ¢≥–∑’ËÕ“√å‡ÕÁπ‡Õ ®–æ∫„π

æ«°‰«√—  ¬’π∑—ÈßÀ¡¥¢Õß ‘Ëß¡’™’«‘µÀ√◊Õ‡´≈≈å®–√«¡‡√’¬°«à“ ®’‚π¡ ·≈–‚§√ß √â“ß¢Õß

®’‚π¡„πæ«°‚æ√§“√’‚Õµ·≈–¬Ÿ§“√’‚Õµ®–·µ°µà“ß°—π ∂â“¬’π‡°‘¥º‘¥‰ª®“°ª°µ‘‡√’¬°«à“

°“√°≈“¬æ—π∏ÿå ´÷Ëß‡°‘¥‡Õßµ“¡∏√√¡™“µ‘À√◊Õ∂Ÿ°°√–µÿâπ„Àâ‡°‘¥°Á‰¥â ‚¥¬ à«π¡“°·≈â«‡¡◊ËÕ

¬’π‡°‘¥º‘¥ª°µ‘‰ª®– àßº≈‡ ’¬µàÕ ‘Ëß¡’™‘«‘µπ—Èπ¡“°°«à“º≈¥’ ‡™àπ „π§π  “¡“√∂∑”„ÀâªÉ«¬

‡®Á∫‰¢â À√◊Õ∂÷ß·°à™’«‘µ‰¥â ‚√§∑’Ë‡°‘¥®“° “‡Àµÿπ’È‡√’¬°«à“ ‚√§∑“ßæ—π∏ÿ°√√¡ ´÷Ëß®–∂à“¬∑Õ¥

‰ª¬—ß√ÿàπµàÕ‰ªÀ√◊Õ‰¡à°Á‰¥â

°√¥‰√‚∫π‘«§≈’Õ‘° À√◊Õ Õ“√å‡ÕÁπ‡Õ (ribonucleic acid - RNA) ‡ªìπæÕ≈‘‡¡Õ√å

¢Õß°√¥π‘«§≈’Õ‘°∑’Ëª√–°Õ∫¥â«¬π‘«§≈’‚Õ‰∑¥å (nucleotide) ‡™◊ËÕ¡µàÕ°—π¥â«¬æ—π∏–‚§‡«‡≈πµå

Õ“√å‡ÕÁπ‡Õπ‘«§≈’‚Õ‰∑¥åª√–°Õ∫¥â«¬«ß·À«π‰√‚∫  (ribose) ´÷Ëß·µ°µà“ß®“°¥’‡ÕÁπ‡Õ∑’Ë

ª√–°Õ∫¥â«¬«ß·À«π¥’ÕÕ°´’‰√‚∫  (deoxyribose) Õ“√å‡ÕÁπ‡Õ‡°‘¥®“°°“√§—¥ ”‡π“

¢âÕ¡Ÿ≈®“°¥’‡ÕÁπ‡Õ‚¥¬‡Õπ‰´¡åÕ“√å‡ÕÁπ‡ÕæÕ≈‘‡¡Õ‡√  ·≈â«‡¢â“°√–∫«π°“√µàÕ‡π◊ËÕß‚¥¬

‡Õπ‰´¡åÕ◊ËπÊÕ’° Õ“√å‡ÕÁπ‡Õ®–∑”Àπâ“∑’Ë‡À¡◊Õπ·¡à·∫∫ ”À√—∫·ª≈¢âÕ¡Ÿ≈®“°¬’π ‰ª‡ªìπ

¢âÕ¡Ÿ≈„π‚ª√µ’π ·≈â«¢π¬â“¬°√¥Õ–¡‘‚π‡¢â“‰ª„π‰√‚∫‚´¡ (ribosome) ‡æ◊ËÕº≈‘µ‚ª√µ’π

·≈–·ª≈¢âÕ§«“¡‰ª‡ªìπ ”‡π“¢âÕ¡Ÿ≈ (transcript) „π‚ª√µ’π

Õ“√å‡ÕÁπ‡Õ∂Ÿ° √â“ß‡√‘Ë¡·√°®“°¥à“ß (bases) ·µ°µà“ß°—π 4 ™π‘¥ §◊Õ Õ–¥’π’π (ad-

enine) °—«π’π (guanine) ‰´‚µ´’π (cytosine) ¬Ÿ√“´‘≈ (uracil) ¥à“ß 3 µ—«·√°‡À¡◊Õπ

°—∫∑’Ëæ∫„π¥’‡ÕÁπ‡Õ ·µà¬Ÿ√“´‘≈¡“·∑π∑’Ë‰∑¡’π (thymine) ‚¥¬®–‡™◊ËÕ¡µàÕ°—∫Õ–¥’‚π´’π

¥à“ßµ—«π’È‡ªìπ “√ª√–°Õ∫‰æ√‘¡‘¥’π (pyrimidine) ¥â«¬ ·≈–¡’§«“¡§≈â“¬°—∫‰∑¡’π (thymine)

¬Ÿ√“´‘≈¡’æ≈—ß¢Õß°“√∑”ß“ππâÕ¬°«à“‰∑¡’π Õ¬à“ß‰√°Á¥’„π¥’‡ÕÁπ‡Õ ¬Ÿ√“´‘≈®–∂Ÿ°º≈‘µ‚¥¬

°“√ ≈“¬µ—«∑“ß‡§¡’¢Õß ‰´‚µ´’π ¥—ßπ—Èπ®÷ß “¡“√∂µ√«®æ∫ ‰∑¡’π ®÷ß √ÿª«à“ ¬Ÿ√“´‘≈

∂Ÿ°®—¥ √√‰«â ”À√—∫Õ“√å‡ÕÁπ‡Õ∑’Ë´÷Ëßª√‘¡“≥¡’§«“¡ ”§—≠·µà™à«ßÕ“¬ÿ —Èπ ‰∑¡’π∂Ÿ°®—¥ √√

‰«â ”À√—∫¥’‡ÕÁπ‡Õ∑’Ë√—°…“™à«ßµÕπ (sequence) ¢Õß‚§√ß √â“ß‚¡‡≈°ÿ≈¡’§«“¡ ”§—≠
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æ∫«à“¡’°“√¥—¥·ª≈ß¥à“ß®”π«π¡“°„πÕ“√å‡ÕÁπ‡Õ´÷Ëß¡’∫∑∫“∑·µ°µà“ß°—π¡“°¡“¬ ́ Ÿ‚¥¬Ÿ√‘¥’π

(Pseudouridine) ·≈– ¥à“ß¥’‡ÕÁπ‡Õ ‰∑¡‘¥’π (thymidine) ∂Ÿ°æ∫„πÀ≈“¬∑’Ë ·µà∑’Ë¡’¡“°Õ¬Ÿà„π

∑’´’ ≈Ÿª (TC loop) ¢Õß∑ÿ° tRNA „π∏√√¡™“µ‘æ∫«à“¡’°“√ª√—∫‡ª≈’Ë¬π¥à“ß‡ªìπ 100 °√≥’

∑’Ë·æ∑¬å¬—ß‰¡à‡¢â“„®¥’π—°

°“√‡ª√’¬∫‡∑’¬∫√–À«à“ßÕ“√å‡ÕÁπ‡Õ·≈–¥’‡ÕÁπ‡Õ

Õ“√å‡ÕÁπ‡Õ‡ªìπ‚¡‡≈°ÿ≈‡°≈’¬«‡¥’Ë¬« ¡’‚´àπ‘«§≈‘‚Õ‰∑¥å∑’Ë —Èπ°«à“ ‰¡à‡À¡◊Õπ°—∫ ¥’‡ÕÁπ

‡Õ ·≈–Õ“√å‡ÕÁπ‡Õ¡’πÈ”µ“≈‰√‚∫  (ribose) „π¢≥–∑’Ë ¥’‡ÕÁπ‡Õ ‡ªìπ ¥’ÕÕ°´‘‰√‚∫  (deox-

yribose) (¡’ ‰Œ¥√Õ°´‘≈ °√ÿª ‡™◊ËÕ¡µàÕ°—∫«ß·À«π‡æπ‚µ  ∑’Ëµ”·Àπàß 2' ́ ÷Ëß„π ¥’‡ÕÁπ‡Õ ¡’

‰Œ‚¥√‡®π Õ–µÕ¡·∑π‰Œ¥√Õ°´‘≈ °√ÿª) ‰Œ¥√Õ°´‘≈ °√ÿª π’È®–∑”„ÀâÕ“√å‡ÕÁπ‡Õ¡’ ‡∂’¬√

¿“æπâÕ¬°«à“¥’‡ÕÁπ‡Õ ‡æ√“–¡—πßà“¬∑’Ë®–∂Ÿ°‰Œ‚¥√‰≈ ‘  Õ“√å‡ÕÁπ‡ÕÀ≈“¬ª√–‡¿∑ (tRNA,

rRNA) ¡’‚§√ß √â“ß™ÿ¥∑’Ë Õß (secondary structure) ´÷Ëß™à«¬„Àâ¡—π¡’‡ ∂’¬√¿“æ¡“°¢÷Èπ

‡´≈≈å∑’Ë¡’™’«‘µ¡’°≈‰°∑’Ë ”§—≠„π°“√∂Õ¥√À— ¥’‡ÕÁπ‡Õ ‰ª ŸàÕ“√å‡ÕÁπ‡Õ·≈–°“√·ª≈√À— 

mRNA ‰ª Ÿà‚ª√µ’π Õ¬à“ß‰√°Áµ“¡ °“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π¡’§«“¡´—∫´âÕπ¡“°

°«à“π—Èπ µ—«Õ¬à“ß‡™àπ ¬’πÀ≈“¬¬’πµâÕß∂Ÿ°µ—¥‡æ◊ËÕ‡Õ“ à«π∑’Ë§—ËπÕ¬ŸàÕÕ°  à«π∑’Ë∂Ÿ°µ—¥ÕÕ°¡“

‡√’¬°«à“ introns ´÷Ëß‡ªìπ à«π∑’Ë‰¡à¡’º≈µàÕ°“√· ¥ßÕÕ°¢Õß¬’π  à«π¢Õß≈”¥—∫æ—π∏ÿ°√√¡

∑’Ë¡“‡™◊ËÕ¡µàÕ°—π·≈–·ª≈º≈‡ªìπ‚ª√µ’π ‡√’¬°«à“ exons °“√§«∫§ÿ¡Õ◊ËπÊ ¢Õß°“√

· ¥ßÕÕ°¢Õß¬’π ‰¥â·°à °“√ª√—∫‡ª≈’Ë¬π‚§√ß √â“ß¢Õß mRNA °“√§«∫§ÿ¡ mRNA sta-

bility ·≈– °“√ àßÕÕ°®“°π‘«‡§≈’¬ ‡¢â“ Ÿà cytoplasm ¿“¬À≈—ß®“°∑’Ë mRNA ·ª√º≈

‡ªìπ‚ª√µ’π √–¥—∫·≈–°“√∑”ß“π¢Õß‚ª√µ’π¬—ß∂Ÿ°§«∫§ÿ¡¥â«¬°√–∫«π°“√ posttransla-

tional modification

°√–∫«π°“√ —ß‡§√“–ÀåÕ“√å‡ÕÁπ‡Õ (Transcription)

°“√ —ß‡§√“–ÀåÕ“√å‡ÕÁπ‡Õ∂Ÿ°‡√àßªØ‘°‘√‘¬“‚¥¬ ‡Õπ‰´¡å Õ“√å‡ÕÁπ‡Õ æÕ≈‘‡¡Õ‡√  (RNA

polymerase) „™â¥’‡ÕÁπ‡Õ‡ªìπ·¡à·∫∫ ‡√‘Ë¡µâπ°“√ —ß‡§√“–Àå‚¥¬°“√‡™◊ËÕ¡µàÕ°—∫‡Õπ‰´¡å

µ√ßµ”·Àπàß ‚ª√‚¡‡µÕ√å (promoter) ´’‡§«π´å (sequence) „π¥’‡ÕÁπ‡Õ (µ“¡∏√√¡¥“æ∫

çÕ—æ µ√’¡é (upstream) ¢Õß ¬’π) ¥’‡ÕÁπ‡Õ ¥—∫‡∫‘≈‡Œ≈‘°´å®–§≈“¬µ—«ÕÕ°‚¥¬°“√∑”ß“π

¢Õß‡Õπ‰´¡å ‡Œ≈‘‡§  (helicase) ·≈â«‡Õπ‰´¡å®–‡§≈◊ËÕπ‰ªµ“¡·¡à·∫∫‡°≈’¬«„π∑‘»∑“ß®“°

3' -> 5' ·≈–°“√ —ß‡§√“–Àå‚¡‡≈°ÿ≈¢ÕßÕ“√å‡ÕÁπ‡Õ ®–¡’∑‘»∑“ß®“° 5' -> 3'
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°√–∫«π°“√ transcription ‡ªìπ°“√ —ß‡§√“–ÀåÕ“√å‡ÕÁπ‡Õ®“°¥’‡ÕÁπ‡Õ‚¥¬„™â‡Õπ‰´¡å

„π·∫§∑’‡√’¬ ‡Õπ‰´¡å RNA polymerase ‡æ’¬ßµ—«‡¥’¬«∑”Àπâ“∑’Ë —ß‡§√“–ÀåÕ“√å‡ÕÁπ‡Õ∑ÿ°

ª√–‡¿∑ ‰¥â·°à mRNA, rRNA ·≈– tRNA °√–∫«π°“√ transcription ¡—°‡°‘¥§«∫§Ÿà

‰ª°—∫°√–∫«π°“√ translation ‚¥¬∑’Ë mRNA  “¡“√∂∂Ÿ°‡¢â“∂÷ß‰¥â¥â«¬ ribosomes

·≈–°“√ —ß‡§√“–Àå‚ª√µ’π‡√‘Ë¡µâπ∫π‚¡‡≈°ÿ≈ mRNA ·¡â«à“¡—π°”≈—ß∂Ÿ° —ß‡§√“–ÀåÕ¬Ÿà

°√–∫«π°“√ —ß‡§√“–ÀåÕ“√å‡ÕÁπ‡Õ„π ‘Ëß¡’™’«‘µ‡´≈≈å‡¥’¬«‡√‘Ë¡µâπ¥â«¬ RNA polymerase

∑”Àπâ“∑’Ë‡√àßªØ‘°‘√‘¬“‚¥¬®—∫°—∫¥’‡ÕÁπ‡ÕÕ¬à“ßÀ≈«¡Ê ·≈–°“√®—∫Õ¬à“ß®”‡æ“–µàÕ∫√‘‡«≥

promoter ‚¥¬°“√™à«¬‡À≈◊Õ¢Õß‚ª√µ’π∑’Ë‡√’¬°«à“ sigma factors ∫√‘‡«≥ promoter

‡ªìπ à«π¢Õß¥’‡ÕÁπ‡ÕÀπâ“µàÕ®ÿ¥‡√‘Ë¡µâπ¢Õß°“√ transcription °“√∑’Ë RNA polymerase

®—∫°—∫¥’‡ÕÁπ‡ÕÕ¬à“ß·πàπÀπ“∑’Ë∫√‘‡«≥ promoter ∑”„Àâ‚§√ß √â“ß√Ÿª‡°≈’¬«§Ÿà¢Õß¥’‡ÕÁπ‡Õ

‡√‘Ë¡§≈“¬ÕÕ° º≈∑’Ëµ“¡¡“§◊Õπ‘«§≈’‚Õ‰∑¥å “¡“√∂®—∫§Ÿà°—∫·¡àæ‘¡æå¥’‡ÕÁπ‡Õ‡æ◊ËÕ‡√‘Ë¡µâπ°“√

transcription

°√–∫«π°“√ transcription „π ‘Ëß¡’™’«‘µ™—Èπ Ÿß·µ°µà“ß®“°„π ‘Ëß¡’™’«‘µ‡´≈≈å‡¥’¬«

‚¥¬¡’≈—°…≥–∑’Ë ”§—≠¥—ßµàÕ‰ªπ’È

(1) ¡’ RNA polymerases 3 ™π‘¥: RNA polymerase I ∑”Àπâ“∑’Ë„π°“√

 —ß‡§√“–Àå 5.8S, 18S, ·≈– 28S rRNAs; RNA polymerase II  —ß‡§√“–Àå mRNA; RNA

polymerase III  —ß‡§√“–Àå tRNAs ·≈– 5S rRNAs

(2) º≈‘µº≈µ—Èßµâπ®“°°√–∫«π°“√ transcription ‰¥â·°à µ—«µ—Èßµâπ¢Õß

mRNAs, tRNAs ·≈– rRNAs ´÷Ëß®–∂Ÿ°ª√—∫‡ª≈’Ë¬π¥â«¬°√–∫«π°“√µà“ßÊ ‡æ◊ËÕ‰ª Ÿà

Õ“√å‡ÕÁπ‡Õ„π√Ÿª·∫∫ ÿ¥∑â“¬ µ—«Õ¬à“ß‡™àπ °“√‡°‘¥ RNA splicing ‡ªìπ«‘∏’°“√Àπ÷Ëß„π°“√

‡Õ“ à«π introns (∫√‘‡«≥∑’ËÕ¬Ÿà√–À«à“ß exons) ´÷Ëß‰¡à¡’∫∑∫“∑„π°“√ √â“ßÕ“√å‡ÕÁπ‡Õ

(3) ‡π◊ËÕß®“°¥’‡ÕÁπ‡Õ¡’ à«πª√–°Õ∫¢Õß‚ª√µ’π∑—Èß histone ·≈–‰¡à„™à his-

tone ‡æ◊ËÕ√«¡°—π‡ªìπ‚§√¡“µ‘π °√–∫«π°“√ transcription ®–‡°‘¥¢÷ÈπµàÕ‡¡◊ËÕ‚§√ß √â“ß

¢Õß‚§√¡“µ‘π‡ª≈’Ë¬π·ª≈ß„π√Ÿª·∫∫∑’Ë¥’‡ÕÁπ‡Õ “¡“√∂‡¢â“∂÷ß‰¥â¥â«¬ polymerase

(4) Õ“√å‡ÕÁπ‡Õ∂Ÿ° √â“ß¿“¬„ππ‘«‡§≈’¬ ·≈– àßÕÕ°‰ª Ÿà cytoplasm ´÷Ëß‡ªìπ

µ”·Àπàß∑’Ë¡’°“√ —ß‡§√“–Àå‚ª√µ’π (translation) ¥—ßπ—Èπ°√–∫«π°“√∑—Èß Õß®–‡°‘¥·¬°®“°°—π

´÷Ëß·µ°µà“ß®“°„π ‘Ëß™’«‘µ‡´≈≈å‡¥’¬«∑’Ë‡°‘¥¢÷Èπ‰¥âæ√âÕ¡°—π
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°√–∫«π°“√ —ß‡§√“–Àå‚ª√µ’π (Translation)

¥’‡ÕÁπ‡Õ°”Àπ¥°“√ √â“ßÕ“√å‡ÕÁπ‡Õ ·≈–Õ“√å‡ÕÁπ‡Õ°”Àπ¥°“√ —ß‡§√“–Àå‚ª√µ’π

‚ª√µ’π‡ªìπ “√ª√–°Õ∫ polypeptide ®“°°“√√«¡µ—«°—π¢Õß°√¥Õ–¡‘‚π∑’Ë·µ°µà“ß°—π

20 ™π‘¥ ·≈–‡ªìπ‚¡‡≈°ÿ≈∑’Ë ”§—≠„π°“√∑”Àπâ“∑’Ë¢Õß‡´≈≈å °√–∫«π°“√ —ß‡§√“–Àå¢âÕ¡Ÿ≈

®“°Õ“√å‡ÕÁπ‡Õ‰ª Ÿà‚ª√µ’π ‡√’¬°«à“ translation (√Ÿª∑’Ë 1) °√–∫«π°“√ translation ‡°‘¥

¢÷Èπ„π ribosomes ∑’Ëª√–°Õ∫¥â«¬ rRNA ·≈–‚ª√µ’π ¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡∫π mRNA

®“°°“√‡√’¬ßµ—«‡ªìπ≈”¥—∫µà“ßÊ ¢Õß‡∫ ∑—Èß ’Ë ‡ªìπº≈„Àâ‡°‘¥°√¥Õ–¡‘‚π‰¥â 20 ™π‘¥ °√¥

Õ–¡‘‚π¡’≈—°…≥–®”‡æ“–§◊Õ¡’ à«π°≈“ß§“√å∫Õπ∑’Ë‡™◊ËÕ¡µàÕ°—∫ “¬√Õ∫¢â“ß 4  “¬ Õ—π

ª√–°Õ∫¥â«¬ °≈ÿà¡Õ–¡‘‚π (-NH2), °≈ÿà¡§“√å∫Õ°´’Ë (-COOH), °≈ÿà¡‰Œ‚¥√‡®π ·≈–°≈ÿà¡

º—π·ª√ (-R)  “¬¢Õß°≈ÿà¡Õ–¡‘‚π‡™◊ËÕ¡µàÕ°—π¥â«¬æ—π∏–‡ªª‰µ¥å√–À«à“ß°≈ÿà¡Õ–¡‘‚π¢Õß

°√¥Õ–¡‘‚π·≈–°≈ÿà¡§“√å∫Õ°´’Ë¢Õß°√¥Õ–¡‘‚π∂—¥‰ª °√–∫«π°“√ translation ‡°’Ë¬«¢âÕß

°—∫Õ“√å‡ÕÁπ‡Õ∑—Èß “¡ °“√π” àß¢âÕ¡Ÿ≈Õ¬à“ß·¡àπ¬”®“° mRNA ‰ª Ÿà‚ª√µ’π∂Ÿ°§«∫§ÿ¡‚¥¬

√À— æ—π∏ÿ°√√¡´÷Ëß‡∫ ∑’Ë‡√’¬ßµ‘¥°—π 3 ‡∫  ‡√’¬°«à“ Àπ÷Ëß codon ®– √â“ß‡ªìπ°√¥Õ–¡‘‚π

Àπ÷Ëßµ—« (√Ÿª∑’Ë 3) ‡∫ ∑’Ë¡’Õ¬Ÿà 4 ‡∫  (A, T, C, G)  “¡“√∂®—¥‡√’¬ß°—π·∫∫ ÿà¡‰¥â 64 √Ÿª·∫∫

‡æ◊ËÕ„™â √â“ß°√¥Õ–¡‘‚π 20 µ—« ¥—ßπ—Èπ°√¥Õ–¡‘‚π à«π„À≠à®–∂Ÿ° √â“ß‰¥â®“° codon ¡“°

°«à“Àπ÷Ëß codon Codon ∑’Ë‡ªìπµ—«‡√‘Ë¡µâπ (start codon) §◊Õ AUG ´÷Ëß √â“ß°√¥Õ–¡‘‚π

methionine ‡æ√“–©–π—Èπ ‚ª√µ’π·∑∫∑ÿ°µ—«®–‡√‘Ë¡µâπ¥â«¬°√¥Õ–¡‘‚ππ’È ≈”¥—∫¢Õß‡∫ 

∑’Ëµ“¡À≈—ß start codon ‡√’¬°«à“ çreading frameé codons ∫π mRNA ®–∂Ÿ°æ∫‚¥¬

‚ª√µ’π tRNA adaptor ·≈–¡’‡Õπ‰´¡å®”‡æ“–∑’Ë‡√’¬°«à“ çaminoacyl-tRNA synthetasesé

∑”Àπâ“∑’Ë‡™◊ËÕ¡°√¥Õ–¡‘‚π∑’Ë®”‡æ“–‡¢â“°—∫ tRNA ∑’Ë®”‡æ“– °“√·ª√√À— ®“° mRNA ‰ª Ÿà

‚ª√µ’πÕ“»—¬°≈‰°∑’Ë´—∫´âÕπ·≈–®”‡æ“–‡À≈à“π’È∑’Ë®–‡§≈◊ËÕπ‰ªµ“¡ mRNA ®π∂÷ßµ”·Àπàß

‡√‘Ë¡µâπ¢Õß methionine ·≈–®“°π—Èπ°√–∫«π°“√ —ß‡§√“–Àå‚ª√µ’π°Á®–‡√‘Ë¡¢÷Èπ °√¥

Õ–¡‘‚π·µà≈–µ—«∑’Ë∂Ÿ°‡µ‘¡‡¢â“‰ª‚¥¬ tRNA √à«¡°—∫‚ª√µ’π∑’Ë‡√’¬°«à“ çelongation factorsé

°√–∫«π°“√ —ß‡§√“–Àå‚ª√µ’π®–‰ª„π∑‘»®“°ª≈“¬Õ–¡‘‚π‰ª Ÿàª≈“¬§“√å∫Õ°´’Ë

§«“¡À≈“°À≈“¬∑“ß™’«¿“æ¢Õß‚ª√µ’π‡ªìπ ‘Ëß∑’Ëπà“∑÷Ëß Àπâ“∑’Ë∑’Ë ”§—≠¢Õß‚ª√µ’π

ª√–°Õ∫¥â«¬°“√∑”Àπâ“∑’Ë‡ªìπ‡Õπ‰´¡å∑’Ë‡√àßªØ‘°‘√‘¬“∑“ß™’«‡§¡’∑’Ë ”§—≠ °“√π” àß —≠≠“π

ÕÕ°®“°·≈–‡¢â“ Ÿà‡´≈≈å ·≈–°“√‡ªìπµ—«π” —≠≠“πµà“ßÊ ·≈–°“√§«∫§ÿ¡ ¿“«–·«¥≈âÕ¡
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√Ÿª∑’Ë 3 √À— æ—π∏ÿ°√√¡ ®“° 64 codons ‰ª Ÿà 20 °√¥Õ–¡‘‚π

¿“¬„π‡´≈≈å πÕ°®“°π’È¬—ß¡’Àπâ“∑’Ëπ”Õ‘ÕÕπ·≈–‚¡‡≈°ÿ≈µà“ßÊ ºà“π plasma membranes

‚ª√µ’π‡ªìπ‚§√ß √â“ß∑’Ë ”§—≠¢Õß‡´≈≈å·≈– “√ª√–°Õ∫¿“¬πÕ°‡´≈≈å √«¡∂÷ß§«∫§ÿ¡°“√

‡§≈◊ËÕπ‰À«¢Õß‡´≈≈å §ÿ≥ ¡∫—µ‘„π°“√∑”Àπâ“∑’Ëµà“ßÊ ¢Õß‚ª√µ’π¢÷ÈπÕ¬Ÿà°—∫≈—°…≥–∑“ß

‚§√ß √â“ß‡ªìπÀ≈—°

°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π

√à“ß°“¬¡πÿ…¬åª√–°Õ∫¢÷Èπ¥â«¬‡´≈≈åµà“ßÊ ∑’Ë¡’§«“¡À≈“°À≈“¬¡“°¡“¬ ‚¥¬∑’Ë

‡´≈≈åµà“ßÊ ‡À≈à“π’È¡’ “√æ—π∏ÿ°√√¡‡¥’¬«°—π §«“¡À≈“°À≈“¬¢Õß‡´≈≈åπ’È∂Ÿ°§«∫§ÿ¡¥â«¬



Molecular Biology Techniques502

®’‚π¡·≈–√–¥—∫°“√· ¥ßÕÕ°¢Õß¬’π´÷Ëßπ”‰ª Ÿà°“√ —ß‡§√“–Àå·≈–°“√ —Ëß ¡¢ÕßÕ“√å‡ÕÁπ‡Õ

·≈–π”‰ª Ÿà√–¥—∫‚ª√µ’π∑’Ë·µ°µà“ß°—π„π·µà≈–™π‘¥¢Õß‡´≈≈å µ—«Õ¬à“ß‡™àπ °≈â“¡‡π◊ÈÕ·≈–

°√–¥Ÿ°¡’°“√· ¥ßÕÕ°¢Õß¬’π∑’Ëµà“ß°—πÀ√◊Õ¬’π‡¥’¬«°—π·µà„π√–¬–‡«≈“∑’Ëµà“ß°—π µ—«

°”Àπ¥«à“¬’π„¥®–¡’°“√· ¥ßÕÕ°„π‡´≈≈å™π‘¥„¥·≈–∑’Ë™à«ß‡«≈“„¥ ®–¢÷ÈπÕ¬Ÿà°—∫ —≠≠“π

∑’Ë‰¥â√—∫®“° ¿“«–·«¥≈âÕ¡¢Õß‡´≈≈å °“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π¡’ 6 ¢—ÈπµÕπÀ≈—°

µ—Èß·µà√–¥—∫¥’‡ÕÁπ‡Õ¡“ Ÿà√–¥—∫Õ“√å‡ÕÁπ‡Õ¡“ Ÿà√–¥—∫‚ª√µ’π ¥—ßµàÕ‰ªπ’È

¢—ÈπµÕπ∑’Ë 1 °“√∂Õ¥√À— ¥’‡ÕÁπ‡Õ¡“ ŸàÕ“√å‡ÕÁπ‡Õ (RNA transcription)

‡ªìπ°≈‰° ”À√—∫°“√§«∫§ÿ¡«à“¬’π®–¡’°“√· ¥ßÕÕ°‡¡◊ËÕ‰À√à·≈–∂’Ë∫àÕ¬·§à‰Àπ

¢—ÈπµÕπ∑’Ë 2 §«∫§ÿ¡°“√ √â“ßÕ“√å‡ÕÁπ‡Õ (RNA processing) ‡ªìπ°≈‰°

 ”À√—∫§«∫§ÿ¡ª√‘¡“≥Õ“√å‡ÕÁπ‡Õ∑’Ë ¡∫Ÿ√≥å∑’Ë∂Ÿ° √â“ß¢÷Èπ„ππ‘«‡§≈’¬ 

¢—ÈπµÕπ∑’Ë 3 §«∫§ÿ¡°“√π” àßÕ“√å‡ÕÁπ‡Õ (RNA transport) ‚¥¬°”Àπ¥«à“

Õ“√å‡ÕÁπ‡Õ∑’Ë ¡∫Ÿ√≥å‚¡‡≈°ÿ≈„¥®–∂Ÿ° àßÕÕ°‰ª Ÿà´—¬‚µæ≈“ ¡‡æ◊ËÕ —ß‡§√“–Àå‚ª√µ’π

¢—ÈπµÕπ∑’Ë 4 §«∫§ÿ¡§«“¡‡ ∂’¬√¢ÕßÕ“√å‡ÕÁπ‡Õ (mRNA stability) ‚¥¬

°”Àπ¥Õ—µ√“°“√¬àÕ¬ ≈“¬¢Õß mRNA

¢—ÈπµÕπ∑’Ë 5 ‡°’Ë¬«¢âÕß°—∫°“√ —ß‡§√“–Àå‚ª√µ’π (translation) ́ ÷Ëß°”Àπ¥Õ—µ√“∑’Ë

mRNA ∂Ÿ°·ª≈√À— ‚¥¬ ribosomes ‰ª‡ªìπ‚ª√µ’π

¢—ÈπµÕπ ÿ¥∑â“¬ §«∫§ÿ¡‚ª√µ’πÀ≈—ß∂Ÿ° —ß‡§√“–Àå (post-translation) ‚¥¬

°“√ª√—∫‡ª≈’Ë¬π√Ÿª·∫∫À√◊Õ‚§√ß √â“ß¢Õß‚ª√µ’π∑’Ë‡°‘¥¢÷Èπ‚¥¬«‘∏’°“√µà“ßÊ Õ“∑‘‡™àπ °“√

¬àÕ¬‚ª√µ’π °“√‡°‘¥ disulfide, glycosylation, lipidation ·≈– biotinylation ‡æ◊ËÕ„Àâ

‚ª√µ’π∑’Ë‡°‘¥¢÷Èπ¡’‚§√ß √â“ß∑’Ë‡À¡“– ¡ ”À√—∫°“√∑”ß“π πÕ°®“°π’È¬—ßÕ“®¡’°“√‡µ‘¡°√¥

Õ–¡‘‚π‡æ‘Ë¡‡¢â“‰ª∑’Ë∫“ßµ”·Àπàß¢Õß‚ª√µ’π ‡™àπ °“√‡°‘¥ phosphorylation, acetylation,

methylation, ubiquitination ·≈– sumoylation

·¡â«à“¬’π·µà≈–¬’π®–∂Ÿ°§«∫§ÿ¡·µ°µà“ß°—πÕÕ°‰ª ·≈–¬’π‡¥’¬«°—πÕ“®∂Ÿ°

§«∫§ÿ¡·µ°µà“ß°—π„π‡´≈≈åµà“ß™π‘¥°—πÀ√◊Õ„π√–¬–°“√‡®√‘≠‡µ‘∫‚µ∑’Ë·µ°µà“ß°—π ·µà„π

√–¥—∫‚¡‡≈°ÿ≈¡’√Ÿª·∫∫√à«¡∑’Ë‡°‘¥¢÷Èπ „π à«π promoter ¢Õß¬’π¡’≈”¥—∫‡∫ ∑’Ë®”‡æ“–‡√’¬°

«à“ çTATA boxesé ́ ÷Ëß “¡“√∂∂Ÿ°§âπæ∫·≈–¬÷¥‡Àπ’Ë¬«‚¥¬ à«πª√–°Õ∫∑’Ë¡’‡ÕÁπ‰´¡å RNA

polymerase II ‡æ◊ËÕ‡ªìπ°≈‰°À≈—°„π°√–∫«π°“√ —ß‡§√“–Àå¬’π „π∫√‘‡«≥ à«πµâπµàÕ TATA
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box ‡ªìπ∫√‘‡«≥ enhancers ∑’Ë¡’‚ª√µ’π‡√’¬°«à“ transcription factors ¡“®—∫ ‡æ◊ËÕ‡ªìπ

µ—«°√–µÿâπ„Àâ‡°‘¥°√–∫«π°“√ —ß‡§√“–Àå¬’π πÕ°®“°π’È¬—ß¡’ à«π¢Õß¥’‡ÕÁπ‡Õ∑’Ë∑”Àπâ“∑’Ë

§«∫§ÿ¡À√◊Õ¬—∫¬—Èß°“√‡√‘Ë¡µâπ¢Õß°√–∫«π°“√ transcription ·≈–‚ª√µ’π transcription

factors ∑’Ë¡“®—∫∫√‘‡«≥‡À≈à“π’È‡√’¬°«à“ repressors ªØ‘°‘√‘¬“√–¥—∫Õ≥ÿ¿“§√–À«à“ß tran-

scription factors ·≈–∫√‘‡«≥ à«πµâπ¢Õß¥’‡ÕÁπ‡Õ¡’°“√§«∫§ÿ¡Õ¬à“ß‡¢â¡ß«¥‚¥¬‡©æ“–

‡¡◊ËÕ¡’°“√µÕ∫ πÕßµàÕµ—«°√–µÿâπ®“°¿“¬πÕ° ≈—°…≥–∑“ß‚§√ß √â“ßÀ≈“¬Õ¬à“ß„π tran-

scription factors ∑’Ë¡’º≈µàÕ°“√§«∫§ÿ¡·≈–ªØ‘°‘√‘¬“µàÕ¥’‡ÕÁπ‡Õ µ—«Õ¬à“ß‡™àπ helix-turn-

helix, homeodomain motif, zinc finger, leucine zipper ·≈– helix-loop-helix

motifs

®’‚π¡¢Õß¡πÿ…¬å

®’‚π¡‡ªìπ§”√«¡ ”À√—∫¬’π∑ÿ°¬’π„π ‘Ëß¡’™’«‘µ™π‘¥Àπ÷Ëß ®’‚π¡¢Õß¡πÿ…¬åª√–°Õ∫

¥â«¬≈”¥—∫¥’‡ÕÁπ‡Õ®”π«π 3 æ—π≈â“π§Ÿà‡∫  ∫√√®ÿ„π‚§√‚¡‚´¡®”π«π 23 §Ÿà ®’‚π¡¢Õß

¡πÿ…¬å¡’¬’πÕ¬Ÿàª√–¡“≥ 25,000 ∂÷ß 30,000 ¬’π ·≈–¡’§«“¡‡À¡◊Õπ°—π 99.9 ‡ªÕ√å‡´πµå

√–À«à“ßª√–™“°√∑—ÈßÀ¡¥ §«“¡·µ°µà“ß¢Õß¥’‡ÕÁπ‡Õ∑’ËÀπ÷Ëßµ”·Àπàß‡∫ æ∫‰¥âª√–¡“≥ 3

≈â“πµ”·Àπàßµ≈Õ¥∑—Èß®’‚π¡ ·≈–‡√’¬°«à“ single nucleotide polymorphisms À√◊Õ SNPs

SNPs ∑’Ë∫“ßµ”·ÀπàßÕ“®¡’§«“¡ ”§—≠Õ¬à“ß¬‘Ëß„π°“√°”Àπ¥§«“¡·µ°µà“ß√–À«à“ß∫ÿ§§≈

„π·ßà¢Õß§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥‚√§·≈–°“√µÕ∫ πÕßµàÕªí®®—¬·«¥≈âÕ¡µà“ßÊ

§«“¡ ”‡√Á®¢Õß°“√§âπæ∫®’‚π¡¡πÿ…¬å∑—ÈßÀ¡¥„πªï §.». 2003 ∂◊Õ‡ªìπ§«“¡

 ”‡√Á®§√—Èß¬‘Ëß„À≠à∑’Ë ÿ¥§√—ÈßÀπ÷Ëß¢Õß¡«≈¡πÿ…¬™“µ‘2 ‚§√ß°“√®’‚π¡¡πÿ…¬å (Human Ge-

nome Project) ‰¥â∑”„Àâ‡°‘¥Õß§å§«“¡√Ÿâ∑“ß¥â“π®’‚π¡‘° å (genomics) ´÷Ëß‡ªìπ°“√»÷°…“

¢Õß “√æ—π∏ÿ°√√¡Õ¬à“ß≈–‡Õ’¬¥ æ—≤π“°“√∑“ß°“√·æ∑¬å∂Ÿ° √â“ß¢÷Èπ¡“®“°·À≈àß§«“¡√Ÿâ

·≈–‡∑§‚π‚≈¬’µà“ßÊ ®“°®’‚π¡¡πÿ…¬å∑’Ë∑”„Àâ‡°‘¥§«“¡‡¢â“„®∂÷ß§«“¡ —¡æ—π∏å√–À«à“ß¬’π

·≈–§«“¡º‘¥ª√°µ‘¢Õß¬’πµàÕ°≈‰°µà“ßÊ „π√à“ß°“¬∑—Èß„π ¿“«–ª√°µ‘·≈–‡¡◊ËÕ¡’æ¬“∏‘ ¿“æ

„π»µ«√√…∑’Ë 21 π’È ‰¥â¡’°“√π”‡Õ“¢âÕ¡Ÿ≈∑“ß¥â“π®’‚π¡¡πÿ…¬å¡“ª√–¬ÿ°µå‡¢â“°—∫°“√¥Ÿ·≈

ºŸâªÉ«¬∑“ß»—≈¬°√√¡ ‡™àπ °“√π”¡“„™â„π°“√«‘π‘®©—¬·≈–∑”π“¬‚Õ°“ À√◊Õ§«“¡‡ ’Ë¬ß„π

°“√‡°‘¥‚√§ §«“¡√Ÿâ§«“¡‡¢â“„®„π°≈‰°°“√∑”ß“π¢Õß¬’π∑”„Àâ “¡“√∂«“ß·ºπ°“√ºà“µ—¥

√—°…“·≈–æ—≤π“·π«∑“ß°“√√—°…“·∫∫„À¡à‚¥¬‡©æ“–°“√√—°…“·∫∫¡ÿàß‡ªÑ“´÷Ëß¡’¿“«–
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·∑√°´âÕππâÕ¬°«à“°“√√—°…“·∫∫¥—Èß‡¥‘¡ ∑â“¬∑’Ë ÿ¥°“√ª√–¬ÿ°µå§«“¡√Ÿâ∑“ß¥â“π®’‚π¡‘° å

Õ“®π”‰ª Ÿà°“√µ—¥µàÕ¬’πÀ√◊Õ°“√√—°…“√–¥—∫¬’π‚¥¬°“√·°â‰¢¬’π∑’Ë∫°æ√àÕß

‚ª√µ’‚Õ¡‘° å (proteomics) À¡“¬∂÷ß°“√»÷°…“∂÷ß‚§√ß √â“ß·≈–°“√· ¥ßÕÕ°

¢Õß‚ª√µ’π‡™àπ‡¥’¬«°—∫ªØ‘°‘√‘¬“√–À«à“ß‚ª√µ’πµà“ßÊ ∑’Ë∂Ÿ° √â“ß‚¥¬®’‚π¡¡πÿ…¬å3,4 «‘∏’°“√

„π°“√µ√«®À“‚§√ß√à“ß∑“ß‚ª√µ’‚Õ¡‘° å ‰¥â·°à 2D-gel electrophoresis (‡®≈Õ‘‡≈Á°‚µ√ø

Õ√‘´‘ ·∫∫ Õß¡‘µ‘), time-of-flight mass spectrometry, matrix-assisted laser des-

orption/ionization ·≈– protein microarrays ‡ªìπ ‘Ëß∑’Ë§“¥°—π«à“·π«∑“ß°“√§âπ§«â“

∑’ËÕ“»—¬®’‚π¡‘° å·≈–‚ª√µ’‚Õ¡‘° å®–π”‰ª ŸàÕß§å§«“¡√Ÿâ„À¡à∑“ß¥â“πæ¬“∏‘°”‡π‘¥ ·≈–®–π”

‰ª Ÿà°“√æ—≤π“·π«∑“ß∑’Ë¡’ª√– ‘∑∏‘¿“æ ”À√—∫°“√µ√«®«‘π‘®©—¬·≈–√—°…“‚√§µà“ßÊ

µ—«Õ¬à“ß‡™àπ °“√µ√«®À“‚ª√µ’π∑’Ë¡’√–¥—∫‡ª≈’Ë¬π·ª≈ß‰ª„πÕ«—¬«– ‡´≈≈å À√◊Õ‚§√ß √â“ß

¢Õß‚ª√µ’π Õ“®π”‰ª Ÿà°“√§âπæ∫µ—«∫àß™’È (biomarker) „À¡àÊ  ”À√—∫°“√µ√«®À“‚√§„π

√–¬–‡√‘Ë¡µâπ ¬‘Ëß‰ª°«à“π—Èπ °“√∑”§«“¡‡¢â“„®‡°’Ë¬«°—∫§«“¡ —¡æ—π∏å√–À«à“ß‚§√ß √â“ß·≈–

Àπâ“∑’Ë¢Õß‚ª√µ’π®–π”‰ª Ÿà°“√§âπæ∫‡ªÑ“À¡“¬„À¡àÊ „π°“√√—°…“∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ

·≈–¡’º≈¢â“ß‡§’¬ß≈¥πâÕ¬≈ß

‡∑§‚π‚≈¬’∑“ßÕ≥Ÿ™’««‘∑¬“

§«“¡°â“«Àπâ“∑’Ë ”§—≠∑’Ë ÿ¥∑“ßÕ≥Ÿ™’««‘∑¬“ ‰¥â·°à §«“¡ “¡“√∂„π°“√«‘‡§√“–Àå

·≈–ª√—∫‡ª≈’Ë¬π‚§√ß √â“ßÀ√◊Õ‡æ‘Ë¡®”π«π¢Õß¥’‡ÕÁπ‡Õ π—∫µ—Èß·µà°“√§âπæ∫‚§√ß √â“ß

¢Õß¥’‡ÕÁπ‡Õ¡“ Ÿà‡∑§‚π‚≈¬’ recombinant DNA Õ—π‰¥â·°à °“√„™â‡Õπ‰´¡åµ—¥µàÕ¥’‡ÕÁπ‡Õ

·≈–°“√‚§≈ππ‘Ëß¢Õß¥’‡ÕÁπ‡Õ ‚¡‡≈°ÿ≈¢Õß¥’‡ÕÁπ‡Õ∂Ÿ°‚§≈π ”À√—∫«—µ∂ÿª√– ß§åµà“ßÊ ‰¥â·°à

‡æ◊ËÕ°“√‡°Á∫√—°…“µ—«Õ¬à“ß¢Õß¥’‡ÕÁπ‡Õ °“√ √â“ß probes, ·≈–‚ª√µ’π —ß‡§√“–Àåµà“ßÊ ¥’

‡ÕÁπ‡Õ “¡“√∂∂Ÿ° √â“ß‚¥¬«‘∏’°“√µà“ßÊ ‡™àπ °“√µ—¥¬àÕ¬ vector ¥â«¬‡ÕÁπ‰´¡å °“√‡æ‘Ë¡

®”π«π¥â«¬ PCR ·≈–°“√ —ß‡§√“–Àå cDNA

°“√‚§≈ππ‘Ëß¥’‡ÕÁπ‡Õ

‡∑§‚π‚≈¬’¢Õß recombinant DNA ‡ªìπ«‘∏’°“√∑’Ë„™â‡Õπ‰´¡å·≈–®ÿ≈™’««‘∑¬“‡æ◊ËÕ

ª√—∫‡ª≈’Ë¬π¥’‡ÕÁπ‡Õ ™‘Èπ à«π¢Õß¥’‡ÕÁπ‡Õ “¡“√∂∂Ÿ°µ—¥µàÕ‡æ◊ËÕ„ à‡¢â“ Ÿà¥’‡ÕÁπ‡Õ¢Õß

·∫§∑’‡√’¬À√◊Õµ—«π” (vector) ¢Õß¥’‡ÕÁπ‡ÕÕ◊ËπÊ ‡™àπ æ≈“ ¡‘¥ (plasmid) ‡æ◊ËÕ √â“ß re-
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combinant DNA „π·∫§∑’‡√’¬ ‚¥¬«‘∏’°“√π’È¥’‡ÕÁπ‡Õ “¡“√∂∂Ÿ° √â“ß ‡æ‘Ë¡®”π«π ·≈–

„™â‡æ◊ËÕ§«∫§ÿ¡À√◊Õª√—∫‡ª≈’Ë¬π°“√∑”Àπâ“∑’Ë¢Õß‡´≈≈åÀ√◊Õ·¡â·µà ‘Ëß¡’™’«‘µ ‡∑§‚π‚≈¬’π’È∑’Ë

‡√’¬°«à“ °“√ √â“ßÀ√◊Õ‚§≈ππ‘Ëß¢Õß¥’‡ÕÁπ‡Õ5 ‡ªìπæ◊Èπ∞“π∑’Ë ”§—≠¢Õß°“√§âπæ∫∑“ßÕ≥Ÿæ—π∏ÿ-

»“ µ√å√«¡∂÷ß‚§√ß°“√®’‚π¡¡πÿ…¬å (Human Genome Project) À≈—°°“√§◊Õ°“√‡æ‘Ë¡

®”π«π¢Õß¥’‡ÕÁπ‡Õ∑’Ë π„®„Àâ¡“°¢÷Èπ‚¥¬µâÕß¡’¬’π∑’Ë π„® ¥’‡ÕÁπ‡Õæ“À– À√◊Õæ≈“ ¡‘¥

·≈–‡´≈≈å‡®â“∫â“π´÷Ëß®–√—∫¥’‡ÕÁπ‡Õ∑’Ë π„®‰«â„π‡´≈≈å ‡æ◊ËÕ‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ„Àâ¡“°¢÷Èπ

‡´≈≈å‡®â“∫â“π∑’Ëπ‘¬¡„™â°—π¡“°§◊Õ‡´≈≈å·∫§∑’‡√’¬ ‡π◊ËÕß®“°‡´≈≈å·∫§∑’‡√’¬¡’§ÿ≥ ¡∫—µ‘∑’Ë

 ”§—≠§◊Õ‡≈’È¬ßßà“¬·≈–‚µ‡√Á«·¡â«à“„πªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“‡´≈≈å‡®â“∫â“π∑’Ë„°≈â‡§’¬ß°—∫

¡πÿ…¬å¡“°¢÷Èπ‚¥¬‡√‘Ë¡®“°‡´≈≈å¬Ÿ§“√‘‚ÕµÕ¬à“ßßà“¬ ‡™àπ ¬’ µå √“ ®π∂÷ß„™â‡´≈≈åæ◊™·≈–

 —µ«å∫“ß™π‘¥¡“‡ªìπ‡´≈≈å‡®â“∫â“π

¢—ÈπµÕπ°“√‚§≈ππ‘Ëß¥’‡ÕÁπ‡Õ ª√–°Õ∫¥â«¬ (√Ÿª∑’Ë 4)

1) ¥’‡ÕÁπ‡Õæ“À–∂Ÿ°¬àÕ¬¥â«¬‡ÕÁπ‰´¡å®”‡æ“–‡æ◊ËÕ„Àâ¡’ª≈“¬‡¢â“°—π‰¥â°—∫ à«π

¢Õß¥’‡ÕÁπ‡Õ∑’Ë®–‚§≈π ¥’‡ÕÁπ‡Õæ“À–·≈– à«π¢Õß¥’‡ÕÁπ‡Õ®–∂Ÿ°‡™◊ËÕ¡µàÕ°—π¥â«¬‡Õπ‰´¡å DNA

ligase

2) °“√π”‡¢â“ Ÿà‡´≈≈å·∫§∑’‡√’¬‡®â“∫â“π ‡√’¬°°√–∫«π°“√π’È«à“ ∑√“π øÕ√å¡

‡¡™—Ëπ (transformation) ‚¥¬«‘∏’°“√∑’Ë„™â·§≈‡´’¬¡√à«¡°—∫°“√™ÁÕ°¥â«¬§«“¡√âÕπ (Calcium/

heat shock) À√◊Õ°“√„™â°√–· ‰øøÑ“°√–µÿâπ (Electroporation)

3) °“√‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ‚¥¬°“√‡æ“–‡≈’È¬ß‡æ‘Ë¡®”π«π·∫§∑’‡√’¬‡®â“∫â“π

4) °“√§—¥‡≈◊Õ°°≈ÿà¡¢Õß·∫§∑’‡√’¬ E. coli ∑’Ë¡’¥’‡ÕÁπ‡Õæ“À–Õ¬Ÿà ¡—°Õ“»—¬

§ÿ≥ ¡∫—µ‘∑’Ë®”‡æ“–‡™àπƒ∑∏‘Ïµâ“π¬“ªØ‘™’«π–∫“ßµ—« ‡™àπ ampicillin, kanamycin ·≈–

tetracycline

5) ‡´≈≈å‡®â“∫â“π∑’Ë∂Ÿ°‡≈◊Õ°¡“π’È “¡“√∂‡æ“–‡≈’È¬ß‡æ‘Ë¡®”π«π‡æ◊ËÕ„Àâ‰¥â¥’‡ÕÁπ‡Õ

ª√‘¡“≥¡“°‡æ◊ËÕ„™â„π°“√∑¥≈Õß«‘®—¬µàÕ‰ª

°“√µ√«®«‘‡§√“–Àå°√¥π‘«§≈’Õ‘°·≈–‚ª√µ’π

1. ¥’‡ÕÁπ‡Õ ‰Œ∫√‘‰¥‡´™—Ëπ (DNA Hybridization) ‡ªìπ‡∑§π‘§∑’ËÕ“»—¬§ÿ≥ ¡∫—µ‘

‡√◊ËÕß°“√®—∫§Ÿà‡∫ Õ¬à“ß®”‡æ“–¢Õß¥’‡ÕÁπ‡Õ§◊Õ°—«π’π (G) ®—∫°—∫‰´‚µ´’π (C) ·≈–Õ–¥’π’π

(A) ®—∫§Ÿà°—∫‰∏¡’π (Thymine) ‚¥¬¡’·√ß¬÷¥‡Àπ’Ë¬«∑’Ë‡™◊ËÕ¡√–À«à“ß§Ÿà‡∫ ∑’Ë‡√’¬°«à“ çæ—π∏–
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‰Œ‚¥√‡®πé æ—π∏–‰Œ‚¥√‡®π„π√–À«à“ß§Ÿà‡∫ ∑’Ë°≈à“«∂÷ßπ’È ‡ªìπæ—π∏–∑’Ë∂Ÿ°∑”≈“¬‰¥âßà“¬Ê

¥â«¬§«“¡√âÕπ À√◊Õ°“√‡æ‘Ë¡§«“¡‡ªìπ°√¥-¥à“ß (pH) ¢Õß “√≈–≈“¬ ‡¡◊ËÕæ—π∏–

‰Œ‚¥√‡®π∂Ÿ°∑”≈“¬ ¥’‡ÕÁπ‡Õ®–§≈“¬‡°≈’¬« ‡ª≈’Ë¬π ¿“æ®“°¥’‡ÕÁπ “¬‡°≈’¬«§Ÿà‡ªìπ¥’

‡ÕÁπ‡Õ‡ âπ‡¥’Ë¬« ‡√’¬°«à“°√–∫«π°“√π’È«à“ denaturation ‡¡◊ËÕ≈¥Õÿ≥À¿Ÿ¡‘ À√◊Õ≈¥ pH

¢Õß “√≈–≈“¬≈ß„Àâ¡’ ¿“æª°µ‘  “¬¥’‡ÕÁπ‡Õ®–°≈—∫ Ÿà ¿“æ‡¥‘¡ ‚¥¬°≈—∫¡“‡¢â“§Ÿà°—π„À¡à

·≈–®—∫§Ÿà‡∫ Õ¬à“ß®”‡æ“–‡®“–®ß ´÷Ëß‡√’¬°°√–∫«π°“√π’È«à“ renaturation °“√§≈“¬ “¬¥’

√Ÿª∑’Ë 4 ¢—ÈπµÕπ¢Õß°“√‚§≈ππ‘Ëß¥’‡ÕÁπ‡Õ
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‡ÕÁπ‡Õ∑’Ë‡ªìπ‡ âπ‡¥’Ë¬« ·≈â«∑”„Àâ “¬¥’‡ÕÁπ‡Õ‡¢â“§Ÿà°—π„À¡à ‡√’¬°«à“ °√–∫«π°“√∑”¥’‡ÕÁπ‡Õ

§Ÿà ¡ À√◊Õ‰Œ∫√‘‰¥‡´™—Ëππ—Ëπ‡Õß (denaturation + renaturation = hybridization) (√Ÿª∑’Ë

5)

„π°“√ª√–¬ÿ°µå„™â ¥’‡ÕÁπ‡Õ‰Œ∫√‘‰¥‡´™—Ëπ µâÕß„™â¥’‡ÕÁπ‡Õµ√«®µ‘¥µ“¡ (DNA probe)

´÷Ëß‡ªìπ¥’‡ÕÁπ‡Õ “¬ —ÈπÊ ́ ÷Ëßµ‘¥©≈“°°—¡¡—πµ√—ß ’‰«â DNA probe π’È¡’§ÿ≥ ¡∫—µ‘∑’Ë ”§—≠§◊Õ

¡’§«“¡ “¡“√∂®—∫°—∫™‘Èπ à«π¥’‡ÕÁπ‡Õ∑’Ë π„®‰¥âÕ¬à“ß®”‡æ“–‡®“–®ß ¥—ßπ—Èπ®÷ß “¡“√∂®—∫

°—∫¥’‡ÕÁπ‡Õ “¬‡¥’Ë¬«∑’Ë∑”°“√§≈“¬‡°≈’¬«ÕÕ°‰¥â  à«π°—¡¡—πµ√—ß ’∑’Ëµ‘¥Õ¬Ÿà°—∫ DNA probe

∑”„Àâ “¡“√∂µ‘¥µ“¡™‘Èπ¥’‡ÕÁπ‡Õ∑’Ë π„®π—Èπ‰¥â ‡æ√“–‰¡à “¡“√∂¡Õß‡ÀÁπ¥’‡ÕÁπ‡Õ¥â«¬µ“‡ª≈à“

®÷ßµâÕßÕ“»—¬°“√‡√◊Õß· ß¢Õß°—¡¡—πµ√—ß ’¿“¬„µâ· ßÕÿ≈µ√â“‰«‚Õ‡≈µ

√Ÿª∑’Ë 5 °“√∑”‰Œ∫√‘‰¥‡´™—Ëπ¢Õß°√¥π‘«§≈’Õ‘° (a-b) ¥’‡ÕÁπ‡Õ‰Œ∫√‘‰¥‡´™—Ëπ (c-d) Õ“√å‡ÕÁπ

‡Õ‰Œ∫√‘‰¥‡´™—Ëπ



Molecular Biology Techniques508

2. ‡´“‡∑‘√åπ ∫≈Õ∑ ‰Œ∫√‘‰¥‡´™—Ëπ (Southern Blot Hybridization) ‡ªìπ

‡∑§π‘§∑“ßÕ≥Ÿ™’««‘∑¬“∑’Ë¡’°“√„™â°—πÕ¬à“ß·æ√àÀ≈“¬„πÀâÕßªØ‘∫—µ‘°“√µà“ßÊ ∑—Ë«‚≈° ºŸâ

æ—≤π“‡∑§π‘§π’È‡ªìπ§√—Èß·√°„πªï §.». 1975 §◊Õ ‡ÕÁ¥‡«‘√å¥ ‡ÕÁ¡ ‡´“‡∑‘√åπ (Edward M.

Southern) ®“°¡À“«‘∑¬“≈—¬‡Õ¥‘π‡∫Õ√å°  À√“™Õ“≥“®—°√ ·≈–‡ªìπ∑’Ë¡“¢Õß™◊ËÕ«‘∏’°“√π’È6

‡´“‡∑‘√åπ ∫≈Õ∑ ¡’À≈“¬¢—ÈπµÕπ ‚¥¬‡√‘Ë¡µâπ®“°°“√¬àÕ¬µ—«Õ¬à“ß¥’‡ÕÁπ‡Õ¥â«¬‡Õπ‰´¡å re-

striction ∑’Ë‡À¡“– ¡·≈–°“√·¬°™‘Èπ¥’‡ÕÁπ‡Õ∑’Ë¡’¢π“¥µà“ß°—πÕÕ°®“°°—π¥â«¬°“√‡§≈◊ËÕπ

¬â“¬ à«π¢Õß¥’‡ÕÁπ‡Õ„πµ—«°≈“ß«ÿâπ ∑’Ë‡√’¬°«à“ Õ–°“‚√ ‡®≈Õ‘‡≈Á°‚µ√øÕ√‘´‘  (Agarose gel

electrophoresis) Õ‘‡≈Á°‚µ√øÕ√‘´‘  ‡ªìπ‡∑§π‘§∑’Ë„™â„π°“√·¬° “√∑’Ë¡’ª√–®ÿ ‚¥¬Õ“»—¬

°“√‡§≈◊ËÕπ∑’Ë¢Õß‚¡‡≈°ÿ≈„π π“¡‰øøÑ“ ´÷Ëß¢÷ÈπÕ¬Ÿà°—∫ª√–®ÿ·≈–¢π“¥‚¡‡≈°ÿ≈∑’Ë·µ°µà“ß°—π

¡’µ—«°≈“ß§È”®ÿπ (supporting media) ∑’Ëπ‘¬¡„™â ‡™àπ Õ–°“‚√  À√◊Õ acrylamide „π

 “√≈–≈“¬∫—ø‡øÕ√å ¢π“¥ √Ÿª√à“ß ª√–®ÿµàÕ¡«≈¢Õß¥’‡ÕÁπ‡Õ §«“¡‡¢â¡¢âπ¢Õßµ—«°≈“ß§È”®ÿπ

§«“¡µà“ß»—°¬å·≈–°√–· ∑’Ë„™â¡’º≈µàÕ§«“¡ “¡“√∂„π°“√‡§≈◊ËÕπ∑’Ë¢Õß ¥’‡ÕÁπ‡Õ ºà“π

µ—«°≈“ß§È”®ÿπ ‚¥¬¥’‡ÕÁπ‡Õ ∑’Ë¡’¢π“¥„À≠à®–‡§≈◊ËÕπµ—«‰¥â™â“°«à“ ¥’‡ÕÁπ‡Õ∑’Ë¡’¢π“¥‡≈Á°

÷́Ëß√–¬–∑“ß°“√‡§≈◊ËÕπ∑’Ë¢Õß¥’‡ÕÁπ‡Õ ®–·ª√º°º—π°—∫ log10 ¢Õß®”π«ππ‘«§≈’‚Õ‰∑¥å¢Õß

¥’‡ÕÁπ‡Õ  ”À√—∫√Ÿª√à“ß¥’‡ÕÁπ‡Õ supercoiled ®–‡§≈◊ËÕπ∑’Ë‰¥â‡√Á«°«à“¥’‡ÕÁπ‡Õ linear ´÷Ëß

‡§≈◊ËÕπ∑’Ë‰¥â‡√Á«°«à“¥’‡ÕÁπ‡Õ relaxed circular πÕ°®“°π’È·≈â«∂â“§«“¡‡¢â¡¢âπ¢Õßµ—«°≈“ß

§È”®ÿπ Ÿß®–¡’º≈„Àâ¥’‡ÕÁπ‡Õ ‡§≈◊ËÕπµ—«‰¥â™â“°«à“§«“¡‡¢â¡¢âπ¢Õßµ—«°≈“ß§È”®ÿπµË” ‚¥¬

∑—Ë«‰ª®–„™â µ—«°≈“ß§È”®ÿπ∑’Ë¡’§«“¡‡¢â¡¢âππâÕ¬„π°“√·¬°¥’‡ÕÁπ‡Õ¢π“¥„À≠à·≈–µ—«°≈“ß

§È”®ÿπ∑’Ë¡’§«“¡‡¢â¡¢âπ¡“°„π°“√·¬°¥’‡ÕÁπ‡Õ∑’Ë¡’¢π“¥‡≈Á°

«ÿâπ∑’Ë¡’¥’‡ÕÁπ‡Õ®–∂Ÿ°¬âÕ¡¥â«¬ “√‡Õ∑‘‡¥’¬¡ ‚∫√‰¡¥å·≈–∂à“¬¿“æ§Ÿà°—∫‰¡â¡“µ√

«—¥‡æ◊ËÕ∫Õ°µ”·Àπàß¢Õß∑’Ë∂Ÿ°µâÕß À“°µâÕß°“√∑”‰Œ∫√‘‰¥‡´™—Ëπ (hybridization) ‡æ◊ËÕ

µ√«®À“«à“¥’‡ÕÁπ‡Õ™‘Èπ∑’Ë¡’¬’π∑’ËµâÕß°“√»÷°…“Õ¬Ÿà„πµ”·Àπàß„¥ µâÕß∑”°“√¬â“¬¥’‡ÕÁπ‡Õ∑’Ë

·¬°·≈â«π—ÈπÕÕ°®“°«ÿâπÕ–°“‚√ ‰ª Ÿà·ºàπ‰π‚µ√‡´≈≈Ÿ‚≈  (nitrocellulose) À√◊Õ·ºàπ

‡¬◊ËÕ‰π≈Õπ (derivatized nylon) ∑’ËµâÕß¬â“¬¥’‡ÕÁπ‡Õ°Á‡æ√“–«à“ ·ºàπ‰π‚µ√‡´≈≈Ÿ‚≈ ¡’

§«“¡§ß∑π¡“°°«à“ ∑—Èßπ’È‡æ√“–√–À«à“ß°“√∑”‰Œ∫√‘‰¥‡´™—ËπµâÕß¡’°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘‡æ◊ËÕ„Àâ

¥’‡ÕÁπ‡Õ ·¬° “¬°àÕπ∑’Ë®–®—∫§Ÿà‡∫ „À¡à°—∫ DNA probe (§«“¡√âÕπ∑’Ë„™âπ’È “¡“√∂∑”≈“¬

«ÿâπÕ–°“‚√ „ÀâÀ≈Õ¡≈–≈“¬À“¬‰ª‰¥â °“√‡§≈◊ËÕπ¬â“¬™‘Èπ¥’‡ÕÁπ‡Õ®“°«ÿâπÕ–°“‚√ ‰ª Ÿà·ºàπ
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‰π‚µ√‡´≈≈Ÿ‚≈  ∑”‚¥¬°“√«“ß·ºàπ‰π‚µ√‡´≈≈Ÿ‚≈ ‰«â∫π«ÿâπÕ–°“‚√ ∑’Ë·™à “√≈–≈“¬

∫—ø‡øÕ√åÕ¬Ÿà ·≈â««“ß°√–¥“…´—∫À≈“¬Ê ™—Èπ∫π·ºàπ‰π‚µ√‡´≈≈Ÿ‚≈ Õ’°∑’Àπ÷Ëß ·ºàπ

°√–¥“…´—∫∑’Ë·Àâß®–¥Ÿ¥´—∫ “√≈–≈“¬∫—ø‡øÕ√å∑’ËÕ¬Ÿà¢â“ß≈à“ß„Àâ‡§≈◊ËÕπ∑’Ë¢÷Èπ™–ºà“π«ÿâπ

Õ–°“‚√ ·≈–·ºàπ‰π‚µ√‡´≈≈Ÿ‚≈  „π¢≥–∑’Ë‡§≈◊ËÕπ∑’Ë “√≈–≈“¬∫—ø‡øÕ√å®–™–‡Õ“™‘Èπ

¥’‡ÕÁπ‡Õ „ÀâÀ≈ÿ¥ÕÕ°®“°«ÿâπÕ–°“‚√ ‰ª‡°“–µ‘¥°—∫·ºàπ‰π‚µ√‡´≈≈Ÿ‚≈ ‰ª¥â«¬ ‚¥¬«‘∏’π’È

‡√“®÷ß “¡“√∂¬â“¬™‘Èπ¥’‡ÕÁπ‡Õ ®“°«ÿâπÕ–°“‚√ ‰ª Ÿà‰π‚µ√‡´≈≈Ÿ‚≈ ‰¥â «‘∏’°“√π’È‡√’¬°«à“

ç‡´“‡∑‘√åπ∫≈Õ∑é ·≈–∑”°“√«‘‡§√“–Àå à«π¢Õß¥’‡ÕÁπ‡Õ‡À≈à“π’È¥â«¬°“√‰Œ∫√‘‰¥‡´™—Ëπ°—∫¥’‡ÕÁπ

‡Õµ√«®µ‘¥µ“¡ (DNA probe) ´÷Ëß‡ªìπ¥’‡ÕÁπ‡Õ “¬ —ÈπÊ ´÷Ëßµ‘¥©≈“°°—¡¡—πµ√—ß ’ 32P

‰«âÕ¬à“ß®”‡æ“–µàÕÕ’°∑’Àπ÷Ëß «‘∏’°“√∑—ÈßÀ¡¥∑’Ëª√–°Õ∫¥â«¬Õ–°“‚√ ‡®≈ Õ‘‡≈Á°‚µ√øî≈‘´‘ 

‡´“‡∑‘√åπ∫≈Õ∑ (Southern blot) ·≈–‰Œ∫√‘‰¥‡´™—Ëπ (hybridization) ®–‡√’¬°«à“ ‡´“‡∑‘√åπ-

∫≈Õ∑ ‰Œ∫√‘‰¥‡´™—Ëπ (Southern blot hybridization) (agarose gel electrophoresis +

hybridization + Southern blot = Southern blot hybridization) (√Ÿª∑’Ë 6)

√Ÿª∑’Ë 6 ¢—ÈπµÕπ¢Õß ‡´“‡∑‘√åπ ∫≈Õ∑ ‰Œ∫√‘‰¥‡´™—Ëπ „π°“√«‘‡§√“–Àå¥’‡ÕÁπ‡Õ
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°“√æ—≤π“«‘∏’°“√‡´“‡∑‘√åπ ∫≈Õ∑ ‰Œ∫√‘‰¥‡´™—Ëπ ∑”„Àâπ—°«‘®—¬ “¡“√∂À“¢âÕ¡Ÿ≈

‡°’Ë¬«°—∫‚§√ß √â“ß·≈–°“√‡√’¬ßµ—«¢Õß≈”¥—∫‡∫ µà“ßÊ „π®’‚π¡∑’Ë¡’§«“¡´—∫´âÕπ‰¥â °“√

ª√–¬ÿ°µå„π√–¬–µàÕ¡“‰¥â·°à°“√»÷°…“ §«“¡À≈“°À≈“¬¢Õß§«“¡¬“«„π¢π“¥¬àÕ¬¢Õß¥’

‡ÕÁπ‡Õ ∑’Ë‡√’¬°«à“ restriction fragment length polymorphisms (RFLPs) ‰¥âπ”‰ª Ÿà

§«“¡°â“«Àπâ“µà“ßÊ Õ“∑‘‡™àπ°“√µ√«®À“ genetic fingerprint ·≈–°“√«‘π‘®©—¬‚√§∑“ß

æ—π∏ÿ°√√¡µà“ßÊ

3. πÕ∑‡∏‘√åπ ∫≈Õ∑ ‰Œ∫√‘‰¥‡´™—Ëπ (Northern Blot Hybridization) ¥â«¬

°√–∫«π°“√‡¥’¬«°—π°—∫‡´“‡∑‘√åπ∫≈Õ∑ À“°°√¥π‘«§≈’Õ‘°∑’Ë¬â“¬®“°«ÿâπÕ–°“‚√  Ÿà ‰π‚µ√

‡´≈≈Ÿ‚≈ ‡ªìπÕ“√å ‡Õπ‡Õ ·≈â« ®–‡√’¬°°√–∫«π°“√π’È«à“ πÕ∑‡∏‘√åπ ∫≈Õ∑ (Northern blot)

·¡â«à“°“√µ√«®«‘‡§√“–ÀåÕ“√å‡Õπ‡Õ¥â«¬«‘∏’°“√∑’Ë„™â‡«≈“πâÕ¬°«à“ ‡™àπ RT-PCR ®–‡ªìπ∑’Ë

π‘¬¡°—π ·µà«‘∏’°“√ πÕ∑‡∏‘√åπ ∫≈Õ∑ ‡ªìπ‡æ’¬ß«‘∏’°“√‡¥’¬«∑’Ë “¡“√∂„Àâ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫

¢π“¥¢Õß mRNA ·≈–¬—ß§ß∂◊Õ‡ªìπ«‘∏’°“√¡“µ√∞“π„π°“√µ√«®À“·≈–«—¥ª√‘¡“≥¢Õß

mRNA ¢—ÈπµÕπ„π°“√∑”πÕ∑‡∏‘√åπ ∫≈Õ∑ ‰Œ∫√‘‰¥‡´™—Ëπ¡’À≈“¬¢—ÈπµÕπ‡™àπ‡¥’¬«°—∫«‘∏’

°“√‡´“‡∑‘√åπ ∫≈Õ∑ ‰Œ∫√‘‰¥‡´™—Ëπ ª√–°Õ∫¥â«¬°“√Õ‘‡≈Á°‚µ√øÕ√‘´‘ „π«ÿâπÕ–°“‚√ -

øÕ√å¡“≈¥’‰Œ¥å °“√∂à“¬¬â“¬ Ÿà·ºàπ‡¡¡‡∫√π ·≈–°“√‰Œ∫√‘‰¥‡´™—Ëπ¥â«¬¥’‡ÕÁπ‡Õµ√«®µ‘¥µ“¡

(DNA probe) ¢âÕ¡Ÿ≈∑’Ë‰¥â∑”„Àâ “¡“√∂«—¥ª√‘¡“≥¢Õß mRNA ·≈–„π¢≥–‡¥’¬«°—π¬—ß

∫Õ°¢π“¥·≈–§ÿ≥¿“æ¢Õß mRNA µà“ßÊ ‰¥â

4. Polymerase Chain Reaction ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈‘‡¡Õ‡√  (polymerase

chain reaction: PCR) ‡ªìπ°√–∫«π°“√ —ß‡§√“–Àå™‘Èπ à«π¥’‡ÕÁπ‡Õ„πÀ≈Õ¥∑¥≈Õß ´÷Ëß

°√–∫«π°“√π’È‡≈’¬π·∫∫°√–∫«π°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ„π ‘Ëß¡’™’«‘µ À≈—°°“√§◊Õ°“√‡æ‘Ë¡

®”π«π¢Õß≈”¥—∫‡∫ ∑’Ë π„®„π¥’‡ÕÁπ‡Õ∑’ËÕ“»—¬‡Õπ‰´¡å‚æ≈’‡¡Õ‡√  ‚¥¬„™â§Ÿà¢Õßµ—«®—∫®”‡æ“–

oligonucleotide ∑’Ë®—∫°—∫¢“¥â“πµ√ß°—π¢â“¡·≈–§√Õ∫§≈ÿ¡∫√‘‡«≥∑’Ë π„®„π à«π¢Õß¥’‡ÕÁπ‡Õ

ºŸâ§‘¥§âπ‡∑§π‘§æ’´’Õ“√å §◊Õ Karry Mullis7 æ’´’Õ“√åª√–°Õ∫‰ª¥â«¬¢—ÈπµÕπµà“ßÊ ¥—ßµàÕ‰ª

π’È (√Ÿª∑’Ë 7)

°“√·¬° “¬¥’‡ÕÁπ‡Õ‡°≈’¬«§ŸàÕÕ°®“°°—π (denaturation) „™âÕÿ≥À¿Ÿ¡‘ª√–¡“≥

94 Õß»“‡´≈‡´’¬  ‡¡◊ËÕ‡√‘Ë¡µâπ¥’‡ÕÁπ‡Õ·¡à·∫∫ ®–Õ¬Ÿà„π≈—°…≥–∑’Ë‡ªìπ‡°≈’¬«§Ÿà ‡¡◊ËÕ‡æ‘Ë¡

Õÿ≥À¿Ÿ¡‘∂÷ßª√–¡“≥ 94 Õß»“‡´≈‡´’¬  ®–∑”„Àâæ—π∏–‰Œ‚¥√‡®π√–À«à“ß§Ÿà‡∫ ¢Õß¥’‡ÕÁπ‡Õ
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∂Ÿ°∑”≈“¬ ∑”„Àâ‡ âπ¥’‡ÕÁπ‡Õ·¬°ÕÕ°®“°°—π ‚¥¬¢—ÈπµÕππ’È®–·µ°µà“ß®“°°“√ —ß‡§√“–Àå

¥’‡ÕÁπ‡Õ„π∏√√¡™“µ‘ §◊Õ „π ‘Ëß¡’™’«‘µ‘®–¡’‡Õπ‰´¡å‡Œ≈‘‡§  (helicase) ™à«¬„π°“√·¬° “¬

·≈–§≈“¬‡°≈’¬«¥’‡ÕÁπ‡Õ °“√®—∫¢Õß‰æ√å‡¡Õ√å°—∫¥’‡ÕÁπ‡Õ·¡à·∫∫ (annealing) „™â

Õÿ≥À¿Ÿ¡‘ª√–¡“≥ 40-62 Õß»“‡´≈‡´’¬  ‡¡◊ËÕ·¬° “¬¥’‡ÕÁπ‡ÕÕÕ°®“°°—π·≈â« ®–≈¥

Õÿ≥À¿Ÿ¡‘≈ß‡À≈◊Õ 40-62 Õß»“‡´≈‡´’¬  ‡æ◊ËÕ„Àâ¥’‡ÕÁπ‡Õ —ß‡§√“–Àå¢π“¥ —Èπª√–¡“≥ 15-25

‡∫  ∑’Ë‡√’¬°«à“ ‰æ√å‡¡Õ√å (primer) ‡¢â“¡“®—∫∫√‘‡«≥∑’Ë¡’≈”¥—∫‡∫ §Ÿà ¡°—π „π°“√

 —ß‡§√“–Àå¥’‡ÕÁπ‡Õ ‰¡à “¡“√∂∑’Ë®–‡√‘Ë¡®“°»Ÿπ¬å‰¥â‡π◊ËÕß®“°‡ÕÁπ‰´¡å¥’‡ÕÁπ‡ÕæÕ≈‘‡¡Õ√å‡√ 

(DNA polymerase) µâÕß°“√ª≈“¬-OH ∑“ß¥â“π 3' ‡æ◊ËÕπ” π‘«§≈’‚Õ‰∑¥åµ—«µàÕ¡“µàÕ

÷́Ëß„π ‘Ëß¡’™’«‘µ®–¡’‡ÕÁπ‰´¡å∑’Ë¡’™◊ËÕ«à“ ‰æ√‡¡  (primase) ‡ªìπµ—« √â“ßÕ“√å‡ÕÁπ‡Õ‰æ√‡¡Õ√å¢÷Èπ

°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ “¬„À¡àµàÕ®“°‰æ√‡¡Õ√å (extension) „™âÕÿ≥À¿Ÿ¡‘ ª√–¡“≥ 68-72

√Ÿª∑’Ë 7 ¢—ÈπµÕπ¢ÕßªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈‘‡¡Õ‡√ 
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Õß»“‡´≈‡´’¬  „π¢—ÈπµÕππ’È®–‡ªìπ°“√ √â“ß “¬¥’‡ÕÁπ‡ÕµàÕ®“°‰æ√å‡¡Õ√å ‚¥¬Õÿ≥À¿Ÿ¡‘∑’Ë„™â

®–æÕ‡À¡“–°—∫°“√∑”ß“π¢Õß Taq DNA polymerase

‡π◊ËÕß®“°º≈º≈‘µ∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ “¬„À¡àµàÕ®“°‰æ√‡¡Õ√å„πÀπ÷Ëß

√Õ∫æ’´’Õ“√å®–°≈“¬‡ªìπµâπ·∫∫„π√Õ∫µàÕ‰ª ª√‘¡“≥¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬‡æ‘Ë¡¢÷Èπ‡°◊Õ∫Àπ÷Ëß

‡∑à“„π∑ÿ°√Õ∫ °“√∑”´È”Ê ‡™àππ’È∑”„Àâ¡’°“√ – ¡¢Õßº≈º≈‘µ‡ªìπ·∫∫∑«’§Ÿ≥ (√Ÿª∑’Ë 8)

°“√§âπæ∫‡ÕÁπ‰´¡å¥’‡ÕÁπ‡ÕæÕ≈‘‡¡Õ√å‡√ ‡ªìπ°“√ªØ‘«—µ‘«‘∏’°“√æ’´’Õ“√å„Àâ‡ªìπ«‘∏’°“√∑’Ëßà“¬

·≈–·æ√àÀ≈“¬  à«πª√–°Õ∫À≈—°„πªØ‘°‘√‘¬“æ’´’Õ“√å ‰¥â·°à ¥’‡ÕÁπ‡Õµâπ·∫∫ ‰æ√‡¡Õ√å

‡Õπ‰´¡åæÕ≈’‡¡Õ‡√   “√ 2'-deoxynucleoside 5'-triphosphates [dNTPs] ·≈–πÈ”¬“

∫—∫‡øÕ√å §«“¡®”‡æ“–·≈–ª√– ‘∑∏‘º≈¢Õßæ’´’Õ“√å¢÷ÈπÕ¬Ÿà°—∫°“√¡’ à«πª√–°Õ∫ª√‘¡“≥∑’Ë

‡À¡“– ¡√«¡∂÷ß§«“¡‡¢â¡¢âπ¢Õß·¡°π’‡´’¬¡ Õÿ≥À¿Ÿ¡‘¢Õß¢—ÈπµÕπµà“ßÊ ®”π«π√Õ∫¢Õß

ªØ‘°‘√‘¬“

‡∑§π‘§æ’´’Õ“√å‰¥â∂Ÿ°π”¡“ª√–¬ÿ°µå„™âÕ¬à“ß°«â“ß¢«“ß„πß“π«‘®—¬·≈–°“√µ√«®

«‘π‘®©—¬„πÀâÕßªØ‘∫—µ‘°“√ ‡∑§π‘§π’È„™â ”À√—∫‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ„πÀ≈Õ¥∑¥≈Õß‰¥âÀ≈“¬

‡∑à“ (Õ“®‡æ‘Ë¡‰¥â‡ªìπ· πÀ√◊Õ≈â“π‚¡‡≈°ÿ≈) ∑”„Àâ “¡“√∂µ√«® Õ∫µ—«Õ¬à“ß∑’Ë¡’¥’‡ÕÁπ‡Õ

ª√‘¡“≥πâÕ¬‰¥â Õ¬à“ß‰√°Á¥’‡∑§π‘§æ’´’Õ“√å·∫∫¥—Èß‡¥‘¡ (conventional PCR) ¬—ß¡’¢âÕ

®”°—¥À≈“¬ª√–°“√ ‡™àπ ‰¡à “¡“√∂µ√«® Õ∫ª√‘¡“≥¥’‡ÕÁπ‡Õ‡√‘Ë¡µâπ ·≈–µâÕß√Õ„Àâ

√Ÿª∑’Ë 8 °“√‡æ‘Ë¡¢÷ÈπÕ¬à“ß∑«’§Ÿ≥¢Õß¬’π„πªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈‘‡¡Õ‡√ 
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°√–∫«π°“√‡ √Á®°àÕπ®÷ß®– “¡“√∂µ√«® Õ∫°“√‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ‰¥â ªí®®ÿ∫—π®÷ß¡’°“√

æ—≤π“‡∑§‚π‚≈¬’æ’´’Õ“√å¢÷Èπ‰ªÕ’°√–¥—∫Àπ÷Ëß™◊ËÕ«à“ real-time PCR ´÷Ëß “¡“√∂·°â‰¢¢âÕ

®”°—¥µà“ßÊ ‡À≈à“π’È‰¥â ‚¥¬ “¡“√∂µ√«® Õ∫ª√‘¡“≥ “√æ—π∏ÿ°√√¡‰¥â¥â«¬°“√„™â SYBR

Green I Dye ·≈–µ√«® Õ∫¥â«¬ probe ∑’Ëµ‘¥©≈“°¥â«¬ Fluorochrome ∑”„Àâ∑√“∫

ª√‘¡“≥ “√æ—π∏ÿ°√√¡∑’Ë‡æ‘Ë¡¢÷Èπ‰¥â„π‡«≈“À≈—ß®“°°√–∫«π°“√‡æ’¬ß‰¡à°’Ë«‘π“∑’

ªí≠À“¢Õß‡∑§π‘§æ’́ ’Õ“√å·∫∫¥—Èß‡¥‘¡ ‡∑§π‘§æ’́ ’Õ“√å·∫∫¥—Èß‡¥‘¡ (conventional

PCR) ¡’¢âÕ®”°—¥À≈“¬ª√–°“√¥—ßπ’È

1. ‡∑§π‘§æ’´’Õ“√å·∫∫¥—Èß‡¥‘¡ µâÕß„™â‡«≈“À≈“¬™—Ë«‚¡ß„π°“√‡æ‘Ë¡ª√‘¡“≥

 “√æ—π∏ÿ°√√¡„πÀ≈Õ¥∑¥≈Õß¥â«¬‡§√◊ËÕß thermal cycler ·≈–µâÕß„™â‡«≈“„π°“√

«‘‡§√“–Àå¥’‡ÕÁπ‡Õ¥â«¬‡∑§π‘§Õ–°“‚√ ‡®≈Õ‘‡≈Á°‚µ√øÕ√‘´‘  ∑”„Àâ√Ÿâº≈™â“‡°‘π°«à“∑’Ë®–π”¡“

ª√–¬ÿ°µå„™â„π°“√µ√«®«‘π‘®©—¬„πÀâÕßªØ‘∫—µ‘°“√∑’ËµâÕß°“√º≈‡√àß¥à«π‰¥â πÕ°®“°π’È

‡∑§π‘§Õ–°“‚√ ‡®≈Õ‘‡≈Á°‚µ√øÕ√‘´‘  ¬—ß∑”„Àâ‡°‘¥°“√øÿÑß°√–®“¬·≈–°“√ªπ‡ªóôÕπ¢Õß¥’

‡ÕÁπ‡Õ∑’Ë‡æ‘Ë¡ª√‘¡“≥·≈â«‰ª∑—Ë«∫√‘‡«≥ (carry over contamination) ´÷Ëß‡ªìπ “‡Àµÿ„Àâ‡°‘¥

º≈∫«°ª≈Õ¡ (false positive) ‰¥â

2. °“√µ√«® Õ∫§«“¡·¡àπ¬”·≈–∂Ÿ°µâÕß¢Õß°√–∫«π°“√æ’́ ’Õ“√å∑”‚¥¬„™â«‘∏’

dot blot ‡™àπ Southern blot hybridization «‘∏’π’ÈµâÕß„™â¥’‡ÕÁπ‡Õµ√«®µ“¡ (DNA probe)

∑’Ëµ‘¥©≈“°¥â«¬ “√√—ß ’ ‡¢â“ hybridize °—∫ ¥’‡ÕÁπ‡Õ∑’Ë‡æ‘Ë¡®”π«π·≈â« ´÷ËßµâÕß„™â‡«≈“π“π

ª√–¡“≥ 2-3 «—π ∑”„Àâ‡°‘¥°“√øÿÑß°√–®“¬·≈–ªπ‡ªóôÕπ¢Õß¥’‡ÕÁπ‡Õ∑’Ë‡æ‘Ë¡ª√‘¡“≥·≈â«

3. °√–∫«π°“√æ’́ ’Õ“√å·∫∫¥—Èß‡¥‘¡ “¡“√∂∫Õ°‰¥â‡æ’¬ß«à“¡’¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬

Õ¬Ÿà„π ‘Ëß àßµ√«®À√◊Õ‰¡à‡∑à“π—Èπ ‰¡à “¡“√∂∫Õ°ª√‘¡“≥¥’‡ÕÁπ‡Õ‡√‘Ë¡µâπ‰¥â

5. Real-Time Thermal Cycler ‡æ√“–«à“ real-time PCR ‡ªìπ‡∑§π‘§∑’Ë

 “¡“√∂µ√«®«—¥ª√‘¡“≥º≈º≈‘µ¢Õßæ’´’Õ“√å„π·µà≈–√Õ∫‚¥¬„™â°“√µ‘¥©≈“°¥â«¬ “√‡√◊Õß

· ß ‰ªæ√âÕ¡°—∫∑”°“√¢¬“¬‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ‰¥âæ√âÕ¡°—π ¥—ßπ—Èπ‡§√◊ËÕß¡◊Õ∑’Ë„™â ”À√—∫

°√–∫«π°“√ real-time PCR π’È ®÷ßµâÕß¡’§ÿ≥ ¡∫—µ‘‡ªìπ∑—Èß‡§√◊ËÕß thermal cycler ·≈–

optical detection À√◊Õ‡ªìπ‡§√◊ËÕß¡◊Õ√–∫∫ fluorescence detection thermal cycler

‚¥¬‡§√◊ËÕß¡◊Õπ’È®–„™â “√‡√◊Õß· ßª√–‡¿∑ fluorochrome ´÷Ëß„™â‡ªìπ probe ‡¢â“µ‘¥©≈“°

°—∫¥’‡ÕÁπ‡Õ„π¢—ÈπµÕπ∑’Ë primer ‡√‘Ë¡‡¢â“∑”°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ “¬„À¡à À√◊Õ¢—ÈπµÕπ an-
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nealing ‚¥¬ “√‡√◊Õß· ßπ’È®–‡¢â“®—∫°—∫¥’‡ÕÁπ‡Õ “¬§Ÿà‡∑à“π—Èπ

6. Õ‘¡¡Ÿ‚π∫≈Õ∑ (Immunoblot) ·≈–Õ‘¡¡Ÿ‚πæ√’´‘ªî‡µ™—Ëπ (Immunoprecipi-

tation) °“√«‘‡§√“–Àå‚ª√µ’π°√–∑”‚¥¬„™â‡∑§π‘§∑“ßÕ‘¡¡Ÿ‚πÕ“»—¬·Õπµ‘∫Õ¥’ µ—«Õ¬à“ß

‡™àπ ‡« ‡∑‘√åπ ∫≈Õ∑ (Western blot) À√◊ÕÕ‘¡¡Ÿ‚π∫≈Õ∑‡ªìπ«‘∏’°“√„π°“√µ√«®À“√–¥—∫

¢Õß‚ª√µ’π„π°≈ÿà¡‡´≈≈åÀ√◊Õ‡π◊ÈÕ‡¬◊ËÕ8 „π¢≥–∑’Ë°“√∑” immunoprecipitation ‡æ◊ËÕ∑”„Àâ

‚ª√µ’π∑’ËµâÕß°“√»÷°…“¡’ª√‘¡“≥‡¢â¡¢âπ¢÷Èπ °“√„™â·Õπµ‘∫Õ¥’®—∫°—∫‡´≈≈å·≈–µ√«®¥Ÿ∑“ß

°≈âÕß®ÿ≈∑√√»πå‡√’¬°«à“ immunofluorescence ·≈– immunohistochemistry ∑”„Àâ

∫Õ°µ”·Àπàß·≈–°“√· ¥ßÕÕ°¢Õß‚ª√µ’π„π‡´≈≈åÀ√◊Õ‡π◊ÈÕ‡¬◊ËÕ‰¥â‚¥¬µ√ß

Õ‘¡¡Ÿ‚π∫≈Õ∑ª√–°Õ∫¥â«¬ 4 ¢—ÈπµÕπ¥—ßπ’È (√Ÿª∑’Ë 9)

(1) °“√‡µ√’¬¡µ—«Õ¬à“ß·≈–°“√∑” electrophoresis ‚¥¬°“√·¬°‚ª√µ’π

√Ÿª∑’Ë 9 ¢—ÈπµÕπ°“√«‘‡§√“–Àå‚ª√µ’π‚¥¬ ‡« ‡∑‘√åπ ∫≈Õ∑



æ√™—¬  ‚Õ‡®√‘≠√—µπå 515

¥â«¬°√–· ‰øøÑ“„π«ÿâπ sodium dodecyl sulfate-polyacrylamide À√◊Õ SDS-PAGE

(2) °“√¬â“¬®“°«ÿâπ Ÿà·ºàπ‡¡¡‡∫√π

(3) °“√µ√«®®—∫‚¥¬„™âÀ≈—°Õ‘¡¡Ÿ‚π¥â«¬·Õπµ‘∫Õ¥’®”‡æ“–

(4) °“√¬âÕ¡ ’ ‚¥¬Õ“»—¬ “√ √â“ß ’À√◊Õ “√‡√◊Õß· ß

Õ‘¡¡Ÿ‚π∫≈Õ∑‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë ”§—≠„π°“√«‘‡§√“–Àå§ÿ≥≈—°…≥–∑’Ë ”§—≠À≈“¬

ª√–°“√¢Õß‚ª√µ’π µ—«Õ¬à“ß‡™àπ ™à«¬„π°“√µ√«®À“‚ª√µ’π·≈–∫Õ°ª√‘¡“≥„π°≈ÿà¡¢Õß

‡´≈≈åÀ√◊Õ‡π◊ÈÕ‡¬◊ËÕ ™à«¬„π°“√µ√«®À“°“√ª√—∫‡ª≈’Ë¬π¿“¬À≈—ß (posttranslational modi-

fication) ‡™àπ °“√‡°‘¥ phosphorylation „π‚ª√µ’π ∑’Ë ”§—≠§◊Õ°“√»÷°…“‡ª√’¬∫‡∑’¬∫

√–¥—∫·≈–°“√ª√—∫‡ª≈’Ë¬π‚ª√µ’π„π ¿“«–ª√°µ‘·≈– ¿“«–∑’Ë‡°‘¥æ¬“∏‘ ¿“æ

«‘∏’°“√Õ‘¡¡Ÿ‚πæ√’´‘ªî‡µ™—Ëπ (immunoprecipitation) ‡ªìπÕ’°«‘∏’°“√∑“ßÕ‘¡¡Ÿ‚π∑’Ë

„™â·Õπµ‘∫Õ¥’„π°“√‡æ‘Ë¡§«“¡‡¢âπ¢âπ¢Õß‚ª√µ’π∑’Ë π„®·≈–‚ª√µ’πÕ◊Ëπ∑’Ë‡°’Ë¬«¢âÕß À≈—°

°“√¢Õß«‘∏’°“√Õ“»—¬§ÿ≥ ¡∫—µ‘°“√®—∫µ—«°—π∑’Ë®”‡æ“–·≈–·πàπÀπ“√–À«à“ß “√·Õπµ‘∫Õ¥’

·≈–·Õπµ‘‡®π ∑”„Àâ¡’°“√√«¡µ—«°—π‡ªìπÕπÿ¿“§√à«¡¿“¬„π “√≈–≈“¬∑’Ë∂Ÿ°‡°Á∫√«∫√«¡

·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™âµ—«®—∫Õ–°“‚√  bead ¢π“¥‡≈Á°∑’Ëµ‘¥°—∫‚ª√µ’π A À√◊Õ‚ª√µ’π G

∑—Èß‚ª√µ’π A ·≈–‚ª√µ’π G  “¡“√∂®—∫µ—«°—∫·Õπµ‘∫Õ¥’·≈–π”‰ª Ÿà°“√‡°‘¥Õπÿ¿“§√à«¡

¢π“¥„À≠à ®“°π—Èπ‚ª√µ’π∑’Ë∂Ÿ°·¬°ÕÕ°¡“ “¡“√∂∂Ÿ°«‘‡§√“–Àå‰¥â¥â«¬«‘∏’°“√∑“ß™’«‡§¡’µà“ßÊ

‡¡◊ËÕπ”‡Õ“«‘∏’°“√Õ‘¡¡Ÿ‚πæ√’´‘ªî‡µ™—Ëπ√à«¡°—∫Õ‘¡¡Ÿ‚π∫≈Õ∑ ∑”„Àâ “¡“√∂µ√«®À“‚ª√µ’π∑’Ë

¡’ª√‘¡“≥πâÕ¬´÷Ëß‰¡à “¡“√∂µ√«®À“‰¥â¥â«¬«‘∏’°“√ª√°µ‘ πÕ°®“°π’È¬—ß„™â«‘‡§√“–Àå

ªØ‘°‘√‘¬“√–À«à“ß‚ª√µ’π Õß™π‘¥·≈–°“√ª√—∫‡ª≈’Ë¬π¿“¬À≈—ß posttranslational ¢Õß

‚ª√µ’π‰¥â §«“¡ ”‡√Á®¢Õß«‘∏’°“√Õ‘¡¡Ÿ‚πæ√’´‘ªî‡µ™—Ëπ¢÷ÈπÕ¬Ÿà°—∫ Õßªí®®—¬À≈—° §◊Õª√‘¡“≥

¢Õß‚ª√µ’π„π “√µ√«®§âπµ—Èßµâπ ·≈–§«“¡®”‡æ“–¢Õß·Õπµ‘∫Õ¥’µàÕ‚ª√µ’ππ—ÈπÊ

7. DNA Microarray ¿“¬À≈—ß°“√‡ √Á® ‘Èπ¢Õß°“√À“≈”¥—∫‡∫ ∑—ÈßÀ¡¥„π®’‚π¡

¡πÿ…¬å π—°«‘∑¬“»“ µ√å‰¥âæ¬“¬“¡∑”§«“¡‡¢â“„®‡°’Ë¬«°—∫°“√∑”Àπâ“∑’Ë¢Õß¬’πµà“ßÊ ‡æ‘Ë¡

¡“°¢÷Èπ  ‘Ëß∑’Ëπà“ π„®‡°’Ë¬«°—∫®’‚π¡¡πÿ…¬å§◊Õ¬’π∑—ÈßÀ¡¥„π√à“ß°“¬¡πÿ…¬å¡’‡æ’¬ß 25,000 ∂÷ß

30,000 ¬’π Õ¬à“ß‰√°Áµ“¡ ¬’π·≈–º≈‘µº≈¢Õß¬’πµà“ßÊ ¡’§«“¡‡°’Ë¬«æ—π°—πÕ¬à“ß´—∫´âÕπ

·µà‡¥‘¡«‘∏’°“√∑“ßÕ≥Ÿ™’««‘∑¬“¡—°®–»÷°…“¬’π‰ª∑’≈–¬’π ´÷Ëß∑”„Àâ‰¡à “¡“√∂‡ÀÁπ¿“æ√«¡

¢Õß¬’‚π¡∑—ÈßÀ¡¥‰¥â „π√–¬–‡«≈“ ‘∫ªï∑’Ëºà“π¡“ ‡∑§π‘§∑’Ë‰¥â∂Ÿ°æ—≤π“¢÷Èπ¡“„À¡à∑’Ë‡√’¬°«à“
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DNA microarray ‰¥â‡¢â“¡“¡’∫∑∫“∑ ”§—≠„π°“√»÷°…“¿“æ√«¡°“√∑”ß“π¢Õß¬’πµà“ßÊ

‰¥âæ√âÕ¡°—π9 DNA microarray À√◊Õ∑’Ë‡√’¬°Õ’°™◊ËÕ«à“ DNA chip À√◊Õ gene array À¡“¬

∂÷ß°“√„™âµ—«µ√«®À“¬’π®”π«ππ—∫æ—πÀ√◊ÕÀ¡◊Ëπ‡√’¬ßµ—«Õ¬Ÿà„π™‘æ¢π“¥‡≈Á° ‡æ◊ËÕ„ÀâªØ‘°‘√‘¬“

‰Œ∫√‘‰¥‡´™—Ëπ‡°‘¥¢÷Èπæ√âÕ¡°—π (√Ÿª∑’Ë 10) ‡™àπ‡¥’¬«°—∫‡´“‡∏‘√åπ·≈–πÕ∑‡∏‘√åπ ∫≈Õ∑ ‰Œ∫√‘-

‰¥‡´™—Ëπ À≈—°°“√æ◊Èπ∞“π¢Õß‡∑§‚π‚≈¬’π’È§◊Õ§ÿ≥ ¡∫—µ‘¢Õß°√¥π‘«§≈’Õ‘°‡æ◊ËÕ‡°‘¥‡ªìπµ—«

√à«¡√–À«à“ß¢“ Õß¢â“ß∑’Ë¡’≈”¥—∫‡∫ ∑’Ë§Ÿà°—π ‚¥¬∑’Ë DNA microarray ∑”Àπâ“∑’Ë‡ªìπ

µ—«°≈“ß„π°“√®—∫§Ÿà√–À«à“ßµ—«Õ¬à“ß∑’Ë‰¡à∑√“∫ª√‘¡“≥¬’π·≈–µ—«µ√«®À“¬’π ·≈–„™â°≈‰°

Õ—µ‚π¡—µ‘„π°“√µ√«®·≈–·ª√º≈ ™ÿ¥µ√«® DNA microarray ∑’Ë„™âµ√«®°≈ÿà¡¢Õß¬’π®“°

 ‘Ëß¡’™’«‘µµà“ßÊ ¡’°“√º≈‘µÕÕ°¡“®”Àπà“¬∑—Ë«‰ª ‡π◊ËÕß®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√µ√«® microarray

¡’®”π«π¡À“»“≈ ®÷ß®”‡ªìπµâÕß„™â°“√§”π«π∑“ß™’« ∂‘µ‘¥â«¬§Õ¡æ‘«‡µÕ√å ¡’√Ÿª·∫∫À≈—°

 Õß√Ÿª·∫∫ ”À√—∫°“√π”‡Õ“‡∑§‚π‚≈¬’ microarray ¡“„™â ‰¥â·°à °“√§âπÀ“§«“¡º‘¥

ª√°µ‘¢Õß≈”¥—∫‡∫ À√◊Õ¡‘«‡µ™—Ëπ ·≈–°“√À“√–¥—∫°“√· ¥ßÕÕ°¢Õß¬’π

√Ÿª∑’Ë 10 ¢—ÈπµÕπ¢Õß DNA microarray
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°“√π”‡´≈≈å¡“„™â„πß“π«‘®—¬

°“√‡æ“–‡≈’È¬ß‡´≈≈å (Cell Culture)

°“√‡æ“–‡≈’È¬ß‡´≈≈å‰¥â°≈“¬‡ªìπ‡∑§π‘§∑’Ë ”§—≠Õ¬à“ß¡“°„π°“√»÷°…“«‘®—¬∑“ßÕ≥Ÿ

™’««‘∑¬“ °“√∑’Ë‡´≈≈å “¡“√∂‡®√‘≠‡µ‘∫‚µ„πÀâÕß∑¥≈Õß ∑”„ÀâºŸâ«‘®—¬ “¡“√∂„ à¬’π∑’Ë π„®

»÷°…“‡¢â“ Ÿà‡´≈≈å (cell transfection) ·≈–π”‡´≈≈å¥—ß°≈à“«‰ª‡æ“–‡≈’È¬ß„π —µ«å∑¥≈Õß (cell

transplantation) ‡æ◊ËÕ»÷°…“º≈∑“ß™’««‘∑¬“¢Õß¬’π∑’Ë π„® ‚¥¬∑—Ë«‰ª °√√¡«‘∏’°“√

‡æ“–‡≈’È¬ß‡´≈≈å‰¡à¬ÿàß¬“°·≈–µ√ß‰ªµ√ß¡“ ‚¥¬‡´≈≈åÕ“®∂Ÿ°‡æ“–‡≈’È¬ß„π√Ÿª·∫∫‡´≈≈å

™—Èπ‡¥’¬«∫πæ◊Èπº‘« (monolayer) À√◊Õ„π√Ÿª·∫∫‡´≈≈å·¢«π≈Õ¬ (suspension)  ‘Ëß∑’Ë

 ”§—≠„π°“√‡æ“–‡≈’È¬ß‡´≈≈å§◊Õ°“√√«∫√«¡¢âÕ¡Ÿ≈µà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫‡´≈≈å™π‘¥π—Èπ

µ—«Õ¬à“ß‡™àπ ª√–‡¿∑À√◊Õ·À≈àß°”‡π‘¥¢Õß‡´≈≈å (epithelial À√◊Õ fibroblasts) ‡ªìπ‡´≈≈å

‡æ“–‡≈’È¬ßª∞¡¿Ÿ¡‘ (‡´≈≈å∑’Ë‡æ“–®“°‡π◊ÈÕ‡¬◊ËÕ§√—Èß·√°) À√◊Õ‡ªìπ‡´≈≈å∑’Ë°≈“¬æ—π∏å·≈–

‡µ‘∫‚µ‰¥â‰¡à®”°—¥ ™π‘¥¢ÕßπÈ”‡æ“–‡≈’È¬ß∑’Ë‡À¡“– ¡ √«¡‰ª®π∂÷ß™π‘¥·≈–§«“¡‡¢â¡¢âπ

¢Õß´’√—Ë¡∑’Ë‡ªìπ·À≈àßÕ“À“√„π°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å ‚¥¬∑—Ë«‰ª ‡´≈≈å®”‡ªìπµâÕß‰¥—√—∫

°“√‡æ“–‡≈’È¬ß·∫∫ª√“»®“°‡™◊ÈÕ ·≈–Õ¬Ÿà„π∫√√¬“°“»∑’Ë™◊ÈπæÕ‡À¡“– ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“

‡´≈‡´’¬  ¡’ª√‘¡“≥§“√å∫Õπ‰¥ÕÕ°‰´¥å‡æ◊ËÕ°“√ª√—∫¿“«–°√¥-¥à“ß∑’Ë‡À¡“– ¡ ·≈–§«√

‰¥â√—∫°“√µ√«® ¿“æ∑—Ë«‰ª¢Õß‡´≈≈å∑ÿ°«—π‡æ◊ËÕ¥Ÿ°“√ªπ‡ªóôÕπÀ√◊Õµ‘¥‡™◊ÈÕ√“À√◊Õ·∫§∑’‡√’¬

·≈–ª√‘¡“≥®”π«π‡´≈≈å∑’Ë‡µ‘∫‚µ‡µÁ¡æ◊Èπº‘«∑’Ë‡≈’È¬ß ‡´≈≈å§«√‰¥â√—∫°“√‡ª≈’Ë¬ππÈ”‡æ“–‡≈’È¬ß

„À¡à∑ÿ° 2-3 «—π·≈–·∫àß„ à¿“™π–‡æ“–‡≈’È¬ß„À¡à‡¡◊ËÕ¡’®”π«π„°≈â‡µÁ¡ „π°√≥’∑’Ë‡æ“–‡≈’È¬ß

‡´≈≈å·∫∫‡°“–æ◊Èπº‘« ®”‡ªìπµâÕß„™â‡Õπ‰´¡å trypsin ‡æ◊ËÕ„Àâ‡´≈≈åÀ≈ÿ¥·¬°ÕÕ°¡“

‡π◊ËÕß®“°‡´≈≈å∑’Ë‡æ“–‡≈’È¬ß„πÀâÕß∑¥≈Õß¡’§ÿ≥ ¡∫—µ‘·ª√‡ª≈’Ë¬π‰ª‡¡◊ËÕ‡æ“–‡≈’È¬ß‡ªìπ√–¬–

‡«≈“π“π ¥—ßπ—Èπ®÷ß‡ªìπ ‘Ëß®”‡ªìπ∑’ËµâÕß¡’°“√®—¥‡°Á∫‡´≈≈å‡À≈à“π’È‡æ◊ËÕ„™â„πÕπ“§µ «‘∏’°“√∑’Ë

„™â∫àÕ¬‰¥â·°à°“√‡°Á∫·™à·¢Áß„π§«“¡‡¬Áπ®—¥ (cryopreservation) πÈ”¬“∑’Ë„™â‡°Á∫§◊Õ ´’√ÿà¡

®“°≈Ÿ°«—« (fetal calf serum) ∑’Ë¡’ “√ dimethyl sulfoxide (DMSO) À√◊Õ glycerol Õ¬Ÿà

10% ·≈–®—¥‡°Á∫„π‰π‚µ√‡®π‡À≈«∑’ËÕÿ≥À¿Ÿ¡‘ -196oC ‚¥¬«‘∏’°“√π’È ‡´≈≈å “¡“√∂∂Ÿ°‡°Á∫

‰«â‰¥â‡ªìπ‡«≈“π“πÀ≈“¬ªï

°“√∂à“¬∑Õ¥ “√æ—π∏ÿ°√√¡‡¢â“ Ÿà‡´≈≈å (Cell Transfection)

«—µ∂ÿª√– ß§åÀ≈—°¢Õß°“√‡≈’È¬ß‡´≈≈å§◊Õ ‡æ◊ËÕ‡æ“–‡≈’È¬ß‡´≈≈å·≈–‡æ◊ËÕª√—∫‡ª≈’Ë¬π
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§ÿ≥≈—°…≥–„π°“√»÷°…“«‘®—¬ °“√∂à“¬∑Õ¥ “√æ—π∏ÿ°√√¡®“°¿“¬πÕ°‡¢â“ Ÿà‡´≈≈å‡ªìπ«‘∏’

°“√∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√§âπ§«â“«‘®—¬°√–∫«π°“√·≈–°“√∑”Àπâ“∑’Ëµà“ßÊ ¢Õß‡´≈≈å„π

√–¥—∫Õ≥ÿ¿“§ °“√∂à“¬∑Õ¥¥’‡ÕÁπ‡Õ (DNA transfection) ‡ªìπ«‘∏’°“√∑’Ë ”§—≠„π°“√

»÷°…“°≈‰°§«∫§ÿ¡·≈–Àπâ“∑’Ë¢Õß¬’π∑’Ë π„®  à«π¢Õß cDNA ∂Ÿ°„ àÕ¬Ÿà„πµ—«π”æ≈“ ¡‘¥

·≈–π”‡¢â“ Ÿà‡´≈≈å¥â«¬«‘∏’°“√µà“ßÊ ∑’Ë„™â∫àÕ¬Ê ‰¥â·°à °“√„™â·§≈‡´’¬¡øÕ ‡øµ °“√„™â

‰øøÑ“°√–µÿâπ (electroporation) °“√„™â “√µ—«π”µà“ßÊ ‡™àπ liposome ·≈–°“√„™â‰«√— 

‡ªìπµ—«π” «‘∏’°“√µà“ßÊ ‡À≈à“π’È¡’ª√– ‘∑∏‘¿“æ·≈–‡À¡“– ¡ ”À√—∫‡´≈≈å·µà≈–™π‘¥

·µ°µà“ß°—πÕÕ°‰ª ªí®®—¬∑’Ë¡’º≈µàÕ§«“¡ ”‡√Á®„π°“√∂à“¬∑Õ¥¥’‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å ‰¥â·°à

§ÿ≥¿“æ·≈–ª√‘¡“≥¢Õß¥’‡ÕÁπ‡Õ ª√–‡¿∑¢Õß‡´≈≈å·≈– “√‡æ“–‡≈’È¬ß ¿“¬À≈—ß∑’Ë¥’‡ÕÁπ‡Õ

∂Ÿ°π”‡¢â“ Ÿà‡´≈≈å·∫∫™—Ë«§√“« (transient transfection) §«√π”¡“»÷°…“«‘®—¬¿“¬„π 24 ∂÷ß

72 ™—Ë«‚¡ß‡æ◊ËÕ„Àâ¡’º≈¡“°∑’Ë ÿ¥ „π∫“ß°√≥’∑’ËµâÕß°“√»÷°…“º≈√–¬–¬“«¢Õß¥’‡ÕÁπ‡Õ„π‡´≈≈å

‡√’¬°«à“°“√∂à“¬∑Õ¥·∫∫∂“«√ (stable transfection) ‡´≈≈å®–‰¥â√—∫¥’‡ÕÁπ‡Õ‡¢â“ Ÿà®’‚π¡

‚¥¬∑’Ëµ—«π”æ≈“ ¡‘¥¡’ à«π∑’Ëµâ“πµàÕ¬“ªØ‘™’«π– „π°“√‡æ“–‡≈’È¬ß‡´≈≈å ‡¡◊ËÕ„ à¬“ªØ‘™’«π–

‡¢â“‰ª ®–¡’·µà‡´≈≈å∑’Ë¡’¥’‡ÕÁπ‡Õ„π®’‚π¡∑’Ë “¡“√∂Õ¬Ÿà√Õ¥‰¥â‡¡◊ËÕ¡’°“√·∫àßµ—«

°“√ª√—∫·µàß “√æ—π∏ÿ°√√¡ (Genetic Manipulations)

ÀπŸ∑¥≈Õß‰¥â∂Ÿ°π”¡“„™â‡ªìπµâπ·∫∫„π°“√»÷°…“«‘®—¬‡°’Ë¬«°—∫∫∑∫“∑Àπâ“∑’Ë¢Õß¬’π

„π°“√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ¢Õß¡πÿ…¬å ÀπŸ∑’Ë‰¥â√—∫°“√ª√—∫·µàß∑“ßæ—π∏ÿ°√√¡∂◊Õ‡ªìπ

√Ÿª·∫∫∑’Ë ”§—≠„π°“√«‘®—¬Àπâ“∑’Ë·≈–°“√§«∫§ÿ¡¢Õß¬’πµà“ßÊ «‘∏’°“√∑’Ë„™â‰¥â·°à°“√ √â“ß

ÀπŸ°≈“¬æ—π∏å‚¥¬«‘∏’∑”„Àâ¬’πÀ“¬‰ª∑—ÈßÀ¡¥ (gene knockout) Õ’°«‘∏’°“√§◊Õ°“√„ à¬’π

∑’Ë π„®‡¢â“‰ª„πÀπŸ (transgenic mouse) ´÷Ëß∑”„Àâ “¡“√∂»÷°…“º≈¢Õß¬’ππ—ÈπÊ µàÕ°“√

æ—≤π“À√◊Õ°“√‡°‘¥æ¬“∏‘ ¿“æ Õ¬à“ß‰√°Áµ“¡ °“√„™âÀπŸ∑¥≈ÕßÕ“®‰¡à‰¥â· ¥ß∂÷ß√–∫∫

™’««‘∑¬“¢Õß¡πÿ…¬å‰¥âÕ¬à“ß§√∫∂â«π °“√ª√—∫·µàßæ—π∏ÿ°√√¡¢Õß‡´≈≈åµâπ°”‡π‘¥

¢Õß¡πÿ…¬åÕ“®‡ªìπ«‘∏’°“√∑’Ë‡À¡“– ¡°«à“„π°“√»÷°…“‡°’Ë¬«°—∫√–∫∫∑“ßÕ≥Ÿ™’««‘∑¬“¢Õß

¡πÿ…¬å ‰¡à«à“„π°√≥’„¥°Áµ“¡ ¬’π∑’Ë π„®®–µâÕß∂Ÿ° —ß‡§√“–ÀåÀ√◊Õ·¬°ÕÕ°¡“ °“√‚§≈π

¬’π “¡“√∂∑”‰¥â¥â«¬‡∑§‚π‚≈¬’ recombinant DNA √à«¡°—∫¢âÕ¡Ÿ≈∑“ß®’‚π¡¢Õß¡πÿ…¬å

·≈–ÀπŸ
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ÀπŸ°≈“¬æ—π∏å·∫∫„ à¬’π‡¢â“‰ª (Transgenic Mice)

§«“¡ ”‡√Á®„π°“√„ à “√æ—π∏ÿ°√√¡‡¢â“‰ª„πÀπŸ∑¥≈Õß‡√‘Ë¡µâπµ—Èß·µà„πµâπ∑»«√√…

80 ‡¡◊ËÕ “√æ—π∏ÿ°√√¡ “¡“√∂∂Ÿ°„ à‡¢â“‰ª„πµ—«ÕàÕπ¢ÕßÀπŸ‚¥¬°“√©’¥¥’‡ÕÁπ‡Õ‡¢â“‰ª·∫∫

microinjection (√Ÿª∑’Ë 11) ÀπŸ∑¥≈Õß‡À≈à“π’È‡√’¬°«à“ transgenic mice10 À≈—°°“√„π°“√

 √â“ßÀπŸ°≈“¬æ—π∏å·∫∫π’È ‰¥â·°à °“√ÕÕ°·∫∫µ—«π”∑’Ë¡’ transgene ª√–°Õ∫¥â«¬¬’π∑’Ë

 √â“ß‚ª√µ’π∑’ËµâÕß°“√»÷°…“·≈– à«π promoter ∑’ËÕ¬Ÿà°àÕπÀπâ“ ª√–‚¬™πå¢Õß transgenic

mice ‰¥â·°à (1) ‡æ◊ËÕ»÷°…“Àπâ“∑’Ë¢Õß‚ª√µ’π∑’Ë √â“ß‚¥¬ transgene ·≈– (2) ‡æ◊ËÕ

«‘‡§√“–Àå°“√∑”Àπâ“∑’Ë¢Õß¬’π∑’Ë‡π◊ÈÕ‡¬◊ËÕÀ√◊ÕÕ«—¬«–∑’Ë®”‡æ“–·≈–√–¬–°“√æ—≤π“∑’Ë®”‡æ“–

µ—«Õ¬à“ß¢Õß°“√π”¡“„™âª√–‚¬™πå·∫∫∑’ËÀπ÷Ëß ‰¥â·°à °“√∑”„Àâ¡’°“√· ¥ßÕÕ°‡æ‘Ë¡¡“°¢÷Èπ

¢Õß¬’π°àÕ¡–‡√Áß À√◊Õ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡®√‘≠‡µ‘∫‚µ ŒÕ√å‚¡π √«¡∂÷ß¬’π¢Õß‰«√—  °“√

· ¥ßÕÕ°∑’Ë‡æ‘Ë¡¢÷Èπ¢Õß¬’π transgene ¡—°∑”„Àâ‡°‘¥°“√∑”ß“π¢Õß¬’π∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬¡’

°≈‰°∑’Ë “¡“√∂§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß transgene ‰¥â ¬‘Ëß‰ª°«à“π—Èπ ÀπŸ transgenic

√Ÿª∑’Ë 11 ¢—ÈπµÕπ°“√ √â“ßÀπŸ°≈“¬æ—π∏å·∫∫„ à¬’π‡¢â“‰ª (Transgenic Mice)
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∑’Ë¡’¬’π°≈“¬æ—π∏å·∫∫≈¥°“√∑”ß“π°Á “¡“√∂ √â“ß¢÷Èπ‰¥â µ—«Õ¬à“ß‡™àπ truncated growth

factor receptor ∑’Ë “¡“√∂®—∫°—∫ ligand ‰¥â·µà‰¡à∂Ÿ°°√–µÿâπ·≈– Ÿ≠‡ ’¬Àπâ“∑’Ë‰ª °“√

ª√–¬ÿ°µå„™âÕ’°Õ¬à“ß¢ÕßÀπŸ transgenic §◊Õ‡æ◊ËÕ°“√«‘‡§√“–Àå à«π promoter ¢Õß¬’π∑’Ë π„®

‚¥¬ à«π promoter ∂Ÿ°‡™◊ËÕ¡µàÕ°—∫¬’π√“¬ß“πº≈ (reporter gene) ∑’Ë √â“ß (-galactosi-

dase (LacZ), luciferase À√◊Õ green fluorescence protein (GFP)  “√‡À≈à“π’È

 “¡“√∂∂Ÿ°¬âÕ¡µ‘¥ ’À√◊Õ‡ª≈àß· ß‡√◊ÕßÕÕ°¡“∑”„Àâ¡Õß‡ÀÁπ°“√· ¥ßÕÕ°¢Õß¬’π√“¬ß“π

º≈‰¥âßà“¬ ª√‘¡“≥¢Õß°“√∑”ß“π¢Õß¬’π· ¥ßº≈· ¥ß∂÷ß°“√∑”ß“π¢Õß à«π promoter

·≈–‡ªìπµ—«∫àß∂÷ß√–¥—∫°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë„™â à«π promoter π—Èπ„π°“√§«∫§ÿ¡

°“√ √â“ßÀπŸ°≈“¬æ—π∏å·∫∫„ à¬’π‡¢â“‰ª (Transgenic Mice)

§«“¡ ”‡√Á®¢Õß°“√ √â“ßÀπŸ transgenic ¢÷Èπ°—∫ªí®®—¬∑’Ë ”§—≠§◊Õ§ÿ≥¿“æ∑’Ë¥’

·≈–§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß¥’‡ÕÁπ‡Õ∑’Ë©’¥‡¢â“„πµ—«ÕàÕπÀπŸ  “¬¥’‡ÕÁπ‡Õ ”À√—∫°“√©’¥

®–µâÕß∂Ÿ°¬àÕ¬„Àâ‡ªìπ “¬‡¥’Ë¬«‡æ◊ËÕ‡æ‘Ë¡‚Õ°“ „π°“√√«¡µ—«‡¢â“°—∫¬’πÕ◊Ëπ ÀπŸ∑’Ë‡°‘¥¡“®“°

‰¢à∑’Ë∂Ÿ°©’¥¥’‡ÕÁπ‡Õ‡¢â“„ à ¡—°‡√’¬°«à“ ÀπŸ√ÿàπ°àÕµ—Èß (founder mice) °“√µ√«®§—¥°√ÕßÀπŸ

ºŸâ√ÿàπ°àÕµ—Èß·≈–≈Ÿ°À≈“π∑’Ë ◊∫∑Õ¥¡“‡æ◊ËÕµ√«®À“°“√º ¡º “π¢Õß¬’π∑’Ë©’¥‡¢â“„ à°—∫®’‚π¡

‚¥¬∑—Ë«‰ªÕ“»—¬°“√µ√«®¥â«¬«‘∏’æ’́ ’Õ“√å À√◊Õ ‡´“‡∑‘√åπ∫≈Õ∑¢Õß¥’‡ÕÁπ‡Õ∑’Ë °—¥¡“®“°À“ßÀπŸ

‡¡◊ËÕÀπŸ√ÿàπ°àÕµ—Èß‰¥â√—∫°“√µ√«®¬◊π¬—π«à“¡’°“√°≈“¬æ—π∏å ¡—π°Á®–‰¥â√—∫°“√º ¡æ—π∏å‡æ◊ËÕ

 √â“ß “¬æ—π∏å∑’Ë‡ªìπ transgenic µàÕ‰ª ≈—°…≥–∑’Ë· ¥ßÕÕ° (phenotype) ¢ÕßÀπŸ

transgenic ∂Ÿ°°”Àπ¥¥â«¬√Ÿª·∫∫°“√· ¥ßÕÕ°·≈–Àπâ“∑’Ë°“√∑”ß“π∑“ß™’««‘∑¬“¢Õß

¬’π∑’Ë„ à‡¢â“‰ª ∫“ß§√—Èß≈—°…≥–∑’Ë· ¥ßÕÕ°‰¡à “¡“√∂§“¥°“√≥å‰¥â º≈∑’Ë‰¥â®“°ÀâÕß

∑¥≈Õß¡—°∫àß∫Õ°∂÷ßÀπâ“∑’Ë°“√∑”ß“π¢Õß‚ª√µ’ππ—Èπ„π —µ«å∑¥≈Õß °“√„™â promoter ∑’Ë

®”‡æ“–µàÕ‡π◊ÈÕ‡¬◊ËÕÀ√◊Õ∂Ÿ°°√–µÿâπ‰¥â∑”„ÀâºŸâ«‘®—¬ “¡“√∂»÷°…“‰¥â«à“ ‚ª√µ’π∑’Ë‡°‘¥¢÷Èπ„π

æ¬“∏‘ ¿“æπ—Èππ”‰ª Ÿà°“√¥”‡π‘π‚√§∑’Ë∂“«√À√◊Õ¬âÕπ°≈—∫‰¥â µ—«Õ¬à“ß‡™àπ rat insulin pro-

moter ∑”„Àâ¡’°“√· ¥ßÕÕ°¢Õß¬’π transgene ‡©æ“–„π‡´≈≈å‡∫µâ“¢Õßµ—∫ÕàÕπ

°“√∑”„Àâ¬’πÀ“¬‰ª∑—ÈßÀ¡¥ (Gene Knockout) „πÀπŸ

§«“¡ “¡“√∂„π°“√‡æ“–‡≈’È¬ß·≈–ª√—∫·µàßæ—π∏ÿ°√√¡¢Õß‡´≈≈åµâπ°”‡π‘¥„πµ—«ÕàÕπ

(embryonic stem cells) ∂◊Õ‡ªìπÀ≈—°∑’Ë ”§—≠„π‡∑§‚π‚≈¬’∑“ßæ—π∏ÿ°√√¡„πªí®®ÿ∫—π

≈—°…≥–∑’Ë®”‡æ“–À≈“¬ª√–°“√¢Õß‡´≈≈åµâπ°”‡π‘¥‡À≈à“π’È ‡™àπ §«“¡ “¡“√∂„π°“√‡®√‘≠
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‰ª Ÿà‡π◊ÈÕ‡¬◊ËÕµà“ßÊ „πµ—«ÕàÕπ ∑”„Àâ‡´≈≈å‡À≈à“π’È‡ªìπæ“Àπ–∑’Ë∑√ßª√– ‘∑∏‘¿“æ ”À√—∫°“√

ª√—∫‡ª≈’Ë¬π∑“ßæ—π∏ÿ°√√¡ (√Ÿª∑’Ë 12) ·π«§«“¡§‘¥æ◊Èπ∞“π„π°“√ √â“ßæ“À–‡æ◊ËÕ∑”„Àâ¬’π

À“¬‰ª ‰¥â·°à °“√„™â à«π≈”¥—∫‡∫ ∑’Ë‡À¡◊Õπ°—π 2  à«π¢Õß¬’π∑’Ë π„® ‚¥¬∑’Ë à«π≈”¥—∫

‡∫ π—Èπ§√Õ∫§≈ÿ¡ à«π∑’Ë ”§—≠„π°“√∑”Àπâ“∑’Ë¢Õß¬’π ‡™àπ  à«π —ß‡§√“–Àå‚ª√µ’π ®π∂÷ß

ªí®®ÿ∫—π ¡’¬’π¡“°°«à“ 500 ¬’π∑’Ë‰¥â∂Ÿ°¬—∫¬—Èß°“√· ¥ßÕÕ°‚¥¬«‘∏’°“√π’È·≈–∂à“¬∑Õ¥‰ª Ÿà

 “¬æ—π∏å °“√»÷°…“≈—°…≥–∑’Ë· ¥ßÕÕ°¢ÕßÀπŸ∑¥≈Õß‡À≈à“π’È‰¥â„Àâ¢âÕ¡Ÿ≈Õ¬à“ß¡À“»“≈

‡°’Ë¬«°—∫Àπâ“∑’Ë°“√∑”ß“π¢Õß¬’π‡À≈à“π’È„π°“√‡®√‘≠‡µ‘∫‚µ¢Õß¡πÿ…¬å ·≈–√–À«à“ß°“√‡°‘¥

‚√§µà“ßÊ

√Ÿª∑’Ë 12 °“√π”‡Õ“‡´≈≈åµâπ°”‡π‘¥„πµ—«ÕàÕπ (embryonic stem cells) ¡“ √â“ßÀπŸ°≈“¬æ—π∏å
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RNA Interference

„π —µ«å∑¥≈Õß °“√¬—∫¬—ÈßÀ√◊Õ≈¥°“√· ¥ßÕÕ°¢Õß¬’π‡ªìπ«‘∏’°“√∑’Ë ”§—≠„π°“√

»÷°…“«‘®—¬Àπâ“∑’Ë°“√∑”ß“π¢Õß¬’πµà“ßÊ Õ¬à“ß‰√°Áµ“¡ º≈∑’Ë‰¥â®“° —µ«å∑¥≈ÕßÕ“®‰¡à

 “¡“√∂·∑π∑’Ë√–∫∫™’««‘∑¬“¢Õß√à“ß°“¬¡πÿ…¬å‰¥â∑—ÈßÀ¡¥ ‡¡◊ËÕ‰¡àπ“π¡“π’È ‡∑§π‘§„π°“√

§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π¥â«¬ RNA interference (RNAi)  ‰¥â∂Ÿ°§âπæ∫·≈–π”¡“

„™â„Àâ‡°‘¥ª√–‚¬™πåÕ¬à“ß·æ√àÀ≈“¬11

RNA interference (RNAi) §◊Õ °√–∫«π°“√„π°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß

≈—°…≥–∑“ßæ—π∏ÿ°√√¡Õ¬à“ßÀπ÷Ëß ´÷Ëßæ∫∑—Èß„πæ◊™  —µ«å ·≈–¡πÿ…¬å ‚¥¬Õ“»—¬°“√∑”ß“π

¢Õß™‘Èπ à«π double strand RNA (dsRNA) ∑”Àπâ“∑’Ë‡ªìπµ—«™—°π” ”À√—∫ enzyme com-

plex ºà“π°√–∫«π°“√µà“ßÊ π”‰ª Ÿà°“√∑”≈“¬ complementary RNA ·≈–¬—∫¬—Èß°“√

∑”ß“π¢Õß messenger RNA (mRNA) ¢Õß¬’πÀπ÷ËßÊ Õ¬à“ß®”‡æ“– ®÷ß¡’º≈¬—∫¬—Èß°“√

√Ÿª∑’Ë 13 °√–∫«π°“√ RNA interference
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∑”ß“π¢Õß¬’ππ—Èπ‰¥â „π ‘Ëß¡’™’«‘µ™—ÈπµË”‡™àπ Drosophila æ∫«à“ dsRNA ∑’Ë¬“«®–∂Ÿ°¬àÕ¬

‡ªìπ¢π“¥ 21-23 nt (À√◊Õ∑’Ë‡√’¬°«à“ small interfering RNA À√◊Õ siRNA) ‚¥¬‡ÕÁπ‰´¡å

Dicer ∑’Ë¡’ à«π RNase III motifs siRNA ∑”Àπâ“∑’Ë‡ªìπµ—«™’Èπ”¿“¬„π à«πª√–°Õ∫¢Õß

nuclease complex ‡æ◊ËÕ∑”„Àâ complementary mRNA ‡°‘¥°“√¬àÕ¬ ≈“¬ siRNAs

¢π“¥ —Èπ‡À≈à“π’È‰¥â∂Ÿ°π”¡“„™â„π°“√»÷°…“∑’ËµâÕß°“√¬—∫¬—Èß°“√· ¥ßÕÕ°¢Õß¬’π (√Ÿª∑’Ë 13)

RNAi ‡ªìπ°√–∫«π°“√∑’Ë‡°‘¥¢÷Èπ‚¥¬ª°µ‘µ“¡∏√√¡™“µ‘¢Õß eukaryotic cell

∑—Ë«‰ª ´÷Ëß°√–∫«π°“√‡À≈à“π’È¡’§«“¡ ”§—≠¡“°µàÕ°“√¥”√ßÕ¬Ÿà¢Õß ‘Ëß¡’™’«‘µ ‚¥¬‡©æ“–

 ‘Ëß¡’™’«‘µ™—ÈπµË” Àπâ“∑’Ë ”§—≠¢Õß°√–∫«π°“√π’ÈÕ“®°≈à“«‚¥¬ √ÿª‰¥â‡ªìπ 3 ¥â“π §◊Õ °“√

ªÑÕß°—π·≈–µàÕµâ“π°“√µ‘¥‡™◊ÈÕ‰«√—  °“√ªÑÕß°—π®’‚π¡ (genome) ®“° jumping genes

·≈–°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π RNAi ¡’§«“¡ ”§—≠„π°√–∫«π°“√ªÑÕß°—π·≈–

µàÕµâ“π°“√µ‘¥‡™◊ÈÕ‰«√—  ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π ‘Ëß¡’™’«‘µ™—ÈπµË” ‰«√— À≈“¬™π‘¥¡’ “√æ—π∏ÿ-

°√√¡‡ªìπ·∫∫ dsRNA ´÷Ëß‡¡◊ËÕ‰«√— ‡À≈à“π’Èª≈¥ª≈àÕ¬ “√æ—π∏ÿ°√√¡‡¢â“ Ÿà‡´≈≈å dsRNA

®–∂Ÿ°µ—¥‡ªìπ short interference RNA (siRNA) ‚¥¬ Dicer ´÷Ëß‡ªìπ‡ÕÁπ‰´¡å∑’Ë¡’Õ¬Ÿà·≈â«

„π ‘Ëß¡’™’«‘µ∫“ß™π‘¥ ®“°π—Èπ Dicer ®–°√–µÿâπ„Àâ RISC complex ‡¢â“¡“®—∫ ·≈–µ—¥ “¬

RNA ‡°‘¥°“√¬—∫¬—Èß°“√ √â“ß‚ª√µ’π ∑”„Àâ‰«√— ‰¡à “¡“√∂°àÕ‚√§‰¥â

RNAi ¬—ß¡’§«“¡ ”§—≠„π°“√ªÑÕß°—π®’‚π¡ (genome) ®“° Jumping genes

(transposons) ´÷Ëß‡ªìπ≈”¥—∫¢Õß¥’‡ÕÁπ‡Õ ∑’Ë “¡“√∂‡§≈◊ËÕπ∑’Ë‰ª‰¥â∑—Ë«®’‚π¡¢Õß ‘Ëß¡’™’«‘µ

·≈–æ∫ Jumping genes ‰¥â„π ‘Ëß¡’™’«‘µ∑ÿ°™π‘¥ ´÷Ëß„π°√≥’∑’Ë Jumping genes ‡§≈◊ËÕπ

‰ªÕ¬Ÿà„πµ”·Àπàß∑’Ë‰¡à∂Ÿ°µâÕß·≈–¡’§«“¡ ”§—≠®–∑”„Àâ‡°‘¥§«“¡‡ ’¬À“¬·°à‡´≈≈å¢Õß ‘Ëß¡’

™’«‘µ‰¥â Jumping genes À≈“¬Ê ™π‘¥∑”ß“π‚¥¬°“√∂Õ¥√À—  ¥’‡ÕÁπ‡Õ „Àâ‡ªìπ RNA

°àÕπ ·≈–®“°π—Èπ®–∂Õ¥√À— °≈—∫‡ªìπ¥’‡ÕÁπ‡Õ·≈â«‰ª·∑√°Õ¬Ÿà„πµ”·ÀπàßÕ◊ËπÊ ¢Õß®’‚π¡

µàÕ‰ª ∫àÕ¬§√—Èß∑’Ë RNA ∑’Ë‡°‘¥¢÷Èπ®–‡ªìπ dsRNA ·≈–‡ªìπµ—«‡√‘Ë¡µâπ°√–∫«π°“√ RNAi

¥—ßπ—Èπ RNAi ®÷ß¡’∫∑∫“∑™à«¬ªÑÕß°—π®’‚π¡®“° Jumping genes ‚¥¬°“√∑”≈“¬ dsRNA

πÕ°®“°π—Èπ RNAi ¬—ß‡ªìπ°≈‰° ”§—≠∑’Ë¡’∫∑∫“∑„π°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π ∑’Ë

æ∫„π —µ«åÀ≈“¬™π‘¥ µ—Èß·µà√–¥—∫°≈ÿà¡ÀπÕπæ¬“∏‘®π∂÷ß√–¥—∫ —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡

æ∫«à“¬’πÀ≈“¬√âÕ¬µ”·Àπàß„π®’‚π¡¢Õß¡πÿ…¬å®–‰¥â√—∫°“√∂Õ¥√À— ÕÕ°¡“‡ªìπ RNA

¢π“¥‡≈Á°∑’Ë‡√’¬°«à“ microRNA (miRNA) ´÷Ëß miRNA ®–∫√√®ÿ™‘Èπ à«π¢Õß≈”¥—∫¢Õß
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¬’πµà“ßÊ ¥—ßπ—Èπ miRNA ‡À≈à“π’È®÷ßÕ“®‡°‘¥‡ªìπ‚§√ß √â“ß “¬§Ÿà‰¥â ‡™àπ ‡°‘¥‡ªìπ hairpin

RNA (hpRNA) ‡¡◊ËÕ‡°‘¥‡ªìπ hpRNA ∑’Ë‡ªìπ dsRNA ¢÷Èπ®–‡ªìπ°“√°√–µÿâπ„Àâ‡√‘Ë¡

°√–∫«π°“√ RNAi ∑”„Àâ‡°‘¥°“√¬—∫¬—Èß°“√· ¥ßÕÕ°¢Õß¬’π

ªí®®ÿ∫—π‡ªìπ∑’Ë∑√“∫°—π«à“ miRNA ¡’∫∑∫“∑ ”§—≠µàÕ°“√æ—≤π“¢Õß ‘Ëß¡’™’«‘µ

·≈–°“√§«∫§ÿ¡°“√∑”ß“π¢Õß‡´≈≈å ‚¥¬¡’ à«π√à«¡„π°√–∫«π°“√æ◊Èπ∞“π∑“ß™’««‘∑¬“µà“ßÊ

‰¡à«à“®–‡ªìπ°“√‡ª≈’Ë¬π·ª≈ß‰ª∑”Àπâ“∑’Ë‡©æ“–¢Õß‡´≈≈å (cell differentiation) °“√µ“¬

µ“¡‚ª√·°√¡‡©æ“–¢Õß‡´≈≈å (apoptosis) ‡ªìπµâπ

°≈‰°°“√‡°‘¥°√–∫«π°“√ RNAi

RNA interference (RNAi) ∂◊Õ‡ªìπ°√–∫«π°“√„π°“√§«∫§ÿ¡°“√· ¥ßÕÕ°

¢Õß≈—°…≥–∑“ßæ—π∏ÿ°√√¡Õ¬à“ßÀπ÷Ëß ¥—ßπ—Èπ‡æ◊ËÕ§«“¡‡¢â“„®„π°√–∫«π°“√ RNAi ®÷ß¢Õ

°≈à“«∂÷ß °“√· ¥ßÕÕ°¢Õß¬’π·≈–°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π°àÕπ®–°≈à“«∂÷ß°“√

∑”ß“π¢Õß°√–∫«π°“√ RNAi

°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π‚¥¬ RNAi

°√–∫«π°“√ RNAi ‡ªìπ°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π„π¢—ÈπµÕπ posttran-

scriptional processing ¢Õß mRNA ´÷Ëß®“°°“√»÷°…“°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß

¬’π‚¥¬°√–∫«π°“√ RNAi ∑’Ë‡°‘¥¿“¬„π‡´≈≈å¢Õß§π·≈– —µ«åÀ≈“¬™π‘¥æ∫«à“¡’°≈‰°

§≈â“¬°—π‚¥¬®’‚π¡¡’°“√°”Àπ¥°“√ √â“ß‚¡‡≈°ÿ≈ RNA ¢π“¥‡≈Á°∑’Ë‡√’¬°«à“ micro RNA

(miRNA) ´÷Ëß‡ªìπ double-stranded RNA (dsRNA) ·≈–‡ªìπ®ÿ¥‡√‘Ë¡µâπ„π°“√°√–µÿâπ

°≈‰°°“√∑”ß“π¢Õß RNAi „π°“√¢—¥¢«“ß°“√ √â“ß‚ª√µ’π RNAi ®÷ß¡’∫∑∫“∑„π°“√

§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π ·≈–¡’∫∑∫“∑ ”§—≠µàÕ°“√§«∫§ÿ¡≈—°…≥–∑“ßæ—π∏ÿ°√√¡

§«∫§ÿ¡°“√∑”ß“π¢Õß‡´≈≈å ·≈–√«¡∂÷ß°“√æ—≤π“¢Õß ‘Ëß¡’™’«‘µ

 ”À√—∫ siRNA ∑’Ëπ”¡“„™â„π°“√»÷°…“«‘®—¬ ‡ªìπ„π√Ÿª¢Õß 21-mer RNAs 2  “¬∑’Ë¡’

19 π‘«§≈’‚Õ‰∑¥å∑’Ë®—∫§Ÿà°—π‰¥â·≈–¡’ noncomplementary dimers ¢Õß thymidine

À√◊Õ uridine ∑’Ëª≈“¬ 3'  “¬∑’Ë‡ªìπ antisense siRNA ®–¡’≈”¥—∫‡∫ µ√ß§Ÿà°—∫ mRNA

‡ªÑ“À¡“¬ µ”·Àπàß≈”¥—∫‡∫ ‡ªÑ“À¡“¬¿“¬„π mRNA π’È®–¡’§«“¡®”‡æ“– ”À√—∫¬’π∑’Ë

µâÕß°“√§«∫§ÿ¡‡∑à“π—Èπ  “¬ siRNA ∑’Ë‡ªìπ antisense ®–‡ªìπ§Ÿà‡∫ µ√ß°—π¢â“¡°—∫

µ”·Àπàß‡À≈à“π’È
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«‘∏’°“√„π°“√„ à siRNA ‡¢â“ Ÿà‡´≈≈å‡æ◊ËÕ§«∫§ÿ¡À√◊Õ≈¥°“√· ¥ßÕÕ°¢Õß¬’π¡’ 2

«‘∏’À≈—° ‰¥â·°à

1. °“√∂à“¬∑Õ¥Õ“√å‡ÕÁπ‡Õ‡¢â“ Ÿà‡´≈≈å‚¥¬µ√ß (RNA transfection) siRNA ∑’Ë

∂Ÿ° —ß‡§√“–Àå¢÷Èπ¡“∑—Èß¢π“¥¬“«·≈– —Èπ ®“° bacteriophage RNA polymerase T7, T3

À√◊Õ SP6 „π°√≥’¢Õß ds-RNA ¢π“¥¬“« ®–¡’ RNase ‡™àπ recombinant Dicers ∑’Ë

 “¡“√∂µ—¥¬àÕ¬„Àâ‡ªìπ à«πº ¡¢Õß siRNA ∑’Ë¡’§«“¡¬“« 21-23 ≈”¥—∫‡∫  siRNA

‡À≈à“π’È “¡“√∂∂à“¬∑Õ¥‡¢â“ Ÿà‡´≈≈å∑’Ë®”‡æ“–∫“ßµ—«‡∑à“π—Èπ ‡™àπ ‡´≈≈å HeLa ´÷Ëß‡ªìπ‡´≈≈å

®“°¡–‡√Áßª“°¡¥≈Ÿ° ·≈–‡´≈≈å 293T ∑’Ë‡ªìπ‡´≈≈å¡–‡√Áß‰µ

2. °“√∂à“¬∑Õ¥‡¢â“ Ÿà¥’‡ÕÁπ‡Õ (DNA transfection) Õ“»—¬µ—«π”°“√· ¥ßÕÕ°

¢Õß¬’π ”À√—∫ siRNA ∑’Ë √â“ß¢÷Èπ¡“®“° RNA polymerase III promoters ‡™àπ U6 ·≈–

√Ÿª∑’Ë 14 ¢—ÈπµÕπ°“√∂à“¬∑Õ¥ siRNA ‡¢â“ Ÿà¥’‡ÕÁπ‡Õ‚¥¬Õ“»—¬µ—«π”°“√· ¥ßÕÕ°¢Õß¬’π
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H1 µ—«π”‡À≈à“π’È®–·ª≈ß‚§√ß √â“ß hairpin ¢Õß dsRNA „Àâ‡ªìπ siRNA ¿“¬„π‡´≈≈å‰¥â

(√Ÿª∑’Ë 14) °“√ÕÕ°·∫∫ DNA oligos ‡æ◊ËÕÀ«—ßº≈„Àâ‡°‘¥‡ªìπ siRNA ∑’ËµâÕß°“√·≈–

 “¡“√∂„ à‡¢â“„π à«π promoter ¢Õßµ—«π” U6 À√◊Õ H1 ¢âÕ¥’¢Õß«‘∏’°“√π’È§◊Õ °“√π”‡¢â“

¢Õß¥’‡ÕÁπ‡Õ Ÿà‡´≈≈å∑”‰¥âßà“¬°«à“ ·≈–‡´≈≈å∑’Ë‰¥â√—∫¥’‡ÕÁπ‡Õ‡¢â“‰ª·≈â«¬—ß¡’°“√‡µ‘∫‚µµàÕ‰ª

∑”„Àâ “¡“√∂¡’º≈§«∫§ÿ¡¬’π„π√–¬–¬“«‰¥â

°“√π”‡∑§‚π‚≈¬’ RNAi ‰ª„™â∑“ß°“√·æ∑¬å

°“√ª√–¬ÿ°µå„™â RNAi ‰¥âπ”¡“ Ÿà§«“¡°â“«Àπâ“„π°“√«‘®—¬·≈–°“√¥Ÿ·≈√—°…“

·∫∫„À¡àÕ¬à“ß¡“°¡“¬¡À“»“≈ µ—Èß·µàªï §.». 2002 ‰¥â¡’°“√π”‡Õ“ siRNA ¡“„™â„π°“√

√—°…“‚√§µ‘¥‡™◊ÈÕ·≈–°“√ªÑÕß°—π°“√‡°‘¥¡–‡√Áß™π‘¥µà“ßÊ µ≈Õ¥®π‚√§∑“ßæ—π∏ÿ°√√¡∑’Ë

 ”§—≠∫“ß‚√§ µ—«Õ¬à“ß§«“¡ ”‡√Á®„π∑“ß°“√·æ∑¬å¡’¥—ßµàÕ‰ªπ’È

1. °“√√—°…“‚√§∑’Ë‡°‘¥®“°‡™◊ÈÕ‰«√—  „πªí®®ÿ∫—π¡’°“√π”‡∑§‚π‚≈¬’ RNAi

¡“„™â„π°“√¬—∫¬—Èß‰«√— °àÕ‚√§À≈“¬™π‘¥ §◊Õ hepatitis C virus (HCV), dengue (DEN)

virus, severe acute respiratory syndrome (SARS) coronavirus, poliovirus, in-

fluenza A virus, hepatitis delta virus (HDV), human rhinovirus (HRV), hepati-

tis B virus (HBV), herpes simplex virus type-1 (HSV-1), human papillomavirus

(HPV), JC virus (JCV), Epstein Barr virus (EBV) ·≈– cytomegalovirus (CMV)

·µà∑’Ë°”≈—ßÕ¬Ÿà„π§«“¡ π„®·≈–¡’ºŸâ»÷°…“°—π¡“° §◊Õ Human immunodeficiency vi-

rus-1 (HIV-1)

2. °“√√—°…“¡–‡√Áß «‘∏’°“√„π°“√√—°…“¡–‡√Áß∑’Ë„™â°—π¡“°„πªí®®ÿ∫—π§◊Õ ‡§¡’

∫”∫—¥ (chemotherapy) ·µà«‘∏’°“√π’È¡’¢âÕ®”°—¥„π°“√„™â §◊Õ √à“ß°“¬ºŸâ‡ªìπ¡–‡√Áß®– √â“ß

P-glycoprotein ´÷Ëß‡ªìπ‚ª√µ’π∑’Ë∑”„Àâ¬“∑’ËºŸâ‡ªìπ¡–‡√Áß‰¥â√—∫®“°°“√√—°…“‚¥¬‡§¡’∫”∫—¥

∂Ÿ°°”®—¥ÕÕ°®“°‡´≈≈å ∑”„Àâ°“√√—°…“‚¥¬‡§¡’∫”∫—¥¡’ª√– ‘∑∏‘¿“æµË” ¥—ßπ—Èπ°“√

„™â‡∑§‚π‚≈¬’ RNAi ‡æ◊ËÕ¬—∫¬—Èß°“√ √â“ß P-glycoprotein „π√à“ß°“¬ºŸâ∑’Ë‡ªìπ¡–‡√Áß ∑”„Àâ

°“√√—°…“‚¥¬‡§¡’∫”∫—¥¡’ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ ´÷Ëß®“°°“√»÷°…“¢Õß Rumpold ·≈–§≥–

„πªï 2005 æ∫«à“  “¡“√∂„™â‡∑§‚π‚≈¬’ RNAi „π°“√¬—∫¬—Èß°“√ √â“ß P-glycoprotein

´÷Ëß∑”„Àâ‡´≈≈å¡–‡√Áß‰«µàÕ imatinib ≈¥≈ß‰¥â

3. °“√ª≈Ÿ°∂à“¬‡π◊ÈÕ‡¬◊ËÕ °“√ª≈Ÿ°∂à“¬‰µ à«π„À≠à®–æ∫ªí≠À“°“√µ“¬
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(apoptosis) ¢Õß‡´≈≈å∫ÿºπ—ß∑àÕ‰µ (renal tubular epithelial cells) ®“°°“√∫“¥‡®Á∫∑’Ë

‡°‘¥®“°‡≈◊Õ¥¡“‡≈’È¬ßÕ’°§√—ÈßÀ≈—ß°“√¢“¥‡≈◊Õ¥ (ischemia-reperfusion injury) ‚ª√µ’π

∑’Ë¡’ à«π ”§—≠„π°√–∫«π°“√‡À≈à“π’È §◊Õ Fas ´÷Ëß®“°°“√»÷°…“¢Õß Hamar ·≈–§≥–„πªï

2004 æ∫«à“ “¡“√∂„™â‡∑§‚π‚≈¬’ RNAi ¬—∫¬—Èß°“√ √â“ß Fas „πÀπŸ´÷Ëß∑”„Àâ‡´≈≈å∫ÿºπ—ß

∑àÕ‰µ¡’§«“¡µâ“π∑“πµàÕ°“√µ“¬¡“°¢÷Èπ ·≈–‡°‘¥°“√∫“¥‡®Á∫∑’Ë‡°‘¥®“°‡≈◊Õ¥¡“‡≈’È¬ßÕ’°

§√—ÈßÀ≈—ß°“√¢“¥‡≈◊Õ¥πâÕ¬≈ß‰¥â

4. °“√π”‡∑§‚π‚≈¬’ RNAi ‰ª„™â„π°“√»÷°…“«‘®—¬ ‡∑§‚π‚≈¬’ RNAi ®—¥«à“

‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë¡’ª√–‚¬™πå¡“°µàÕ°“√π”¡“„™â‡æ◊ËÕ»÷°…“Àπâ“∑’Ë¢Õß¬’π ‡æ◊ËÕπ”§«“¡√Ÿâ‡À≈à“

π—Èπ‰ªª√–¬ÿ°µå„™â “¢“«‘™“µà“ßÊ ‡Àµÿº≈∑’Ë«‘∏’°“√π’È¡’°“√π”¡“„™â°—πÕ¬à“ß·æ√àÀ≈“¬·≈–¡’

§«“¡π‘¬¡‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ‡æ√“–°“√¬—∫¬—Èß°“√· ¥ßÕÕ°¢Õß¬’π¥â«¬«‘∏’°“√Õ◊ËπÊ ‡™àπ ùgene

knock-outû µâÕß∑”„Àâ‚§√ß √â“ß¢Õß¬’π‡ª≈’Ë¬π·ª≈ß‰ª Õ“®∑”„Àâ¬’π∑’ËÕ¬Ÿà„πµ”·Àπàßπ—Èπ

À√◊Õµ”·Àπàß¢â“ß‡§’¬ß‡ ’¬À“¬ ·≈–Õ“® àßº≈µàÕ ‘Ëß¡’™’«‘µπ—ÈπÊ ·µà¥â«¬‡∑§‚π‚≈¬’ RNAi

 “¡“√∂¬—∫¬—Èß°“√· ¥ßÕÕ°¢Õß¬’πÀ≈—ß®“°‡°‘¥°√–∫«π°“√∂Õ¥√À—  ¥—ßπ—Èπ®÷ß‰¡à∑”„Àâ

‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß “√æ—π∏ÿ°√√¡¢Õß ‘Ëß¡’™’«‘µ

®“°∑’Ë°≈à“«¡“¢â“ßµâπ®–‡ÀÁπ‰¥â«à“„πÕπ“§µ‡∑§‚π‚≈¬’ RNAi ®–‡ªìπ‡∑§‚π‚≈¬’

∑’Ë ”§—≠„π°“√ª√—∫ª√ÿßæ—π∏ÿåæ◊™ °“√ªÑÕß°—π√—°…“‚√§ µ≈Õ¥®π‡ªìπ‡§√◊ËÕß¡◊Õ„π°“√»÷°…“

Àπâ“∑’Ë¢Õß¬’π„πæ◊™  —µ«å ·≈–¡πÿ…¬å

∫∑ √ÿª

„π»µ«√√…∑’Ë 21 ´÷Ëß‰¥â√—∫¢π“ππ“¡«à“‡ªìπ ç»µ«√√…·Ààß¬’πé Õ—π‡ªìπº≈

¡“®“°§«“¡ ”‡√Á®„π‚§√ß°“√®’‚π¡¡πÿ…¬å °“√√—°…“√–¥—∫¬’π ·≈–§«“¡√Ÿâ∑“ß¥â“π‡´≈≈å

µâπ°”‡π‘¥ „π«ß°“√·æ∑¬å π—°«‘∑¬“»“ µ√å·≈–ª√–™“™π∑—Ë«‰ª µà“ß„Àâ§«“¡ π„®µàÕ

§«“¡√Ÿâ∑“ß¥â“πÕ≥Ÿ™’««‘∑¬“·≈–Õ≥Ÿæ—π∏ÿ»“ µ√å‡À≈à“π’È ‰¡à‡æ’¬ß·µà§«“¡§“¥À«—ß„π°“√π”

¡“√—°…“‚√§√â“¬·√ßµà“ßÊ ·µà¬—ß¡’§«“¡‡°’Ë¬«¢âÕßµàÕ∑“ß°“√‡¡◊Õß ‡»√…∞°‘® »“ π“ ·≈–

®√‘¬∏√√¡µà“ßÊ »—≈¬·æ∑¬å®”‡ªìπµâÕß¡’§«“¡√Ÿâ§«“¡‡¢â“„®„π‡√◊ËÕßµà“ßÊ ‡À≈à“π’È·≈–√à«¡

°—∫π—°«‘∑¬“»“ µ√å„π°“√æ—≤π“«‘∏’°“√µà“ßÊ ‡æ◊ËÕ§«“¡°â“«Àπâ“∑“ß°“√·æ∑¬åµàÕ‰ª„π

Õπ“§µ
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Introduction

§«“¡√Ÿâ¥â“π molecular biology ‡√‘Ë¡µâπ®“°°“√§âπæ∫‚§√ß √â“ß double helix

¢Õß DNA ‚¥¬ James Watson, Francis Crick, Maurice Wilkins ·≈– Rosalind

Franklin „πªï§√‘ µ»—°√“™ 19531-2 ´÷Ëß àßº≈„Àâ Crick, Watson and Wilkins ‰¥â√—∫

√“ß«—≈‚π‡∫≈  “¢“ Physiology ·≈– Medicine „πªï§√‘ µ»—°√“™ 19623 π—∫·µàπ—Èπ¡“

‡∑§π‘§∑“ß molecular biology ‰¥âæ—≤π“µàÕ‡π◊ËÕßÕ¬à“ß√«¥‡√Á« ®π “¡“√∂π”¡“„™â„π

™’«‘µ®√‘ß ªí®®ÿ∫—π®–æ∫«à“¡’°“√µ√«®«‘π‘®©—¬·≈–°“√√—°…“∑“ß§≈‘π‘°∑’ËÕ“»—¬À≈—°°“√

¢Õß molecular biology Õ¬Ÿà‡ªìπ®”π«π¡“° §«“¡°â“«Àπâ“¢Õß molecular techniques

‰¥â™à«¬æ—≤π“Õß§å§«“¡√Ÿâ∑“ß°“√·æ∑¬å„À¡àÊ ‡ªìπÕ¬à“ß¡“° ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π°“√

√—°…“‚√§¡–‡√Áß ‚√§µ‘¥‡™◊ÈÕ ·≈–‚√§∑“ßæ—π∏ÿ°√√¡µà“ßÊ

One-Way Traffic of DNA-RNA-Protein (§«“¡ —¡æ—π∏å¢Õß DNA,

RNA ·≈–‚ª√µ’π)

DNA (deoxyribonucleic acid) ‡ªìπÀπà«¬æ—π∏ÿ°√√¡æ◊Èπ∞“π¢Õß‡´≈≈å ·≈–‡ªìπ

 à«πª√–°Õ∫ ”§—≠¿“¬„π nucleus ¢Õß‡´≈≈å Àπâ“∑’Ë ”§—≠¢Õß DNA §◊Õ‡ªìπµâπ©∫—∫

„π°“√ √â“ß messenger ribonucleic acid (mRNA) ́ ÷Ëß‡ªìπ√À— §” —Ëß„π°“√ √â“ß‚ª√µ’π

§«“¡º‘¥ª°µ‘¢Õß DNA ∫“ßª√–°“√Õ“®∑”„Àâ‡°‘¥°“√ √â“ß mRNA ∑’Ë‰¡à ¡∫Ÿ√≥å Õ—π

‡ªìπº≈„Àâ¡’°“√ √â“ß‚ª√µ’π∑’Ë¡’‚§√ß √â“ß À√◊ÕÀπâ“∑’Ë∫°æ√àÕß‰¥â ‚¥¬∑’Ë§«“¡º‘¥ª°µ‘¢Õß
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DNA Õ“®‰¥â√—∫∂à“¬∑Õ¥¡“®“°æàÕÀ√◊Õ·¡à (inherited) À√◊Õ‡°‘¥¢÷Èπ‡Õß (sporadic) °Á‰¥â

§«“¡ —¡æ—π∏å¢Õß DNA, RNA ·≈–‚ª√µ’π ‡ªìπ‰ª„π≈—°…≥–¢Õß one-way traffic °≈à“«§◊Õ

®–µâÕß¡’ DNA µâπ·∫∫°àÕπ ·≈â«∂à“¬∑Õ¥ (transcription) ‰ª‡ªìπ mRNA ®“°π—Èπ®÷ß

®– “¡“√∂·ª√√À— §” —Ëß (translation) „Àâ‡°‘¥°“√ √â“ß‚ª√µ’πµàÕ‰ª‰¥â „π∏√√¡™“µ‘°Æ

¥—ß°≈à“«‡ªìπ‰ªÕ¬à“ß‡§√àß§√—¥ ‰¡à “¡“√∂¬âÕπ∑“ß®“°‚ª√µ’π ¡“‡ªìπ mRNA ·≈– DNA

‰¥â

≈”¥—∫§«“¡ ”§—≠„π°“√· ¥ßÕÕ°∑“ßæ—π∏ÿ°√√¡

∂÷ß·¡â DNA ®–‡ªìπµ—«§«∫§ÿ¡°“√ √â“ß mRNA ·≈–‚ª√µ’π ·µà mRNA ·≈–

‚ª√µ’π ®—¥Õ¬Ÿà„π√–¥—∫¢Õß°“√· ¥ßÕÕ° (expression) ¢Õß‡´≈≈å ‚¥¬‡©æ“–‚ª√µ’π´÷Ëß

º≈‘µº≈ ÿ¥∑â“¬·≈–‡ªìπµ—«∑’Ë¡’Àπâ“∑’Ë„π°“√∑”ß“πµà“ßÊ (function) „π√à“ß°“¬ ¥—ßπ—Èπ°“√

µ√«®æ∫§«“¡º‘¥ª°µ‘¢Õß mRNA ·≈–‚ª√µ’π (∑—Èß¥â“π§ÿ≥¿“æ·≈–ª√‘¡“≥) ®÷ß¡’π—¬

 ”§—≠¡“°°«à“°“√µ√«®æ∫§«“¡º‘¥ª°µ‘¢Õß DNA πÕ°®“°π’È§«“¡º‘¥ª°µ‘¢Õß DNA

∫“ßª√–°“√Õ“®‰¡à¡’º≈µàÕ°“√ √â“ß‚ª√µ’π°Á‰¥â Õ¬à“ß‰√°Á¥’∂÷ß·¡â«à“°“√µ√«®æ∫§«“¡º‘¥

ª°µ‘¢Õß‚ª√µ’π ®–¡’§«“¡ ”§—≠∑’Ë ÿ¥ ·µà°“√µ√«®‚ª√µ’π∫“ß™π‘¥ À√◊Õ∫“ß°√≥’°Á¬—ß¡’

¢âÕ®”°—¥Õ¬Ÿà¡‘„™àπâÕ¬ ‡™àπ ‚ª√µ’π∑’ËµâÕß°“√»÷°…“¡’√–¥—∫µË”‡°‘π°«à“∑’Ë‡∑§π‘§°“√µ√«®®–

 “¡“√∂«—¥‰¥â Õ“¬ÿ¢Õß‚ª√µ’π¥—ß°≈à“« —Èπ (short half-life) π—°«‘®—¬ à«π„À≠à π„®∑’Ë®–

»÷°…“‚ª√µ’π∫“ß™π‘¥„π‡´≈≈å∫“ßÕ¬à“ß‡∑à“π—Èπ „π¢≥–∑’Ëµ“¡∏√√¡™“µ‘·≈â« ‚ª√µ’π‡Õß°Á¡’

§«“¡À≈“°À≈“¬‡ªìπÕ¬à“ß¬‘Ëß  à«π°“√µ√«® mRNA ´÷Ëß®—¥Õ¬Ÿà„π√–¥—∫¢Õß°“√· ¥ßÕÕ°

¢Õß‡´≈≈å‡™àπ°—ππ—Èπ °Á¡’¢âÕ®”°—¥‡™àπ‡¥’¬«°—π ‡æ√“–„π∏√√¡™“µ‘ª√‘¡“≥¢Õß mRNA ∑’Ë

∂Ÿ° √â“ß¢÷Èπ¡“π—Èπ¡’√–¥—∫µË”¡“°·≈– mRNA ∑ÿ°™π‘¥¡’‡ ∂’¬√¿“æµË” ‡π◊ËÕß®“°∂Ÿ°∑”≈“¬

‰¥âßà“¬‚¥¬ RNase ´÷Ëß¡’Õ¬Ÿà∑ÿ°Àπ·Ààß ·≈–‚¥¬ª°µ‘°“√ √â“ß mRNA ®–‡°‘¥„π‡´≈≈å∑’Ë

¬—ß¡’™’«‘µÕ¬Ÿà ¥—ßπ—Èπ®÷ß¡’¢âÕ®”°—¥¢Õß°“√µ√«®„π‡´≈≈å∑’Ëµ“¬·≈â« ‡™àπ formalin-fixed tis-

sue ‡ªìπµâπ

Glossary of Genetic Terms
4-9

Nucleic acids  “√™’«‚¡‡≈°ÿ≈∑’Ë∑”Àπâ“∑’Ë‡ªìπ “√æ—π∏ÿ°√√¡„π‡´≈≈å¢Õß ‘Ëß¡’
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™’«‘µ™—Èπ Ÿß ‡√’¬°√«¡«à“ nucleic acids ‚¥¬§ÿ≥ ¡∫—µ‘∑“ß‡§¡’·∫àß nucleic acids ‰¥â

‡ªìπ Õß™π‘¥ §◊Õ ribonucleic acid (RNA) ·≈– deoxyribonucleic acid (DNA)

 ‘Ëß¡’™’«‘µ à«π„À≠à¡’ “√æ—π∏ÿ°√√¡‡ªìπ DNA ¬°‡«âπ ‰«√— ∫“ß™π‘¥®–¡’ “√æ—π∏ÿ°√√¡‡ªìπ

RNA ‰¥â

DNA (Deoxyribonucleic acid) §◊Õ  “√æ—π∏ÿ°√√¡ (Genetic Materials) ∑’Ë

∑”Àπâ“∑’Ë‡°Á∫¢âÕ¡Ÿ≈√À— °“√∑”ß“π¢Õß‡´≈≈å‡Õ“‰«â ‡¡◊ËÕ‡´≈≈å¡’°“√·∫àßµ—«  “√æ—π∏ÿ°√√¡π’È

®–∂Ÿ°·∫àß‰ª¬—ß‡´≈≈å√ÿàπ∂—¥‰ª¥â«¬ ‚¥¬∑’Ë¬—ß§ß¡’¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡Õ¬à“ß ¡∫Ÿ√≥å DNA

æ∫‰¥â„ππ‘«‡§≈’¬ ¢Õß‡´≈≈å ‚¥¬ª°µ‘ DNA ¡’≈—°…≥–‡ªìπ 2  “¬Õ¬Ÿàæ—π°—π‡ªìπ‡°≈’¬«

(double helix) ‡¡◊ËÕ∂Ÿ° denature ‚¥¬°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘ ∑—Èß 2  “¬®–·¬°ÕÕ°®“°°—π

·≈–®–°≈—∫¡“√«¡°—π„À¡à‡¡◊ËÕÕÿ≥À¿Ÿ¡‘≈¥≈ß4

RNA (Ribonucleic acid) §◊Õ  “√æ—π∏ÿ°√√¡Õ—π‡°‘¥®“°°“√§—¥ ”‡π“¢âÕ¡Ÿ≈®“°

DNA ‚¥¬ RNA polymerase enzyme √à«¡°—∫°√–∫«π°“√µàÕ‡π◊ËÕß‚¥¬‡Õπ‰´¡åÕ◊ËπÕ’°

®”π«πÀπ÷Ëß RNA ∑”Àπâ“∑’Ë‡À¡◊Õπ·¡àæ‘¡æå„π°“√·ª≈ß¢âÕ¡Ÿ≈®“°¬’π ‰ª‡ªìπ¢âÕ¡Ÿ≈„π°“√

 √â“ß‚ª√µ’π ·≈â«¢π¬â“¬°√¥Õ–¡‘‚π‡¢â“‰ª„π‰√‚∫‚´¡ (ribosome) ‡æ◊ËÕº≈‘µ‚ª√µ’π ·≈–

·ª≈¢âÕ§«“¡‰ª‡ªìπ ”‡π“¢âÕ¡Ÿ≈ (transcript) „π‚ª√µ’π RNA ¡’‚§√ß √â“ß‡ªìπ‚¡‡≈°ÿ≈

√Ÿª∑’Ë 1 Double helix structure

of DNA
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‡°≈’¬«‡¥’Ë¬« (single helix) ·≈–¡’‚´àπ‘«§≈‘‚Õ‰∑¥å —Èπ°«à“ DNA πÕ°®“°π—Èπ RNA ¡’πÈ”µ“≈

ribose ‡ªìπÕß§åª√–°Õ∫ „π¢≥–∑’Ë DNA ¡’ deoxyribose (´÷Ëß¡’ hydroxyl group

‡™◊ËÕ¡µàÕ°—∫ pentose ring ∑’Ëµ”·Àπàß 2' ́ ÷Ëß„π DNA ¡’ hydrogen atom ·∑π hydroxyl

group) hydroxyl group π’È‡Õß∑’Ë∑”„Àâ RNA ¡’‡ ∂’¬√¿“æπâÕ¬°«à“ DNA ‡æ√“–ßà“¬µàÕ

°“√∂Ÿ° hydrolysis „π∏√√¡™“µ‘æ∫«à“ RNA ´÷Ëß§«∫§ÿ¡°“√ √â“ß‚ª√µ’π ¡’ 3 ™π‘¥ ‰¥â·°à

messenger RNA (mRNA), transfer RNA (tRNA) ·≈– ribosomal RNA (rRNA)

‚¥¬∑’Ë mRNA ¡’‡ ∂’¬√¿“æπâÕ¬∑’Ë ÿ¥ „π¢≥–∑’Ë tRNA ·≈– rRNA ¡’ secondary struc-

ture ́ ÷Ëß™à«¬‡æ‘Ë¡‡ ∂’¬√¿“æ¡“°¬‘Ëß¢÷Èπ ‰«√— ∫“ß™π‘¥ ‡™àπ retrovirus ¡’ “√æ—π∏ÿ°√√¡‡ªìπ

RNA ‡∑à“π—Èπ ‡¡◊ËÕ‰¡àπ“π¡“π’È¡’°“√§âπæ∫ª√–‡¿∑·≈–§ÿ≥ ¡∫—µ‘„À¡à¢Õß RNA ‰¥â·°à

Double-stranded RNA ́ ÷Ëßæ∫„π‡´≈≈å¢Õß ‘Ëß¡’™’«‘µ™—Èπ Ÿß Non-coding RNA À√◊Õ çRNA

genesé ·≈– micro RNA (miRNA) ́ ÷Ëß‡™◊ËÕ«à“¡’Àπâ“∑’Ë§«∫§ÿ¡°“√∑”ß“π¢Õß gene Õ◊ËπÊ5

Genomic DNA ‡ªìπ DNA ∑’Ë¡’Õ¬Ÿà∑—ÈßÀ¡¥¢Õß‡´≈≈åÀ√◊Õ ‘Ëß¡’™’«‘µ ´÷Ëß∫“ß à«π

®–‰¡à‡°’Ë¬«¢âÕß°—∫°“√ √â“ß mRNA ·≈–‚ª√µ’π6

√Ÿª∑’Ë 2 Structure of RNA compared to DNA



«‘∑Ÿ√  ™‘π «à“ß«—≤π°ÿ≈ 533

cDNA À√◊Õ complementary DNA ‡π◊ËÕß®“° RNA ¡’‡ ∂’¬√¿“æµË”¡“°·≈–

∂Ÿ°∑”≈“¬‰¥âßà“¬ „π°“√»÷°…“ RNA®÷ß‰¥â„™â cDNA ·∑π‡æ√“– cDNA ¡’‡ ∂’¬√¿“æ Ÿß

¡“° ‚¥¬∑’Ë cDNA π’È‰¥â¡“®“°°“√‡ª≈’Ë¬π RNA „Àâ‡ªìπ DNA ‚¥¬„™â‡Õπ‰´¡å reverse

transcriptase ´÷Ëß°“√∑¥ Õ∫ à«π„À≠à„π√–¥—∫ molecular biology ¡—°®–„™â cDNA

·∑π°“√„™â RNA ‡æ√“–‡ ∂’¬√¿“æ Ÿß°«à“ RNA ·≈–„Àâº≈°“√»÷°…“∑’Ë¡’§«“¡®”‡æ“–¥’

°«à“°“√»÷°…“‚¥¬„™â genomic DNA ‡æ√“– cDNA ∂◊Õ«à“‡ªìπµ—«·∑π¢Õß RNA ´÷Ëß®—¥

Õ¬Ÿà„π√–¥—∫¢Õß°“√· ¥ßÕÕ°¢Õß‡´≈≈å

Codon ‡ªìπ°≈ÿà¡¢Õß bases ®”π«π 3 µ—« „π DNA À√◊Õ RNA sequence

´÷Ëß‡ªìπ√À— ‡©æ“–„π°“√ √â“ß amino acid ·µà≈–™π‘¥ ‡™àπ GCU ‡ªìπ√À—  ”À√—∫ √â“ß

alanine „π∫√√¥“ amino acid ∑’Ë¡πÿ…¬å√Ÿâ®—°¡“°°«à“ 100 ™π‘¥ π—Èπ ¡’ amino acid

®”π«π 20 ™π‘¥ ∑’Ë®—¥«à“‡ªìπ standard amino acids À√◊Õ proteinogenic ∑’Ë¡’√À— °“√

 √â“ß¥â«¬ standard genetic code À√◊Õ codon π—Ëπ‡Õß Õπ÷Ëß amino acid ™π‘¥Àπ÷Ëß

Õ“®‡°‘¥®“° codon ∑’ËÀ≈“°À≈“¬ ‡™àπ alanine πÕ°‡Àπ◊Õ®“° GCU ·≈â« ¬—ß¡’ codon

‡ªìπ GCC, GCA À√◊Õ GCG °Á‰¥â (√Ÿª∑’Ë 3)

¬’π (Gene) §◊Õ √À— ∫π “√æ—π∏ÿ°√√¡∑’Ë¡’°“√∂à“¬∑Õ¥√À—  (transcription)

 ◊∫µàÕ‰ª¬—ß‡´≈≈å√ÿàπ∂—¥‰ª‰¥â ·≈–¡’Àπâ“∑’Ë§«∫§ÿ¡°“√∑”ß“π¢Õß‡´≈≈å∑’Ë™—¥‡®π7 (√Ÿª∑’Ë 4)

√Ÿª∑’Ë 3 Codon in RNA sequence
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Gene expression ‡ªìπ°√–∫«π°“√ √â“ß‚ª√µ’π ®“°°“√Õ“»—¬√À— §«∫§ÿ¡

æ—π∏ÿ°√√¡ ∑’Ë‡√‘Ë¡µâπ®“°°“√„™â DNA ‡ªìπµâπ·∫∫ ºà“π°√–∫«π°“√ mRNA transcrip-

tion „ππ‘«‡§≈’¬  ®π°√–∑—Ëß¡’°“√·ª√√À—  (translation) ¢Õß·µà≈– codon ‰ª‡ªìπ‚ª√µ’π

„π cytoplasm (√Ÿª∑’Ë 5)

√Ÿª∑’Ë 4 Structure of gene

√Ÿª∑’Ë 5 Gene expression
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Cloning ‡ªìπ°√–∫«π°“√∑“ß molecular biology ‡æ◊ËÕ √â“ß copies ¢Õß DNA

sequence ∑’Ë¡’§«“¡®”‡æ“– ´÷Ëß¡—°®–‡ªìπ¬’π∑’Ë∑”Àπâ“∑’ËÕ—π‡ªìπ∑’Ë π„®»÷°…“ §«“¡À¡“¬

∑“ß molecular genetics ‰¡à‰¥âÀ¡“¬∂÷ß°“√ √â“ß ‘Ëß¡’™’«‘µ∑’Ë‡À¡◊Õπ°—π∑—Èßµ—« ‡™àπ ·°– Dolly

∑’Ë‡°‘¥®“°‡∑§π‘§°“√∑” clone „Àâ¡’æ—π∏ÿ°√√¡‡À¡◊Õπµâπ·∫∫∑ÿ°ª√–°“√ °“√ cloning

π—∫‰¥â«à“‡ªìπ«‘∏’∑’Ë¡’§«“¡ ”§—≠∑’Ë ÿ¥ ·≈–„™â°—πÕ¬à“ß·æ√àÀ≈“¬∑’Ë ÿ¥‡∑§π‘§Àπ÷Ëß „π°“√

»÷°…“Àπâ“∑’Ë°“√∑”ß“π¢Õß¬’πµà“ßÊ

Mutation ‡ªìπ§«“¡º‘¥ª°µ‘Õ—π‡°‘¥®“°§«“¡‡ª≈’Ë¬π·ª≈ßÕ¬à“ß∂“«√„π

‚§√ß √â“ß¢Õß DNA °“√‡ª≈’Ë¬π·ª≈ß¥—ß°≈à“«Õ“®‰¡à¡’º≈µàÕ‡´≈≈å À“°‡°‘¥§«“¡º‘¥

ª°µ‘„π¬’π∑’Ë‰¡à ”§—≠ À√◊Õ “¡“√∂‡ªìπÕ—πµ√“¬µàÕ‡´≈≈å·≈–√à“ß°“¬À“°‡ªìπ¬’π∑’Ë ”§—≠ ‡™àπ

°“√‡ª≈’Ë¬π·ª≈ß‰ª‡ªìπ‡´≈≈å¡–‡√Áß Õ¬à“ß‰√°Á¥’ mutation π—∫«à“‡ªìπ°ÿ≠·® ”§—≠„π

«‘«—≤π“°“√¢Õß ‘Ëß¡’™’«‘µ∑—ÈßÀ≈“¬ ‡ªìπ‚Õ°“ „Àâ ‘Ëß¡’™’«‘µ¡’‚Õ°“ æ—≤π“‡æ◊ËÕ§«“¡Õ¬Ÿà√Õ¥

·≈– ◊∫∑Õ¥ mutation ∑’Ë‡ªìπª√–‚¬™πåµàÕ°“√¥”√ß™’æ¥—ß°≈à“«µàÕ‰ª„Àâ√ÿàπ≈Ÿ°À≈“π

mutation ¢Õß¬’π ‡°‘¥¢÷Èπ‰¥âÀ≈“¬™π‘¥ ‡™àπ deletion, duplication, inversion, inser-

tion ·≈– translocation (√Ÿª∑’Ë 6)

Restriction endonucleases ‡ªìπ‡Õπ‰´¡å∑’Ë “¡“√∂¬àÕ¬ DNA  “¬§Ÿà (double

strand) ∑’Ëµ”·Àπàß‡©æ“– ¡’§«“¡ ”§—≠¡“°„π°“√»÷°…“∑“ß molecular biology

‡π◊ËÕß®“° “¡“√∂„™â¬àÕ¬ DNA „Àâ¡’¢π“¥µ“¡∑’ËµâÕß°“√‡æ◊ËÕ¬◊π¬—π§«“¡∂Ÿ°µâÕß¢Õß≈”¥—∫

°“√‡√’¬ß√À—  (sequence) ·≈– “¡“√∂„™â„π°“√µ—¥µàÕ ‡æ◊ËÕπ”¬’π∑’Ë π„®‰ª„™â„π°“√

cloning ‡æ◊ËÕ»÷°…“Àπâ“∑’Ë¢Õß¬’ππ—Èπ¥â«¬

Base pair §◊Õ §Ÿà¢Õß bases ∑’Ë®—∫§Ÿà°—π‡æ◊ËÕ √â“ß‡ªìπ™—Èπ¢Õß‡°≈’¬« DNA (stair

of the DNA ladder) ´÷Ëß DNA nucleotide ª√–°Õ∫¥â«¬ ‚¡‡≈°ÿ≈¢ÕßπÈ”µ“≈, phos-

phoric acid ·≈– base Õ¬à“ß≈– 1 ‚¡‡≈°ÿ≈  ”À√—∫ DNA ª√–°Õ∫¥â«¬ base 4 ™π‘¥ §◊Õ

adenine, thymine, guanine ·≈– cytosine ´÷Ëßπ‘¬¡·∑π¥â«¬µ—«Õ—°…√∑—Èß ’Ë §◊Õ A, T,

G, ·≈– C µ“¡≈”¥—∫ ‚¥¬¡’°Æ°“√®—∫§Ÿà∑’Ë·πàπÕπ §◊Õ A µâÕß®—∫°—∫ T ·≈– G ®—∫°—∫ C

‡ ¡Õ  à«π RNA ¡’ uracil (U) ‡¢â“‰ª·∑π∑’Ë T

Exon and intron exon ‡ªìπ∫√‘‡«≥µ”·Àπàß¢Õß gene ∑’Ë∫√√®ÿ√À— ‡©æ“–

„π°“√ √â“ß‚ª√µ’π ·µà≈– exon ®–¡’√À— °“√ √â“ß‚ª√µ’π∑’Ë ¡∫Ÿ√≥å¢Õßµπ‡Õß  à«π
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intron ‡ªìπ∫√‘‡«≥µ”·Àπàß¢Õß gene ∑’Ë§—Ëπ°≈“ß√–À«à“ß exons ´÷Ëß intron π—Èπ ∫“ß∑’

‡√’¬°«à“‡ªìπ çjunk DNAé ‡π◊ËÕß®“°‡ªìπ sequence ¢Õß DNA ∑’Ë‰¡à‰¥â¡’Àπâ“∑’Ë √â“ß‚ª√µ’π

(√Ÿª∑’Ë 4)

Sense and antisense „π∏√√¡™“µ‘¢Õß°√–∫«π°“√ transcription ‡¡◊ËÕ

‡°≈’¬« DNA ·¬°ÕÕ°‡ªìπ 2  “¬  “¬À≈—°´÷Ëß‡ªìπ coding strand µâπ·∫∫ ‡√’¬°«à“

sense strand  à«πÕ’° “¬Àπ÷Ëß®–‡ªìπ non-coding strand À√◊Õ antisense strand

´÷Ëß∑”Àπâ“∑’Ë‡ªìπ·¡àæ‘¡æå„π°“√ √â“ß mRNA (√Ÿª∑’Ë 7)

Polymorphism §◊Õ§«“¡º—π·ª√¢Õß DNA sequence Õ—π‡°‘¥®“°°√–∫«π°“√

mutation ∑’Ëæ∫‰¥â‡ªìπª°µ‘„πª√–™“°√∑—Ë«‰ª  àßº≈„Àâ‡°‘¥§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

¬°µ—«Õ¬à“ß‡™àπ ABO blood groups, major histocompatibility complex (MHC)

∑“ß°“√·æ∑¬å “¡“√∂„™â≈—°…≥–∑’Ë·µ°µà“ß°—π¢Õß genetic variant π’È „π°“√µ√«®

√Ÿª∑’Ë 6 Types of mutation
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«‘π‘®©—¬‚√§ √«¡‰ª∂÷ß°“√√—°…“¥â«¬°“√∂à“¬‡≈◊Õ¥ ·≈–°“√ª≈Ÿ°∂à“¬Õ«—¬«–

µ—«Õ¬à“ß¢Õß polymorphism ∑’Ë°àÕ„Àâ‡°‘¥‚√§∑’Ë√Ÿâ®—°°—π¥’Õ—πÀπ÷Ëß §◊Õ β-globin

gene mutation „πµ”·Àπàß¢Õß amino acids peptide µ”·Àπàß∑’Ë 5-7 ´÷Ëß¡’ DNA

sequence ª°µ‘‡ªìπ CCTGAGGAG ·µà„π‚√§‚≈À‘µ®“ß sickle cell °≈—∫¡’ DNA se-

quence ‡ªìπ CCTGTGGAG (mutation ®“° A ‡ªìπ T) „πµ”·Àπàßπ’È ¬“¡ª°µ‘®–

 “¡“√∂∂Ÿ°¬àÕ¬‰¥â‚¥¬ restriction enzyme MstII ≈—°…≥–‡™àππ’È‡√’¬°«à“ Restriction

Fragment Length Polymorphism (RFLP) ‚¥¬‡∑§π‘§ southern blotting ®–‡ÀÁπ

§«“¡·µ°µà“ß√–À«à“ß DNA fragments ´÷Ëß„π‡´≈≈åª°µ‘ ®–‡ÀÁπ 2 fragments ∑’Ë¢π“¥

0.2 kb and 1.2 kb ·µà„π‚√§‚≈À‘µ®“ß sickle cell ®–‡ÀÁπ fragment ¬“« 1.4 kb ‡æ’¬ß

fragment ‡¥’¬« Õ—π‡°‘¥®“°µ”·Àπàß DNA mutation ∑’Ë∑”„Àâ restriction enzyme MstII

„ à “¡“√∂µ—¥∑Õπ “¬ amino acids peptide ‰¥âÕ¬à“ß ¡∫Ÿ√≥åπ—Ëπ‡Õß (√Ÿª∑’Ë 8)

Apoptosis ‡ªìπ«‘∏’°“√µ“¡ª°µ‘«‘∏’°“√Àπ÷Ëß∑’Ë√à“ß°“¬„™â°”®—¥‡´≈≈å∑’Ë¡’§«“¡

™”√ÿ¥‡ ’¬À“¬ ‡°‘π°«à“∑’Ë®–´àÕ¡·´¡‰¥â √«¡‰ª∂÷ß°”®—¥‡´≈≈å∑’Ë‰¡à¡’§«“¡®”‡ªìπ„π√à“ß°“¬

¡’™◊ËÕ‡√’¬°Õ’°™◊ËÕÀπ÷Ëß«à“ çprogrammed cell deathé (√Ÿª∑’Ë 9)

√Ÿª∑’Ë 7 Sense and antisense

strands of DNA
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Electrophoresis ‡ªìπ‡∑§π‘§∑“ß molecular biology ∑’Ë¡’°“√π”‰ªª√–¬ÿ°µå

„™â°—πÕ¬à“ß·æ√àÀ≈“¬ ∑—Èß°“√»÷°…“„π√–¥—∫ DNA, RNA ·≈–‚ª√µ’π ‚¥¬Õ“»—¬À≈—°°“√

ª≈àÕ¬°√–· ‰øøÑ“„π¢π“¥∑’Ë‡À¡“– ¡ºà“π ◊ËÕ (media) ∑’Ë¡’√Ÿæ√ÿπ¢π“¥‡≈Á°¡“° ‡™àπ

·ºàπ«ÿâπ∫“ßÊ (gel) À√◊Õ ·ºàπøî≈å¡ —ß‡§√“–Àå (firm jelly-like substance) ·≈â«®÷ßª≈àÕ¬

DNA, RNA À√◊Õ ‚ª√µ’π∑’ËµâÕß°“√»÷°…“ „πª√‘¡“≥∑’Ë‡À¡“– ¡ ≈ß‰ª„π™àÕß¢Õß gel

√Ÿª∑’Ë 8 Restriction Fragment Length Polymorphism (RFLP)

√Ÿª∑’Ë 9 Apoptosis9
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¥—ß°≈à“« ‚¡‡≈°ÿ≈·≈–™‘Èπ à«π (fragment) ¢Õß DNA, RNA À√◊Õ‚ª√µ’π ´÷Ëß¡’¢π“¥¢Õß

πÈ”Àπ—°‚¡‡≈°ÿ≈ (molecular weight) ·≈–™π‘¥¢Õßª√–®ÿ (electrical charge) ∑’Ë·µ°

µà“ß°—π®–∂Ÿ°·¬°ÕÕ°®“°°—π¿“¬„µâ°√–· ‰øøÑ“∑’Ë«‘Ëßºà“π‰ª ¥â«¬°“√ÕÕ°·∫∫§«“¡Àπ“

·πàπ¢Õß™—Èπ gel ∑’Ë¡’¡“µ√∞“π √Ÿª√à“ß·≈–¢π“¥™‘Èπ à«π¢Õß DNA, RNA À√◊Õ‚ª√µ’π®–

¡Õß‡ÀÁπ‰¥â¥â«¬°“√¬âÕ¡ ’ ‡™àπ ethidium bromide ¿“¬„µâ· ß‰ø ultraviolet ∑’Ë¡’

§«“¡¬“«§≈◊Ëπ∑’Ë‡À¡“– ¡ À√◊Õ silver stain ´÷Ëß “¡“√∂π”‰ª‡ª√’¬∫‡∑’¬∫°—∫ molecular

DNA, RNA À√◊Õ‚ª√µ’π ladders ∑’Ë‡ªìπ¢π“¥¡“µ√∞“πµàÕ‰ª ‡π◊ËÕß®“°‡∑§π‘§π’Èπ‘¬¡„™â

gel ‡ªìπ media ®÷ß¡—°‡√’¬°°—π∑—Ë«‰ª«à“ gel electrophoresis

Vector „π°“√»÷°…“Àπâ“∑’Ë¢Õß DNA, RNA À√◊Õ‚ª√µ’π∑’Ë π„® ¡’§«“¡®”‡ªìπ

®–µâÕßπ” gene ∑’ËµâÕß°“√»÷°…“„ à‡¢â“‰ª„π‡´≈≈å ‡™àπ ‡´≈≈å¡–‡√Áß ´÷Ëß gene ∑’Ë„ à‡¢â“‰ª

®”‡ªìπ®–µâÕß¡’§«“¡ “¡“√∂„π°“√· ¥ßÕÕ°¢Õß gene ¥â«¬ ¥—ßπ—Èπ®÷ß¡’°“√„™â  ‘Ëß∑’Ë‡ªìπ

æ“À– ‡√’¬°«à“ vector ´÷Ëß‰¥â·°à virus ∫“ß™π‘¥ À√◊Õ™‘Èπ à«π∑’Ë¥—¥·ª≈ß®“° DNA ¢Õß

virus ‡√’¬°«à“ plasmid ‡ªìπµ—«π” gene ‡¢â“ Ÿà‡´≈≈å (√Ÿª∑’Ë 10)

√Ÿª∑’Ë 10 Structure of plasmid vector
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Common Molecular Techniques and Clinical Application of

Molecular Biology
10-11

Molecular techniques ª√–°Õ∫¥â«¬°“√∑¥ Õ∫∑“ßÀâÕßªØ‘∫—µ‘°“√À≈“¬«‘∏’

 “¡“√∂·∫àßÕÕ°‡ªìπ°“√»÷°…“„π√–¥—∫ DNA, RNA ·≈–‚ª√µ’π ‡π◊ËÕß®“°°“√∑¥ Õ∫∑“ß

molecular biology π—Èπ∂Ÿ°æ—≤π“Õ¬à“ßµàÕ‡π◊ËÕß¡“‡ªìπ‡«≈“π“π ‡æ◊ËÕµÕ∫ πÕß

«—µ∂ÿª√– ß§å¢Õß°“√»÷°…“∑“ß biological science ¥—ßπ—Èπ„πªí®®ÿ∫—π°“√»÷°…“„π√–¥—∫

molecular biology ®÷ß¡’°“√∑¥ Õ∫∑“ßÀâÕßªØ‘∫—µ‘°“√À≈“°À≈“¬™π‘¥ ·≈–¡—°®–»÷°…“

§Ÿà°—π‰ª°—∫ cell biology Õ¬à“ß„°≈â™‘¥ °“√∑¥ Õ∫™π‘¥„À¡àÊ ¡—°®–¡’§«“¡´—∫´âÕπ‡æ‘Ë¡

¢÷Èπ ·≈–¡—°®–Õ“»—¬§Õ¡æ‘«‡µÕ√å À√◊ÕÀÿàπ¬πµå™à«¬„π°“√»÷°…“·∫∫ large-scale ‡æ◊ËÕ„Àâ

‰¥âº≈≈—æ∏å√«¥‡√Á«¡“°¬‘Ëß¢÷Èπ ´÷Ëß‰¡à “¡“√∂°≈à“«„π√“¬≈–‡Õ’¬¥‰¥â∑—ÈßÀ¡¥„π∑’Ëπ’È ¥—ßπ—Èπ®–

¢Õ°≈à“«∂÷ßÀ≈—°°“√¢Õß°“√∑¥ Õ∫æ◊Èπ∞“π∑’Ë§«√∑√“∫ ·≈–¬—ß‡ªìπ∑’Ëπ‘¬¡„™â°—πÕ¬à“ß°«â“ß

¢«“ß„πªí®®ÿ∫—π (µ“√“ß∑’Ë 1)

„πªí®®ÿ∫—π molecular biology ‡ªìπ‡§√◊ËÕß¡◊Õ ”§—≠∑’Ë„™â„π°“√«‘π‘®©—¬·≈–

„Àâ°“√√—°…“‚√§∑’Ë‡ªìπªí≠À“ ”§—≠Õ¬à“ß‚√§¡–‡√Áß·≈–‚√§µ‘¥‡™◊ÈÕ µ—«Õ¬à“ß‡™àπ ‡∑§π‘§

∑“ß¥â“π molecular biology  “¡“√∂π”¡“ª√–¬ÿ°µå„™â„π¥â“π‚√§µ‘¥‡™◊ÈÕÀ≈“¬ª√–°“√ ‰¥â·°à

°“√®”·π°™π‘¥¢Õß‡™◊ÈÕ‰¥âÕ¬à“ß∂Ÿ°µâÕß·≈–·¡àπ¬”¢÷Èπ „™â„π°“√»÷°…“À“·À≈àß‡æ“–æ—π∏ÿå

(viral reservoir) ®”·π°§«“¡√ÿπ·√ß¢Õß‡™◊ÈÕ §«“¡ “¡“√∂„π°“√µ‘¥µàÕ ·≈–§«“¡

µâ“π∑“π‚√§¢Õß√à“ß°“¬ Õ—ππ”‰ª Ÿà°“√º≈‘µ«—§´’πªÑÕß°—π‡™◊ÈÕ„À¡àÊ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß

‡™◊ÈÕ‰«√— ∑’Ë¡’°“√·æ√à√–∫“¥„π«ß°«â“ß ®π°àÕ„Àâ‡°‘¥ªí≠À“∑“ß¥â“π “∏“√≥ ÿ¢‰ª∑—Ë«‚≈°

‡™àπ H5N1 avian influenza virus ·≈– human immunodeficiency virus (HIV)12

§«“¡°â“«Àπâ“¥—ß°≈à“«°àÕ„Àâ‡°‘¥§«“¡√Ÿâ„π·¢πß«‘™“„À¡à∑’Ë‡√’¬°«à“ molecular epidemio-

logy ´÷Ëßπ”‰ª Ÿà°“√§«∫§ÿ¡ ªÑÕß°—π‚√§∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“°¬‘Ëß¢÷Èπ13 (√Ÿª∑’Ë 11)

°“√»÷°…“∑“ß molecular biology ¢Õß·∫§∑’‡√’¬ ¬—ßπ”‰ª Ÿà§«“¡√Ÿâ‡°’Ë¬«°—∫ quo-

rum-sensing systems ´÷Ëß‡ªìπ°“√ ◊ËÕ “√°—π‡Õß√–À«à“ß·∫§∑’‡√’¬ºà“π∑“ß chemical

molecules ´÷ËßÕ“®®–π”‰ª Ÿà°“√√—°…“‚√§µ‘¥‡™◊ÈÕ∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß À√◊Õ°“√§âπæ∫¬“

µâ“π®ÿ≈™’æ™π‘¥„À¡à‰¥â14 §«“¡æ¬“¬“¡Õ¬à“ß Ÿß ÿ¥ª√–°“√Àπ÷Ëß¢Õßπ—°«‘∑¬“»“ µ√å·≈–

·æ∑¬å∑’Ë∑”°“√»÷°…“∑“ß¥â“π molecular biology °Á§◊Õ°“√√—°…“ºŸâªÉ«¬¥â«¬«‘∏’ gene
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therapy ·¡â«à“°“√§âπ§«â“®–°â“«∂÷ß®ÿ¥∑’Ë¡’§«“¡ ”‡√Á®„π°“√∂Õ¥√À— ¬’π å¢Õß¡πÿ…¬å

®“°‚§√ß°“√ Human Genome Project ·≈â« ·µà¬—ß¡’Õÿª √√§Õ’°¡“°¡“¬ ‰¡à«à“®–‡ªìπ

«‘∏’°“√‡≈◊Õ°„™âæ“À–π”¬’π å„À¡à‡¢â“ Ÿà‡´≈≈åÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ À√◊Õ‡∑§π‘§°“√ª√—∫

‡ª≈’Ë¬π§«∫§ÿ¡¬’π åÕ¬à“ßª≈Õ¥¿—¬ ·¡â«à“®–‰¥â√—∫§«“¡ ”‡√Á®„π√–¥—∫ÀâÕßªØ‘∫—µ‘°“√·≈–

„π —µ«å∑¥≈Õß·≈â« ·µà°“√»÷°…“„π¡πÿ…¬å‚¥¬µ√ß¬—ß¡’¢âÕ®”°—¥Õ’°¡“°15

Conclusion

«‘«—≤π“°“√¢Õß‡∑§π‘§∑“ß¥â“π molecular biology ¡’§«“¡°â“«Àπâ“‡ªìπÕ¬à“ß¡“°

«ß°“√·æ∑¬åπ—∫«à“ ‰¥â√—∫ª√–‚¬™πå‚¥¬µ√ß®“°§«“¡°â“«Àπâ“„π‡∑§‚π‚≈¬’·¢πßπ’È

ªí®®ÿ∫—π»—≈¬·æ∑¬å§«√„Àâ§«“¡ π„® ‡¢â“„®·≈–¡’§«“¡√Ÿâ§«“¡ “¡“√∂„π°“√π” molecu-

lar biology ¡“„™â„π°“√»÷°…“ ‡æ◊ËÕÀ“·π«∑“ß°“√√—°…“‚√§Õ¬à“ß¡’ª√– ‘∑∏‘¿“æµàÕ‰ª

√Ÿª∑’Ë 11 °“√»÷°…“„π√–¥—∫µà“ßÊ ∑“ß molecular epidemiology ‚¥¬Õ“»—¬§«“¡ —¡æ—π∏å¢Õß

biomarkers „π°“√°àÕ‚√§13
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∫∑π”

√–∫∫¿Ÿ¡‘§ÿâ¡°—π·µà°”‡π‘¥ (innate immune system) ‡ªìπ√–∫∫·√°¢Õß

√à“ß°“¬∑’Ë¡’∫∑∫“∑ ”§—≠„π°“√ª°ªÑÕß√à“ß°“¬®“°Õ—πµ√“¬¿“¬πÕ° ‰¥â·°à  ‘Ëß·ª≈°

ª≈Õ¡µà“ßÊ (foreign bodies) ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡™◊ÈÕ‚√§ º‘«Àπ—ß (physical barrier)

®—¥‡ªìπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¥à“π·√°¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π·µà°”‡π‘¥ (innate immune system)

∑’Ë¡’∫∑∫“∑ ”§—≠„π°“√ªÑÕß°—π√à“ß°“¬®“°‡™◊ÈÕ‚√§ Õ¬à“ß‰√°Áµ“¡À“°º‘«Àπ—ß‡°‘¥

∫“¥·º≈∑”„Àâ‡™◊ÈÕ‚√§‡À≈à“π’È “¡“√∂·∑√°´÷¡ºà“π‡¢â“‰ª„π√à“ß°“¬‰¥â √à“ß°“¬¢Õß§π®÷ß

®”‡ªìπµâÕß¡’√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë®– “¡“√∂®—¥°“√°—∫‡™◊ÈÕ‚√§‡À≈à“π’È ‡æ√“–©–π—Èπ√–∫∫

¿Ÿ¡‘§ÿâ¡°—π·µà°”‡π‘¥´÷Ëß¡’Àπâ“∑’Ë∑”≈“¬À√◊Õ§«∫§ÿ¡ºŸâ∫ÿ°√ÿ° (pathogen) ·≈– àß —≠≠“≥

‡æ◊ËÕ°√–µÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡√’¬°«à“ adaptive immune system1

°“√∑’Ë√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬®– “¡“√∂∑”ß“πÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ‰¥âπ—Èπ √–∫∫

¿Ÿ¡‘§ÿâ¡°—π·µà°”‡π‘¥µâÕß “¡“√∂µÕ∫ πÕßµàÕºŸâ∫ÿ°√ÿ°·≈–∑”≈“¬ ‘Ëß·ª≈°ª≈Õ¡™π‘¥

µà“ßÊ ‰¥â ‚¥¬Õ“»—¬°“√®¥®”≈—°…≥–¢Õß‚¡‡≈°ÿ≈∑’Ë́ È”Ê °—π„πºŸâ∫ÿ°√ÿ°™π‘¥µà“ßÊ (invariant

molecular targets) πÕ°®“°π’È√–∫∫¿Ÿ¡‘§ÿâ¡°—π·µà°”‡π‘¥®–µâÕß “¡“√∂·¬°√–À«à“ß

 ‘Ëß·ª≈°ª≈Õ¡·≈–‡´≈≈åª°µ‘„π√à“ß°“¬‰¥â ·≈– “¡“√∂‰ª°√–µÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡√’¬°«à“

adaptive immune system „Àâ∑”≈“¬ºŸâ∫ÿ°√ÿ°·≈–∑”„Àâ√à“ß°“¬ “¡“√∂®¥®” ‘Ëß·ª≈°

ª≈Õ¡π’È‚¥¬‡√’¬°§«“¡ “¡“√∂¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë®–®¥®” ‘Ëß·ª≈°ª≈Õ¡∑’Ë‡§¬∫ÿ°√ÿ°

‡¢â“¡“„π√à“ß°“¬π’È«à“ (memory response) ¬‘Ëß‰ª°«à“π—Èπ°“√∑’Ë√–∫∫¿Ÿ¡‘§ÿâ¡°—π·µà°”‡π‘¥

®–µâÕß “¡“√∂·¬°√–À«à“ßºŸâ∫ÿ°√ÿ°·≈–‡´≈≈åª°µ‘„π√à“ß°“¬„Àâ‰¥âπ—Èπ°Á‡æ◊ËÕªÑÕß°—π‰¡à„Àâ
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√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡°‘¥°“√∑”≈“¬‡´≈≈å¢Õß√à“ß°“¬‡Õß (autoimmune) À√◊Õ‡æ◊ËÕªÑÕß°—π

°“√∑’Ë¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬‰«µàÕ ‘Ëß°√–µÿâπ¡“°‡°‘π‰ª (hypersensitivity)2

√–∫∫¿Ÿ¡‘§ÿâ¡°—π·µà°”‡π‘¥ª√–°Õ∫¥â«¬Õ«—¬«–µà“ßÊ „π√à“ß°“¬ ‰¥â·°à º‘«Àπ—ß

°√–‡æ“–Õ“À“√ ·≈–∑“ß‡¥‘πÀ“¬„® πÕ°®“°π’È¬—ß√«¡∂÷ß macrophages ·≈–æ«° non-

specific effecter cells ‡™àπ natural killer (NK) cells ·≈– granulocytes ´÷Ëß àßº≈

„Àâ‡°‘¥°“√Õ—°‡ ∫„π∫√‘‡«≥∑’Ë¡’‡´≈≈å‡À≈à“π’ÈÕ¬Ÿà„π ∂“π–∂Ÿ°°√–µÿâπ (stimulated cell)

T ·≈– B lymphocytes π—Èπ®—¥‡ªìπ‡´≈≈å ”§—≠¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë®– “¡“√∂

°√–µÿâπ„Àâ‡°‘¥°“√µÕ∫ πÕß·∫∫ adaptive immune response  à«π macrophages

‡ªìπ sentinel cells ´÷Ëß‡¡◊ËÕ‰¥â√—∫°“√°√–µÿâπ®“° ‘Ëß·ª≈°ª≈Õ¡®–∑”„Àâ‡°‘¥°√–∫«π°“√

phagocytosis µàÕºŸâ∫ÿ°√ÿ°  ·µàÕ¬à“ß‰√°Áµ“¡ macrophages ‰¡à “¡“√∂°√–µÿâπ„Àâ‡°‘¥

primary immune response ‰¥â ´÷Ëß®–µà“ß®“°‡´≈≈å∑’Ë‡√’¬°«à“ dendritic cells (DC)

´÷Ëß®–¡’∫∑∫“∑ ”§—≠„π°“√‡ªìπ antigen presenting cells (APC)  ‚¥¬ DC ®–¡’

expression of receptors ‡æ◊ËÕ§Õ¬µ√«®À“‚¡‡≈°ÿ≈¢Õß‡™◊ÈÕ‚√§„π ‘Ëß·«¥≈âÕ¡ ·≈–®–

√Ÿª∑’Ë 1 Tumour related immune response
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°√–µÿâπ„Àâ‡°‘¥ adaptive immune response ºà“π∑“ß innate ·≈– adaptive immune

system ‡¡◊ËÕµ√«®æ∫ ‘Ëß·ª≈°ª≈Õ¡ √–∫∫¿Ÿ¡‘§ÿâ¡°—π·µà°”‡π‘¥ µâÕßÕ“»—¬§«“¡ “¡“√∂

¢Õß DC ‰¥â·°à §«“¡ “¡“√∂∑’Ë®–µÕ∫ πÕßµàÕ ‘Ëß·ª≈°ª≈Õ¡„π§√—Èß·√° §«“¡ “¡“√∂

∑’Ë®–¡’°“√· ¥ßÕÕ°¢Õß innate antigen receptors ‡æ◊ËÕ∑’Ë®–‰ª®—∫°—∫ antigen (Ag)

§«“¡ “¡“√∂∑’Ë®–∑”„Àâ‡°‘¥ antigen presentation °“√‡§≈◊ËÕπ‰À«À√◊Õ°“√°√–µÿâπ DC

·≈–§«“¡ “¡“√∂∑’Ë®–∑”„Àâ‡°‘¥°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π™π‘¥µà“ßÊ ∑—Èß T helper 1 (Th1)

·≈– T helper 2 (Th2) ́ ÷Ëß∫∑∫“∑‡À≈à“π’È¡’ à«π‡°’Ë¬«‡π◊ËÕß¡“®“° regulatory phases ∑’Ë 2

¢Õß DC ‰¥â·°à °“√‡°‘¥ differentiation ·≈–°“√‡°‘¥ activation3

°“√®¥®”µàÕ —≠≠“≥Õ—πµ√“¬ (Phase I) ‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√ differentiation

·≈–°“√°√–µÿâπ¢Õß immature DC ‚¥¬°“√°√–µÿâπ¢Õß immature DC π—Èπ¬—ß√«¡‰ª

∂÷ß°“√‡§≈◊ËÕπ∑’Ë¢Õß immature DC ‰ª¬—ß∫√‘‡«≥∑’Ë¡’ ‘Ëß·ª≈°ª≈Õ¡ °“√‡æ‘Ë¡¢÷Èπ¢Õß

§«“¡ “¡“√∂„π°“√®—∫°—∫ ‘Ëß·ª≈°ª≈Õ¡À√◊Õ antigen ·∫∫™—Ë«§√“« °“√‡ª≈’Ë¬π·ª≈ß¢Õß

phenotype ‚¥¬®–‡ÀÁπ‰¥â®“°°“√· ¥ßÕÕ°¢Õß co-stimulatory molecules ·≈–°“√

‡ª≈’Ë¬π·ª≈ß¢Õß°“√· ¥ßÕÕ°¢Õß homing and chemokine receptors π”‰ª Ÿà°“√

‡§≈◊ËÕπ∑’Ë¢Õß DC ‰ª¬—ß lymphoid tissues4 √–¬– regulatory phases ∑’Ë 2 ‡√‘Ë¡µâπ‡¡◊ËÕ

DC ‡§≈◊ËÕπ∑’Ë‡¢â“‰ª¬—ßµàÕ¡πÈ”‡À≈◊Õß‚¥¬®–‡°‘¥°“√ · ¥ßÕÕ°¢Õß pathogen-derived Ags

√«¡°—∫°“√ àß —≠≠“≥µà“ßÊ ‰ª¬—ß T ·≈– B lymphocytes ´÷Ëß®– àßº≈„Àâ‡°‘¥°“√

‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µÕ∫ πÕß∑’Ë‡√’¬°«à“ adaptive immune response5 °“√‡°‘¥¢÷Èπ¢Õß

√–¬– regulatory phases ∑’Ë 2 ¢Õß DC π—Èπ¬—ß‰¡à‡ªìπ∑’Ë·πà™—¥·≈–Õ“®®–¡’°“√§“∫‡°’Ë¬«

°—π√–À«à“ß ∂“π∑’Ë·≈–√–¬–‡«≈“∑’Ë‡°‘¥°Á‡ªìπ‰ª‰¥â

Anti-Cancer Host Defences

§«“¡‡°’Ë¬«‡π◊ËÕß°—π√–À«à“ß‡´≈≈å¡–‡√Áß·≈–√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬π—Èπ¡’§«“¡

—́∫ ấÕπÕ¬à“ß¡“°‡æ√“–‡°’Ë¬«¢âÕß°—∫‡´≈≈å·≈– “√µ—«π”µà“ßÊ ¡“°¡“¬ ®“°°√≥’»÷°…“µà“ßÊ

∑”„Àâæ∫«à“√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬¡’§«“¡ “¡“√∂∑’Ë®–°”®—¥‡´≈≈å¡–‡√Áß‰¥â∂÷ß·¡â«à“®–

æ∫‰¥âπâÕ¬·µà¡’°“√∫—π∑÷°‰«âÕ¬à“ß™—¥‡®π«à“‡°‘¥°√≥’°“√À“¬‰ª‡Õß¢Õß¡–‡√Áß (∑—Èß„π°√≥’

∑’Ë‰¡à‰¥â√—∫°“√√—°…“·≈–‰¥â√—∫°“√√—°…“∑’Ë‰¡à‡æ’¬ßæÕ) ‚¥¬æ∫„π¡–‡√Áß¢Õß‰µ (renal cell
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carcinoma) ·≈– melanoma6 √«¡‰ª∂÷ßºŸâªÉ«¬∑’Ë‡°‘¥¿“«– immunosuppressed (trans-

plantation recipients, congenital immune deficiency states ·≈– ºŸâªÉ«¬ AIDS)

æ∫«à“ “¡“√∂‡°‘¥ putative virally- induced neoplasm ‚¥¬æ∫§«“¡‡°’Ë¬«‡π◊ËÕß√–À«à“ß

AIDS °—∫°“√‡°‘¥¡–‡√Áßπ—Èπ¢÷ÈπÕ¬Ÿà°—∫√–¥—∫¢Õß°“√‡°‘¥ immunosuppression7-9

®“°°“√»÷°…“ in vivo ‡æ◊ËÕ∑√“∫∂÷ß§«“¡‡°’Ë¬«‡π◊ËÕß√–À«à“ß tumour-related

immune responses „πºŸâªÉ«¬∑’Ë‡ªìπ paraneoplastic neurological disorders π”‰ª

 Ÿà°“√§âπæ∫ onconeural antigens10 Paraneoplastic neurological disorders ®—¥

‡ªìπ neuronal degenerative diseases ∑’Ëæ∫‰¥â‰¡à∫àÕ¬π—°´÷Ëß‡°‘¥®“° remote effects

¢Õß¡–‡√Áß °“√§âπæ∫ onconeural antibodies (Ab) π”‰ª Ÿà¢âÕ‡ πÕ∑’Ë«à“ paraneoplastic

cerebellar degeneration ∑’Ë‡°‘¥√«¡°—∫¡–‡√Áß‡µâ“π¡·≈–¡–‡√Áß√—ß‰¢à ®—¥‡ªìπ autoimmune

disorder ∑’Ë‡°‘¥®“° humoral arm ¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬11

°“√‡°‘¥√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’ª√– ‘∑∏‘¿“æµàÕ‡´≈≈å¡–‡√Áßπ—Èπ “¡“√∂·∫àßÕÕ°‡ªìπ 3

°√–∫«π°“√ ‰¥â·°à °“√· ¥ßÕÕ°¢Õß tumour-associated antigens (TAAg) ∑’Ë‡À¡“– ¡

°“√§—¥‡≈◊Õ°·≈–°“√°√–µÿâπ (selection ·≈– activation) ¢Õß TAA-specific T cells

√Ÿª∑’Ë 2 Anti - tumour T cell response
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·≈– non-Ag-specific effectors ·≈–°“√ homing ¢Õß TAA-specific T cells ‰ª

¬—ß∫√‘‡«≥‡´≈≈å¡–‡√Áß·≈–°“√°”®—¥‡´≈≈å¡–‡√Áß∑’Ë· ¥ß TAA Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ12 ¥—ß√Ÿª

∑’Ë 2

‡´≈≈å¡–‡√Áß “¡“√∂À≈∫À≈’°√–∫∫¿Ÿ¡‘§ÿâ¡°—π‚¥¬°“√‡ª≈’Ë¬π·ª≈ß·≈–°“√ modu-

lation ¢Õß°√–∫«πµà“ßÊ ∑’Ë‰¥â°≈à“«π’È anti-tumour response ∑’Ë¡’ª√– ‘∑∏‘¿“æ‡ªìπ

°√–∫«π°“√∑’Ë´—∫´âÕπ ‡√‘Ë¡·√° peptides ∑’Ë‡°’Ë¬«¢âÕß°—∫‡´≈≈å¡–‡√Áß®–∂Ÿ°æ∫·≈–®¥®”‰¥â

‚¥¬ T cells ∑’ËÕ¬Ÿà„π°√–· ‡≈◊Õ¥·≈–∑’Ë·∑√°´÷¡Õ¬Ÿà„π‡π◊ÈÕ‡¬◊ËÕ  à«π„À≠à·≈â«®–æ∫«à“¡’ TAA

„πª√‘¡“≥‡≈Á°πâÕ¬„π solid cancers ´÷Ëß∑”„Àâ T cell clones ‰¡à “¡“√∂®¥®”ºà“π∑“ß

low affinity T cell receptor (TCR) complex ‰¥â πÕ°®“°π’È‡´≈≈å¡–‡√Áß¬—ß‰¡à¡’ co-

stimulatory molecules ´÷Ëß‡ªìπµ—«°√–µÿâπ„Àâ‡°‘¥°“√ cloning ¢Õß T cell ‡ªìπ°ÿ≠·®

 ”§—≠„π°“√ √â“ß regulatory cytokines ·≈–∑”„Àâ “¡“√∂æ—≤π“‡´≈≈å¡–‡√Áß‰ª‡ªìπ

‡´≈≈å¡–‡√Áß∑’Ë¡’§«“¡®”‡æ“–µàÕ cytotoxic T lymphocytes (CTL)13

‡ªìπ‡«≈“π“πÀ≈“¬ªï¡“·≈â«∑’Ë√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß¡πÿ…¬å‰¥â√—∫°“√»÷°…“Õ¬à“ß≈–

‡Õ’¬¥‡æ◊ËÕπ”‰ª Ÿà°“√§âπæ∫«‘∏’√—°…“¡–‡√Áß ‚¥¬‡√‘Ë¡·√°¡’°“√µ—Èß∑ƒ…Ø’«à“√–∫∫¿Ÿ¡‘§ÿâ¡°—π

¢Õß√à“ß°“¬¡’Àπâ“∑’ËµàÕµâ“π°“√‡°‘¥‡´≈≈å¡–‡√Áß‚¥¬°“√®¥®” TAA „π‡´≈≈å·≈–∑”≈“¬

‡´≈≈åπ—ÈπÊ ∂÷ß·¡â«à“√–∫∫¿Ÿ¡‘§ÿâ¡°—π®–¡’∫∑∫“∑ ”§—≠„πµàÕ°“√‡°‘¥ aetiology „π¡–‡√Áß

∫“ß™π‘¥ ·µà®“°°“√»÷°…“„πºŸâªÉ«¬∑’Ë‰¥â√—∫¬“°¥¿Ÿ¡‘§ÿâ¡°—πÀ≈—ß®“°°“√∑” allograft trans-

plantation æ∫«à“ √–∫∫¿Ÿ¡‘§ÿâ¡°—π (immune surveillance) ®–∂Ÿ°®”°—¥°“√∑”ß“π

·≈–∑”„Àâ‡°‘¥°√–∫«π°“√ pathogenesis ¢Õß‡´≈≈å¡–‡√Áß‚¥¬ à«π„À≠à Õ¬à“ß‰√°Áµ“¡

®“°°“√»÷°…“æ∫«à“√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬¡’§«“¡ “¡“√∂„π°“√µàÕµâ“π°“√‡°‘¥¡–‡√Áß2

Lymphoid Infiltrates „π¡–‡√Áß

°“√ Infiltration ¢Õß lymphoid cells æ∫‰¥â∫àÕ¬„π‡´≈≈å¡–‡√Áß¢Õß§π·≈–®—¥

‡ªìπ marker  ”§—≠ ”À√—∫√–∫∫¿Ÿ¡§ÿâ¡°—π¢Õß√à“ß°“¬∑’Ë®–µàÕµâ“π‡´≈≈å¡–‡√Áß ®“°°“√

»÷°…“ºŸâªÉ«¬¡–‡√Áß‡µâ“π¡æ∫«à“ 17% ¢ÕßºŸâªÉ«¬®”π«π 1919 §π æ∫«à“¡’°“√‡°‘¥ Infiltra-

tion ¢Õß‡´≈≈å lymphocytes14 ºŸâªÉ«¬‰¥â∂Ÿ°·∫àß‡ªìπ°≈ÿà¡Ê µ“¡Õ“¬ÿ‰¥â·°à ºŸâªÉ«¬∑’ËÕ“¬ÿ

πâÕ¬°«à“ 40 ªï ºŸâªÉ«¬Õ“¬ÿ√–À«à“ß 40-49 ªï ·≈–ºŸâªÉ«¬Õ“¬ÿ 50 ªï ∂÷ß·¡â«à“°“√‡°‘¥ infiltra-
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tion ¢Õß lymphocytes ®–æ∫‰¥â„πª√‘¡“≥∑’Ë„°≈â‡§’¬ß°—π„π·µà≈–°≈ÿà¡ ·µà®–æ∫º≈∑’Ë

™—¥‡®π√–À«à“ß°“√√Õ¥™’«‘µ°—∫°“√¡’Õ¬Ÿà¢Õß lymphocytes „πºŸâªÉ«¬Õ“¬ÿπâÕ¬°«à“ 40 ªï

®“°°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈µà“ßÊ ‰¥â·°à lymphoid infiltration, ¢π“¥¢Õß¡–‡√Áß·≈– nodal

status æ∫«à“ lymphoid infiltration ‡ªìπ independent marker  ”À√—∫°“√∫Õ°

æ¬“°√≥å‚√§„πºŸâÀ≠‘ß∑’Ë¡’Õ“¬ÿπâÕ¬°«à“ 40 ªï (relative risk 2.86, p < 0:001) Õ¬à“ß‰√

°Áµ“¡ ”À√—∫ºŸâÀ≠‘ßÕ“¬ÿ¡“°°«à“ 40 ªï ‰¡àæ∫«à“¡’§«“¡‡°’Ë¬«‡π◊ËÕß√–À«à“ß lymphoid infil-

tration ·≈–°“√∫Õ°æ¬“°√≥å‚√§ º≈∑’Ë¢—¥·¬âß°—ππ’ÈÕ“®‡π◊ËÕß¡“®“°§«“¡·µ°µà“ß¢Õß

√–∫∫¿Ÿ¡‘§ÿâ¡°—π„πºŸâÀ≠‘ß∑’ËÕ“¬ÿ¡“°°«à“À√◊Õº≈Õ“®®–· ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡·µ°µà“ß∑“ß

™’««‘∑¬“„π‡´≈≈å¡–‡√Áß„πºŸâÀ≠‘ß∑’ËÕ“¬ÿπâÕ¬°«à“‡¡◊ËÕ‡∑’¬∫°—∫ºŸâÀ≠‘ß∑’Ë¡’Õ“¬ÿ¡“°°«à“ 40 ªï

√Ÿª∑’Ë 3 Anti-tumour Cytotoxic T cell response
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Õ¬à“ß‰√°Áµ“¡°“√»÷°…“¥—ß°≈à“«π’È¬—ß‰¡à‡ªìπ∑’Ë·πà™—¥‡π◊ËÕß®“°®”π«π¢ÕßºŸâÀ≠‘ß∑’ËÕ“¬ÿπâÕ¬°«à“

40 ªï∑’Ë„™â„π°“√»÷°…“π’È®—¥«à“¡’®”π«ππâÕ¬„π∑“ß ∂‘µ‘ (n = 199)14

®“°°“√»÷°…“„πºŸâÀ≠‘ß∑’Ë‡ªìπ¡–‡√Áß‡µâ“π¡ ®”π«π 644 §π„πÕ’°°“√»÷°…“Àπ÷Ëß

„Àâ¢âÕ¡Ÿ≈∑’Ë¢—¥·¬âß°—∫¢âÕ¡Ÿ≈¢â“ßµâπ ¥â·°à °“√æ∫ lymphoplasmacytic infiltration

Õ¬à“ßÀπ“·πàπ„π∫√‘‡«≥∑’Ë‡°‘¥¡–‡√Áßπ—Èπ¡’§«“¡‡°’Ë¬«‡π◊ËÕß°—∫°“√æ¬“°√≥å‚√§∑’Ë‰¡à¥’ °“√∑’Ë

®–‡ª√’¬∫‡∑’¬∫º≈¢Õß°“√»÷°…“µà“ßÊ π—Èπ∑”‰¥â§àÕπ¢â“ß¬“°‡π◊ËÕß®“°‰¡à‰¥â¡’°“√„Àâ

§”π‘¬“¡·≈–°“√ classification ¢Õß°“√‡°‘¥ lymphoid infiltration ‡Õ“‰«â„π°“√»÷°…“

µà“ßÊ ‡æ√“–©–π—Èπ§«“¡ ”§—≠¢Õß lymphoid infiltration „π¡–‡√Áß‡µâ“π¡π—Èπ¬—ß‡ªìπ∑’Ë‚µâ·¬âß

Õ¬Ÿà15

°“√»÷°…“∑’Ë‰¥â°≈à“«¡“·≈â«¢â“ßµâπ‰¡à‰¥â¡’°“√·¬°ª√–‡¿∑¢Õß lymphocytes

‡™àπ B cells, CD8+ T cells, CD4+ T cells ·≈–‰¡à‰¥â°≈à“«∂÷ß activation status ¢Õß

lymphocytes ‰¥â·°à CD69+, CD25+ ‡æ√“–«à“‡ªìπ‰ª‰¥â¬“°∑’Ë®–∑√“∫«à“ infiltrating

lymphocytes °”≈—ß∂Ÿ°°√–µÿâπ‚¥¬ TAA À√◊Õ‰¡à ¡’°“√»÷°…“µà“ßÊ æ¬“¬“¡∑’Ë®–∑√“∫∂÷ß

phenotype ¢Õß infiltrating T cells „π¡–‡√Áß ‚¥¬æ∫«à“¡’°“√· ¥ß HLA-DR, CD25

√Ÿª∑’Ë 4 Tumour infiltrating cells
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·≈– CD71 ‚¥¬ tumour-infiltrating lymphocytes (TIL) „π in vivo16 ·µàÕ¬à“ß‰√

°Áµ“¡‰¡à¡’¢âÕ¡Ÿ≈∑’Ë®– π—∫ πÿπ‰¥â«à“ T cells ∂Ÿ°°√–µÿâπ‚¥¬ TAA µàÕ¡“‰¥â¡’°“√»÷°…“

‚¥¬·¬° TIL ®“°°âÕπ‡π◊ÈÕßÕ°¢ÕßºŸâÀ≠‘ß 10 §π∑’Ë‡ªìπ¡–‡√Áß‡µâ“π¡·≈–‰¥âπ” TIL ‰ª

‡æ“–‡≈’È¬ß„π in vitro √à«¡°—∫ autologous tumour cells ·≈– recombinant interleukin-

2 (IL-2) °“√‡æ“–‡≈’È¬ß¥—ß°≈à“«‰¥â∂Ÿ°»÷°…“∑’Ë‡«≈“µà“ßÊ ‡æ◊ËÕÀ“§«“¡ “¡“√∂„π°“√µàÕµâ“π

autologous ·≈– allogeneic tumour º≈®“°°“√»÷°…“æ∫«à“ TIL  “¡“√∂∑”„Àâ‡°‘¥

cytotoxic reactivity µàÕ‡´≈≈å¡–‡√Áß·≈–ªØ‘°‘√‘¬“π’È “¡“√∂∂Ÿ°¬—∫¬—Èß‚¥¬ antibodies ∑’Ë

specific µàÕ MHC class I À√◊Õ CD3 ®“°¢âÕ¡Ÿ≈¥—ß°≈à“«· ¥ß„Àâ‡ÀÁπ«à“ TIL ∫“ß™π‘¥

 “¡“√∂¶à“‡´≈≈å¡–‡√Áß∑’Ë»÷°…“„π in vitro ·µà‰¡à¡’¢âÕ¡Ÿ≈∑’Ë®–¬◊π¬—π«à“ªØ‘°‘√‘¬“π’È®–‡°‘¥„π

in vivo17

Dendritic Cell Infiltrates „π¡–‡√Áß

®“°°“√»÷°…“æ∫«à“¡’°“√‡°‘¥ T cell ·≈– humoral immune responses µàÕ

ºŸâªÉ«¬¡–‡√Áß∫“ß√“¬∑’Ëæ∫ antigens (Ag) ‡™àπ °“√µÕ∫ πÕßµàÕ HER2/cerbB2 · ¥ß

„Àâ‡ÀÁπ∂÷ß°“√‡°‘¥ anti-tumour immune responses „π in vivo °“√»÷°…“∑’Ë§âπæ∫„π

™à«ß‡«≈“‰¡àπ“π¡“π’È®–‡πâπ‰ª∑’Ë°“√‡°‘¥ immune responses ‚¥¬ dendritic cells (DC)18

DC æ∫„π‡π◊ÈÕ‡¬◊ËÕ∑—Ë«‰ª´÷Ëß®–∑”Àπâ“∑’Ë·∫∫ sentinels ‚¥¬®–®—∫ Ag ·≈– processing

antigens, DC ∑’Ëæ∫„π lymphoid ·≈– nonlymphoid tissues ¡’Àπâ“∑’Ë 2 ·∫∫∑’Ë∑—∫

´âÕπ°—π ‚¥¬„π nonlymphoid tissues DC ®–∂Ÿ°®—¥«à“‡ªìπ Immature DC ‡π◊ËÕß®“°

‰¡à “¡“√∂∑’Ë®–°√–µÿâπ T cells ‰¥â immature DC ¡’§«“¡ “¡“√∂∑’Ë®–®—∫ ‘Ëß·ª≈°

ª≈Õ¡¿“¬πÕ°‚¥¬«‘∏’ phagocytosis, macropinocytosis À√◊Õ receptor-mediated

endocytosis ºà“π∑“ß Fc receptors À√◊Õ∑’Ë‡√’¬°«à“ pathogen-related receptors  à«π

mature DC ¡’∫∑∫“∑ ”§—≠„π°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π‚¥¬

Õ“»—¬ªí®®—¬µà“ßÊ ‰¥â·°à ‡™◊ÈÕ‚√§ ·≈– ‘Ëß·ª≈°ª≈Õ¡∑’Ë∑”„Àâ‡°‘¥°“√Õ—°‡ ∫ „π√–À«à“ß

°√–∫«π maturation ¢Õß DC æ∫«à“ DC ®– Ÿ≠‡ ’¬§«“¡ “¡“√∂∑’Ë®–®—∫ antigen

·µà®–¡’§«“¡ “¡“√∂∑’Ë‡æ‘Ë¡¢÷Èπ∑’Ë®–· ¥ß peptides ́ ÷Ëß‰¥â¡“®“°¢—ÈπµÕπ∑’ËµàÕ‡π◊ËÕß¢Õß°“√‡°‘¥

antigen capture ·≈– processed endogenously °àÕπÀπâ“π’È À≈—ß®“°∑’Ëºà“π
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°√–∫«π°“√¥—ß°≈à“«·≈â« DC ®–‡§≈◊ËÕπµ—« (migration) ‰ª¬—ß lymphoid tissue ´÷Ëß

‡ªìπ∑’Ë∑’Ë DC ®–°≈“¬‡ªìπ mature DC  ‚¥¬¡’°“√ up regulate co-stimulatory

molecules ‡™àπ CD80 ·≈– CD86, CD40, MHC class II ·≈– intercellular adhesion

molecules DC ∑’Ë mature ·≈â«„π lymphoid tissue ®÷ß®– “¡“√∂· ¥ß antigens

·≈–°√–µÿâπ naive T cells19 ®“°°“√»÷°…“‡°’Ë¬«°—∫°“√°√–®“¬µ—«¢Õß immature ·≈–

mature DC „π primary breast tumours20 æ∫«à“¡’ markers ∑’Ëº‘«‡´≈≈å·≈– intracel-

lular ´÷Ëß “¡“√∂„™â·¬°§«“¡·µ°µà“ß√–À«à“ß immature ·≈– mature DC ‡¡◊ËÕ¡’°“√

»÷°…“„Àâ antibodies µàÕ markers ‡À≈à“π’Èæ∫«à“ immature DC ®–æ∫„π‡´≈≈å¡–‡√Áß

„π¢≥–∑’Ë mature DC ®–æ∫„π∫√‘‡«≥√Õ∫πÕ°¢Õß‡´≈≈å¡–‡√Áß (peritumoural areas)20

„π∫“ß°√≥’æ∫«à“¡’ T cells ‡°“–°≈ÿà¡√Õ∫Ê mature DC „π∫√‘‡«≥√Õ∫πÕ°¢Õß‡´≈≈å¡–‡√Áß

°“√‡°“–°≈ÿà¡·∫∫π’È®–§≈â“¬°—∫∑’Ëæ∫„π secondary lymphoid organs ´÷ËßÕ“®®–‡√’¬°

‰¥â«à“‡ªìπ°√–∫«π°“√µÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π ·µà DC ∑—Èß 2 ·∫∫π’Èæ∫‰¥âπâÕ¬„π

‡´≈≈å¢Õß‡µâ“π¡∑’Ëª°µ‘ infiltrating lymphocytes ∑’Ëæ∫‡ªìπ à«π„À≠à‰¥â·°à CD3+ CD8+

´÷Ëß„™â®—¥‡ªìπ activation markers ·µà‡ªìπ markers ∑’Ë¡’ —¥ à«ππâÕ¬°«à“ 10% Õ¬à“ß‰√

°Áµ“¡¢âÕ —ß‡°µµà“ß∑’Ë‰¥â°≈à“«¡“·≈â«π—Èπ¬—ß‰¡à “¡“√∂π”¡“„™â‡ªìπ¢âÕ¡Ÿ≈¬◊π¬—π∂÷ß§«“¡

 “¡“√∂µàÕµâ“π‡´≈≈å¡–‡√Áß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‰¥â ‡π◊ËÕß®“°¡’®”π«π°“√»÷°…“‰¡à¡“°

æÕ∑’Ë®–„Àâ¢âÕ √ÿª∑’Ë·πà™—¥µàÕ§«“¡ —¡æ—π∏å√–À«à“ß histological appearance ·≈–

æ¬“°√≥å‚√§

°≈‰°¢Õß Immune Evasion „π¡–‡√Áß

∂÷ß·¡â«à“√–∫∫¿Ÿ¡‘§ÿâ¡°—π®–¡’ infiltrating lymphocytes ∑’Ë∑”Àπâ“∑’ËµàÕµâ“π‡´≈≈å

¡–‡√Áß ·µà‡´≈≈å¡–‡√Áß°Á¬—ß “¡“√∂∑’Ë®–À≈∫À≈’°°“√µàÕµâ“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‰ª‰¥â  ”À√—∫

T cells ∑—Ë«Ê ‰ªπ—Èπ‰¡à “¡“√∂®¥®” native protein ‰¥â ·µà cytotoxic T lymphocytes

 à«π„À≠à·≈â«  “¡“√∂®¥®” 9-11 amino acid peptide sequences ∑’Ëæ∫‡¡◊ËÕ native

protein ®—∫Õ¬Ÿà°—∫ MHC class I ¿“¬„π‡´≈≈å native protein ®–∂Ÿ° cleaved ‚¥¬

proteasome complex  àßº≈„Àâ peptides ∂Ÿ°· ¥ß∫πº‘«¢Õß‡´≈≈å·≈–®—∫°—∫ MHC

class I ¥—ßπ—Èπ§«“¡ “¡“√∂¢Õß TAA-specific T cells „π°“√¶à“‡´≈≈å¡–‡√Áß®–¢÷ÈπÕ¬Ÿà
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°—∫°“√ processing ·≈–°“√· ¥ß antigen ‡ªÑ“À¡“¬∫πº‘«‡´≈≈å¢Õß‡´≈≈å¡–‡√Áß‡æ◊ËÕ®–

®—∫°—∫ MHC class I13 ®“°°“√»÷°…“µà“ßÊ æ∫«à“ primary ·≈– metastasis cancers

 à«π„À≠à¡’§«“¡∫°æ√àÕß„π pathways ¥—ß°≈à“« ¥—ßπ—Èπ∂÷ß·¡â«à“√–∫∫¿Ÿ¡‘§ÿâ¡°—π®–∂Ÿ°

°√–µÿâπ„Àâ¡’§«“¡ specific µàÕ‡´≈≈å¡–‡√Áß·µà tumour-specific T cells Õ“®‰¡à “¡“√∂

®¥®”‡´≈≈å¡–‡√Áß„π in vivo ‡π◊ËÕß®“°‡´≈≈å¡–‡√Áß®–‰¡à· ¥ß antigen ∫πº‘«‡´≈≈å °“√∑’Ë

antigen ‰¡à∂Ÿ°· ¥ß∫πº‘«¢Õß‡´≈≈å¡–‡√Áßπ—Èπ‡√’¬°«à“ antigen loss ´÷Ëß∂◊Õ‰¥â«à“√–∫∫

¿Ÿ¡‘§ÿâ¡°—π‰¥â∂Ÿ°√ÿ°√“π·≈â« ®“°°“√»÷°…“„πºŸâªÉ«¬∑’Ë‡ªìπ metastasis melanoma æ∫«à“

¡’°“√ √â“ß cellular immune responses µàÕ melanoma-associated antigens ·µà

®“°°“√µ√«®∑“ßæ¬“∏‘«‘∑¬“„πºŸâªÉ«¬∑’Ë‡ªìπ progressive disease ‰¡àæ∫ antigen

‡ªÑ“À¡“¬„π‡´≈≈å melanoma °“√∑’Ë®–®—¥°“√°—∫ªí≠À“‡À≈à“π’È‰¥âπ—Èπ °“√»÷°…“„πÕπ“§µ

®÷ßæÿàß‡ªÑ“‰ª∑’Ë antigens ‡ªÑ“À¡“¬Õ◊ËπÊ À√◊Õ TAA ¡“°°«à“ 1 ™π‘¥ ´÷Ëß‡ªìπ‡ªÑ“À¡“¬∑’Ë¡’

§«“¡®”‡ªìπµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å∑’Ë¡’ neoplastic phenotype πÕ°®“°π’È cytokines

™π‘¥µà“ßÊ „π tumour milieu °Á¡’§«“¡ ”§—≠µàÕ°“√∑”ß“π¢Õß‡´≈≈å„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π

®“°°“√»÷°…“‚¥¬„™â antigens ®“° EL4 lymphoma cells ¢ÕßÀπŸ ‡æ◊ËÕ»÷°…“«à“°“√

expression ¢Õß co-stimulation B-7 ·≈– CD28 ¡’º≈µàÕ°“√‡°‘¥ tolerance À√◊Õ re-

jection ¢Õß TAAgs21 ‡π◊ËÕß®“° CTL epitopes ∑’Ë¡’„π EL4 cells π—Èπ‰¡à “¡√∂§âπæ∫

‰¥â°àÕπÀπâ“π’È®÷ß®”‡ªìπ∑’Ë®–µâÕß isolate ·≈– purify MHC class I-associated pep-

tides ‚¥¬„™â affinity chromatography √«¡°—∫ reversed-phase high-pressure liq-

uid chromatography ®“°°“√∑’Ë cytotoxic T lymphocytes ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬ B7-1

transfected EL4 cells æ∫«à“®–¡’Õ¬à“ßπâÕ¬ 6 epitopes ∑’Ë·µ°µà“ß°—π„π parental EL4

cells ·µà°“√∑’Ë CTLs ®–∂Ÿ°°√–µÿâπ‚¥¬ parental EL4 cells ‰¥âπ—Èπ®–Õ“»—¬·§à°“√®¥®”

dominant epitope ‡¥’Ë¬«Ê ‡∑à“π—Èπ º≈°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π∑’Ë

≈â¡‡À≈«‡°‘¥‡π◊ËÕß¡“®“°°“√À“¬‰ª¢Õß antigen ∑’Ëº‘«‡´≈≈å (Ag çsilencingé) ·≈–π”‰ª

 Ÿà°“√ tolerance ¢Õß‡´≈≈å¡–‡√Áß πÕ°®“°π’È°“√®–°√–µÿâπ CTLs ‡æ◊ËÕ„ÀâµàÕµâ“π domi-

nant epitopes ¢Õß B7+ „π‡´≈≈å¡–‡√Áß¬—ß¢÷ÈπÕ¬Ÿà°—∫ B7 co-stimulation ¢Õß B7+ „π

host cells ¥â«¬ °“√„Àâ CTLA-4-Ig ´÷Ëß‡ªìπ fusion protein ‡æ◊ËÕ‰ª¬—∫¬—Èß°“√®—∫°—π¢Õß

B7-CD28 ®–‡ªìπ°“√¬—∫¬—Èß°“√‡°‘¥ CTL responses „πÀπŸ∑’Ë¡’‡´≈≈å¡–‡√Áß21 °“√»÷°…“
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µà“ßÊ ‡°’Ë¬«°—∫°“√ √â“ß cytokine ‚¥¬ infiltrating T cells ·≈–¿“¬„π‡´≈≈å¡–‡√Áß‚¥¬

°“√»÷°…“∑’Ë„™â immunohistochemistry ‡æ◊ËÕÀ“°“√ √â“ß cytokine ‚¥¬ T cells infil-

trating „πºŸâªÉ«¬¡–‡√Áß‡µâ“π¡ 89 §π·≈–ºŸâªÉ«¬ benign breast lesions 14 §π 22

æ∫«à“¡’°“√ √â“ß IL-2, IL-4, ·≈– TGF-β ‚¥¬ infiltrating lymphocytes „πºŸâªÉ«¬¡–‡√Áß

‡µâ“π¡¡“°°«à“ T cells „πºŸâªÉ«¬ benign breast lesions Õ¬à“ß‰√°Áµ“¡¡’ T cells ‰¡à°’Ë

™π‘¥„πºŸâªÉ«¬¡–‡√Áß‡µâ“π¡∑’Ë®– “¡“√∂ √â“ß cytokine ∑’Ë‡√’¬°«à“ interferon-gamma (IFN-

γ) ´÷Ëß cytokine µ—«π’È®—¥‡ªìπ marker  ”À√—∫°√–µÿâπ T cells „Àâ¡’ cytotoxic activity

®“°°“√§âπæ∫π’È∑”„Àâ √ÿª‰¥â«à“ infiltrating lymphocytes „πºŸâªÉ«¬¡–‡√Áß‡µâ“π¡‰¡à¡’

»—°¬¿“æ„π°“√∑”≈“¬‡´≈≈å¡–‡√Áß πÕ°®“°π’È¬—ß¡’°“√»÷°…“Õ◊ËπÊ ∑’Ë„™â transcriptase poly-

merase chain reaction (RT-PCR)23 „π°“√»÷°…“ cytokine expression „πºŸâªÉ«¬

¡–‡√Áß ®“°°“√»÷°…“ primary tumours 26 µ—«Õ¬à“ß‰¡àæ∫«à“¡’ IL-2 mRNA  à«π IL-10

∂Ÿ°æ∫„π 16 µ—«Õ¬à“ß¢Õß‡´≈≈å¡–‡√Áß·≈– 2 ®“° 11 µ—«Õ¬à“ß„π‡´≈≈åª°µ‘ IL-10 ®—¥‡ªìπ

immunosuppressive cytokine „π√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë„Àâ negative effects µàÕ anti-

gen presentation, T cell proliferation ·≈–°“√ √â“ß IL-223 πÕ°®“°π’È IL-10 ¬—ß

 “¡“√∂‡Àπ’Ë¬«¬—∫¬—Èß°“√‡°‘¥ DC maturation ∂÷ß·¡â«à“®–‰¡à “¡“√∂À“·À≈àßº≈‘µ‰¥â

·µà®“°°“√»÷°…“π’ÈºŸâ‡¢’¬π„Àâ¢âÕ‡ πÕ·π–«à“ IL-10 πà“®– “¡“√∂¬—∫¬—Èß anti-tumour

activity ¢Õß infiltrating lymphocytes ‰¥â πÕ°®“°π’È IL-10 ¬—ß “¡“√∂¬—∫¬—Èß°“√ mi-

gration ¢Õß DC ‰ª∑’Ë‡´≈≈å¡–‡√Áß‰¥âÕ’°¥â«¬ °“√ √â“ß IL-10 ‚¥¬ monocytes/macro-

phages ·≈–‚¥¬‡´≈≈å¡–‡√Áßæ∫«à“‡ªìπ°≈‰°∑’Ë ”§—≠∑’Ë‡´≈≈å¡–‡√Áß “¡“√∂„™â„π°“√À≈∫À≈’°

immune response ¢Õß host ·≈– “¡“√∂°√–µÿâπ¢¬“¬µ—« (proliferation) Õ¬à“ß§«∫§ÿ¡‰¡à

‰¥â24

Õ¬à“ß‰√°Áµ“¡∂÷ß·¡â«à“®–¡’°“√»÷°…“∫“ß°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“√–∫∫¿Ÿ¡‘§ÿâ¡°—π

 “¡“√∂¡’∫∑∫“∑„π°“√µàÕµâ“π‡´≈≈å¡–‡√Áß ·µà„π¢≥–‡¥’¬«°—π°Á¡’°“√»÷°…“∑’Ë· ¥ß„Àâ

‡ÀÁπ∂÷ß°≈‰°„π°“√°¥ ·≈–√ÿ°√“π¿Ÿ¡‘§ÿâ¡°—π¢Õß¡–‡√Áß „π∫∑§«“¡π’ÈµâÕß°“√®–°≈à“«∂÷ß

·π«∑“ß¢Õß°“√„™â√–∫∫¿Ÿ¡‘§ÿâ¡°—π„π°“√√—°…“¡–‡√Áß (tumour immunotherapy) ·≈–

°“√π”À≈—°°“√π—Èπ¡“„™â°—∫°“√√—°…“¡–‡√Áß ‡ªÑ“À¡“¬∑’Ë ”§—≠ ”À√—∫°“√√—°…“·∫∫ tumour

immunotherapy ·≈–«‘∏’µà“ßÊ ∑’Ë®–°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π‰¥â∂Ÿ°§âπæ∫¥—ß· ¥ß„πµ“√“ß∑’Ë 1
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Cell-Based Tumour Vaccine

Autologous Tumour Cell Vaccines

‡ªÑ“À¡“¬¢Õß°“√„™â tumour vaccine therapy §◊Õ°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—πµàÕ‡´≈≈å

¡–‡√Áß„Àâ√à“ß°“¬ „π∑“ß∑ƒ…Æ’·≈â««‘∏’∑’Ëßà“¬∑’Ë ÿ¥§◊Õ°“√„™â autologous tumour cells ·≈–

nonspecific adjuvant ‡æ◊ËÕ √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π (µ“√“ß∑’Ë 2) °“√„™â autologous vac-

√Ÿª∑’Ë 5 Failure of immune surveillance

µ“√“ß∑’Ë 1 °“√√—°…“·∫∫ Immunotherapy ‚¥¬Õ“»—¬√–∫∫¿Ÿ¡‘§ÿâ¡°—π„π¡–‡√Áß

Target Description

c-erbB2/HER2 Growth factor receptor

Epidermal growth factor receptor Growth factor receptor

MUC1 Cell surface mucin

Sialyl Tn Cell surface carbohydrate

GM1 Cell surface carbohydrate

PLU1 Role in regulation of gene transcription
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cines ¡’¢âÕ¥’§◊Õ autologous vaccines π—Èπ®–‰¥â MHC-matched °—∫ recipient ·µà

«à“¢âÕ‡ ’¬§◊Õ§π‰¢â®–µâÕß‰¥â√—∫°“√ºà“µ—¥‡æ◊ËÕπ”‡´≈≈å„πª√‘¡“≥∑’Ë¡“°æÕ‡æ◊ËÕ¡“‡µ√’¬¡

‡ªìπ«—§´’π (50-100 x 106 ‡´≈≈å À√◊Õ‡∑à“°—∫°âÕπ‡π◊ÈÕ‡ âπºà“»Ÿπ¬å°≈“ßª√–¡“≥ 2.5

‡´πµ‘‡¡µ√) ‚¥¬ª√‘¡“≥‡´≈≈å∑’Ë«à“π’È “¡“√∂‰¥â¡“®“°°“√√—°…“¡–‡√Áß„π§√—Èß·√°‚¥¬Õ“»—¬

°“√ºà“µ—¥´÷Ëß “¡“√∂π”À≈—°°“√¥—ß°≈à“«¡“„™â°—∫¡–‡√Áß∑’Ë‡ªìπ°âÕπ‰¥â (solid cancer) ‰¥â¡’

°“√√“¬ß“π°“√„™â autologous tumour cell vaccination °—∫ºŸâªÉ«¬¡–‡√Áß≈”‰ â25 ºŸâªÉ«¬

®”π«π 254 §π‰¥â∂Ÿ° ÿà¡‡æ◊ËÕ‰¥â√—∫ autologous tumour cell vaccination ‚¥¬„Àâ∑“ß

intradermal √à«¡°—∫°“√„Àâ Bacille Calmet-Guerin (BCG) ‡ªìπ adjuvant treatment

À√◊Õ‰¡à‰¥â√—∫°“√√—°…“Õ◊ËπÊ Õ’° ºŸâªÉ«¬®–‰¥â√—∫°“√°√–µÿâπ´È”∑ÿ°Ê  —ª¥“Àå‡ªìπ‡«≈“ 3

 —ª¥“Àå·≈–‰¥â√—∫°“√°√–µÿâπ§√—Èß ÿ¥∑â“¬À≈—ß®“°π—Èπ 6 ‡¥◊ÕπµàÕ¡“ ®“°§à“‡©≈’Ë¬„π°“√

µ‘¥µ“¡º≈∑’Ë 5.3 ªïæ∫«à“‰¡à‰¥â√—∫ª√–‚¬™πå∑—Èß∑“ß√–¬–‡«≈“∑’Ëª≈Õ¥®“°‚√§ (recurrence-

free) ·≈–Õ—µ√“°“√√Õ¥™’«‘µ (overall survival) Õ¬à“ß¡’π—¬ ”§—≠·µà ”À√—∫ºŸâªÉ«¬ node-

positive disease æ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß recurrence-free survival Õ¬à“ß¡’π—¬ ”§—≠ ´÷Ëß

¢âÕ¡Ÿ≈®“°°“√»÷°…“π’È‰¥â¡“®“°ºŸâªÉ«¬‡æ’¬ß 150 §π‡∑à“π—Èπ·≈–°“√»÷°…“‡æ‘Ë¡‡µ‘¡‡ªìπ ‘Ëß

®”‡ªìπ∑’Ë®–µâÕß∑”µàÕ‰ª ∂÷ß·¡â«à“°“√„™â autologous tumour cells ®–ßà“¬„π∑“ß∑ƒ…Æ’

·µà„π∑“ßªØ‘∫—µ‘π—Èπ∑”‰¥â§àÕπ¢â“ß¬“° Õ¬à“ß‰√°Áµ“¡ “¡“√∂∑’Ë®–π”«‘∏’¥—ß°≈à“«¡“

ª√–¬ÿ°µå„™â„π°“√√—°…“‰¥â‡æ√“–‡ªìπ«‘∏’∑’Ë¡’§«“¡‡ªìπæ‘…µàÕ√à“ß°“¬πâÕ¬·≈–§ÿâ¡§à“µàÕ°“√

»÷°…“‡æ‘Ë¡‡µ‘¡

µ“√“ß∑’Ë 2 Tumour Cell Vaccines

™π‘¥¢Õß‡´≈≈å ¢âÕ¥’ ¢âÕ‡ ’¬

Autologous tumour cells - §«“¡‡À¡◊Õπ°—π¢Õß MHC haplotype - ¬“°„π°“√‡µ√’¬¡

- πà“®–¡’§«“¡®”‡æ“–‡®“–®ßµàÕ - ®”π«π‡´≈≈å¡’®”°—¥„πºŸâªÉ«¬π—Èπ

Allogeneic tumour cells - ®”π«π‡´≈≈å‰¡à®”°—¥ - Õ“®‰¡à¡’§«“¡§≈â“¬§≈÷ß°—∫

- ßà“¬„π°“√‡µ√’¬¡ ‡´≈≈å¡–‡√Áß¢ÕßºŸâªÉ«¬

- Õ“®™à«¬‡æ‘Ë¡ immunogenicity - MHC-mismatch
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Autologous tumour cells ‰¥â∂Ÿ°¥—¥·ª≈ß„π ex vivo ‰¥â·°à °“√ transfec-

tion ¥â«¬ genes encoding cytokines ‡æ◊ËÕ‡æ‘Ë¡ immunogenicity °“√¥—¥·ª≈ß

‡´≈≈å¥—ß°≈à“«∑”„Àâ‡°‘¥‡ªìπ cancer vaccines °“√»÷°…“¥—ß°≈à“«‰¥â∂Ÿ°®”°—¥Õ¬Ÿà„πºŸâªÉ«¬

melanoma ‡æ√“– melanoma cells π—Èπßà“¬µàÕ°“√‡æ“–‡≈’È¬ß„π in vitro ·≈–ºŸâªÉ«¬

¡—°®–‰¥â√—∫°“√ºà“µ—¥ metastatic disease  à«π°“√‡æ“–‡´≈≈å¡–‡√ÁßÕ◊ËπÊ ¢Õß¡πÿ…¬å„π

√–¬–‡√‘Ë¡·√°∑”‰¥â§àÕπ¢â“ß¬“°  ‡æ√“–©–π—Èπ°“√¥—¥·ª≈ß∑“ßæ—π∏ÿ°√√¡„π ex vivo ¢Õß

autologous tumour cells π—Èπ¬—ß‰¡àæ√âÕ¡∑’Ë®–π”¡“„™â„πºŸâªÉ«¬¡–‡√Áß∑—Ë«‰ª26

Allogeneic Tumour Cell Vaccines

Allogeneic vaccines æ—≤π“¡“®“° tumour cell lines ∑’Ë¡’ multiple tu-

mour associated antigen (TAA) ·≈– MHC expression ∑’Ë§àÕπ¢â“ß°«â“ß (µ“√“ß∑’Ë 2)

allogeneic vaccines πà“®–¡’§«“¡‡ªìπ immunogenic ¡“°°«à“ autologous vaccines

‡æ√“–«à“ allogeneic vaccines ∑”„Àâ‡°‘¥ immune response ∑’ËµàÕµâ“π foreign MHC

antigens ´÷Ëßπà“®–‡Àπ’Ë¬«π”„Àâ‡°‘¥ T helper cell response ∑’Ë‡¢â¡·¢Áß  àßº≈„ÀâµÕ∫

 πÕßµàÕ TAA πÕ°®“°π’È allogeneic cell-based vaccines  “¡“√∂™à«¬„Àâ√–∫∫

¿Ÿ¡‘§ÿâ¡°—π§ÿâπ‡§¬°—∫ multiple known tumour antigens ·≈– unidentified tumour

antigens ‰¥â °“√»÷°…“‡°’Ë¬«°—∫°“√· ¥ß antigen ∫πº‘«‡´≈≈å (antigen presenta-

tion) ·≈–°“√°√–µÿâπ T cell (T cell activation) Õ¬à“ß≈–‡Õ’¬¥∑”„Àâ “¡“√∂π”§«“¡√Ÿâ

‡À≈à“π’È¡“„™â‡æ◊ËÕ°“√º≈‘µ allogeneic tumour cell vaccines ∑’Ë¡’§«“¡‡ªìπ‰ª‰¥â¡“°¬‘Ëß

¢÷Èπ ®“°°“√»÷°…“„π —µ«åæ∫«à“ bone marrow-derived APCs  “¡“√∂ endocytose

antigen ¢Õß‡´≈≈å¡–‡√Áß·≈–· ¥ß antigen ‡À≈à“π’ÈµàÕ CD4+ and CD8+ ∑’ËÕ¬Ÿà∫π T

cells ‰¥â °√–∫«π°“√π’È∂Ÿ°‡√’¬°«à“ cross-priming27,28 ·≈–„Àâ¢âÕ‡ πÕ·π–«à“°“√∑”«—§ ’́π

 ”À√—∫‡´≈≈å¡–‡√Áßπ—Èπ‰¡à®”‡ªìπµâÕß‡¢â“°—π‰¥â°—∫ MHC haplotype ¢ÕßºŸâ√—∫«—§´’π‡æ◊ËÕ„Àâ

‡°‘¥°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë®”‡æ“–µàÕ‡´≈≈å¡–‡√Áß

Allogeneic tumour cell vaccines ‰¥â∂Ÿ°π”¡“»÷°…“„π clinical trials °“√

»÷°…“ à«π„À≠à®–¡ÿàß‡πâπ‰ª∑’ËºŸâªÉ«¬ melanoma ®“°°“√»÷°…“æ∫«à“°“√„Àâ«—§´’π·∫∫

allogeneic melanoma cell  “¡“√∂‡æ‘Ë¡Õ—µ√“°“√√Õ¥™’«‘µ‰¥â‡¡◊ËÕ‡∑’¬∫°—∫ controls29,30
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°“√∑”°“√»÷°…“·∫∫ ÿà¡ prospective randomized trials Õ¬Ÿà„π¢—ÈπµÕπ„π°“√§âπ§«â“

‡æ◊ËÕ»÷°…“°“√√—°…“π’È„Àâ≈–‡Õ’¬¥¬‘Ëß¢÷Èπ31 ‡´≈≈å¡–‡√Áß¢Õß§π à«π„À≠àπ—Èπ¬“°µàÕ°“√‡æ“–„π

in vitro ‡¡◊ËÕπ”‡´≈≈å‡À≈à“π’È¡“®“° primary tumours ‚¥¬ à«π„À≠à·≈â« cell lines ¡—°

®–π”¡“®“° pleural À√◊Õ peritoneal metastatic disease Õ¬à“ß‰√°Áµ“¡ phenotype

µà“ßÊ ¢Õß cell lines ¢Õß¡–‡√Áß‡µâ“π¡¬°µ—«Õ¬à“ß‡™àπ MCF-7, T47D ·≈– ZR75 ¡’

§«“¡‡À¡◊Õπ°—∫ primary breast cancers ∑—Ë«Ê ‰ª„π‡√◊ËÕß¢Õß°“√· ¥ß antigen ∫π

º‘«‡´≈≈å

Dendritic Cell Tumour Vaccines

Antigen presenting cell (APC) ¡’§«“¡ ”§—≠„π°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’§«“¡

®”‡æ“–‡®“–®ß¬°µ—«Õ¬à“ß‡™àπ DC ́ ÷Ëß∑”„Àâ “¡“√∂π”¡“„™â‡ªìπ«—§´’π ”À√—∫¡–‡√Áß32-34 °“√

»÷°…“„π —µ«å·≈–§π· ¥ß„Àâ‡ÀÁπ«à“ autologous DC ∑’Ë®—∫°—∫ antigen „π in vitro ·≈–

©’¥°≈—∫‰ª„π√à“ß°“¬ “¡“√∂°√–µÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π´÷Ëßπ”‰ª Ÿà°“√ √â“ß°√–∫«π°“√¬—∫¬—Èß

°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å¡–‡√Áß„π in vivo ·µà°“√»÷°…“π’È¡’¢âÕ®”°—¥∑’Ë«à“ ‰¡à “¡“√∂ √â“ß

√Ÿª∑’Ë 6 Active specific immunotherapy
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DC ‰¥â„π®”π«π‡æ’¬ßæÕ ́ ÷Ëß„πªí®®ÿ∫—πªí≠À“π’È‰¡à„™àªí≠À“Õ’°µàÕ‰ª‡æ√“–«à“‡√“ “¡“√∂ √â“ß

DC ®“° peripheral blood ‚¥¬„™â cytokine combination √–À«à“ß GM-CSF ·≈– IL-

435 ®“°°“√»÷°…“„π —µ«å DC ∑’Ë‰¥â®“° peripheral blood ®–‡§≈◊ËÕπµ—« (migration)

®“°∫√‘‡«≥∑’Ë©’¥‰ª¬—ß lymph nodes °“√§âπæ∫π’È· ¥ß„Àâ‡ÀÁπ«à“ DC ∑’Ë‰¥â¡“®“° peripheral

blood ·≈– differentiated „π in vitro Õ“®®–‡ªìπ∑“ß‡≈◊Õ°„À¡à ”À√—∫ tumour immu-

notherapy4

®“°°“√»÷°…“∑“ß clinic ‚¥¬°“√π” peptide- ·≈– tumour cell lysate ∑’Ë

pulsed µ‘¥°—∫ autologous DC ‚¥¬»÷°…“°—∫ºŸâªÉ«¬ metastatic melanoma35 ‚¥¬

pulsed DC ®–∂Ÿ°©’¥‡¢â“‰ª ŸàµàÕ¡πÈ”‡À≈◊Õß‚¥¬µ√ß‚¥¬Õ“»—¬°“√∑”Õ—≈µ√“´“«¥å‡ªìπµ—«

™à«¬π”∑“ß æ∫«à“ 5 „π 16 ¢ÕßºŸâªÉ«¬∑’Ë‡ªìπ metastatic melanoma „Àâº≈µÕ∫ πÕß

∑“ß§≈‘π‘° ‚¥¬æ∫«à“¡’ºŸâªÉ«¬ 2 §π„Àâº≈µÕ∫ πÕß∑’Ë ¡∫Ÿ√≥å·∫∫‡ªìπ‡«≈“π“π°«à“ 1 ªï

πÕ°®“°π’ÈºŸâªÉ«¬∑’Ë„Àâº≈µÕ∫ πÕß∑“ß§≈‘π‘°∑—ÈßÀ¡¥¬—ß„Àâº≈∑’Ë∫«° ‡¡◊ËÕ∑” antigen-spe-

cific skin test reactivity ®”π«π 2 „π 5 ¢ÕßºŸâªÉ«¬∑’ËµÕ∫ πÕßµàÕ tumour cell ly-

sate-pulsed DC ∑’Ë‰¥â√—∫π—Èπ ‰¡à “¡“√–√–∫ÿ tumour antigens ‰¥â

¥â«¬‡Àµÿπ’È°√–∫«π°“√π’È®÷ßπà“®– “¡“√∂π”‰ªª√—∫„™â°—∫ºŸâªÉ«¬¡–‡√Áß™π‘¥Õ◊ËπÊ

∑’Ë‰¡à “¡“√∂æ∫ tumour antigens ∑’Ëº‘«‡´≈≈åÕ¬à“ß™—¥‡®π¬°µ—«Õ¬à“ß‡™àπ ¡–‡√Áß‡µâ“π¡

Peptide-pulsed DC  ¬—ß‡§¬∂Ÿ°π”‰ª„™â„πºŸâªÉ«¬∑’Ë‡ªìπ advanced melanoma36

Autologous DC ∑’Ë®—∫°—∫ Mage-3A1 peptide ‰¥â∂Ÿ°„Àâ„πºŸâªÉ«¬ 11 §π æ∫«à“¡’°“√

‡æ‘Ë¡®”π«π¢Õß Mage-3A1-specific CTL ·≈–æ∫º≈°“√µÕ∫ πÕß∑“ß§≈‘π‘°„πºŸâªÉ«¬

6 §π πÕ°®“°π’È autologous DC ∑’Ë®—∫°—∫ MUC1-derived peptides ‰¥â∂Ÿ°»÷°…“

„πºŸâªÉ«¬∑’Ë‡ªìπ¡–‡√Áß‡µâ“π¡À√◊Õ√—ß‰¢à„π√–¬– advance „π°“√»÷°…“π’È∂÷ß·¡â®–æ∫ MUC1

peptide specific T cells ·µà‰¡àæ∫º≈°“√µÕ∫ πÕß∑“ß§≈‘π‘°À≈—ß®“°∑’ËªØ‘∫—µ‘µ“¡

¢âÕªØ‘∫—µ‘∑—ÈßÀ¡¥·≈â«°Áµ“¡37

·π«∑“ß°“√√—°…“Õ’°∑“ß‡≈◊Õ°Àπ÷Ëß‚¥¬ tumour antigen ‰¡àµâÕß∂Ÿ° cloned

§◊Õ°“√‡™◊ËÕ¡µàÕ (fusion) ‡´≈≈å¡–‡√Áß°—∫ DC33 °“√‡™◊ËÕ¡µàÕ°—πÕ“®®–‡ªìπ°“√√«¡ target

antigens ∑’Ë‰¥â¡“®“°‡´≈≈å¡–‡√Áß‡¢â“°—∫§«“¡ “¡“√∂„π°“√· ¥ß∑’Ëº‘«‡´≈≈å¢Õß DC ´÷Ëß

®– “¡“√∂∑”„Àâ‡°‘¥°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’§«“¡®”‡æ“–‡®“–®ßµàÕ‡´≈≈å¡–‡√Áß ®“°°“√
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»÷°…“‚¥¬π”ºŸâªÉ«¬ metastatic renal cell cancer ¡“©’¥∑“ß„µâº‘«Àπ—ß¥â«¬ autologous

tumour cells ∑’Ë‡™◊ËÕ¡µàÕ°—∫ allogeneic DC38 æ∫«à“ºŸâªÉ«¬ 17 §π„Àâº≈µÕ∫ πÕß ‚¥¬

¡’ºŸâªÉ«¬ 4 §π∑’Ë„Àâº≈µÕ∫ πÕß·∫∫ complete remissions, 2 §π„Àâº≈·∫∫ partial

remissions ·≈– 1 §π∑’Ë„Àâº≈·∫∫ mixed response ·π«∑“ßπ’È¬—ß∂Ÿ°π”‰ª„™â»÷°…“„π

‡´≈≈å¡–‡√Áß™π‘¥Õ◊ËπÊ Õ¬à“ß‰√°Áµ“¡¢âÕ®”°—¥¢Õß°“√√—°…“·π«∑“ßπ’È§◊Õ®”π«π¢Õß‡´≈≈å

¡–‡√Áß∑’Ë √â“ß‚¥¬ primary tumour ·≈– secondary ‡π◊ËÕß®“°¡–‡√Áß∫“ßÕ¬à“ß‡™àπ

¡–‡√Áß‡µâ“π¡®–‡ªìπ dense connective tissue stroma ´÷Ëß∑”„Àâ°“√π”‡´≈≈å¡–‡√Áß∫“ß

 à«π¡“‚¥¬µâÕß°“√§ß ¿“æ¢Õß‡´≈≈å‡ªìπ‰ª‰¥â¬“°

πÕ°®“°π’È DC ¬—ß‰¥â∂Ÿ° transfected ¥â«¬ RNA encoding ¢Õß TAA ‚¥¬

‡´≈≈åπ’È®– “¡“√∂°√–µÿâπ„Àâ‡°‘¥ primary CTL responses ®“°°“√»÷°…“„π§π‰¥âπ” DC

¡“ transfected ¥â«¬ RNA encoding telomerase39 telomerase ‡ªìπ ribonucle-

oprotein ∑’Ë¡’ telomeric sequences ´È”Ê ®π∂÷ß∑â“¬ ÿ¥¢Õß chromosomes §π‚¥¬

 à«π„À≠àæ∫«à“¡’ telomerase „πª√‘¡“≥∑’ËπâÕ¬À√◊Õ·∑∫‰¡à¡’‡≈¬ „π¢≥–∑’Ë telomerase

activity π—Èπ®–æ∫‡æ‘Ë¡¢÷Èπ„π‡´≈≈å¡–‡√Áß∑’Ëπ”¡“®“°§π ®“°°“√»÷°…“π’Èæ∫«à“ transfected

DC π—Èπ “¡“√∂°√–µÿâπ telomerase-specific cytotoxic T cells ‰¥â39 ®“°°“√»÷°…“∑’Ë

§≈â“¬Ê °—π‚¥¬„™â prostate cancer-derived mRNA „ à„π transfect DC æ∫«à“ CTL

∫“ß™π‘¥ “¡“√∂∑”≈“¬∑—Èß‡´≈≈å¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°·≈–‡´≈≈å∑’Ëª°µ‘40 ®“°°“√»÷°…“π’Èæ∫

«à“¡’¢âÕ®”°—¥„π°“√„™â çwhole cellé mRNA ¡“°°«à“°“√„™â mRNA ∑’Ë¡’§«“¡®”‡æ“–

‡©æ“– à«π¢Õß TAA √à«¡°—∫ transfect DC ®“°°“√»÷°…“∑”„Àâæ∫«à“°“√∑’Ë®– “¡“√∂

‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß°“√»÷°…“π’È “¡“√∂∑”‰¥â‚¥¬°“√·¬° RNA ®“°‡´≈≈å¡–‡√Áß®”π«π

πâÕ¬ ·≈– àßº≈„Àâ‡°‘¥°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—πµàÕ tumour antigens ∑’Ë¡’§«“¡‡©æ“–‡®“–®ß

Peptide Tumour Vaccines

Tumour associated antigen (TAA) ∂Ÿ° cloned ‡ªìπ®”π«π¡“° ‡æ◊ËÕ®–‰¥â

∑√“∫∂÷ß‚§√ß √â“ß¢Õß class I ·≈– class II MHC ∑”„Àâ “¡“√∂√–∫ÿ MHC-binding

regions ®“° amino acid sequence ¢Õß TAA, MHC binding peptides π’È∂Ÿ°„™â„π

tumour immunotherapy æ∫«à“¡’°“√»÷°…“ Phase I/II ∑“ß clinic ‚¥¬„™â peptide
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vaccines „πºŸâªÉ«¬∑’Ë‡ªìπ melanoma °“√»÷°…“‚¥¬ à«π„À≠àæ∫«à“§«“¡‡ªìπæ‘…¡’πâÕ¬

·≈–æ∫º≈°“√µÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π·≈–„Àâº≈µÕ∫ πÕß∑“ß clinic „π√–¥—∫Àπ÷Ëß41

HER-2 ‡ªìπ ¡“™‘°¢Õß epidermal growth factor receptor superfamily

·≈–æ∫«à“‡°‘¥°“√ overexpression „πºŸâªÉ«¬∂÷ß 1 „π 3 ¢Õß primary breast cancers

„πºŸâªÉ«¬ advanced breast cancer  “¡“√∂ √â“ß cytotoxic ·≈– helper T cell ∑’Ë„Àâ

º≈µÕ∫ πÕßµàÕ HER2 ‰¥â Õ¬à“ß‰√°Áµ“¡®“°°“√»÷°…“æ∫«à“∂÷ß·¡â peptide specific

CTL  “¡“√∂∂Ÿ° √â“ßÀ≈—ß®“°°“√„Àâ HER-2-derived peptide ‡æ◊ËÕ„Àâ‡°‘¥°“√°√–µÿâπ

¿Ÿ¡‘§ÿâ¡°—π ·µà CTL ®–‰¡à “¡“√∂®¥®”·≈–∑”≈“¬‡´≈≈å¡–‡√Áß∑’Ë¡’ HER-2-positive ‰¥â42

MUC1 æ∫«à“‡°‘¥°“√ overexpression ∑’Ëº‘«‡´≈≈å„π malignancies ∑—Ë«‰ª

√«¡‰ª∂÷ß∑’Ë‡µâ“π¡ √—ß‰¢à ·≈–µ—∫ÕàÕπ Peptide sequences ®“° MUC1 ∂Ÿ°„™â„π°“√

»÷°…“‡æ◊ËÕ„™â‡ªìπ tumour immunotherapy ®“°°“√»÷°…“ Phase I trial ºŸâªÉ«¬ 13

§π∑’Ë‡ªìπ¡–‡√Áß‡µâ“π¡‰¥â√—∫ synthetic peptide ®“° MUC1 tandem ¢Õß§π∑’Ë‡™◊ËÕ¡

µàÕ°—∫ diphtheria toxoid43 æ∫«à“ºŸâªÉ«¬ 6 §π¡’°“√ √â“ß antibody responses µàÕ

peptide ·≈– MUC1 ºŸâªÉ«¬ 2 §π‡°‘¥ DTH response À≈—ß®“°°“√∑” rechallenge

·≈–ºŸâªÉ«¬ 3 §π¡’°“√‡°‘¥ proliferative T cell responses µàÕ MUC1 6 „π 12 §π

¢ÕßºŸâªÉ«¬æ∫«à“¡’§«“¡§ßµ—«¢Õß‚√§„π™à«ß∑’Ë∑”°“√»÷°…“·µà‰¡àæ∫º≈®“°°“√µ‘¥µ“¡

°“√√—°…“„π√–¬–‡«≈“∑’Ëπ“π43 °“√»÷°…“Õ◊ËπÊ ‰¥â„™â MUC1 peptides µàÕ°—∫ carrier pro-

teins „πºŸâªÉ«¬ metastatic breast cancer æ∫«à“‡°‘¥ peptide-specific CTL re-

sponses37 Õ¬à“ß‰√°Áµ“¡ fusion protein ¢Õß MUC1 ·≈– mannan ∑”„Àâ‡°‘¥°“√ √â“ß

antibody ¡“°°«à“∑’Ë®–∑”„Àâ‡°‘¥º≈µÕ∫ πÕß∑“ß√–¥—∫‡´≈≈å44 ¢âÕ —ß‡°µπ’ÈÕ“®®–‡°‘¥¡“

®“°°“√‡°‘¥ cross-reactivity √–À«à“ß MUC1 ·≈– antibodies ∑’Ë‡°‘¥Õ¬à“ß‡ªìπ

∏√√¡™“µ‘„π√à“ß°“¬¢Õß¡πÿ…¬å

Viral Tumour Vaccines

∑“ß‡≈◊Õ°Õ◊ËππÕ°®“°°“√©’¥¬“ºŸâªÉ«¬¥â«¬ Peptide À√◊Õ carbohydrate anti-

gens §◊Õ°“√„™â genes ∑’Ë encode ¥â«¬ TAA ®ÿ¥¡ÿàßÀ¡“¬¢Õß gene therapy §◊Õ°“√

· ¥ß TAA ∑’Ë∫√‘‡«≥∑’Ë©’¥¬“·∫∫™—Ë«§√“« ·≈–°√–µÿâπ„Àâ‡°‘¥¿Ÿ¡‘§ÿâ¡°—π·∫∫‡©æ“–‡®“–®ß
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Recombinant viruses ∑’Ë encode ¥â«¬ TAA ‰¥â√—∫°“√æ—≤π“‰ª‡ªìπ tumour vac-

cines ∑’Ë¡’ª√– ‘∑∏‘¿“æ viral ∑’Ë©’¥‡¢â“‰ªπ—Èπ®–„™â host cell ‡æ◊ËÕ· ¥ß TAA ·≈– √∫°«π°“√

trafficking ¢Õß antigen ∑—Èß„π·≈–πÕ°‡´≈≈å πÕ°®“°π’È¬—ß‡æ‘Ë¡ substrate  ”À√—∫

°“√®¥®”¢Õß∑—Èß specific ·≈– nonspecific immune response

«—§´’π∑’ËÕ“»—¬ Recombinant virus ∑’Ë¡’ MUC1 ·≈– IL-2 (VV-MUC1/IL2)

∂Ÿ°„™â„π°“√»÷°…“ Phase I „πºŸâªÉ«¬¡–‡√Áß√–¬–·æ√à°√–®“¬ °“√©’¥«—§´’π‰¡àæ∫º≈¢Õß

§«“¡‡ªìπæ‘…Õ¬à“ß¡’π—¬ ”§—≠πÕ°®“°π’È¬—ß„Àâº≈µÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π„πºŸâªÉ«¬

∫“ß√“¬ ·µà‰¡àæ∫º≈µÕ∫ πÕß∑“ß§≈‘π‘°45 °“√»÷°…“ Phase II ‚¥¬„™â VV-MUC1/IL-2

„πºŸâªÉ«¬ metastatic breast cancer æ∫ partial response „πºŸâªÉ«¬ 1 √“¬ ·µà‰¡à

æ∫«à“¡’º≈∑’ËµÕ∫ πÕßµàÕµ—«™’È«—¥«à“‡°‘¥º≈µÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π46

πÕ°®“°π’È viral vectors ¬—ß∂Ÿ°π”¡“„™â„π·π«∑“ß°“√√—°…“∑’Ë¡’§«“¡®”‡æ“–µàÕ

‡´≈≈å¡–‡√Áß∑’Ë‡√’¬°«à“ genetic prodrug activation therapy „π°“√»÷°…“π’Èæ∫«à“°“√

 √â“ß¢Õß prodrug activating enzyme ‰¥â∂Ÿ°§«∫§ÿ¡‚¥¬ tumour cell-specific pro-

moter ¥â«¬‡Àµÿπ’È„π∑“ß∑ƒ…Æ’·≈â« enzyme π’È®–∂Ÿ° —ß‡§√“–Àå‚¥¬‡´≈≈å¡–‡√Áß ¥—ßπ—Èπ

‡´≈≈å¡–‡√Áß‡∑à“π—Èπ∑’Ë®– “¡“√∂°√–µÿâπ„Àâ‡°‘¥°“√ expression ¢Õß gene ‰¥â ·π«§«“¡

§‘¥π’È‰¥â∂Ÿ°∑¥ Õ∫‚¥¬„™â HER2 promoter ·≈– enzyme cytosine deaminase47 vi-

ral vector ∑’Ë∂Ÿ° encode ¥â«¬ enzyme §«∫§ÿ¡¥â«¬ HER2 promoter ‰¥â∂Ÿ°©’¥‡¢â“‰ª

„π tumour deposits ‚¥¬µ√ß„πºŸâªÉ«¬ 12 §π∑’Ë‡ªìπ advanced breast cancer ®“°

°“√»÷°…“π’È∑”„Àâ “¡“√∂¬◊π¬—π‰¥â«à“«‘∏’π’Èª≈Õ¥¿—¬·≈–· ¥ß„Àâ‡ÀÁπ∂÷ß selective expres-

sion ¢Õß enzyme „π‡´≈≈å¡–‡√Áß∑’Ë¡’ HER2-positive  Õ¬à“ß‰√°Áµ“¡¬—ß§ßµâÕß¡’°“√»÷°…“

‡æ‘Ë¡‡µ‘¡‡æ◊ËÕ„Àâ∑√“∫∂÷ßª√–‚¬™πå¢Õß‡∑§π‘§π’È

cDNA Tumour Vaccines

Naked plasmid cDNA encoding TAA °Á‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ë„™â„π tu-

mour immunotherapy ‚¥¬‚ª√µ’π∑’Ë encode ¥â«¬ cDNA ∑’Ë∂Ÿ°©’¥‡¢â“‰ª®– express

∑’Ë ∫√‘‡«≥∑’Ë©’¥·≈–∫√‘‡«≥Õ◊ËπÊ ∑—Èß°“√ methylation ¢Õß bacterial cDNA ·≈– CpG

motifs „π —¥ à«π∑’Ë¡“° ®–°√–µÿâπ„Àâ‡°‘¥ local inflammatory infiltrate °“√‡°‘¥ CTL
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¢÷ÈπÀ≈—ß®“°©’¥ cDNA πà“®–‡°’Ë¬«¢âÕß°—∫ bone marrow-derived APC ¬°µ—«Õ¬à“ß‡™àπ

°“√„™â MUC1 cDNA vaccines „Àâº≈°“√∑”ß“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π‡æ’¬ß∫“ß à«π„π

murine tumour models48,49 °“√ combination ¢Õß cDNA √«¡¥â«¬ recombinant

viral vaccination æ∫«à“¡’°“√ √â“ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’ª√– ‘∑∏‘¿“æ‡æ◊ËÕµàÕµâ“π‚√§∑’Ë

‡°’Ë¬«°—∫°“√µ‘¥‡™◊ÈÕ„π°≈ÿà¡ primates ∑’Ë‰¡à√«¡§π ¥—ßπ—Èπ·π«∑“ß§≈â“¬Ê °—ππ’È “¡“√∂

π”¡“ª√—∫„™â„π tumour immunotherapy ‰¥â50

Antibodies as Tumour Immunotherapy

À≈—ß®“°°“√æ—≤π“¡“¡“°°«à“ 20 ªï Monoclonal antibodies ∂Ÿ°®—¥‡ªìπ°“√

√—°…“∑’Ë ”§—≠„π°“√µàÕ Ÿâ°—∫¡–‡√Áß Õ¬à“ß‰√°Áµ“¡°“√»÷°…“°àÕπÀπâ“π’È§àÕπ¢â“ßπà“º‘¥À«—ß

´÷ËßÕ“®®–‡π◊ËÕß¡“®“°«à“ monoclonal antibodies π—Èπ®–‰¥âº≈¡“°πâÕ¬°Á¢÷ÈπÕ¬Ÿà°—∫ im-

mune mediated cytotoxicity ¬°µ—«Õ¬à“ß‡™àπ°“√‡°‘¥ complement activation ·≈–

antibody-dependent cell-mediated cytotoxicity Õ¬à“ß‰√°Áµ“¡ ‰¡à°’Ëªï∑’Ëºà“π¡“ an-

tibodies ‰¥â∂Ÿ°æ—≤π“‡æ◊ËÕ®—∫°—∫ receptors ∑’Ëº‘«‡´≈≈å·≈–∑”„Àâ ¡“√∂¬—∫¬—Èß°“√‡®√‘≠

‡µ‘∫‚µ¢Õß‡´≈≈å¡–‡√Áß∑—Èß„π in vitro ·≈– in vivo

HER2/c-erbB2 proto-oncogene ®–ª√–°Õ∫¥â«¬ 185 kd transmembrane

glycoprotein ·≈–®—¥‡ªìπ ¡“™‘°¢Õß epidermal growth factor (EGF) receptor family

°“√ amplification ·≈– overexpression ¢Õß HER2 „π primary breast cancer ¡’

§«“¡‡°’Ë¬«‡π◊ËÕß°—∫ prognosis ∑’Ë‰¡à¥’„πºŸâªÉ«¬∑’Ë‡ªìπ node-positive ·≈– node-nega-

tive disease ®“°°“√»÷°…“æ∫«à“°“√ √â“ß antibodies µàÕ HER-2 ∑”„Àâ “¡“√∂¬—∫¬—Èß

°“√ proliferation ¢Õß‡´≈≈å¡–‡√Áß‡µâ“π¡Õ¬à“ß¡’π—¬ ”§—≠ °≈‰°¢Õß antibodies π’È‰¡à

‡ªìπ∑’Ë∑√“∫·πà™—¥ ·µàÕ“®‡ªìπ‰ª‰¥â«à“®–‡°’Ë¬«¢âÕß°—∫°“√¬—∫¬—Èß°“√ àß —≠≠“≥®“° receptor

∑’Ëº‘«‡´≈≈å‰ª¬—ß intracellular51

Monoclonal antibody µàÕ HER2 (trastuzumab) ∑’Ë‰¥â®“°ÀπŸ ‰¥â∂Ÿ°»÷°…“„π

clinical trials ·≈–‰¥â√—∫Õπÿ≠“µ„Àâ„™â„π°“√√—°…“¡–‡√Áß‡µâ“π¡ „πºŸâªÉ«¬ metastatic

breast cancer ´÷Ëß‰¥â√—∫ anticancer therapy °àÕπÀπâ“π’È‰¥â√—∫°“√√—°…“‚¥¬„™â

trastuzumab ‚¥¬„Àâ∑“ß intravenous æ∫«à“„Àâº≈µÕ∫ πÕß∑’Ë‡∑à“‡∑’¬¡°—∫°“√√—°…“ third
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À√◊Õ fourth line chemotherapy ·µà„Àâº≈‡ªìπæ‘…∑’ËπâÕ¬°«à“51 „π°“√»÷°…“µàÕÊ ¡“ „π

ºŸâªÉ«¬¡–‡√Áß‡µâ“π¡ 222 §π ∑’Ë‡ªìπ progressive metastatic disease À≈—ß®“°°“√‰¥â√—∫

chemotherapy regimens Õ◊ËπÊ °àÕπ·≈â«π—Èπ °“√„Àâ trastuzumab ‡æ’¬ßÕ¬à“ß

‡¥’¬«„Àâº≈µÕ∫ πÕß∂÷ß 15% §à“‡©≈’Ë¬™à«ß‡«≈“„π°“√µÕ∫ πÕßÕ¬Ÿà∑’Ë 9.1 ‡¥◊Õπ52

®“°°“√»÷°…“„πºŸâÀ≠‘ß 469 §π∑’Ë‡ªìπ¡–‡√Áß‡µâ“π¡√–¬–·æ√à°√–®“¬·∫∫ HER2-

positive ‰¥â∂Ÿ° ÿà¡‡æ◊ËÕ„Àâ doxorubicin ·≈– cyclophosphamide À√◊Õ paclitaxel

(„πºŸâÀ≠‘ß∑’Ë‡§¬‰¥â√—∫ anthracycline therapy ¡“°àÕπÀπâ“π’È) √à«¡°—∫°“√‰¥â√—∫

trastuzumab À√◊Õ‰¡à‰¥â√—∫53 æ∫«à“ºŸâªÉ«¬∑’Ë‰¥â√—∫ trastuzumab √à«¡¥â«¬„Àâº≈µÕ∫ πÕß

∑’Ë¥’µàÕ°“√√—°…“Õ¬à“ß¡’π—¬ ”§—≠ Õ—µ√“°“√µÕ∫ πÕß¬—ß¡’§«“¡‡°’Ë¬«‡π◊ËÕß°—∫√–¥—∫¢Õß HER-

2 expression ®“°°“√µ√«® Õ∫‚¥¬„™â immunohistochemistry æ∫«à“ºŸâÀ≠‘ß∑’Ë‰¥â√—∫

trastuzumab √à«¡¥â«¬®–„Àâº≈µàÕÕ—µ√“°“√√Õ¥™’«‘µ∑’Ë¥’¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ (25.4 months

vs 20.9 months; p = 0.045) ®“°º≈∑’Ë‰¥â√—∫π’È°√–µÿâπ„Àâ‡°‘¥°“√»÷°…“‡æ‘Ë¡‡µ‘¡®π

√Ÿª∑’Ë 7 Passive specific immunotherapy
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 “¡“√∂∑’Ë®–æ‘ Ÿ®πå„Àâ‡ÀÁπ«à“ trastuzumab πà“®–¡’∫∑∫“ ”§—≠„π°“√‡ªìπ adjuvant

therapy „πºŸâÀ≠‘ß∑’Ë‡ªìπ¡–‡√Áß‡µâ“π¡·∫∫ HER-2-positive πÕ°®“°π’È°“√√—°…“‚¥¬„™â

antibody µ—«Õ◊ËπÊ °”≈—ßÕ¬Ÿà„π™à«ß¢Õß°“√»÷°…“ §«“¡ ”‡√Á®„πÕπ“§µπ—Èπ¢÷ÈπÕ¬Ÿà°—∫

§«“¡ “¡“√∂„π°“√§âπÀ“ antibody ∑’Ë¡’ intrinsic activity µàÕ¡–‡√Áß¡“°°«à“∑’Ë®–¢÷Èπ

°—∫°“√°√–µÿâπ¿Ÿ¡‘§ÿâ¡°—π„Àâ‡°‘¥ªØ‘°‘√‘¬“∑’ËµàÕµâ“π‡´≈≈å¡–‡√Áß·∫∫ immune-mediated anti-

tumour activity

 √ÿª

®–‡ÀÁπ‰¥â‰¡à°’Ëªï∑’Ëºà“π¡“¡’§«“¡‡¢â“„®∑’Ë‡æ‘Ë¡¢÷ÈπµàÕ tumor immunology §«“¡‡¢â“

„®‡À≈à“π’Èπ”‰ª Ÿà‚Õ°“ ∑’Ë‡æ‘Ë¡¢÷Èπ„π°“√∑’Ë®–„™â√–∫∫¿Ÿ¡‘§ÿâ¡°—π„π°“√√—°…“¡–‡√Áß  Õ¬à“ß‰√

°Áµ“¡®“°°“√»÷°…“π’È¬—ß∑”„Àâ‰¥â∑√“∫∂÷ß§«“¡ “¡“√∂¢Õß‡´≈≈å¡–‡√Áß„π°“√À≈∫À≈’°

°“√‚®¡µ’ Tumor immunotherapy Õ“®®–‰¡à‡ªìπª√–‚¬™πå°—∫‡´≈≈å¡–‡√Áß∑ÿ°™π‘¥ À√◊Õ

°—∫ºŸâªÉ«¬¡–‡√Áß∫“ß™π‘¥ ·µà„πÕπ“§µ‡ªìπ‰ª‰¥â«à“ genomics ·≈– proteomics

 “¡“√∂™à«¬„Àâ√–∫ÿºŸâªÉ«¬ À√◊Õ≈—°…≥–¢Õß‡´≈≈å¡–‡√Áß´÷Ëß®–„™â„π°“√§“¥‡¥“°“√µÕ∫

 πÕß¢Õß‡´≈≈å¡–‡√ÁßµàÕ°“√√—°…“µà“ßÊ ‰¥â √«¡‰ª∂÷ß immunotherapy ®π°«à“®–∂÷ß

‡«≈“π—Èπ§«“¡°â“«Àπâ“„π°“√√—°…“¬—ß§ß¢÷Èπ°—∫°“√∑” clinical trials ∑’Ë¡’ª√– ‘∑∏‘¿“æ
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Cancer Biology

‡´≈≈å (Cell) ‡ªìπ Àπà«¬æ◊Èπ∞“π∑’Ëª√–°Õ∫°—π¢÷Èπ‡ªìπ‡π◊ÈÕ‡¬◊ËÕ (tissue) ·≈–Õ«—¬«–

(organ) ª°µ‘‡´≈≈å¡’°“√‡®√‘≠‡µ‘∫‚µ ¡’°“√·∫àßµ—« ∑”Àπâ“∑’Ë‡©æ“–∫“ßÕ¬à“ß‡æ◊ËÕ maintain

homeostasis ·≈–„π‡π◊ÈÕ‡¬◊ËÕ·≈–Õ«—¬«– à«π„À≠à®–¡’°“√µ“¬¢Õß‡´≈≈å‡°‘¥¢÷Èπµ“¡

‚ª√·°√¡∑’Ë«“ß‰«â ∂â“¡’§«“¡º‘¥ª°µ‘„π°√–∫«π°“√‡À≈à“π’È¢Õß‡´≈≈å‡°‘¥¢÷Èπ ®–¡’°“√

· ¥ßÕÕ°∑“ß phenotype „π≈—°…≥–¢Õß cancer

Hanahan ·≈– Weinberg1 ‰¥âÕ∏‘∫“¬∂÷ß model ¢Õß°“√‡°‘¥§«“¡º‘¥ª°µ‘

·≈–§«“¡ “¡“√∂¢Õß‡´≈≈å‡´≈≈å‡¥’¬« À√◊Õ °≈ÿà¡‡´≈≈å ∑’Ë¡’°“√‡µ‘∫‚µ ≈ÿ°≈“¡ ·≈–

·æ√à°√–®“¬®π‡°‘¥‡ªìπ¡–‡√Áß¢÷Èπ´÷Ëßª√–°Õ∫¥â«¬ 6 °√–∫«π°“√§◊Õ (√Ÿª∑’Ë 1)

°√–∫«π°“√∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¿“¬„π‡´≈≈å ‰¥â·°à

● Self-sufficiency in growth signals

● Insensitivity to antigrowth signals

● Evading apoptosis

● Limitless replicative potential

°√–∫«π°“√∑’Ë· ¥ß∂÷ß§«“¡ “¡“√∂∑’Ë‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß„π‡´≈≈å¡–‡√Áß‡Õß·≈–

¡’º≈°√–∑∫µàÕ‡´≈≈å¢â“ß‡§’¬ßÀ√◊Õ‡´≈≈å∑’ËÕ¬Ÿà‰°≈ÕÕ°‰ª„π√à“ß°“¬¢ÕßºŸâªÉ«¬ ‰¥â·°à

● Sustained angiogenesis

● Tissue invasion and metastases
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Cancer Initiation

¢—ÈπµÕπ°“√‡°‘¥¢Õß‡π◊ÈÕßÕ°ª√–°Õ∫¥â«¬ 3 ¢—ÈπµÕπ‰¥â·°à initiation, promo-

tion, ·≈– progression °√–∫«π°“√‡°‘¥¢Õß‡π◊ÈÕßÕ° (initiating events) ¡—°‡°‘¥®“°

°“√‡µ‘∫‚µÀ√◊Õ·∫àßµ—«¡“°º‘¥ª°µ‘¢Õß‡´≈≈å‡¥’¬« À√◊Õ clone ‡¥’¬« ·µà∫“ß§√—Èß§«“¡

º‘¥ª°µ‘Õ“®¡’º≈¡“®“°À≈“¬‡´≈≈å (field effect) §«“¡º‘¥ª°µ‘π’È‡°‘¥‰¥â®“°¡’°“√°√–µÿâπ

„Àâ¬’π „π°≈ÿà¡¢Õß oncogenes ∑”ß“π¡“°°«à“ª°µ‘ À√◊Õ¡’°“√ Ÿ≠‡ ’¬Àπâ“∑’Ë„π°“√

∑”ß“π¢Õß¬’π„π°≈ÿà¡¢Õß tumor suppressor genes πÕ°®“°π’ÈÕ“®¡’°“√∑”ß“π∑’Ë

º‘¥ª°µ‘À√◊Õ‡°‘¥¡’ mutation ¢Õß¬’πÕ◊ËπÊ Õ’°„π√–À«à“ß°√–∫«π°“√

 ”À√—∫¡–‡√Áßπ—Èπ °“√‡ª≈’Ë¬π·ª≈ß‡°‘¥¢÷Èπ„π≈—°…≥–¢Õß clonal progression

√à«¡°—∫°“√∑’Ë‡™≈≈å„π°≈ÿà¡π’È¡’≈—°…≥–¢Õß aggressive behavior ‡π◊ÈÕßÕ° à«π„À≠à®–

√Ÿª∑’Ë 1 Hanahan and Weinberg Model: Acquired Capabilities of Cancer
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‡√‘Ë¡µâπ®“° benign tumor ·≈â«¡’°“√æ—≤π“‰ª‡ªìπ in situ tumors ·≈– invasive can-

cers ‡™àπ ¡–‡√Áß‡µâ“π¡®–‡√‘Ë¡®“° atypical ductal hyperplasia ‡ª≈’Ë¬π‰ª‡ªìπ ductal

carcinoma in situ to ·≈– invasive ductal carcinoma„π∑’Ë ÿ¥

µ—«Õ¬à“ß°√–∫«π°“√‡°‘¥¢Õß‡π◊ÈÕßÕ° ‰¥â·°à model ¢Õß°√–∫«π°“√‡°‘¥‡π◊ÈÕ

ßÕ°≈”‰ â„À≠à∑’ËÕ∏‘∫“¬‰«â‚¥¬ Fearon and Vogelstein (√Ÿª∑’Ë 2)2 ‡π◊ÈÕßÕ°≈”‰ â„À≠à‡°‘¥

®“°°“√¡’ mutation ¢Õß¬’π¢÷Èπ ∑”„Àâ¡’∑—Èß°“√°√–µÿâπ oncogenes ·≈– inactivation

¢Õß tumor suppressor genes ∑’Ë¡’º≈§àÕπ¢â“ß‡¥àπ ∂â“¡’ mutation ¢Õß¬’π 4-5 ¬’π

®–∑”„Àâ¡–‡√Áß‡°‘¥¢÷Èπ‰¥â „π¢≥–∑’Ë benign tumor „™â¢—ÈπµÕππâÕ¬°«à“

Cancer Etiology

Cancer Genetics

‡ªìπ∑’Ë¬Õ¡√—∫«à“ ¡–‡√Áß‡ªìπ‚√§∑’Ë‡°’Ë¬«¢âÕß°—∫ genetic disease ´÷Ëß‡°‘¥®“°°“√

 – ¡¢Õß mutation ·≈–π”‰ª Ÿà°“√§—¥‡≈◊Õ°‡´≈≈å∑’Ë¡’ aggressive behavior ‡æ‘Ë¡¢÷Èπ Mu-

tations ∑’Ë‡°‘¥¢÷ÈπÕ“®π”‰ª Ÿà °“√∑”ß“π∑’Ë¡“°¢÷Èπ¢Õß oncogenes À√◊Õ °“√ Ÿ≠‡ ’¬Àπâ“∑’Ë¢Õß

tumor suppressor genes ¡–‡√Áß à«π„À≠à mutations ‡°‘¥¢÷Èπ„π somatic ‡´≈≈å

·≈–æ∫‡æ’¬ß„π‡´≈≈å¡–‡√Áß §«“¡√Ÿâ à«π„À≠à∑’Ë‡°’Ë¬«¢âÕß°—∫ ¬’π å¡–‡√Áß (cancer genes)

„π¡πÿ…¬å ‰¥â√—∫¡“®“°¡–‡√Áß∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡ (hereditary cancers) „π heredi-

tary cancers ºŸâªÉ«¬·µà≈–√“¬®–¡’ germline mutation ∑’Ë‡©æ“–„π·µà≈–‡´≈≈å „π

√Ÿª∑’Ë 2 °√–∫«π°“√‡°‘¥‡π◊ÈÕßÕ°·≈–¡–‡√Áß≈”‰ â„À≠à
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µ“√“ß∑’Ë 1 ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡

Genes Location Syndrome Cancer Sites and Associated Traits

APC 17q21 Familial adenomatous Colorectal adenomas and carcinomas,

polyposis (FAP) duodenal and gastric tumors, desmoids,

medulloblastomas, osteomas

BMPRIA 10q21-q22 Juvenile polyposis Juvenile polyps of the gastrointestinal

coli tract, gastrointestinal and colorectal ma-

lignancy

BRCA1 17q21 Breast/ovarian Breast cancer, ovarian cancer, colon

syndrome cancer, prostate cancer

BRCA2 13q12.3 Breast/ovarian Breast cancer, ovarian cancer, colon

syndrome cancer, prostate cancer, cancer of the

gallbladder and bile duct, pancreatic can-

cer, gastric cancer, melanoma

p16; CDK4 9p21; 12q14 Familial melanoma Melanoma, pancreatic cancer, dysplastic

nevi, atypical moles

CDH1 16q22 Hereditary diffuse Gastric cancer

gastric cancer

hCHK2 22q12.1 Li-Fraumeni and here- Breast cancer, soft-tissue sarcoma, brain

ditary breast cancer tumors

hMLH1; hMSH2; 3p21; 2p22-21; Hereditary nonpoly- Colorectal cancer, endometrial cancer,

hMSH6; hPMS1; 2p16; 2q31-33; posis colorectal transitional cell carcinoma of the ureter

hPMS2 7p22 cancer and renal pelvis, and carcinomas of the

stomach, small bowel, ovary, and pan-

creas

MEN1 11q13 Multiple endocrine Pancreatic islet cell cancer, parathyroid

neoplasia type 1 hyperplasia, pituitary adenomas

MET 7q31 Hereditary papillary Renal cancer

renal cell carcinoma

NF1 17q11 Neurofibromatosis Neurofibroma, neurofibrosarcoma, acute

type 1 myelogenous leukemia, brain tumors

NF2 22q12 Neurofibromatosis Acoustic neuromas, meningiomas,

type 2 gliomas, ependymomas
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PTC 9q22.3 Nevoid basal cell Basal cell carcinoma
carcinoma

PTEN 10q23.3 Cowden disease Breast cancer, thyroid cancer, endome-
trial cancer

rb 13q14 Retinoblastoma Retinoblastoma, sarcomas, melanoma, and
malignant neoplasms of brain and
meninges

RET 10q11.2 Multiple endocrine Medullary thyroid cancer, pheochromocy-
neoplasia type 2 toma, parathyroid hyperplasia

SDHB; SDHC; 1p363.1-p35; Hereditary paragang- Paraganglioma, pheochromocytoma
SDHD 1q21; 11q23 lioma and pheochro-

mocytoma
SMAD4/DPC4 18q21.1 Juvenile polyposis Juvenile polyps of the gastrointestinal

coli tract, gastrointestinal and colorectal ma-
lignancy

STK11 19p13.3 Peutz-Jeghers Gastrointestinal tract carcinoma, breast
syndrome carcinoma, testicular cancer, pancreatic

cancer, benign pigmentation of the skin
and mucosa

p53 17p13 Li-Fraumeni Breast cancer, soft-tissue sarcoma, os-
syndrome teosarcoma, brain tumors, adrenocorti-

cal carcinoma, Wilms tumor, phyllodes
tumor of the breast, pancreatic cancer,
leukemia, neuroblastoma

TSC1; TSC2 9q34; 16p13 Tuberous sclerosis Multiple hamartomas, renal cell carci-
noma, astrocytoma

VHL 3p25 von Hippel-Lindau Renal cell carcinoma, hemangioblasto-
disease mas of retina and central nervous sys-

tem, pheochromocytoma
WT 11p13 Wilmsû tumor Wilmsû tumor, aniridia, genitourinary ab-

normalities, mental retardation

µ“√“ß∑’Ë 1(µàÕ) ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡

Genes Location Syndrome Cancer Sites and Associated Traits
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∑»«√√…∑’Ëºà“π¡“ ¡’°“√§âπæ∫¬’π¡–‡√Áß∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡™π‘¥ autosomal domi-

nant ¡“°°«à“ 30 ¬’π (µ“√“ß∑’Ë 1) ¬’π∫“ß¬’π å„π¡–‡√Áß∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡‡ªìπ

oncogenes ·µà à«π¡“°‡ªìπ tumor suppressor genes ∂÷ß·¡â«à“ hereditary cancer

syndromes ®–æ∫‰¥âπâÕ¬ ·µà„π sporadic cancer ∑’Ë‡°‘¥®“° somatic mutations

π—Èπæ∫«à“ ¡’°“√‡ª≈’Ë¬π·ª≈ß„π cellular pathways ∑’Ë¡’§«“¡º‘¥ª°µ‘∑’Ë‡°‘¥¢÷Èπ„π hereditary

cancer syndromes · ¥ß„Àâ‡ÀÁπ«à“ pathways ‡À≈à“π’È¡’ à«π ”§—≠„π°“√‡®√‘≠‡µ‘∫‚µ

¢Õß‡´≈≈åª°µ‘ «ß®√¢Õß‡´≈≈å (cell cycle) ·≈– proliferation

≈—°…≥–µàÕ‰ªπ’È∫àß∫Õ°∂÷ßÀ√◊Õ∑”„Àâπ÷°∂÷ß °“√· ¥ßÕÕ°¢Õß¡–‡√Áß∑’Ë∂à“¬∑Õ¥

æ—∏ÿ°√√¡ (hereditary cancer) ‰¥â·°à

1. ‡π◊ÈÕßÕ°∑’Ë‡°‘¥¢÷Èπ„πÕ“¬ÿπâÕ¬

2. ‡π◊ÈÕßÕ°∑’Ë‡°‘¥¢÷Èπ„πÕ«—¬«–∑—Èß Õß¢â“ß (bilateral disease)

3. ¡’¡–‡√Áß (primary malignancy) ‡°‘¥¢÷ÈπÀ≈“¬µ”·Àπàß

4. ¡–‡√Áß∑’Ë‡°‘¥¢÷Èπ„π‡æ»∑’Ë¡–‡√Áß™π‘¥π—Èπ‰¡à§àÕ¬‡°‘¥ ‡™àπ ¡–‡√Áß‡µâ“π¡„π

‡æ»™“¬

5. ¡’¡–‡√Áß™π‘¥π—Èπ‡°‘¥¢÷Èπ„π°≈ÿà¡‡§√◊Õ≠“µ‘

6. ¡–‡√Áß∑’Ë‡°’Ë¬«¢âÕß°—∫ condition Õ◊Ëπ ‡™àπ mental retardation À√◊Õ

pathognomonic skin lesions

»—≈¬·æ∑¬å∑’Ë¥Ÿ·≈ºŸâªÉ«¬¡–‡√Áß§«√§‘¥∂÷ß¡–‡√Áß∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡‰«â‡ ¡Õ

‡π◊ËÕß®“°®–¡’º≈µàÕ°“√«“ß·ºπ°“√√—°…“‚¥¬°“√ºà“µ—¥ °“√ªÑÕß°—π·≈–°“√§—¥°√Õß

µ≈Õ¥®π∂÷ß°“√„Àâ counseling „πºŸâªÉ«¬‡À≈à“π’È µ—«Õ¬à“ß¢Õß hereditary cancer syn-

dromes ∑’Ëæ∫∫àÕ¬‰¥â·°à

BRCA1, BRCA2, and Hereditary Breast-Ovarian Cancer Syndrome

ª√–¡“≥ 5% ∂÷ß 10% ¢Õß¡–‡√Áß‡ªìπ hereditary breast cancer „πºŸâÀ≠‘ß∑’Ë¡’

early-onset breast cancer (Õ“¬ÿπâÕ¬°«à“ 40 ªï) ª√–¡“≥ 10% ®–¡’ germline muta-

tion „π BRCA1 or BRCA2 ¬’π mutation carriers ®–‡¥àπ™—¥„πºŸâÀ≠‘ß∑’Ë¡’ first À√◊Õ

second-degree relative ∑’Ë¡’ premenopausal breast cancer À√◊Õ ovarian cancer

„π∑ÿ°Õ“¬ÿ „π§π∫“ß°≈ÿà¡À√◊Õ∫“ß‡™◊ÈÕ™“µ‘°“√‡°‘¥ BRCA mutation ®– Ÿß°«à“ª°µ‘ ‡™àπ
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„π Ashkenazi Jewish population4 cumulative risks „π°“√‡°‘¥¡–‡√Áß‡µâ“π¡·≈–

¡–‡√Áß√—ß‰¢à„πºŸâÀ≠‘ß∑’Ë‡ªìπ BRCA1 mutation carrier ∑’ËÕ“¬ÿ 70 ªï®–‡ªìπª√–¡“≥ 87%

·≈– 44% µ“¡≈”¥—∫  à«π cumulative risks „π°“√‡°‘¥¡–‡√Áß‡µâ“π¡·≈–¡–‡√Áß√—ß‰¢à

∑’ËÕ“¬ÿ 70 ªï „π§√Õ∫§√—«∑’Ë¡’ BRCA2 ¬’π ®–ª√–¡“≥ 84% ·≈– 27% µ“¡≈”¥—∫ ∂÷ß

·¡â«à“¡–‡√Áß‡µâ“π¡„πºŸâ™“¬ “¡“√∂¡’¬’π∑’Ëº‘¥ª°µ‘∑—Èß BRCA1 À√◊Õ BRCA2 ·µà à«π„À≠à

(76%) „π§√Õ∫§√—«∑—Èß¡–‡√Áß‡µâ“π¡„πºŸâ™“¬·≈–ºŸâÀ≠‘ß‡ªìπ BRCA2 πÕ°®“°¡–‡√Áß

‡µâ“π¡·≈–¡–‡√Áß√—ß‰¢à ∑—Èß BRCA1 ·≈– BRCA2 Õ“®‡°’Ë¬«¢âÕß°—∫Õ—µ√“‡ ’Ë¬ß∑’Ë‡æ‘Ë¡¢÷Èπ

¢Õß¡–‡√ÁßÕ◊ËπÊ ¬’π BRCA1 ‡æ‘Ë¡ risk ¢÷Èπ 4 ‡∑à“„π°“√‡°‘¥¡–‡√Áß≈”‰ â„À≠à ·≈–‡æ‘Ë¡ risk

3 ‡∑à“„π°“√‡°‘¥¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°  à«π BRCA2 ‡æ‘Ë¡ risk „π°“√‡°‘¥¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°

5 ‡∑à“ ·≈–‡æ‘Ë¡‡ªìπ 7 ‡∑à“∂â“ºŸâªÉ«¬Õ“¬ÿπâÕ¬°«à“ 65 ªï πÕ°®“°π’È BRCA2 ‡æ‘Ë¡ risk 5

‡∑à“„π°“√‡°‘¥¡–‡√Áß∂ÿßπÈ”¥’·≈–¡–‡√Áß∑“ß‡¥‘ππÈ”¥’ ·≈–‡æ‘Ë¡ risk ¢Õß pancreatic can-

cer 4 ‡∑à“ πÕ°®“°π’È¬—ß‡æ‘Ë¡ risk ¢Õß¡–‡√Áß°√–‡æ“–Õ“À“√·≈– malignant melanoma

3 ‡∑à“

BRCA1 ‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫¡–‡√Áß‡µâ“π¡µ—«·√°∑’Ëµ√«®æ∫·≈–Õ¬Ÿà∫π‚§√‚¡‚´¡

17q21  à«π BRCA2 Õ¬Ÿà∑’Ë‚§√‚¡‚´¡ 13q12.3 ∑—Èß BRCA1 ·≈– BRCA2 encode nuclear

proteins ¢π“¥„À≠à§◊Õ 208 kDa ·≈– 384 kDa µ“¡≈”¥—∫´÷Ëß®–‡°’Ë¬«¢âÕß°—∫¢∫«π°“√

µà“ßÊ ¿“¬„π‡´≈≈å‰¥â·°à DNA repair ·≈– recombination, checkpoint control ¢Õß

cell cycle, ·≈– transcription ∂÷ß·¡â«à“¡’√“¬ß“π„π™à«ß·√°‚ª√µ’π∑—Èß Õßµ—«∑”ß“π

√à«¡°—π„π≈—°…≥– complex ·µà¢âÕ¡Ÿ≈µàÕ¡“· ¥ß„Àâ‡ÀÁπ«à“‚ª√µ’π∑—Èß Õß¡’Àπâ“∑’Ë·µ°µà“ß°—π

¡–‡√Áß‡µâ“π¡∑’Ë‡°‘¥®“° BRCA1 À√◊Õ BRCA2 mutations ¡’§«“¡·µ°µà“ß°—π„π√–¥—∫

molecular level ·≈–¡’°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë·µ°µà“ß°—π (distinct gene expression

profiles) æ∫«à“¡–‡√Áß‡µâ“π¡∑’Ë‡°’Ë¬«‡π◊ËÕß°—∫ BRCA1 ®–¡’ mitotic counts  Ÿß°«à“ ¡’

pushing border ·≈–¡’ lymphocytic infiltration ¡“°°«à“ sporadic cancers  à«π

¡–‡√Áß‡µâ“π¡∑’Ë associated °—∫¬’π BRCA2 ®–¡’·π«‚πâ¡∑’Ë¡’ pushing border ·≈–¡’

mitotic count πâÕ¬°«à“ sporadic cancer ¡–‡√Áß‡µâ“π¡∑’Ë associated °—∫ BRCA1

®–¡’·πâ«‚πâ¡∑’Ë®–¡’ negative estrogen receptor „π¢≥–∑’Ë BRCA2-associated can-

cer ®–¡’·π«‚πâ¡∑’Ë®–¡’ positive estrogen receptor5 ªí®®ÿ∫—ππ’È¡’¢âÕ¡Ÿ≈ π—∫ πÿπ‡æ’¬ß
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æÕ∑’Ë®–„™â BRCA1 ·≈– BRCA2 status ∑’Ë®–„Àâ§”ª√÷°…“·°àºŸâªÉ«¬„π·ßà¢Õß°“√

æ¬“°√≥å‚√§ (prognosis) ·≈–°“√√—°…“ systemic therapy „πºŸâªÉ«¬¡–‡√Áß‡µâ“π¡

Õ¬à“ß‰√°Áµ“¡§«“¡·µ°µà“ß„π estrogen-receptor status √–À«à“ß BRCA1 ·≈– BRCA2

mutation carriers Õ“®¡’º≈„π°“√«“ß·ºπ„π°“√„Àâ chemoprevention ´÷ËßµâÕßÕ“»—¬

°“√»÷°…“ π—∫ πÿπ„πÕπ“§µ

APC Gene and Familial Adenomatous Polyposis

ºŸâªÉ«¬ familial adenomatous polyposis (FAP) ®–¡’≈—°…≥–∑’Ë¡’ polyps „π

colon ·≈– rectum ®”π«π¡“°µ—Èß·µà√âÕ¬∂÷ßæ—π polyps ´÷Ëß à«π„À≠à®–‡°‘¥µ—Èß·µà„π«—¬

√ÿàπ·≈–∂â“‰¡à‰¥â√—∫°“√√—°…“®– progress ‰ª‡ªìπ¡–‡√Áß≈”‰ â„À≠à FAP ®– associate °—∫

benign extracolonic manifestations ´÷ËßÕ“®‡ªìπª√–‚¬™πå„π°“√§âπÀ“ºŸâªÉ«¬√“¬„À¡à

‰¥â·°à congenital hypertrophy of the retinal pigment epithelium (CHRPE), epi-

dermoid cysts, ·≈– osteomas πÕ°®“°¡–‡√Áß≈”‰ â„À≠à·≈â« ºŸâªÉ«¬ FAP ®–¡’Õ—µ√“

‡ ’Ë¬ß∑’Ë®–‡°‘¥ upper intestinal neoplasms (gastric and duodenal polyps, duode-

nal and periampullary cancer), hepatobiliary tumors (hepatoblastoma, pan-

creatic cancer and cholangiocarcinoma), thyroid carcinomas, desmoid tu-

mors ·≈– medulloblastomas

adenomatous polyposis coli (APC) tumor suppressor gene product

®–· ¥ßÕÕ°„π‡π◊ÈÕ‡¬◊ËÕÀ≈“¬™π‘¥·≈–¡’ à«π ”§—≠„π°√–∫«π°“√ cell-cell interactions,

cell adhesion, regulation of β-catenin, ·≈– maintenance ¢Õß cytoskeletal mi-

crotubules °“√‡ª≈’Ë¬π·ª≈ß„π APC π”‰ª Ÿà dysregulation ¢ÕßÀ≈“¬ physiologic

processes ´÷Ëß§«∫§ÿ¡ homeostasis ¢Õß colonic epithelial cell, √«¡∂÷ß cell-cycle

progression, migration, differentiation ·≈– apoptosis mutations „π APC gene

®–∂Ÿ°µ√«®æ∫„π FAP ·≈–„π 80% ¢Õß sporadic colorectal cancers πÕ°®“°π’È

APC mutations ‡ªìπ¢—ÈπµÕπ·√° ÿ¥„π genetic alterations „π°“√‡°‘¥¡–‡√Áß≈”‰ â„À≠à

germline mutations „π APC Õ“®‡°‘¥¢÷Èπ‰¥â®“° point mutations, insertions À√◊Õ

deletions ´÷Ëßπ”‰ª Ÿà°“√‡°‘¥ premature stop codon ·≈– truncated inactive pro-

tein Õ—µ√“°“√‡°‘¥ manifestation ®”‡æ“–™π‘¥µà“ßÊ ¢Õß FAP ®–¢÷ÈπÕ¬Ÿà°—∫µ”·Àπàß¢Õß
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FAP mutations ª√“°Ø°“√≥åπ’È‡√’¬°«à“ genotype-phenotype correlation µ—«Õ¬à“ß

desmoids ®– associate °—∫ mutations √–À«à“ß codons 1403 ·≈– 1578 mutations

„πª≈“¬¥â“π 5' À√◊Õ 3' ¢Õß APC gene À√◊Õ„π spliced region ¢Õß exon 9 ®–

‡°’Ë¬«°—∫ attenuated FAP °“√‡¢â“„®„π genotype-phenotype correlations ®–™à«¬

„π°“√„Àâ counseling ·≈– therapeutic planning °—∫ºŸâªÉ«¬

Mismatch Repair Genes ·≈– Hereditary Nonpolyposis Colorectal

Cancer

Hereditary nonpolyposis colorectal cancer (HNPCC) À√◊Õ Lynch syn-

drome ‡ªìπ hereditary cancer syndrome ∑’Ë∂à“¬∑Õ¥·∫∫ autosomal dominant

´÷Ëß predisposes µàÕ°“√‡°‘¥¡–‡√ÁßÀ≈“¬™π‘¥ ‰¥â·°à ¡–‡√Áß≈”‰ â„À≠à∑’Ë‰¡à¡’ polyposis

¡’°“√·∫àß HNPCC ÕÕ°‡ªìπ 2 syndromes §◊Õ

Lynch syndrome I ª√–°Õ∫¥â«¬°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡∑’Ë®–æ∫¡–‡√Áß

≈”‰ â„À≠à„πÕ“¬ÿπâÕ¬ ‡©≈’Ë¬ª√–¡“≥ 44 ªï (early age of onset) ·≈–¡—°®–¡’ synchro-

nous ·≈– metachronous colonic cancers

Lynch syndrome II ª√–°Õ∫¥â«¬¡–‡√Áß≈”‰ â„À≠à·≈–¡’Õ—µ√“‡ ’Ë¬ß Ÿß∑’Ë®–‡°‘¥

¡–‡√Áß™π‘¥Õ◊Ëπ ‰¥â·°à endometrium, transitional cell carcinoma ¢Õß ureter ·≈–

renal pelvis, ·≈–¡–‡√Áß¢Õß°√–‡æ“–Õ“À“√ ≈”‰ â‡≈Á° √—ß‰¢à ·≈–µ—∫ÕàÕπ °“√«‘π‘®©—¬

HNPCC Õ“»—¬ Amsterdam Criteria À√◊Õ ù3-2-1-0 ruleû Classic Amsterdam Crite-

ria ‰¥â∂Ÿ°·°â‰¢‚¥¬√«¡‡Õ“ HNPCC-related cancers Õ◊ËπÊ ‡¢â“‰ª¥â«¬ criteria §◊Õ ¡’

§π„π§√Õ∫§√—« 3 §πÀ√◊Õ¡“°°«à“¡’ histologically verified HNPCC-associated

cancers (‚¥¬ 2 §π„π 3 §π‡ªìπ first-degree relative °—π ·≈–‡°’Ë¬«¢âÕß°—π 2 genera-

tions À√◊Õ¡“°°«à“) Õ¬à“ßπâÕ¬Àπ÷Ëß§π∑’Ë‡ªìπ¡–‡√Áß¡’Õ“¬ÿ¢≥–∑’Ë‰¥â√—∫°“√«‘π‘®©—¬µË”°«à“

50 ªï ·≈–∑ÿ°§π‰¡à¡’≈—°…≥–¢Õß FAP (µ“√“ß∑’Ë 2)

√–À«à“ß°√–∫«π°“√ DNA replication ·≈– DNA polymerases ¡’‚Õ°“ 

‡°‘¥ single nucleotide mismatches À√◊Õ small insertion À√◊Õ deletion loops

§«“¡º‘¥ª°µ‘π’È®–∂Ÿ°·°â‰¢ºà“π°√–∫«π°“√∑’Ë‡√’¬°«à“ mismatch repair ·µà∂â“À“° mis-

match repair genes ∂Ÿ° inactivated ®–‡°‘¥ DNA mutations „π¬’πÕ◊ËπÊ ´÷Ëß¡’
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 à«π ”§—≠„π cell growth ·≈– proliferation ‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á«„π HNPCC germline

mutations ∂Ÿ°µ√«®æ∫„π¬’πÀ≈“¬¬’π´÷Ëß¡’∫∑∫“∑ ”§—≠„π DNA nucleotide mismatch

repair ‰¥â·°à hMLH1 (human mutL homologue 1), hMSH2 (human mutS homo-

logue 2), hMSH6, and hPMS1 ·≈– hPMS2 (human postmeiotic segretation 1

and 2) ‚¥¬ à«π„À≠àæ∫‡ªìπ§«“¡º‘¥ª°µ‘¢Õß hMLH1 ·≈– hMSH2 ≈—°…≥–‡¥àπ™—¥

¢Õß HNPCC §◊Õ microsatellite instability ´÷Ëß‡°‘¥¢÷Èπ®“° unrepaired mismatches

·≈– small insertion À√◊Õ deletion loops °“√µ√«®À“ microsatellite instability

 “¡“√∂°√–∑”‚¥¬‡ª√’¬∫‡∑’¬∫√–À«à“ß DNA ¢ÕßºŸâªÉ«¬„π à«π∑’Ë‡ªìπ‡π◊ÈÕßÕ° ·≈– DNA

„π normal epithelium ∑’ËÕ¬Ÿà¢â“ß‡§’¬ß °√–∫«π°“√π’È “¡“√∂µ√«® DNA ¥â«¬ poly-

merase chain reaction (PCR) ‚¥¬„™â standard set ¢Õß markers (BAT25, BAT26,

D2S123, D5S346, ·≈– D17S250) ‡ª√’¬∫‡∑’¬∫°—∫ amplified genomic DNA se-

quences ́ ÷Ëß “¡“√∂·∫àß degree ¢Õß microsatellite instability ‡ªìπ high, low, À√◊Õ

stable °“√µ√«® microsatellite instability testing ®–™à«¬„π°“√§—¥‡≈◊Õ°ºŸâªÉ«¬∑’Ë¡’

germline mutations

PTEN and Cowden Disease

Somatic deletions À√◊Õ mutations „π tumor suppressor gene PTEN

µ“√“ß∑’Ë 2 Revised Criteria for Hereditary Nonpolyposis Colon Cancer (Amsterdam

Criteria II)

Three or more relatives with an HNPCC-associated cancer (colorectal cancer, endome-

trial cancer, cancer of the small bowel, ureter, or renal pelvis), one of whom is a

first-degree relative of the other two

At least two successive generations affected

At least one diagnosed before age 50 years

Familial adenomatous polyposis excluded

Tumors verified by pathologic examination
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(phosphatase and tensin homologue deleted on chromosome 10) ‰¥â∂Ÿ°µ√«®

æ∫„πºŸâªÉ«¬®”π«πÀπ÷Ëß∑’Ë‡ªìπ glioma ·≈– breast, prostate, and renal carcinoma

cell lines ·≈– specimen ¢Õß primary tumor À≈“¬™π‘¥ PTEN ∂Ÿ°‡√’¬°Õ’°™◊ËÕ«à“‡ªìπ

the gene mutated in multiple advanced cancers 1 (MMAC1) PTEN ‡ªìπ sus-

ceptibility gene ¢Õß Cowden disease (CD) ∑’Ë∂à“¬∑Õ¥·∫∫ autosomal dominant

À√◊Õ multiple hamartoma syndrome ‚¥¬¡’ trichilemmomas, benign tumors ¢Õß

hair follicle infundibulum, ·≈– mucocutaneous papillomatosis ‡ªìπ pathogno-

monic ¢Õß CD common features Õ◊ËπÊ ‰¥â·°à thyroid adenomas ·≈– multinodu-

lar goiters, breast fibroadenomas, ·≈– hamartomatous gastrointestinal polyps

°“√«‘π‘®©—¬ CD  “¡“√∂∑”‰¥â‡¡◊ËÕæ∫ºŸâªÉ«¬À√◊Õ§√Õ∫§√—«∑’Ë¡’ combination ¢Õß pathog-

nomonic major ·≈–/À√◊Õ minor criteria µ“¡ the International Cowden Consor-

tium (µ“√“ß∑’Ë 3) CD ¡’Õ—µ√“‡ ’Ë¬ß‡æ‘Ë¡¢÷Èπ„π¡–‡√Áß‡µâ“π¡ ·≈– thyroid cancers ¡–‡√Áß

‡µâ“π¡®–∂Ÿ°µ√«®æ∫ 25% ∂÷ß 50% ¢ÕßºŸâÀ≠‘ß∑’Ë‡ªìπ CD ·≈–æ∫ thyroid cancer ‡°‘¥¢÷Èπ

3% ∂÷ß 10% ¢ÕßºŸâªÉ«¬ PTEN mutations µ√«®æ∫‰¥â 81% ¢Õß CD families ·≈–

°“√µ√«®æ∫ PTEN mutation ®– correlated °—∫°“√‡°‘¥¡–‡√Áß‡µâ“π¡

RET Protooncogene and Multiple Endocrine Neoplasia Type 2

RET gene ®—¥‡ªìπ transmembrane receptor tyrosine kinase ´÷Ëß¡’∫∑∫“∑

„π proliferation, migration ·≈– differentiation ¢Õß cells ∑’Ë¡“®“° neural crest

mutations „π RET gene ‡°’Ë¬«¢âÕß°—∫ medullary thyroid carcinoma Õ¬à“ß‡¥’¬«

À√◊Õæ∫„π multiple endocrine neoplasia type 2 (MEN2) syndromes MEN2A

‡°’Ë¬«°—∫ medullary thyroid carcinoma ·≈– pheochromocytoma (50%) À√◊Õ

parathyroid adenoma (20%), „π¢≥–∑’Ë MEN2B ª√–°Õ∫¥â«¬ medullary thyroid

carcinoma, marfanoid habitus, mucosal neuromas, ·≈– ganglioneuromatosis

RET mutations π”‰ª Ÿà°“√§«∫§ÿ¡°“√‡µ‘∫‚µ¢Õß thyroid c cells ‰¡à‰¥â ·≈–„π famil-

ial medullary cancer, c-cell hyperplasia æ—≤π“‰ª‡ªìπ bilateral, multicentric med-

ullary thyroid cancer °“√‡°‘¥ mutations „π RET gene  “¡“√∂µ√«®æ∫‰¥â„π 40%

∂÷ß 60% ¢Õß sporadic medullary thyroid cancers
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µ“√“ß∑’Ë 3 Cowden Disease Diagnostic Criteria

Pathognomonic criteria

Mucocutaneous lesions

Trichilemmomas, facial

Acral keratoses

Papillomatous lesions

Mucosal lesions

Major criteria

Breast cancer

Thyroid cancer, especially follicular thyroid carcinoma type

Macrocephaly (≥97th percentile)

Lhermitte-Duclos disease

Endometrial carcinoma

Minor criteria

Other thyroid lesions (e.g., goiter

Mental retardation (IQ ≤75)

Gastrointestinal hamartomas

Fibrocystic disease of the breast

Lipomas

Fibromas

Genitourinary tumors (e.g., uterine fibroids) or malformation

Operational diagnosis in an individual

Mucocutaneous lesions alone if there are:

Six or more facial papules, of which three or more must be trichilemmoma, or

Cutaneous facial papules and oral mucosal papillomatosis, or

Oral mucosal papillomatosis and acral keratoses, or

Palmoplantar keratoses, six or more

Two major criteria, but one must be macrocephaly or Lhermitte-Duclos disease

One major and three minor criteria

Four minor criteria
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Genetic Modifiers of Risk

∂÷ß·¡â«à“·µà≈–§π®– carry germline mutations ‡À¡◊Õπ°—π ·µàÕ“®®–¡’

§«“¡·µ°µà“ß°—π„π°“√‡°‘¥¡–‡√Áß (cancer penetrance) ·≈–°“√· ¥ßÕÕ°¢Õß¡–‡√Áß

(cancer phenotype) °“√· ¥ßÕÕ°∑’Ë·µ°µà“ß°—ππ’ÈÕ“®®–¡’º≈¡“®“°ªí®®—¬ ‘Ëß·«¥≈âÕ¡

(environmental influences) À√◊Õ genetic modifiers of risk ‡™àπ‡¥’¬«°—π genetic

modifiers of risk °Á¡’∫∑∫“∑„π°“√°”Àπ¥«à“·µà≈–§π®–‡ªìπ¡–‡√ÁßÀ√◊Õ‰¡àÀ≈—ß®“°

‰¥â√—∫ “√°àÕ¡–‡√Áß (carcinogens) ªï §.». 1761 John Hill ‡ªìπ§π·√°∑’Ë√“¬ß“π§«“¡

 —¡æ—π∏å √–À«à“ß°“√‡°‘¥¡–‡√Áß„π®¡Ÿ°°—∫°“√ Ÿ¥¥¡„∫¬“ Ÿ∫ ªí®®ÿ∫—ππ’È√âÕ¬≈– 60 ∂÷ß 90

¢Õß¡–‡√Áß‡°‘¥¢÷Èπ‡π◊ËÕß®“°ªí®®—¬ ‘Ëß·«¥≈âÕ¡ (environmental factors)  “√„¥°Áµ“¡∑’Ë

∑”„Àâ‡°‘¥¡–‡√Áß¢÷Èπ ‡√’¬°«à“  “√°àÕ¡–‡√Áß (carcinogens) ´÷ËßÕ“®®–‡ªìπ “√‡§¡’ (chemi-

cal agent)  “√∑“ß°“¬¿“æ (physical agent) À√◊Õ ‰«√—  (virus)

Chemical Carcinogens

 “√‡§¡’∑’Ë “¡“√∂°àÕ¡–‡√Áß “¡“√∂·∫àß‰¥â‡ªìπ 3 ª√–‡¿∑ µ“¡«‘∏’∑’Ë°àÕ„Àâ‡°‘¥¡–‡√Áß

¢÷Èπ ‰¥â·°à

1. Genotoxins ‡ªìπ “√‡§¡’°≈ÿà¡∑’Ë∑”„Àâ‡°‘¥¡–‡√Áß‚¥¬°“√∑”„Àâ‡°‘¥ muta-

tion

2. Co-carcinogens  “√‡§¡’°≈ÿà¡π’È‰¡à‰¥â∑”„Àâ‡°‘¥¡–‡√Áß¢÷Èπ‚¥¬µ—«¡—π‡Õß

·µà®–∑”ß“π‚¥¬‡ √‘¡∑”„Àâ‡°‘¥¡–‡√Áß‚¥¬‡ √‘¡°“√∑”ß“π¢Õß genotoxins

3. Tumor promoters ‡ªìπ “√∑’Ë‡ √‘¡∑”„Àâ‡°‘¥¡–‡√Áß¢÷ÈπÀ≈—ß®“° expose

µàÕ genotoxins

International Agency for Research on Cancer (IARC) ‰¥â®—¥∑” registry

¢Õß human carcinogens ´÷Ëß “¡“√∂§âπÀ“‡æ‘Ë¡‡µ‘¡∑’Ë http://www.iarc.fr ‚¥¬·∫àß

 “√°àÕ¡–‡√Áßµ“¡°“√»÷°…“∑“ß√–∫“¥«‘∑¬“ °“√»÷°…“„π —µ«å∑¥≈Õß ·≈– short-term mu-

tagenesis tests ÕÕ°‡ªìπ 5 °≈ÿà¡§◊Õ

Group 1 Proven human carcinogens

Group 2A Probable human carcinogens
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Group 2B Considered to be possible carcinogens

Group 3 Agents are not classifiable as to carcinogenicity in

humans

Group 4 Agents are probably not carcinogenic to humans

µ—«Õ¬à“ß¢Õß proven carcinogens (group 1) by the IARC ‰¥â· ¥ß‰«â„π

µ“√“ß∑’Ë 4

Physical Carcinogens

 “√∑“ß°“¬¿“æ “¡“√∂°àÕ„Àâ‡°‘¥¡–‡√Áß‰¥â‚¥¬°√–µÿâπ„Àâ‡°‘¥°“√Õ—°‡ ∫·≈–

cell proliferation ºà“π√–¬–‡«≈“Àπ÷Ëß À√◊Õ ¡’°“√∑”≈“¬ DNA ‡°‘¥¢÷Èπ foreign bodies

 “¡“√∂∑”„Àâ‡°‘¥°“√Õ—°‡ ∫∑’Ë‡√◊ÈÕ√—ß (chronic irritation) ∑”„Àâ‡´≈≈å expose µàÕ

°√–∫«π°“√°“√‡°‘¥¡–‡√Áß (carcinogenesis) ‚¥¬ªí®®—¬ ‘Ëß·«¥≈âÕ¡Õ◊Ëπ µ—«Õ¬à“ß ‡™àπ

°“√Ωíß foreign body „π subcutaneous tissue ∑”„Àâ‡°‘¥‡π◊ÈÕßÕ°¢÷Èπ „π∑“ß§≈‘π‘°

æ∫«à“°“√Õ—°‡ ∫‡√◊ÈÕ√—ß (chronic irritation and inflammation) ‡™àπ chronic nonhealing

wounds, burns ·≈– inflammatory bowel disease ¡’Õ—µ√“‡ ’Ë¬ß„π°“√‡°‘¥¡–‡√Áß

 Ÿß¢÷Èπ µ—«Õ¬à“ßÕ◊Ëπ¢Õß physical carcinogenesis ‰¥â·°à Helicobacter pylori ∑’Ë

‡°’Ë¬«¢âÕß°—∫°≈‰°„π°“√‡°‘¥ gastritis ·≈–æ¬“∏‘„∫‰¡â„πµ—∫ Opisthorchis viverrini

¡’º≈∑”„Àâ‡°‘¥ local inflammation ¢Õß∑àÕπÈ”¥’ ·≈–‡°‘¥‡ªìπ cholangiocarcinoma

¢÷Èπ

°“√‡°‘¥¢Õß lung ·≈– mesothelial cancers ®“°°“√ Ÿ¥¥¡ asbestos fibers

À√◊Õ nonfibrous particles ‡™àπ silica ‡ªìπµ—«Õ¬à“ß¢Õß foreign-body-induced physical

carcinogenesis6 °“√»÷°…“„π —µ«å∑¥≈Õßæ∫«à“ ¢π“¥ (dimensions) ¢Õß asbestos

·≈– fibrous minerals Õ◊Ëπ ¡’º≈µàÕ°“√‡°‘¥¡–‡√Áß (carcinogenicity)7 short fibers

 “¡“√∂ inactivated ‚¥¬°√–∫«π°“√ phagocytosis „π¢≥–∑’Ë long fibers (>10 µm)

®–∂Ÿ°°”®—¥‰¥â¬“°°«à“·≈–∂Ÿ° encompassed ‚¥¬ epithelial cells ∑’Ë‡æ‘Ë¡®”π«π¢÷Èπ®π

°√–µÿâπ„Àâ‡°‘¥¡–‡√Áß

Physical carcinogens  “¡“√∂‡°‘¥ synergistic effect °—∫ chemical car-

cinogens ·≈–°àÕ„Àâ‡°‘¥¡–‡√Áß¢÷Èπ µ—«Õ¬à“ß ‡™àπ ¡’°“√∑”ªØ‘°‘√‘¬“°—π√–À«à“ß asbestos
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µ“√“ß∑’Ë 4 Selected IARC Group 1 Chemical Carcinogensa

Chemical Predominant Tumor Type
b

Aflatoxins Liver cancer
Arsenic Skin cancer
Benzene Leukemia
Benzidine Bladder cancer
Beryllium Lung cancer
Cadmium Lung cancer
Chinese-style salted fish Nasopharyngeal carcinoma
Chlorambucil Leukemia
Chromium [VI] compounds Lung cancer
Coal tar Skin cancer, scrotal cancer
Cyclophosphamide Bladder cancer, leukemia
Diethylstilbestrol (DES) Vaginal and cervical clear cell adenocarcinomas
Ethylene oxide Leukemia, lymphoma
Estrogen replacement Endometrial cancer, breast cancer
 therapy
Nickel Lung cancer, nasal cancer
Tamoxifenc Endometrial cancer
Vinyl chloride Angiosarcoma of the liver, hepatocellular carcinoma, brain

tumors, lung cancer, malignancies of lymphatic and he-
matopoietic system

TCDD (2, 3, 7, 8-tetra- Soft-tissue sarcoma
chlorodibenzo-para-dioxin)
Tobacco products, Oral cancer
smokeless
Tobacco smoke Lung cancer, oral cancer, pharyngeal cancer, laryngeal

cancer, esophageal cancer (squamous cell, pancreatic can-
cer, bladder cancer, liver cancer, renal cell carcinoma,
cervical cancer, leukemia)

aBased on information in the IARC monographs.
bOnly tumor types for which causal relationships are established are listed. Other cancer types may be linked
to the agents with a lower frequency or with insufficient data to prove causality.

cTamoxifen has been shown to prevent contralateral breast cancer.
IARC = The International Agency for Research on Cancer.
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silica ·≈– polycyclic aromatic hydrocarbons (PAH) ´÷Ëß‡ªìπ à«πª√–°Õ∫„π∫ÿÀ√’Ë

PAH „π∫ÿÀ√’Ë®–∂Ÿ° metabolized ‚¥¬ epithelial cells ·≈– form DNA adducts ∂â“

PAH ∂Ÿ° coat ∫π asbestos PAH uptake ®–‡æ‘Ë¡¢÷Èπ∑—Èß PAH ·≈– asbestos ∑”„Àâ

lung clearance ‡ ’¬≈ß ∑”„Àâ uptake ‡æ‘Ë¡¢÷ÈπÕ’°

Radiation ‡ªìπ “√°àÕ¡–‡√Áß∑“ß°“¬¿“æ∑’Ë√Ÿâ®—°°—π¥’ radiation  “¡“√∂·∫àß‰¥â

‡ªìπ ionizing radiation (x-rays, gamma rays, alpha ·≈– beta particles) À√◊Õ

nonionizing radiation (UV) ‡ªìπ∑’Ë∑√“∫°—π«à“¡–‡√Áß “¡“√∂‡°‘¥À≈—ß®“°‰¥â√—∫ ioniz-

ing radiation µ—Èß·µà°“√§âπæ∫ x-rays ¢Õß Roentgen „πªï §.» 1895 20 ªïÀ≈—ß

®“°π—Èπ¡’√“¬ß“π¢Õß°“√‡°‘¥ radiation-related skin cancers ®”π«π¡“°√«¡‰ª∂÷ß¡’

√“¬ß“π°“√‡°‘¥ leukemia „π§π∑’Ë∑”ß“π°—∫√—ß ’8 °“√µ‘¥µ“¡„π√–¬–¬“«¢ÕßºŸâ√Õ¥™’«‘µ

®“°√–‡∫‘¥ª√¡≥Ÿ „π Hiroshima ·≈– Nagasaki æ∫«à“ ‡π◊ÈÕ‡¬◊ËÕ∑’Ë expose µàÕ radia-

tion ®–¡’§«“¡‡ ’Ë¬ß¢Õß¡–‡√Áß Ÿß¢÷Èπ radiation ®–∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘¢Õß DNA ¢’Èπ

‰¥â·°à °“√∑”≈“¬ nucleotide bases cross-linking ·≈– DNA single- and double-

strand breaks (DSBs) ‡™◊ËÕ«à“ à«π„À≠à radiation ∑”„Àâ‡°‘¥¡–‡√Áß‚¥¬ inactivate tu-

mor suppressor genes ¡“°°«à“°“√°√–µÿâπ oncogenes9

∂÷ß·¡â«à“‡´≈≈å∑’Ë‰¥â√—∫ radiation ‚¥¬µ√ß®–¡’°“√‡ª≈’Ë¬π·ª≈ß„π genetic events

®π‡°‘¥‡ªìπ¡–‡√Áß¢÷Èπ ·µà radiation ¬—ß¡’º≈‚¥¬ÕâÕ¡µàÕ°“√‡°‘¥¡–‡√Áß µ—«Õ¬à“ß‡™àπ ‡´≈≈å

∑’Ë‰¥â√—∫ radiation ®π‡°‘¥ genomic instability ¢÷Èπ ¬—ß§ß¡’º≈‰ª∂÷ß‡´≈≈å„πÕ’° 30 gen-

erations µàÕ‰ª ¥—ßπ—Èπ∂÷ß·¡â«à“®–‰¡à‡°‘¥ mutation ¢÷Èπ∑—π∑’„π‡´≈≈å∑’Ë‰¥â√—∫ radiation

·µà risk „π°“√‡°‘¥ mutation ¬—ß¡’º≈‰ª∂÷ß‡´≈≈å„π generation ∂—¥‰ªÕ’°À≈“¬

generations πÕ°®“°π’È ‡´≈≈å∑’Ë‰¡à‰¥â√—∫ radiation ‚¥¬µ√ß°Á¡’§«“¡‡ ’Ë¬ß„π°“√‡°‘¥

¡–‡√Áß¢÷Èπ‡√’¬°ª√“°Æ°“√≥åπ’È«à“ çbystander effecté ‡´≈≈å∑’Ë‰¥â√—∫√—ß ’®– secrete cytokines

À√◊Õ factors Õ◊ËπÊ ∑’Ë¡’º≈‡æ‘Ë¡ production ¢Õß reactive oxygen species „π by-

stander cells À√◊Õ„π∑“ß°≈—∫°—π bystander effect Õ“®¡’º≈‚¥¬Õ“»—¬ cell-cell com-

munication ºà“π gap junctions.10,11

Nonionizing UV radiation ‡ªìπ “√∑’Ë∑”„Àâ DNA ‡ ’¬À“¬‰¥â¡“° ·≈– “¡“√∂

induce „Àâ‡°‘¥¡–‡√Áßº‘«Àπ—ß„π —µ«å∑¥≈Õß‰¥â  à«π¡“°¢Õß¡–‡√Áßº‘«Àπ—ß™π‘¥
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nonmelanoma ‡°‘¥®“°°“√ expose µàÕ· ßÕ“∑‘µ¬å∫àÕ¬Ê π”‰ª Ÿà mutation À≈“¬

¢—ÈπµÕπ∑”„Àâ‡´≈≈å‡À≈à“π’È‰¡àÕ¬Ÿà„π normal growth control „π¡–‡√Áßº‘«Àπ—ß¡’°“√µ√«®

æ∫«à“ ¡’ mutations „π ras oncogene ·≈–„π tumor suppressorsgene p53 ·≈–

PTCH12 „πºŸâªÉ«¬ à«π„À≠à mutations ∂Ÿ° induce ‚¥¬ UVB spectrum ∑’Ëµ”·Àπàß

pyrimidine-rich sequences ´÷Ëß· ¥ß«à“∑’Ë∫√‘‡«≥µ”·Àπàßπ’È‡ªìπµ”·Àπàß∑’Ë¡’ DNA

damage mutation ·≈– transformation µ“¡¡“13 ºŸâªÉ«¬∑’Ë‡ªìπ inherited xeroderma

pigmentosum ®–¢“¥ DNA-repair pathways ∑”„Àâ¡’‚Õ°“ ‡ ’Ë¬ß¡“°∑’Ë®–‡°‘¥‡ªìπ

UV-induced cancers ‚¥¬‡©æ“–∫√‘‡«≥º‘«Àπ—ß¢Õß√à“ß°“¬∑’Ë expose µàÕ· ßÕ“∑‘µ¬å

ºŸâªÉ«¬∑’Ë‡ªìπ ataxia telangiectasia mutated syndrome °Á®–¡’ phenotype ∑’Ë‡ªìπ

radiation-sensitive14

Viral Carcinogens

ªï §.». 1911 Peyton Rous ‰¥â· ¥ß„Àâ‡ÀÁπ«à“ ¡–‡√Áß “¡“√∂ transmit ®“°‰°à

µ—«Àπ÷Ëß‰ª¬—ßÕ’°µ—«Àπ÷Ëß ‚¥¬ “√∑’Ë °—¥®“°‡´≈≈å¢Õß sarcoma ́ ÷ËßµàÕ¡“æ∫«à“§◊Õ viral trans-

mission ¢Õß¡–‡√Áß‚¥¬ Rous sarcoma virus (RSV) ªí®®ÿ∫—ππ’Èæ∫«à“ human viruses

À≈“¬µ—«¡’§ÿ≥ ¡∫—µ‘°àÕ„Àâ‡°‘¥¡–‡√Áß·≈– ÿ¥∑â“¬°≈“¬‡ªìπ¡–‡√Áß¢÷Èπ (µ“√“ß∑’Ë 5)15 ª√–¡“≥

15% ¢Õß¡–‡√Áß„π¡πÿ…¬å¡’ “‡Àµÿ‡°‘¥¡“®“°‰«√— 

°“√°àÕ„Àâ‡°‘¥¡–‡√Áß¢Õß‰«√—  “¡“√∂‡°‘¥®“°À≈“¬°≈‰≈ §◊Õ

1. direct transformation

2. expression of oncogenes ´÷Ëß¢—¥¢«“ß cell-cycle checkpoints À√◊Õ

DNA repair

3. expression of cytokines À√◊Õ other growth factors

4. ¡’º≈‡ª≈’Ë¬π·ª≈ßµàÕ immune system

‰«√— ∑’Ë°àÕ„Àâ‡°‘¥¡–‡√Áß (oncogenic viruses) Õ“®‡ªìπ RNA À√◊Õ DNA vi-

ruses. oncogenic RNA virus ‡ªìπ retroviruses ·≈–ª√–°Õ∫¥â«¬‡Õπ‰´¡å reverse

transcriptase À≈—ß®“°∑’Ë‰¥â√—∫‰«√— ‡¢â“ Ÿà√à“ß°“¬ single-stranded RNA viral genome

®–∂Ÿ° transcribe ‡¢â“‰ª„π double-stranded DNA copy ´÷Ëß®–∂Ÿ°√«¡‡¢â“‰ª„π DNA

∑’ËÕ¬Ÿà„π chromosome ´÷ËßÕ¬Ÿà¿“¬„π‡´≈≈å ‡π◊ËÕß®“° retroviral infection ¢Õß‡´≈≈å®–
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Õ¬Ÿà‰ªµ≈Õ¥ ¥—ßπ—Èπ integrated DNA sequences ®–§ßÕ¬Ÿà„π host chromosome

Õ¬à“ß∂“«√ oncogenic transforming retroviruses ®–carry oncogenes ∑’Ë¡“®“°¬’π

„π‡´≈≈å´÷Ëß¬’π‡À≈à“π’È‡ªìπ protooncogenes ´÷Ëß‚¥¬ª°µ‘®–‡°’Ë¬«¢âÕß°—∫ mitogenic sig-

naling ·≈– growth control ·≈–√«¡‰ª∂÷ß protein kinases G proteins growth

factors ·≈– transcription factors (µ“√“ß∑’Ë 6)

µà“ß®“° oncogenes ®“° RNA viruses, oncogenes ¢Õß DNA tumor vi-

ruses ®–¡“®“°‰«√—  ‰¡à‰¥â¡“®“°‡´≈≈å ¬’π‡À≈à“π’È‡ªìπ à«π∑’Ë®”‡ªìπ„π°√–∫«π°“√ viral

replication ‚¥¬Õ“»—¬°√–∫«π°“√µà“ßÊ ¢Õß host cell „π host ∫“ß√“¬ infection

∑’Ë‡°‘¥®“° oncogenic DNA virus Õ“®∑”„Àâ‡°‘¥ lytic infection ´÷Ëßπ”‰ª Ÿà cell death

·≈–®–ª≈àÕ¬‰«√— ∑’Ë √â“ß¢÷Èπ¡“„À¡àÕÕ°¡“ ·µà„π‡´≈≈å∫“ß‡´≈≈å∑’Ë‰«√— ∑”Õ—πµ√“¬‰¡à‰¥â

µ“√“ß∑’Ë 5 Selected viral carcinogensa

Virus Predominant tumor type
b

Epstein-Barr virus Burkittûs lymphoma

Hodgkinûs disease

Immunosuppression-related lymphoma

Sinonasal angiocentric T-cell lymphoma

Nasopharyngeal carcinoma

Hepatitis B Hepatocellular carcinoma

Hepatitis C Hepatocellular carcinoma

Human immunodeficiency virus-1 Kaposiûs sarcoma

Non-Hodgkinûs lymphoma

Human papillomavirus types 16 and 18 Cervical cancer

Anal cancer

Human T-cell lymphotropic viruses Adult T-cell leukemia/lymphoma

aBased on information in the International Agency for Research on Cancer Monographs.
bOnly tumor types for which causal relationships are established are listed. Other cancer types may be linked
to the agents with a lower frequency or with insufficient data to prove causality.
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DNA ‰«√—  ®– “¡“√∂ integrate ‡¢â“‰ª„π chromosomal DNA ´÷ËßÕ¬Ÿà¿“¬„π‡´≈≈å

·≈–®–¡’°“√ √â“ß viral genes ∫“ß¬’πÕ¬à“ß∂“«√·≈–π”‰ª Ÿà°“√‡ª≈’Ë¬π·ª≈ß„π‡´≈≈å´÷Ëß

π”‰ª Ÿà neoplastic state

°“√®—∫°—π¢Õß viral oncoproteins °—∫ cellular tumor suppressor proteins

p53 and Rb ‡ªìπæ◊Èπ∞“π¢Õß°“√‡°‘¥ carcinogenesis ‚¥¬ DNA viruses  à«π„À≠à

µ“√“ß∑’Ë 6 Retroviruses Containing Cellular Oncogenes

Oncogene Virus Name Origin Protein Product

abl Abelson murine leukemia virus Mouse Tyrosine kinase

fes ST feline sarcoma virus Cat Tyrosine kinase

fps Fujinami sarcoma virus Chicken Tyrosine kinase

src Rous sarcoma virus Chicken Tyrosine kinase

erbB Avian erythroblastosis virus Chicken Epidermal growth factor receptor

fms McDonough feline sarcoma virus Cat Colony-stimulating factor receptor

kit Hardy-Zuckerman-4 feline sarcoma Cat Stem cell factor receptor

virus

mil Avian myelocytoma virus Chicken Serine/threonine kinase

mos Moloney murine sarcoma virus Mouse Serine/threonine kinase

raf Murine sarcoma virus 3611 Mouse Serine/threonine kinase

sis Simian sarcoma virus Monkey Platelet-derived growth factor

H-ras Harvey murine sarcoma virus Rat GDP/GTP binding

K-ras Kirsten murine sarcoma virus Rat GDP/GTP binding

erbA Avian erythroblastosis virus Chicken Transcription factor (thyroid hormone

receptor)

ets Avian myeloblastosis virus E26 Chicken Transcription factor

fos FBJ osteosarcoma virus Mouse Transcription factor (AP1 component)

jun Avian sarcoma virus-17 Chicken Transcription factor (AP1 component)

myb Avian myeloblastosis virus Chicken Transcription factor

myc MC29 myelocytoma virus Chicken Transcription factor (NP-κB family)

GDP = guanosine diphosphate; GTP = guanosine triphosphate.
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„π¢≥–∑’Ë‰«√— ™π‘¥Õ◊Ëπ®–¡’‡ªÑ“À¡“¬‰ª¬—ß cellular proteins Õ◊ËπÊ cellular ¬’π ‰¥â·°à IL-

6, c-myc, c-jun, c-fos, c-H-ras, inducible nitric oxide synthase, AP-1, AP-2,

NF-κB, and SP1 ®–∂Ÿ°°√–µÿâπ‚¥¬ DNA viruses

‡À¡◊Õπ°—∫°“√‡°‘¥¡–‡√Áß®“° “√°àÕ¡–‡√ÁßÕ◊Ëπ viral carcinogenesis µâÕßÕ“»—¬

¢—ÈπµÕπÀ≈“¬¢—ÈπµÕπ retroviruses ∫“ß™π‘¥®–°àÕ„Àâ‡°‘¥ cellular oncogenes  Õßµ—«

∑’Ë∑”ß“π‡ √‘¡°—π´÷Ëß∑”„Àâ√–¬–‡«≈“„π°“√‡°‘¥¡–‡√Áß‡√Á«¢÷Èπ°«à“°“√‡°‘¥¡–‡√Áß®“°

retroviruses ∑’Ë∑”„Àâ‡°‘¥ single-gene transforming πÕ°®“°π’È ‰«√— ∫“ßµ—«®– en-

code ¬’π∑’Ë suppress À√◊Õ delay apoptosis ‡™àπ adenovirus E1B-19K protein ∑’Ë

∑”ß“π‡À¡◊Õπ Bcl-2 family ¢Õß antiapoptotic proteins ´÷Ëß¡’º≈ ”§—≠µàÕ transfor-

mation.

∂÷ß·¡â«à“„πºŸâªÉ«¬∑’Ë‡ªìπ immunocompromised ®–¡’Õ—µ√“‡ ’Ë¬ß‡æ‘Ë¡¢÷Èπ ·µà

ºŸâªÉ«¬ à«π„À≠à∑’Ë infected ¥â«¬ oncogenic viruses ‰¡à‰¥â‡°‘¥¡–‡√Áß™÷Èπ ‚¥¬ª°µ‘

¡–‡√Áß®–‡°‘¥¢÷ÈπÀ≈“¬ªïÀ≈—ß®“°‰¥â√—∫·≈–µ‘¥‡™◊ÈÕ‰«√—  µ—«Õ¬à“ß‡™àπ ºŸâªÉ«¬∑’Ë‰¥â√—∫‡™◊ÈÕ hepa-

titis C virus ®–¡’Õ—µ√“‡ ’Ë¬ß„π°“√‡°‘¥ hepatocelluar carcinoma¢÷Èπ 1-3% À≈—ß®“°

‰¥â√—∫‡™◊ÈÕ 30 ªï ∫“ß§√—ÈßÕ“®®–¡’°“√‡ √‘¡°—π (synergy) °—π√–À«à“ßªí®®—¬ ‘Ëß·«¥≈âÕ¡°—∫

‰«√— „π°“√‡°‘¥ carcinogenesis ªí®®—¬∑’Ë¡’º≈ àß‡ √‘¡„Àâ‡°‘¥ hepatocellular carcinoma

„πºŸâªÉ«¬∑’Ë‰¥â√—∫‡™◊ÈÕ hepatitis C virus ‰¥â·°à °“√¥◊Ë¡ ÿ√“, hepatitis B co-infection

·≈– ‡∫“À«“π16

Cancer Risk Assessment

Cancer risk assessment §◊Õ à«π∑’Ë ”§—≠¢Õß°“√ª√–‡¡‘π‡∫◊ÈÕßµâπ„πºŸâªÉ«¬∫“ß

§π patientûs cancer risk ‰¡à‡æ’¬ß¡’§«“¡ ”§—≠„π°“√µ—¥ ‘π„®æ‘®“√≥“„π°“√µ√«®

§—¥°√Õß (cancer screening) ·µà¬—ß¡’º≈„π°“√™à«¬„π°“√µ—¥ ‘π„®„π°“√„Àâ°“√√—°…“

À≈—ß°“√µ√«®æ∫§«“¡º‘¥ª°µ‘∫“ßÕ¬à“ß∑’Ë§≈ÿ¡‡§≈◊Õ (indeterminant finding) µ—«Õ¬à“ß

‡™àπ „π probably benign mammographic lesion (American College of Radio-

logy category III) ¡’‚Õ°“ ∑’Ë®–‡ªìπ¡–‡√Áß‰¥â 2% ∂â“æ∫„πºŸâªÉ«¬∑’Ë‡ªìπ baseline cancer

risk®–∂Ÿ°„Àâ°“√√—°…“‚¥¬°“√µ‘¥µ“¡∑” follow-up mammogram „πÕ’° 6 ‡¥◊Õπ∂—¥‰ª
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·µà∂â“æ∫„πºŸâªÉ«¬∑’Ë‡ªìπ high risk for breast cancer §«√æ‘®“√≥“∑’Ë®–„Àâ‰¥â tissue

diagnosis

·æ∑¬å “¡“√∂ª√–‡¡‘π cancer risk ‰¥â‚¥¬‡√‘Ë¡®“°°“√´—°ª√–«—µ‘‚¥¬≈–‡Õ’¬¥

‰¥â·°à ª√–«—µ‘∑’Ë expose µàÕ potential carcinogens ·≈–ª√–«—µ‘§√Õ∫§√—«‚¥¬≈–‡Õ’¬¥

µ—«Õ¬à“ß‡™àπ risk assessment ¢Õß breast cancer ‰¥â·°à ª√–«—µ‘§√Õ∫§√—«∑’Ë‡°’Ë¬«¢âÕß

°—∫ ¡“™‘°„π§√Õ∫§√—«∑’Ë carry breast cancer susceptibility gene ‰¡à«à“®–‡ªìπ fa-

milial clustering ¢Õß breast cancer, ovarian cancer, thyroid cancer, sarcoma,

adrenocortical carcinoma, endometrial cancer, brain tumors, dermatologic

manifestations, leukemia, À√◊Õ lymphoma À√◊ÕºŸâªÉ«¬Õ¬Ÿà„π°≈ÿà¡ª√–™“°√∑’Ë¡’

§«“¡‡ ’Ë¬ß Ÿß‡™àπ Ashkenazi Jew ºŸâªÉ«¬∑’Ë¡’ª√–«—µ‘§√Õ∫§√—«∑’Ë¡’≈—°…≥–¢Õß cancer

syndrome ‡™àπ hereditary breast ovarian syndrome, Li-Fraumeni syndrome

(LFS) À√◊Õ Cowden disease (CD) ®–‰¥âª√–‚¬™πå®“° genetic counseling ·≈– ge-

netic testing

ºŸâªÉ«¬∑’Ë‰¡à¡’ hereditary risk ™—¥‡®π  “¡“√∂ª√–‡¡‘π‚¥¬„™âæ◊Èπ∞“π¢Õß Õ“¬ÿ

‡™◊ÈÕ™“µ‘ ª√–«—µ‘ à«πµ—« models „π°“√ª√–‡¡‘π risk ¢Õß¡–‡√Áß‡µâ“π¡∑’Ëπ‘¬¡„™â¡“°∑’Ë ÿ¥

§◊Õ Gail model Gail ·≈–§≥–‰¥â«‘‡§√“–Àå¢âÕ¡Ÿ≈®“°ºŸâªÉ«¬¡–‡√Áß‡µâ“π¡ 2,852 √“¬ ·≈–

controls 3,146 √“¬ ®“° breast cancer detection and demonstration project,

mammography screening project ∑’Ë conducted „π™à«ß∑»«√√…∑’Ë 70 ·≈–‰¥âæ—≤π“

model  ”À√—∫æ¬“°√≥å incidence ¢Õß¡–‡√Áß‡µâ“π¡ model π’È‰¥â„™â risk factors

À≈“¬Õ¬à“ß ‡™àπ Õ“¬ÿºŸâªÉ«¬ Õ“¬ÿ∑’Ë‡√‘Ë¡¡’ª√–®”‡¥◊Õπ Õ“¬ÿ∑’Ë¡’∫ÿµ√§π·√° ®”π«π¢Õß first-

degree relatives ∑’Ë‡ªìπ breast cancer, ®”π«π¢Õß previous breast biopsies

·≈–º≈¢Õß biopsies ∑’Ë¡’ atypical ductal hyperplasia À√◊Õ‰¡à (µ“√“ß∑’Ë 7) The Na-

tional Cancer Institute (NCI) ¢Õß À√—∞Õ‡¡√‘°“·≈– the National Surgical Adju-

vant Breast and Bowel Project (NSABP) biostatistics center ‰¥âæ—≤π“ breast

cancer risk assessment tool ®“° Gail model √«¡‰ª∂÷ß‡™◊ÈÕ™“µ‘ model π’È„™âª√–‡¡‘π

risk  ”À√—∫ invasive breast cancer „π™à«ß√–¬–‡«≈“ 5 ªï ·≈–µ≈Õ¥™’«‘µ‘ (∂÷ßÕ“¬ÿ 90

ªï) ·µà„π°“√ª√–‡¡‘π risk π’ÈºŸâÀ≠‘ß∑’Ë‰¥â√—∫°“√ª√–‡¡‘πµâÕß‰¥â√—∫ regular clinical breast



Principles of Surgical Oncology592

µ“√“ß∑’Ë 7 Assessment of risk for invasive breast cancer

Risk Factor Relative Risk

Age at menarche (years)
>14 1.00
12-13 1.10
<12 1.21

Age at first live birth (years)
Patients with no first-degree relatives with cancer
<20 1.00
20-24 1.24
25-29 or nulliparous 1.55
≥30 1.93

Patients with one first degree-relative with cancer
<20 1.00
20-24 2.64
25-29 or nulliparous 2.76
≥30 2.83

Patients with 2 first-degree relatives with cancer
<20 6.80
20-24 5.78
25-29 or nulliparous 4.91
≥30 4.17

Breast biopsies (n)
Patients aged <50 years at counseling
0 1.00
1 1.70
≥2 2.88

Patients aged 50 years at counseling
0 1.00
1 1.27
≥2 1.62

Atypical hyperplasia
No biopsies 1.00
At least 1 biopsy, no atypical hyperplasia 0.93

No atypical hyperplasia, hyperplasia status unknown for at least 1 biopsy 1.00
Atypical hyperplasia in at least 1 biopsy 1.82
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exams ·≈– screening mammograms ·≈– program π’È®– underestimate risk

 ”À√—∫ºŸâÀ≠‘ß∑’Ë‰¥â√—∫°“√«‘π‘®©—¬‡ªìπ invasive À√◊Õ noninvasive breast cancer ·≈â«

·≈–‰¡à‰¥â√«¡‰ª∂÷ß specific genetic predispositions ‡™àπ mutations „π BRCA1

À√◊Õ BRCA2 Õ¬à“ß‰√°Áµ“¡ risk assessment tools π’È‰¥â√—∫°“√ validated ·≈â«·≈–„™â

Õ¬à“ß·æ√àÀ≈“¬„π∑“ß§≈‘π‘§ models ∑’Ë§≈â“¬°—π‰¥â∂Ÿ°æ—≤π“·≈–∂Ÿ° validated  ”À√—∫

¡–‡√Áß™π‘¥Õ◊ËπÊ µ—«Õ¬à“ß‡™àπ lung cancer risk prediction model ´÷Ëßª√–°Õ∫¥â«¬Õ“¬ÿ

‡æ» ª√–«—µ‘°“√ expose µàÕ asbestos ª√–«—µ‘°“√ Ÿ∫∫ÿÀ√’Ë

Cancer Screening

Early detection ‡ªìπ ‘Ëß ”§—≠„π§«“¡ ”‡√Á®„π°“√√—°…“¡–‡√Áß °“√µ√«®§—¥°√Õß

(screening) „π¡–‡√Áß∑’Ëæ∫∫àÕ¬‚¥¬„™â noninvasive tests ®–π”‰ª Ÿà°“√«‘π‘®©—¬„π

√–¬–·√° ∑”„Àâ “¡“√∂„™â°“√ºà“µ—¥∑’Ë conservative ¡“°¢÷Èπ ´÷Ëß®–≈¥ morbidity ·≈–

‡æ‘Ë¡ surgical cure rates ·≈– overall survival rates ªí®®—¬ ”§—≠∑’Ë¡’º≈°√–∑∫

µàÕ·π«∑“ß°“√§—¥°√Õß (screening guidelines) §◊Õ prevalence ¢Õß¡–‡√Áß„π°≈ÿà¡

ª√–™“°√π—ÈπÊ Õ—µ√“‡ ’Ë¬ß¢Õß¿“«–·∑√° ấÕπ∑’Ë‡°‘¥®“°«‘∏’°“√§—¥°√Õß (screening mea-

sure) ∑’Ë invasive ‡™àπ colonoscopy ·≈–°“√«‘π‘®©—¬‰¥â„π√–¬–·√° (early diagnosis)

¡’º≈µàÕ outcome À√◊Õ‰¡à °“√µ√«®§—¥°√Õß·≈â«‰¥âº≈‡ªìπº≈∫«°≈«ß (false-positive

screening) °ÁµâÕßπ”¡“æ‘®“√≥“¥â«¬ µ—«Õ¬à“ß‡™àπ 10% ¢Õß screening mammograms

Õ“®æ∫‡ªìπ suggestive of abnormality ·≈–µâÕß°“√°“√µ√«® imaging ‡æ‘Ë¡‡µ‘¡ (10%

recall rate) „πºŸâÀ≠‘ß∑’Ë¡’ abnormal mammograms ‡æ’¬ß 5 ∂÷ß 10% ®–¡’¡–‡√Áß‡µâ“π¡

25 ∂÷ß 40% ¢ÕßºŸâÀ≠‘ß∑’Ë‰¥â√—∫§”·π–π”„Àâ∑” biopsy ®–¡’¡–‡√Áß‡µâ“π¡ °“√µ√«®§—¥

°√Õß·≈â«‰¥âº≈‡ªìπº≈∫«°≈«ß®–∑”„ÀâºŸâªÉ«¬°—ß«≈„®·≈–Õ“®π”‰ª Ÿà°“√∑” biopsy ´÷Ëß

®–¡’º≈µàÕ cost „π health care system

·π«∑“ß ”À√—∫°“√µ√«®§—¥°√Õß¡–‡√Áß‚¥¬ American Cancer Society ∑’Ë

·π–π”‰«â„πªï §.». 2003 (µ“√“ß∑’Ë 8) guidelines ‡À≈à“π’È®–∂Ÿ°ª√—∫ª√ÿß‡ªìπ√–¬–‡æ◊ËÕ„Àâ

‡¢â“°—∫ technology ·≈–¢âÕ¡Ÿ≈„À¡àÊ ÕÕ°¡“„π°“√§—¥°√Õß ‡™àπ„π 2003 guidelines

‰¥â√«¡‡Õ“ fecal immunochemical occult blood tests (FIOBT) „π°“√§—¥°√Õß
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µ“√“ß∑’Ë 8 American Cancer Society recommendations for early detection of cancer in average-
risk, asymptomatic people

Cancer site Population Test or Procedure Frequency

Breast Women, Breast self- Monthly, starting at age 20
age 20+ examination

Clinical breast Every 3 years, ages 20-39
examination

Annual, starting at age 40
Mammography Annual, starting at age 40

Colorectal Men and Fecal occult blood Annual, starting at age 20
women, age test (FOBT)
50+ or

Flexible Every 5 years, starting at age 50
sigmoidoscopy
or
Fecal occult blood Annual FOBT and flexible sigmoidoscopy
test and flexible every 5, years, starting at
sigmoidoscopy age 50
or
Double-contrast DCBE every 5 years, starting at age 50
barium enema
(DCBE)
or
Colonoscopy Colonoscopy every 10 years, starting at age 50

Prostate Men, age Digital rectal exami- Offer PSA and DRE annually, starting at
50+ nation (DRE) and age 50, for men who have life

prostate-specific expectancy of at least 10 years
antigen test (PSA)

Cervix Women Pap test Cervical cancer screening beginning 3 years
after first vaginal intercourse, but no later
than 21 years of age; screening every year
with conventional Pap tests or every 2 years
using liquid-based Pap tests; at or after age
30, women who have had three or more
normal Pap tests and no abnormal Pap tests
in the last 10 years, and women who have
had a total hysterectomy, may choose to
stop cervical cancer screening
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¡–‡√Áß≈”‰ â„À≠à‡π◊ËÕß®“°°“√µ√«®π’È‰¡à®”‡ªìπµâÕß®”°—¥Õ“À“√‡À¡◊Õπ„π guaiac-based

tests ·≈– FIOBT ¡’·π«‚πâ¡∑’Ë¡’ sensitivity ·≈– specificity ¥’¢÷Èπ ·µà¬—ß‰¡à¡’¢âÕ¡Ÿ≈

 π—∫ πÿπ∑’Ë¥’„π°“√„™â technology ‡™àπ CT colonography  ”À√—∫ routine screen-

ing.

πÕ°®“° guideline ¢Õß American Cancer Society ·≈â«¬—ß¡’ ¡“§¡

«‘™“™’æÕ’°À≈“¬Õß§å°√∑’Ë‰¥â®—¥∑” recommendations  ”À√—∫ screening ‡™àπ clinical

guidelines  ”À√—∫ colorectal cancer screening ´÷Ëßæ—≤π“‚¥¬ American College

of Gastroenterology ·≈– U.S. Preventive Services Task Force ∂÷ß·¡â«à“ screen-

ing guidelines ‡À≈à“π’È®–·µ°µà“ß°—π∫â“ß ·µàÕß§å°√ à«π„À≠à®–‰¡à‰¥â‡πâπ„Àâ„™â screen-

ing strategy Õ—π„¥Õ—πÀπ÷Ëß¡“°°«à“«‘∏’Õ◊Ëπ ·µà‡πâπ§«“¡ ”§—≠∂÷ß°“√§—¥°√Õß„πºŸâ∑’Ë¡’Õ“¬ÿ

50 ªïÀ√◊Õ¡“°°«à“

Screening guidelines ∂Ÿ°æ—≤π“®“° general baseline-risk population

guidelines ‡À≈à“π’È ®”‡ªìπµâÕß modified  ”À√—∫ºŸâªÉ«¬ high risk ‡™àπ °“√§—¥°√Õß

¡–‡√Áß≈”‰ â„À≠à∑’Ë intensive ¡“°¢÷Èπ„πºŸâ∑’Ë¡’Õ—µ√“‡ ’Ë¬ß‡æ‘Ë¡¢÷Èπ ‰¥â·°à ¡’ª√–«—µ‘¢Õß

adenomatous polyps, ª√–«—µ‘ colorectal cancer „π§√Õ∫§√—« ª√–«—µ‘§√Õ∫§√—«∑’Ë¡’

∑—Èß colorectal cancer À√◊Õ colorectal adenomas ∂Ÿ°«‘π‘®©—¬„π first-degree rela-

tive °àÕπÕ“¬ÿ 60 ªï ¡’ª√–«—µ‘¢Õß inflammatory bowel disease ∑’Ëπ“πæÕ ¡§«√

À√◊Õª√–«—µ‘§√Õ∫§√—«∑’Ë‡ªìπ FAP À√◊Õ HNPCC

Cancer Diagnosis

°“√«‘π‘®©—¬„Àâ‰¥â definitive diagnosis ¢Õß solid tumors ª°µ‘®–‰¥â®“°°“√

µ—¥™‘Èπ‡π‘ÈÕµ√«® (biopsy) °“√µ—¥™‘Èπ‡π◊ÈÕµ√«®®–∑”„Àâ∑√“∫∂÷ß tumor histology ·≈–

grading ´÷Ëß®–™à«¬„π°“√«“ß·ºπ„Àâ°“√√—°…“ (definitive therapeutic planning) ∂â“

biopsy ∑”¡“®“°¿“¬πÕ° ∂“∫—π§«√®–π” slides ¡“ review ‡æ◊ËÕ confirm diagnosis

®“°¿“¬πÕ° ∂“∫—π

ª°µ‘„π°“√ Biopsy ∑’Ë mucosal lesions ‰¥â®“°°“√ àÕß°≈âÕß ‡™àπ ºà“π∑“ß

colonoscope, bronchoscope, À√◊Õ cystoscope lesions ∑’Ë “¡“√∂§≈”‰¥âßà“¬ ‡™àπ
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º‘«Àπ—ß  “¡“√∂ excise À√◊Õ sample ‚¥¬ punch biopsy deep-seated lesions

 “¡“√∂ localized ¥â«¬ CT scan À√◊Õ ultrasound guide biopsy.

°“√‰¥â™‘Èπ‡π◊ÈÕ®“°°“√∑” biopsy  “¡“√∂„™â‡¢Á¡ (needle biopsy) À√◊Õ open

incisional/excisional biopsy fine-needle aspiration ‡ªìπ«‘∏’∑’Ëßà“¬·≈–§àÕπ¢â“ß

ª≈Õ¥¿—¬ ·µà¡’¢âÕ‡ ’¬§◊Õ ‰¡à‰¥â√“¬≈–‡Õ’¬¥„π tissue architecture ‡™àπ fine-needle

aspiration biopsy ¢Õß breast mass  “¡“√∂„Àâ°“√«‘π‘®©—¬«à“‡ªìπ malignancy ‰¥â

·µà‰¡à “¡“√∂·¬°°—π√–À«à“ß invasive ·≈– noninvasive tumor ¥—ßπ—Èπ core-needle

biopsy ®–‡ªìπª√–‚¬™πå¡“°°«à“‡¡◊ËÕ histology ¡’º≈µàÕ«‘∏’°“√√—°…“ core biopsy ‡™àπ

fine-needle aspiration  à«π„À≠à§àÕπ¢â“ßª≈Õ¥¿—¬·≈– “¡“√∂∑”‰¥â‚¥¬°“√§≈”

‚¥¬µ√ß‰¥â·°à breast mass À√◊Õ soft tissue mass À√◊Õ guided ‚¥¬„™â imaging

study (‡™àπ stereotactic core biopsy ¢Õß‡µâ“π¡) ¢âÕ‡ ’¬¢Õß core biopsies ‡™àπ

fine-needle aspirations §◊Õ¡’‚Õ°“ ∑’Ë®– sampling º‘¥ ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬‡ªìπ

atypical ductal hyperplasia ‚¥¬„™â core biopsy ∫π mammogram ∑’Ëº‘¥ª°µ‘

æ∫«à“ª√–¡“≥ 19% ∂÷ß 44% ‡¡◊ËÕ∑” excision æ∫«à“‡ªìπ carcinoma °“√·ª≈º≈ his-

tologic findings ‡ªìπ ‘Ëß ”§—≠·≈–§«√relate°—∫clinical scenario ∂â“º≈¢Õß needle

biopsy ‰¡à‰ª°—∫ clinical scenario °Á§«√∑” biopsy ´È”À√◊Õ‡ª≈’Ë¬π‡ªìπ open biopsy

Open biopsies ¡’¢âÕ¥’§◊Õ‰¥â tissue ¡“°¢÷Èπ  ”À√—∫°“√µ√«®∑“ß histology

·≈–¢âÕ‡ ’¬∑’ËµâÕß∑”ºà“µ—¥ Incisional biopsies „™â„π lesions∑’Ë¡’¢π“¥„À≠à´÷Ëß defini-

tive diagnosis ‰¡à “¡“√∂«‘π‘®©—¬‰¥â¥â«¬ needle biopsy excisional biopsy §«√„™â

„π lesions ∑’Ë core biopsy ‰¡à “¡“√∂∑”‰¥â À√◊Õ‰¡à™à«¬„π°“√«‘π‘®©—¬ ·≈–§«√∑”„π

≈—°…≥– curative intent π—Ëπ§◊Õ µâÕß‰¥â adequate tissue ∑’ËÕ¬Ÿà√Õ∫ lesion ‡æ◊ËÕ„Àâ‰¥â

negative surgical margins §«√ orientation ¢Õß margins ¥â«¬ sutures À√◊Õ clips

‚¥¬»—≈¬·æ∑¬å °“√„™âÀ¡÷°∑“ specimen margins ‚¥¬æ¬“∏‘·æ∑¬å®–™à«¬„π°“√ª√–‡¡‘π

surgical margins ·≈–™à«¬„π°“√ re-excision ∂â“ margins ¥â“π„¥¥â“πÀπ÷Ëß positive

for microscopic tumor À√◊Õ tumor „°≈â margin (tumor close to margin) biopsy

incision §«√®– orientate „Àâ¥’‡æ◊ËÕ«“ß·ºπ„π°“√ excise ‡Õ“ biopsy scar ÕÕ°∂â“

µâÕß∑”ºà“µ—¥´È” πÕ°®“°π’È biopsy incision §«√Õ¬Ÿà‡Àπ◊Õ°âÕπ‚¥¬µ√ß (directly over-
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lie the area to be removed) ¡“°°«à“ tunneling ®“°µ”·ÀπàßÕ◊Ëπ´÷Ëß‡æ‘Ë¡ risk ¢Õß

contamination „π field ∑’Ë°«â“ß¢÷Èπ meticulous hemostasis √–À«à“ß°“√∑” biopsy

‡ªìπ ‘Ëß®”‡ªìπ‡æ√“– hematoma  “¡“√∂∑”„Àâ‡°‘¥ contamination ¢Õß tissue planes

·≈–∑”„Àâ°“√ follow-up ¥â«¬°“√µ√«®√à“ß°“¬¬“°¢÷Èπ

Cancer Staging

Cancer staging ‡ªìπ√–∫∫∑’Ë®–Õ∏‘∫“¬ anatomic extent ¢Õß malignant

process „πºŸâªÉ«¬·µà≈–√“¬ staging systems Õ“®®–√«¡ clinical prognostic fac-

tors ‡™àπ ¢π“¥¢Õß‡π◊ÈÕßÕ° µ”·Àπàß, extent, grade, ·≈–°“√°√–®“¬‰ª¬—ß regional

lymph nodes À√◊ÕÕ«—¬«–∑’Ë‰°≈ÕÕ°‰ª staging ∑’Ë·¡àπ¬”‡ªìπ ‘Ëß ”§—≠„π°“√„Àâ°“√

√—°…“Õ¬à“ß∂Ÿ°µâÕß·≈–‡À¡“– ¡„πºŸâªÉ«¬·µà≈–ºŸâªÉ«¬¡–‡√Áß∑’Ë¡’Õ—µ√“‡ ’Ë¬ß Ÿß∑’Ë®–‡°‘¥

distant metastasis ª°µ‘¡—°®–µâÕßµ√«® preoperative staging work-up ´÷Ëß

®–ª√–°Õ∫¥â«¬ imaging studies „πµ”·Àπàß∑’Ë¡–‡√Áß™π‘¥π—Èπ™Õ∫°√–®“¬‰ª ‡™àπ

ºŸâªÉ«¬¡–‡√Áß‡µâ“π¡Õ“®µâÕß∑” staging work-up ∑’Ëª√–°Õ∫‰ª¥â«¬ chest x-ray, bone

scan, ·≈– liver ultrasound À√◊Õ CT scan of the abdomen ‡æ◊ËÕ∑’Ë®–ª√–‡¡‘π

metastases ‰ª¬—ßªÕ¥ °√–¥Ÿ° ·≈–µ—∫µ“¡≈”¥—∫ ª°µ‘ staging work-up ®–∑”‡æ’¬ß

„πºŸâªÉ«¬∑’Ë¡’‚Õ°“ ‡°‘¥ metastasis ‚¥¬¢÷Èπ°—∫≈—°…≥–¢Õß primary tumor ‡™àπ stag-

ing work-up „πºŸâªÉ«¬¡–‡√Áß‡µâ“π¡∑’Ë‡ªìπ ductal carcinoma in situ À√◊Õ small inva-

sive breast tumor ¡’‚Õ°“ ‰¥âª√–‚¬™πåπâÕ¬·≈–‰¡à cost-effective

Standardization ¢Õß staging systems ¡’ à«π ”§—≠„π°“√‡ª√’¬∫‡∑’¬∫ study

µà“ßÊ ®“°À≈“¬ ∂“∫—π∑—Ë«‚≈° Staging systems proposed ‚¥¬ American Joint

Committee on Cancer (AJCC) ·≈– the Union Internationale Contre Cancer

(International Union Against Cancer, UICC) ‡ªìπ staging systems ∑’Ë‰¥â√—∫°“√

¬Õ¡√—∫∑—Ë«‰ª ∑—Èß AJCC ·≈– UICC „™â TNM staging system ‡À¡◊Õπ°—π‚¥¬ define

¡–‡√Áß„π·ßà¢Õß anatomic extent ·≈–¢÷Èπ°—∫°“√ª√–‡¡‘π„π 3  à«π§◊Õ primary tumor

(T), presence (or absence) and extent of nodal metastases (N), ·≈– presence

(or absence) and extent of distant metastases (M). „πªï §.». 2003 TNM stag-



Principles of Surgical Oncology598

ing system ‰¥â implemented the sixth edition of the AJCC Staging System

´÷Ëß‰¥â„™â√à«¡°—π∑—Èß AJCC ·≈– UICC

TNM staging ®–„™â„π cases ∑’Ë‰¥â√—∫ microscopically confirm «à“‡ªìπ ma-

lignant clinical staging (cTNM À√◊Õ TNM) ‰¥â®“°¢âÕ¡Ÿ≈®π∂÷ß initial definitive

treatment pathologic staging (pTNM) Õ“»—¬∑—Èß¢âÕ¡Ÿ≈∑“ß§≈‘π‘°·≈–¢âÕ¡Ÿ≈∑’Ë‰¥â®“°

°“√µ√«®∑“ßæ¬“∏‘¢Õß resected primary tumor ·≈– regional lymph nodes classi-

fications Õ◊ËπÊ ‰¥â·°à re-treatment (rTNM) À√◊Õ autopsy staging (aTNM) §«√

√–∫ÿ„Àâ™—¥‡®π„π staging system

Clinical measurement ¢Õß tumor size (T)  “¡“√∂«—¥‰¥â®“°°“√µ√«®

√à“ß°“¬ ·≈– imaging studies ‡™àπ ¢π“¥¢Õß‡π◊ÈÕßÕ°„π¡–‡√Áß‡µâ“π¡ “¡“√∂µ√«®‰¥â

®“°°“√µ√«®√à“ß°“¬, mammogram, À√◊Õ ultrasound tumor size ¢÷Èπ°—∫‡æ’¬ß inva-

sive component ¥—ßπ—Èπ∂â“ºŸâªÉ«¬¡’‡π◊ÈÕßÕ°¢π“¥ 0.4 cm invasive breast cancer √à«¡°—∫

ductal carcinoma in situ ¢π“¥ 5 cm ¥—ßπ—Èπ tumor ¬—ß§ß classified ‡ªìπ T1a

tumor ´÷ËßÀ¡“¬∂÷ß tumor ¡“°°«à“ 0.1 cm ·µà‰¡à¡“°°«à“ 0.5 cm

∂â“¡’ lymph node involved ¥â«¬ tumor, N component ®–‡ªìπ N1 Õ¬à“ß

πâÕ¬  ”À√—∫ solid tumor À≈“¬™π‘¥ lymph node involvement Õ“®®–‡ªìπ absence

À√◊Õ presence ́ ÷Ëß “¡“√∂ record ‡ªìπ N0 À√◊Õ N1 ·µà ”À√—∫‡π◊ÈÕßÕ°™π‘¥Õ◊Ëπ ®”π«π¢Õß

lymph nodes involved, ¢π“¥¢Õß lymph nodes À√◊Õ lymph node metastasis,

À√◊Õ regional lymph node basin involved ¡’º≈µàÕ prognostic value „π°√≥’π’È N1,

N2, N3, or N4 ∫Õ°∂÷ß§«“¡º‘¥ª°µ‘∑’Ë‡æ‘Ë¡¢÷Èπ¢Õß lymph nodes ‚¥¬¢÷Èπ°—∫ size, char-

acteristics ·≈–location. NX À¡“¬∂÷ß lymph nodes ‰¡à “¡“√∂ª√–‡¡‘π‰¥â

„π cases ∑’Ë‰¡à¡’ distant metastasis ®–∂Ÿ°√–∫ÿ‡ªìπ M0 cases ∑’Ë¡’ distant

metastases Àπ÷Ëßµ”·ÀπàßÀ√◊Õ¡“°°«à“®–√–∫ÿ‡ªìπ M1 ·≈–∂â“‰¡à “¡“√∂ª√–‡¡‘π distant

metastasis ‰¥â„Àâ√–∫ÿ‡ªìπ MX „π clinical practice negative findings ®“°°“√´—°

ª√–«—µ‘·≈–µ√«®√à“ß°“¬°Á‡æ’¬ßæÕ„π°“√√–∫ÿ‡ªìπ M0

°“√·∫àß cancer cases ‡ªìπ°≈ÿà¡Ê µ“¡ stage ·≈–¢÷Èπ°—∫ observation æ∫«à“

survival rates ®– Ÿß¢÷Èπ„π localized (lower stage) tumors °«à“ tumors ∑’Ë extended
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ÕÕ°®“° organ of origin ¥—ßπ—Èπ staging „™â‡æ◊ËÕ analyze ·≈–‡ª√’¬∫‡∑’¬∫°≈ÿà¡¢Õß

ºŸâªÉ«¬µà“ßÊ staging ™à«¬„π (1) ‡≈◊Õ°«‘∏’°“√√—°…“ (2) ª√–‡¡‘π·≈–æ¬“°√≥å‚√§ (3)

ª√–‡¡‘πº≈°“√√—°…“ (4) ·≈°‡ª≈’Ë¬π¢âÕ¡Ÿ≈°“√√—°…“√–À«à“ß centers ·≈– (5) ™à«¬„π

°“√«‘®—¬‚√§¡–‡√Áß µ—«Õ¬à“ß melanoma staging system ‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 9 Stag-

ing system π’È “¡“√∂·¬° prognosis ∑’Ë·µ°µà“ß°—π„π·µà≈– groups ‚¥¬Õ“»—¬ 15-

year survival curves (√Ÿª∑’Ë 3) ‡ªìπ∑’Ë∑√“∫«à“ AJCC ¡’ updates ‡ªìπª√–®”‡æ◊ËÕ∑’Ë®–

∫Õ° prognosis ∑’ËÕ“®®–‡ª≈’Ë¬π‰ª‡¡◊ËÕ¡’ technology „À¡àÊ ÕÕ°¡“‡ªìπ°“√ improve

predictive accuracy ¢Õß TNM system ¥—ßπ—Èπ®”‡ªìπµâÕß∑√“∫«à“‡√“°”≈—ß„™â staging

system Õ—π‰Àπ

Tumor Marker

Prognostic and predictive tissue markers

Tumor markers ‡ªìπ “√∑’Ëµ√«®æ∫„πª√‘¡“≥∑’Ë¡“°°«à“ª°µ‘„π serum ªí  “«–

nipple aspirate fluid À√◊Õ tissues ¢ÕßºŸâªÉ«¬¡–‡√Áß∫“ß™π‘¥ tumors markers ∂Ÿ°

 √â“ß®“°µ—« cancer cells ‡ÕßÀ√◊Õ®“° tissue ¢Õß√à“ß°“¬∑’Ë response µàÕ¡–‡√Áß

„π∑»«√√…∑’Ëºà“π¡“ ¡’§«“¡æ¬“¬“¡∑’Ë®– identify tissue tumor markers ∑’Ë

 “¡“√∂„™â‰¥â‡ªìπ∑—Èß prognostic À√◊Õ predictive markers ∂÷ß·¡â«à“ prognostic marker

·≈– predictive marker Õ“®®–„™âª–ªπ°—π„π∫“ß§√—Èß ·µàª°µ‘ prognostic marker

„™â„π°“√Õ∏‘∫“¬ molecular markers ∑’Ë predict disease-free survival disease-spe-

cific survival ·≈– overall survival „π¢≥–∑’Ë∫àÕ¬§√—Èß predictive marker ®–∂Ÿ°

„™â„π·ßà¢Õß°“√ predict response µàÕ°“√√—°…“µà“ßÊ

Prognostic markers ∑’Ë„Àâ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫ prognosis ∑’Ë‰¡à‡°’Ë¬«¢âÕß°—∫ clinical

characteristics Õ◊ËπÊ ·≈– “¡“√∂„Àâ¢âÕ¡Ÿ≈‡æ‘Ë¡‡µ‘¡„π·ßà¢Õß clinical presentation

®–∑”„Àâ·æ∑¬å “¡“√∂ classify ºŸâªÉ«¬ÕÕ°‡ªìπ higher À√◊Õ lower risk „π clinical

subgroups ·≈– “¡“√∂ identify ºŸâªÉ«¬∑’Ë®–‰¥â√—∫ª√–‚¬™πå®“°°“√„Àâ adjuvant therapy

„π∑“ß∑ƒ…Ø’·≈â« prognostic tumor markers ®– “¡“√∂™à«¬„π°“√∫Õ°«à“ºŸâªÉ«¬∑’Ë‡ªìπ

node-negative breast cancer √“¬„¥∑’Ë¡’Õ—µ√“‡ ’Ë¬ß∑’Ë®–‡°‘¥ relapse  Ÿß¥—ßπ—Èπ®÷ß§«√
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µ“√“ß∑’Ë 9 Melanoma staging sites

Primary Tumor (T)

TX Primary tumor cannot be assessed (e.g., shave biopsy or regressed mela-
noma)

T0 No evidence of primary tumor
Tis Melanoma in situ
T1 Melanoma 1.0 mm in thickness with or without ulceration
T1a Melanoma 1.0 mm in thickness and level II or III, no ulceration
T1b Melanoma 1.0 mm in thickness and level IV or with ulceration
T2 Melanoma 1.01-2 mm in thickness with or without ulceration
T2a Melanoma 1.01-2.0 mm in thickness, no ulceration
T2b Melanoma 1.01-2.0 mm in thickness, with ulceration
T3 Melanoma 2.01-4 mm in thickness with or without ulceration
T3a Melanoma 2.01-4.0 mm in thickness, no ulceration
T3b Melanoma 2.01-4.0 mm in thickness, with ulceration
T4 Melanoma greater than 4.0 mm in thickness with or without ulceration
T4a Melanoma >4.0 mm in thickness, no ulceration
T4b Melanoma >4.0 mm in thickness, with ulceration

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in one lymph node
N1a Clinically occult (microscopic) metastasis
N1b Clinically apparent (macroscopic) metastasis
N2 Metastasis in two to three regional nodes or intralymphatic regional me-

tastasis without nodal metastases
N2a Clinically occult (microscopic) metastasis
N2b Clinically apparent (macroscopic) metastasis
N2c Satellite or in-transit metastasis without nodal metastasis
N3 Metastasis in four or more regional nodes, or matted metastatic nodes, or

satellite(s) with metastasis in regional node(s)
Distant Metastasis (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
M1a Metastasis to skin, subcutaneous tissues, or distant lymph nodes
M1b Metastasis to lung
M1c Metastasis to all other visceral sites or distant metastasis at any site asso-

ciated with an elevated serum lactate dehydrogenase (LDH)
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Clinical Stage Grouping

Stage 0 Tis N0 M0
Stage IA T1a N0 M0
Stage IB T1b N0 M0

T2a N0 M0
Stage IIA T2b N0 M0

T3a N0 M0
Stage IIB T3b N0 M0

T4a N0 M0
Stage IIC T4b N0 M0
Stage III Any T N1 M0

Any T N2 M0
Any T N3 M0

Stage IV Any T Any N M1
Pathologic Stage Grouping

Stage 0 Tis N0 M0
Stage IA T1a N0 M0
Stage IB T1b N0 M0

T2a N0 M0
Stage IIA T2b N0 M0

T3a N0 M0
Stage IIB T3b N0 M0

T4a N0 M0
Stage IIC T4b N0 M0
Stage IIIA T1-4a N1a M0

T1-4a N2a M0
Stage IIIB T1-4b N1a M0

T1-4b N2a M0
T1-4a N1b M0
T1-4a N2b M0
T1-4a/b N2c M0

Stage IIIC T1-4b N1b M0
T1-4b N2b M0
Any T N3 M0

Stage IV Any T Any N M1

µ“√“ß∑’Ë 9(µàÕ) Melanoma staging sites
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∑’Ë®–‰¥â√—∫ adjuvant systemic therapy „π°≈ÿà¡π’È‡∑à“π—Èπ ¡’°“√»÷°…“®”π«π¡“°∑’ËæŸ¥∂÷ß

potential prognostic tumor markers  ”À√—∫ breast cancer µ—«Õ¬à“ß¢Õß markers

‡À≈à“π’È‰¥â list ‰«â„πµ“√“ß∑’Ë 10

Predictive markers ‡ªìπ markers ∑’Ë “¡“√∂ identify ºŸâªÉ«¬∑’Ë®–‰¥â

ª√–‚¬™πå®“°°“√√—°…“∫“ß™π‘¥ predictive markers ∫“ß™π‘¥∑’Ë¥’∑’Ë ÿ¥§◊Õ estrogen

receptor ·≈– HER2/neu ®–™à«¬„π°“√ identify ºŸâªÉ«¬∑’Ë®–‰¥â benefit ®“°

antiestrogen therapies (‡™àπ tamoxifen) ·≈– anti-HER2/neu therapies (‡™àπ

trastuzumab) µ“¡≈”¥—∫ ¡’§«“¡æ¬“¬“¡∑’Ë®– identify predictive markers  ”À√—∫

chemotherapy ‡æ◊ËÕ∑’Ë®– “¡“√∂‡≈◊Õ° regimens ∑’ËºŸâªÉ«¬®–‰¥â√—∫ª√–‚¬™πå „π¢≥–∑’Ë

ºŸâ∑’Ë¥Ÿ‡À¡◊Õπ«à“‰¡à‰¥â benefit ®“° conventional therapies ∑’Ë¡’Õ¬Ÿà  “¡“√∂À≈’°‡≈’Ë¬ß

toxicity ¢Õß°“√√—°…“·≈–®–‰¥â„™â investigational therapies Õ◊ËπÊ „Àâ°—∫ºŸâªÉ«¬

√Ÿª∑’Ë 3 Fifteen-year survival curves for the melanoma staging system, comparing sur-

vival rates for localized melanoma (stages I and II), regional metastases (stage

III), and distant metastases (stage IV). The numbers in parentheses are the

numbers of patients from the American Joint Committee on Cancer (AJCC)

melanoma staging database used to calculate the survival rates. The differences

between the curves are highly significant (p <0.0001)
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µ“√“ß∑’Ë 10 Potential prognostic markers for breast cancer

Tumor characteristics
Tumor grade
Tumor histology
Lymphovascular invasion

Hormone receptors
Estrogen receptor
Progesterone receptor

Cell-cycle and proliferation markers
Ki-67
Proliferating cell nuclear antigen
Ploidy
Thymidine-labeling index
S-phase fraction
Cyclin D1
Cyclin E
Cyclin A
p21

Proteases and their inhibitors
Cathepsin-D
Urokinase-type plasminogen activator
PAI-1
Matrix metalloproteinases

Angiogenesis
Microvessel density
Vascular endothelial growth factor

Growth factors and signal transduction molecules
HER2/neu
Epidermal growth factor receptor
Transforming growth factor-
Insulin-like growth factor
Insulin-like growth factor binding protein
Phosphorylated Akt

Tumor suppressor genes
p53
Rb
PTEN

Apoptosis-related factors
Apoptotic index
Bcl-2
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Serum Markers

Serum markers Õ“®™à«¬„π early diagnosis ¢Õß¡–‡√Áß∑’Ë‡°‘¥¢÷Èπ„À¡àÀ√◊Õ„™â

„π°“√ follow °“√µÕ∫ πÕß¢Õß°“√√—°…“ À√◊Õ„™â monitor °“√‡°‘¥ recurrence ·µà

tumor markers  à«π¡“°∑’Ë¡’¡—°®–¡’ sensitivities ·≈– specificities µË” (µ“√“ß∑’Ë 11)

Tumor markers Õ“®®–‰¡à¢÷Èπ„πºŸâªÉ«¬∑’Ë¡’¡–‡√Áß∑ÿ°√“¬‚¥¬‡©æ“–„π early stages ´÷Ëß

serum marker ®–‡ªìπª√–‚¬™πå¡“°„π°“√«‘π‘®©—¬ Tumor markers  “¡“√∂ Ÿß¢÷Èπ‰¥â

„π benign conditions tumor markers À≈“¬µ—«®–‰¡à¡’§«“¡®”‡æ“–µàÕ¡–‡√Áß™π‘¥

„¥™π‘¥Àπ÷Ëß·µà®–¡’§à“ Ÿß¢÷Èπ‰¥â„π¡–‡√ÁßÀ≈“¬™π‘¥ ‡π◊ËÕß®“°Õ“®¡’§à“¢Õß°“√µ√«®∑“ß

ÀâÕßªØ‘∫—µ‘°“√·ª√ª√«π‰¥â ¥—ßπ—Èπ®÷ß®”‡ªìπµâÕß§Õ¬µ√«®º≈„π≈—°…≥–∑’Ë‡ªìπ serial

results ®“°ÀâÕßªØ‘∫—µ‘°“√‡¥’¬«°—π

Surgical Approaches to Cancer Therapy

Multidisciplinary Approach to Cancer

∂÷ß·¡â«à“°“√ºà“µ—¥‡ªìπ«‘∏’°“√√—°…“∑’Ë‰¥âº≈ effective ∑’Ë ÿ¥„π solid tumors

 à«π„À≠à ·µàºŸâªÉ«¬ à«π¡“°¡—°‡ ’¬™’«‘µ®“° metastatic disease ¥—ßπ—Èπ‡æ◊ËÕ∑’Ë®– improve

µ“√“ß∑’Ë 11 Sensitivity and Specificity of Some Common Tumor Markers

Marker Cancer Sensitivity Specificity

Prostate-specific antigen (4 µg/L) Prostate 57-93% 55-68%

Carcinoembryonic antigen Colorectal 40-47% 90%

Breast 45% 81%

Recurrent disease 84% 100%

Alpha-fetoprotein Hepatocellular 98% 65%

CA 19-9 Pancreatic 78-90% 95%

CA 27-29 Breast 62% 83%

CA 15-3 Breast 57% 87%
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patient survival rates °“√„™â multimodality approach Õ—πª√–°Õ∫¥â«¬ systemic

therapy ·≈– radiation therapy ®–¡’∫∑∫“∑ ”§—≠„π¡–‡√Áß à«π„À≠à  ”À√—∫

»—≈¬·æ∑¬å·≈â«‰¡à‡æ’¬ßµâÕß√Ÿâ«à“µâÕß∑”ºà“µ—¥Õ¬à“ß‰√·µàµâÕß√Ÿâ∂÷ß alternatives Õ◊ËπÊ

πÕ°®“°°“√ºà“µ—¥ ·≈–‡ªìπ ‘Ëß ”§—≠∑’Ë»—≈¬·æ∑¬åµâÕß§ÿâπ‡§¬°—∫¢âÕ∫àß™’È·≈–¿“«–

·∑√°´âÕπ¢Õß preoperative À√◊Õ postoperative chemotherapy ·≈– radiation

therapy ∂÷ß·¡â«à“»—≈¬·æ∑¬å®–‰¡à„™àºŸâ∑’Ë„Àâ°“√√—°…“ modality π’È·µà‡√‘Ë¡·√° ·µà„π

∞“π–∑’Ë‡ªìπ·æ∑¬å§π·√°∑’Ëæ∫·≈–„Àâ°“√«‘π‘®©—¬°—∫ºŸâªÉ«¬ ÷́Ëß®–æ‘®“√≥“‡°’Ë¬«°—∫°“√ con-

sultations ∑’Ë‡À¡“– ¡  à«π„À≠à·≈â«∂â“ “¡“√∂æ‘®“√≥“ multidisciplinary approach

µ—Èß·µà·√°∑’Ëæ∫ºŸâªÉ«¬®–„Àâº≈°“√√—°…“∑’Ë¥’∑’Ë ÿ¥

Surgical Management of Primary Tumors

®ÿ¥ª√– ß§å¢Õß surgical therapy „πºŸâªÉ«¬¡–‡√Áß§◊ÕÀ«—ß„Àâ‰¥â oncologic cure

curative operation ®–‡°‘¥¢÷Èπ‰¥â∂â“ tumor confined Õ¬Ÿà∑’Ë organ of origin À√◊ÕÕ¬Ÿà∑’Ë

organ ·≈– regional lymph node ºŸâªÉ«¬∑’Ëprimary tumor ‰¡à “¡“√∂ resect ‰¥â¥â«¬

negative surgical margins ∂◊Õ«à“‡ªìπ inoperable disease operability ¢Õß pri-

mary tumors  “¡“√∂ determined ‰¥â¥’µ—Èß·µà°àÕπ∑”ºà“µ—¥‚¥¬Õ“»—¬ imaging study

∑’Ë “¡“√∂ define ∂÷ß extent ¢Õß local-regional disease. µ—«Õ¬à“ß‡™àπ °“√„™â preop-

erative thin-section CT scan „π°“√ª√–‡¡‘π resectability ¢Õß pancreatic cancer

‚¥¬Õ“»—¬«à“µ√«®‰¡àæ∫ extrapancreatic disease tumor ‰¡à extend ‰ª∑’Ë superior

mesenteric artery ·≈– celiac axis ·≈– patent superior mesenteric vein-portal

vein confluence disease ∑’Ë involve distant metastases À≈“¬µ”·Àπàß∂◊Õ‡ªìπ in-

operable case ‡æ√“–‰¡à “¡“√∂À“¬¢“¥¥â«¬ surgery ¢Õß the primary tumor

¥—ßπ—Èπ„πºŸâªÉ«¬∑’Ë¡’‚Õ°“  Ÿß∑’Ë®–¡’ distant metastasis §«√®–∑” staging work-up

°àÕπ°“√ºà“µ—¥‡Õ“ primary tumor ÕÕ° „π∫“ß‚Õ°“  primary tumors ∂Ÿ° resect

¥â«¬‡Àµÿº≈‡æ◊ËÕ‡ªìπ palliative treatment ‡™àπ‡æ◊ËÕ‡æ‘Ë¡§ÿ≥¿“æ™’«‘µ‚¥¬°“√≈¥§«“¡

ª«¥∑’Ë‡°‘¥¢÷Èπ ·°â‰¢ infection À√◊Õ≈¥¿“«–‡≈◊Õ¥ÕÕ° ‡™àπ°“√∑” mastectomy „π ul-

cerated breast tumors ¢π“¥„À≠à ∫“ß§√—Èß∂â“ºŸâªÉ«¬¡’ limited metastases ®“° pri-

mary tumor Õ“®‡ªìπ surgical candidates ∂â“ natural history ¢Õß isolated distant
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metastases  ”À√—∫¡–‡√Áß™π‘¥π—Èπ¥’æÕ ¡§«√À√◊Õ ∂â“∑‘Èß primary tumor ‰«âÕ“®‡°‘¥

complications ¢÷Èπ‰¥â

„πÕ¥’µ‡™◊ËÕ«à“°“√ºà“µ—¥¬‘Ëß radical º≈°“√√—°…“¬‘Ëß¥’ ´÷Ëß„π™à«ß 20 ªï∑’Ëºà“π¡“π’È

‰¥â√—∫°“√æ‘ Ÿ®πå·≈â«·≈–π”‰ª Ÿà°“√ºà“µ—¥∑’Ë conservative ¡“°¢÷Èπ ‡™àπ wide local exci-

sions ·∑π compartmental resections „π sarcomas °“√ºà“µ—¥·∫∫ partial mas-

tectomy, skin-sparing mastectomy, ·≈– breast-conserving therapy ∑¥·∑π

radical mastectomy „πºŸâªÉ«¬¡–‡√Áß‡µâ“π¡ ‡ªìπ∑’Ë¬Õ¡√—∫‚¥¬∑—Ë«‰ª«à“§«“¡ ”‡√Á®¢Õß

oncologic operation ®–¢÷Èπ°—∫°“√∑’Ëºà“µ—¥·≈â«‰¥â negative margins ∑’Ë°«â“ßÊ ·≈–

‰¡à¡’ evidence ¢Õß macroscopic À√◊Õ microscopic tumor ∑’Ë surgical margins

‡™àπ positive surgical margins ‡ªìπ predictor ¢Õß systemic recurrence ·≈– poor

disease-specific survival rates À≈—ß°“√∑” breast-conserving therapy „π inva-

sive breast cancer (√Ÿª∑’Ë 4)  ‘Ëß‡À≈à“π’È‡°‘¥®“° residual tumor ∑’Ë primary tumor

site ‡ªìπ source ¢Õß systemic spread πÕ°‡Àπ◊Õ‰ª®“°‡æ‘Ë¡ risk ¢Õß local recur-

rence §«“¡ ”§—≠¢Õß negative surgical margins „π·ßà¢Õß local tumor control

·≈–/À√◊Õ survival ‰¥â∂Ÿ°· ¥ß„π¡–‡√ÁßÀ≈“¬Ê ™π‘¥ ‡™àπ sarcoma, pancreatic can-

√Ÿª∑’Ë 4 Disease-specific survival in patients who had negative surgical margins and

patients who had positive margins with breast-conserving surgery
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cer ·≈– rectal cancer ¥—ßπ—Èπ„π°“√ºà“µ—¥¡–‡√Áß»—≈¬·æ∑¬å®÷ß¡’§«“¡®”‡ªìπ∑’Ë®–µâÕß„Àâ

‰¥â negative surgical margins ∂÷ß·¡â«à“ radiation therapy ·≈– systemic therapy

 “¡“√∂™à«¬≈¥ local recurrence rates „π°√≥’∑’Ë¡’ positive margins ·µàÕ¬à“ß‰√°Áµ“¡

adjuvant therapy ‰¡à “¡“√∂∑¥·∑π surgery ∑’Ë adequate ‰¥â

∂÷ß·¡â«à“ surgical gold standard §◊Õ negative surgical margins ·µà sur-

gical margins ∑’Ë‡À¡“– ¡ ”À√—∫optimal local control ¬—ß controversy „π¡–‡√Áß

 à«π„À≠à  ”À√—∫¡–‡√Áß∫“ß™π‘¥‡™àπ breast cancer ºŸâªÉ«¬∑’Ë¡’ çclose surgical marginsé

®–¡’ local recurrence rate  Ÿß°«à“ºŸâªÉ«¬∑’Ë¡’ éwidely negative margins.é ·¡â„π breast

cancer §«“¡°«â“ß¢Õß margin ∑’Ë‡À¡“– ¡¬—ß controversy „π¢≥–∑’Ë optimal margin

„π melanoma „π∑ÿ° tumor depth ‰¥â∂Ÿ° defined ‰«â™—¥‡®π·≈–¡’ systematic study

À√◊Õ randomized clinical trials  π—∫ πÿπ ∂÷ß·¡â«à“ randomized studiy ‰¡à “¡“√∂

®–¡’‰¥â„π∑ÿ°™π‘¥¢Õß tumor ·µà°Á§«√ determine surgical margins ∑’Ë‡À¡“– ¡„π

cancer ·µà≈–™π‘¥‡æ◊ËÕ∑’Ë®–‰¥âæ‘®“√≥“„Àâ adjuvant radiation ·≈– systemic therapy

„πºŸâªÉ«¬∑’Ë¡’  risk ¢Õß local failure ‡æ‘Ë¡¢÷Èπ

Surgical Management of the Regional Lymph Node Basin

¡–‡√ÁßÀ≈“¬™π‘¥¡’°“√·æ√à°√–®“¬ºà“π∑“ß lymphatics ¥—ßπ—Èπ oncologic

operations  à«π„À≠à§◊Õ°“√ remove ∑—Èß primary tumor ·≈– draining lymphatics

en bloc °“√ºà“µ—¥·∫∫π’È®–∑”‡¡◊ËÕ lymph nodes ∑’Ë drain primary tumor Õ¬Ÿà™‘¥

°—∫ tumor bed ‡™àπ„π°√≥’¢Õß colorectal cancer ·≈– gastric cancer  ”À√—∫

tumors ∑’Ë regional lymph node basin ‰¡à‰¥âÕ¬Ÿàµ‘¥°—∫ tumor (‡™àπ melanomas)

°“√‡≈“– lymph node  “¡“√∂∑”‰¥âºà“π separate incision  à«π soft tissue

sarcomas ‰¡à§àÕ¬¡’°“√°√–®“¬‰ª¬—ß lymph nodes (<5%) ¥—ßπ—Èπ°“√‡≈“– lymph

node ®÷ßÕ“®®–‰¡à®”‡ªìπ

‡ªìπ∑’Ë¬Õ¡√—∫‚¥¬∑—Ë«‰ª«à“ formal lymphadenectomy ≈¥ risk ¢Õß regional

recurrence „π cancers  à«π„À≠à ‡™àπ °“√„™â total mesorectal excision „π rectal

cancer ∑”„Àâ local-regional recurrence ≈¥≈ßÕ¬à“ß¡“°·≈– procedure π’È°≈“¬‡ªìπ

standard management ºŸâªÉ«¬∑’Ë¡’ node metastases Õ“®®–‰¥â√—∫ adjuvant therapy
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∑”„Àâ improve survival chances ¢ÕßºŸâªÉ«¬ πÕ°®“°π’È improve staging  “¡“√∂

improve survival rates ºà“π çWill Rogers effecté ´÷ËßÀ¡“¬∂÷ß °“√ identify me-

tastases ∑’Ë°àÕπÀπâ“π’È‡ªìπ silent ·≈–°“√∑’Ë‰¡à “¡“√∂ identify ‰¥âπ”‰ª Ÿà stage mi-

gration

°“√æ—≤π“ surgical management ¢Õß clinically negative regional lymph

node basin ‰¥â‡°‘¥¢÷ÈπÀ≈—ß®“°°“√„™â lymphatic mapping technology (√Ÿª∑’Ë 5)

Lymphatic mapping ·≈– sentinel lymph node biopsy ‰¥â∂Ÿ°√“¬ß“π§√—Èß·√°„πªï

§.». 1977 ‚¥¬ Cabanas „π penile cancer Morton ·≈–§≥–‰¥â implement «‘∏’π’È

¡“„™â„π°“√√—°…“ melanoma  à«π Giuliano ·≈–§≥– æ—≤π“¡“„™â„π¡–‡√Áß‡µâ“π¡

ªí®®ÿ∫—ππ’È sentinel node biopsy ∂◊Õ‡ªìπ standard of care „π°“√¥Ÿ·≈√—°…“ mela-

noma ·≈–°”≈—ß°≈“¬‡ªìπ standard of care „π breast cancer

µàÕ¡πÈ”‡À≈◊ÕßµàÕ¡·√°∑’Ë drain ®“° tumor site §◊Õ sentinel node µàÕ¡π”

‡À≈◊ÕßµàÕ¡π’È‡ªìπµàÕ¡∑’Ë®–¡’ metastases Õ¬Ÿà∂â“¡’ metastases ‡°‘¥¢÷Èπ„π regional lymph

√Ÿª∑’Ë 5 Lymphatic mapping and sentinel lymph node biopsy for breast cancer. A.

Peritumoral injection of blue dye. B. Blue dye draining into the sentinel lymph

node
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node basin Goal ¢Õß lymphatic mapping ·≈– sentinel lymph node biopsy §◊Õ

°“√ identify ·≈– remove lymph node ∑’Ë¡’·π«‚πâ¡®–¡’‚¥¬ invasive πâÕ¬∑’Ë ÿ¥ °“√∑”

sentinel lymph node biopsy ·≈â«µ“¡¥â«¬ selective regional lymph node dis-

section „πºŸâªÉ«¬∑’Ë¡’ positive sentinel lymph node ®–À≈’°‡≈’Ë¬ß morbidity ∑’Ë‡°‘¥

®“° lymph node dissections „πºŸâªÉ«¬ negative nodes ¢âÕ¥’‡æ‘Ë¡‡µ‘¡¢Õß sentinel

lymph node technique §◊Õ directs attention ‰ª¬—ß single node ∑”„Àâ “¡“√∂

analyzed lymph node ∑’Ë¡’·π«‚πâ¡®– positive ‚¥¬≈–‡Õ’¬¥·≈–‡æ‘Ë¡ accuracy ¢Õß

nodal staging

Criteria ∑’Ë„™âª√–‡¡‘π efficacy ¢Õß sentinel lymph node biopsy §◊Õ senti-

nel lymph node identification rate ·≈– false-negative rate Sentinel lymph

node identification rate §◊Õ Õ—µ√“¢ÕßºŸâªÉ«¬∑’Ë sentinel lymph node ∂Ÿ° identified

·≈– remove ®“°ºŸâªÉ«¬∑—ÈßÀ¡¥∑’Ë‰¥â attempt sentinel lymph node biopsy  à«π false-

negative rate §◊Õ —¥ à«π¢ÕßºŸâªÉ«¬∑’Ë¡’ regional lymph node metastases ·µàµ√«®

sentinel lymph node ·≈â«æ∫‡ªìπ negative False-negative biopsies Õ“®‡°‘¥®“°

°“√ identify sentinel node º‘¥À√◊Õ miss (surgical error) À√◊Õ°“√‡°‘¥ metastases

‰¡à‰¥â‡°‘¥¢÷Èπ∑’Ë first encountered node ·µà‡°‘¥„π second echelon node (biologic

variation) À√◊Õ‡°‘¥ inadequate histologic evaluation ¢Õß lymph node Sentinel

lymph node  “¡“√∂ identify ‰¥â„π‡°◊Õ∫ 100% ¢ÕßºŸâªÉ«¬ melanoma ·≈– 94%

¢ÕßºŸâªÉ«¬¡–‡√Áß‡µâ“π¡ ∑—Èßπ’È identification rate ®– Ÿß¢÷Èπ·≈– false-negative rate

®–≈¥≈ß‡¡◊ËÕ surgeons gain experience °—∫ technique π’È¡“°¢÷Èπ ¥—ßπ—Èπ„π breast

cancer ®÷ß¡’¢âÕ·π–π”„Àâ»—≈¬·æ∑¬å∑” axillary dissections √à«¡¥â«¬ ∂â“»—≈¬·æ∑¬å¡’

identification rate ‰¡à∂÷ß 90% ·≈– false-negative rate ¡“°°«à“ 5%

Lymphatic mapping  “¡“√∂∑”‰¥â‚¥¬°“√„™â isosulfan blue dye techne-

tium-labeled sulfur colloid À√◊Õ albumin, À√◊Õ‡ªìπ combination ∑—Èß 2 technique

„π°“√ detect sentinel nodes ´÷Ëß®– improve capability ¢Õß°“√ detect sentinel

lymph nodes manual palpation ‚¥¬≈–‡Õ’¬¥‡ªìπ à«π∑’Ë ”§—≠¢Õß procedure ‡æ◊ËÕ≈¥

false-negative rate nodes ∑’Ë harvest ‰¥â®–∂Ÿ° evaluate ¥â«¬ serial sectioning,
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hematoxylin ·≈– eosin staining ·≈– immunohistochemical staining ¥â«¬ S-

100 ·≈– HMB-45  ”À√—∫ melanoma ·≈– cytokeratin  ”À√—∫ breast cancer

Surgical Management of Distant Metastases

°“√√—°…“ºŸâªÉ«¬∑’Ë¡’ distant metastases ¢÷Èπ°—∫®”π«π·≈–µ”·Àπàß¢Õß me-

tastases ™π‘¥¢Õß cancer rate ¢Õß tumor growth previous treatments ·≈– re-

sponses µàÕ treatments π—Èπ, Õ“¬ÿ¢ÕßºŸâªÉ«¬, ·≈– physical condition ∂÷ß·¡â«à“ tu-

mor ∑’Ë°√–®“¬‰ª·≈â«¡—°‡ªìπ incurable ¥â«¬ surgical therapy ·µà°“√ºà“µ—¥Õ“®®–

cure ‰¥â„π selected cases ∑’Ë‡ªìπ isolated metastases ‰ª∑’Ë liver lung À√◊Õ brain

Patient selection ‡ªìπ ‘Ëß∑’Ë ”§—≠„π§«“¡ ”‡√Á®„π surgical therapy „π dis-

tant metastases ™π‘¥¢Õß cancer ¡’º≈°√–∑∫µàÕ surgical decision making liver

metastasis ®“° colon cancer ¡—°®–‡ªìπ isolated ¥—ßπ—Èπ®÷ß¡—°µ—¥ÕÕ°‰¥â¡“°°«à“ liver

metastasis ®“° breast carcinoma growth rate ¢Õß tumor ¡’∫∑∫“∑ ”§—≠·≈–

 “¡“√∂ determined ‚¥¬ disease-free interval ·≈– ‡«≈“√–À«à“ß treatment ¢Õß

primary tumor ·≈– detection ¢Õß distant recurrence ºŸâªÉ«¬∑’Ë¡’ disease-free

intervals π“π°«à“®–¡’ survival rate  Ÿß°«à“ºŸâªÉ«¬∑’Ë¡’ short disease-free interval

À≈—ß®“°∑”ºà“µ—¥ metastasectomy ‡™àπ‡¥’¬«°—πÀ≈—ß®“°∑” metastasectomy ºŸâªÉ«¬

∑’Ë¡’ synchronous metastases (metastases diagnosed at the initial cancer diag-

nosis) ®–¡’º≈°“√√—°…“·¬à°«à“ºŸâªÉ«¬∑’Ë¡’ metachronous metastases (metastasis di-

agnosed after a disease-free interval) natural history ¢Õß metastatic disease

®–§àÕπ¢â“ß·¬à„π¡–‡√Áß∫“ß™π‘¥ (‡™àπ pancreatic cancer) ∑”„Àâ‰¡à¡’ role ¢Õß surgical

metastasectomy „π¢≥–π’È

„π curative surgery ¢Õß distant metastases ‡™àπ‡¥’¬«°—∫ surgery „π

primary tumors ‡ªÑ“À¡“¬§◊Õ‡æ◊ËÕresect metastases „Àâ‰¥â negative margins „π

ºŸâªÉ«¬ hepatic metastases ∑’Ë unresectable ‡æ√“– location ∑’Ë„°≈â intrahepatic

blood vessels ∑”„Àâ‰¡à “¡“√∂‰¥â margin-negative resection À√◊Õ‡æ√“–‡ªìπ

multifocality À√◊Õ inadequate hepatic function §«√æ‘®“√≥“∂÷ß tumor ablation

¥â«¬ cryotherapy À√◊Õ radiofrequency ablation ‡ªìπ alternative curative resec-
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tions À√◊Õ ablative procedures §«√æ‘®“√≥“„π lesions ∑’Ë accessible ·≈– proce-

dure π—Èπ “¡“√∂∑”‰¥âÕ¬à“ßª≈Õ¥¿—¬
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√—ß ’√—°…“¡’∫∑∫“∑ ”§—≠„π°“√√—°…“∑—Èß‚√§∑’Ë‰¡à„™à¡–‡√Áß (Non-malignant

lesion) ·≈–‚√§¡–‡√Áß (Malignant lesion) °“√√—°…“¥â«¬√—ß ’¡’®ÿ¥ª√– ß§å‡æ◊ËÕÀ«—ß

À“¬¢“¥®“°‚√§ (Curative treatment) ·≈–/À√◊Õ ≈¥Õ“°“√®“°‚√§ (Palliative

treatment) °“√„Àâ°“√√—°…“¥â«¬√—ß ’®”‡ªìπµâÕßÕ“»—¬æ◊Èπ∞“π§«“¡√Ÿâ∑—Èß∑“ß¥â“πøî ‘° å√—ß ’

√—°…“ (Radiation Physics) √—ß ’™’««‘∑¬“ (Radiobiology) ·≈–°“√π”√—ß ’‰ª„™â∑“ß§≈‘π‘°

(Clinical Radiation Oncology)

§«“¡√Ÿâæ◊Èπ∞“π∑“ßøî ‘° å√—ß ’√—°…“ (Radiation Physics)

√—ß ’∑’Ë„™â„π∑“ß√—ß ’√—°…“¡’ 2 ª√–‡¿∑§◊Õ Electromagnetic radiation ·≈–

Particulate radiation

 ”À√—∫ Electromagnetic radiation (‰¥â·°à X-ray ·≈– Gamma ray) ‡ªìπ

√—ß ’‚øµÕπ (Photon) ∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ indirect ionizing radiation §◊Õ µ—«¡—π‡Õß

‰¡à‰¥â∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß∑“ß™’«‡§¡’¢Õß‡π◊ÈÕ‡¬◊ËÕ‚¥¬µ√ß·µà‡¡◊ËÕ‡π◊ÈÕ‡¬◊ËÕ¡’°“√

¥Ÿ¥´—∫√—ß ’®–‡°‘¥°“√ª≈¥ª≈àÕ¬æ≈—ßß“π·≈–‡°‘¥‡ªìπÕ‘‡≈§µ√Õπ∑’Ë¡’æ≈—ßß“π Ÿß®π “¡“√∂

∑”≈“¬ chemical bond ·≈–‡°‘¥º≈∑“ß™’««‘∑¬“‰¥â ‚¥¬ X-ray ®–º≈‘µ¡“®“°‡§√◊ËÕß

°”‡π‘¥√—ß ’‡™àπ ‡§√◊ËÕß Linear accelerator „π¢≥–∑’Ë Gamma ray π—Èπ‡°‘¥®“°°“√

 ≈“¬µ—«¢Õß “√°—¡¡—πµ¿“æ√—ß ’ ‡™àπ Cobalt 60  à«π Particulate radiation ‡™àπ

Õ‘‡≈§µ√Õπ ‚ª√µÕπ π‘«µ√Õπ π—Èπ¬—ß¡’∑’Ë„™â§àÕπ¢â“ßπâÕ¬·≈–¡’¢âÕ®”°—¥¥â“π‡§√◊ËÕß¡◊Õ1
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√—ß ’∑’Ëπ”¡“„™â∫àÕ¬„π∑“ß§≈‘π‘°π—Èπ¡’ 2 ª√–‡¿∑§◊Õ√—ß ’‚øµÕπ·≈–√—ß ’Õ‘‡≈§µ√Õπ

‚¥¬¡—°®–π”√—ß ’‚øµÕπ‰ª„™â√—°…“°âÕπ¡–‡√Áß∑’ËÕ¬Ÿà≈÷°®“°æ◊Èπº‘« ‡™àπ °âÕπ„π™àÕßÕ°À√◊Õ

™àÕß∑âÕß‡π◊ËÕß®“°√—ß ’‚øµÕπ¡’§«“¡ “¡“√∂„π°“√∑–≈ÿ∑–≈«ß≈ß‰ª‰¥â≈÷°µ“¡ª√‘¡“≥

æ≈—ßß“π∑’Ë‡æ‘Ë¡¢÷Èπ·≈–¡’ª√‘¡“≥· ßπâÕ¬∑’Ë∫√‘‡«≥º‘«Àπ—ß·≈–‡π◊ÈÕ‡¬◊ËÕµ◊ÈπÊ ∑”„Àâ≈¥º≈

¢â“ß‡§’¬ß∑’Ëº‘«Àπ—ß‰¥â „π¢≥–∑’Ë√—ß ’Õ‘‡≈§µ√Õπ¡—°®–„™â√—°…“°âÕπ∑’ËÕ¬Ÿàµ◊Èπ®“°æ◊Èπº‘«

(‚¥¬∑—Ë«‰ª‰¡à‡°‘π 5 ´¡.) ‡™àπ √Õ¬‚√§∑’Ë∫√‘‡«≥º‘«Àπ—ßÀ√◊ÕµàÕ¡πÈ”‡À≈◊Õß∑’Ë∫√‘‡«≥§Õ

„π°“√π”√—ß ’¡“„™â„π∑“ß√—ß ’√—°…“π—Èπ “¡“√∂·∫àß«‘∏’°“√„™â√—ß ’ÕÕ°‡ªìπ 2

ª√–‡¿∑„À≠àÊ §◊Õ °“√„Àâ√—ß ’·∫∫√–¬–‰°≈ (Teletherapy) ·≈–°“√„Àâ√—ß ’·∫∫√–¬–„°≈â

(Brachytherapy)

 ”À√—∫°“√„Àâ√—ß ’·∫∫√–¬–‰°≈ (Teletherapy) π—Èπµâπ°”‡π‘¥¢Õß√—ß ’®–Õ¬Ÿà‰°≈

®“°√Õ¬‚√§„π∫√‘‡«≥∑’Ë®–√—°…“ ‡™àπ °“√√—°…“¥â«¬‡§√◊ËÕß Linear accelerator À√◊Õ‡§√◊ËÕß

Cobalt 60  à«π°“√„Àâ√—ß ’·∫∫√–¬–„°≈â (Brachytherapy) π—Èπ‡ªìπ°“√π”√—ß ’‡¢â“‰ª™‘¥

µ‘¥°—∫√Õ¬‚√§„π∫√‘‡«≥∑’Ë®–√—°…“ ‡™àπ°“√„ à·√à√—ß ’ (Intracavitary brachytherapy),

°“√Ωíß·√à√—ß ’ (Implantation), °“√«“ß·√à√—ß ’∫πæ◊Èπº‘« (Mould therapy) ‡ªìπµâπ

 ”À√—∫Àπà«¬· ¥ßª√‘¡“≥√—ß ’∑’Ë„™â°”Àπ¥°“√√—°…“„π∑“ßªÆ‘∫—µ‘§◊Õ Gray (Gy)

´÷Ëß‡ªìπÀπà«¬µ“¡ SI Unit´÷Ëß 1 Gy ®–¡’§à“‡∑à“°—∫ 100 rad À√◊Õ 100 centigray (cGy)

„π°“√°”Àπ¥ª√‘¡“≥√—ß ’∑’Ë®–√—°…“π—Èπ®–µâÕß°”Àπ¥ª√‘¡“≥· ß‚¥¬√«¡ (Total dose),

ª√‘¡“≥· ß„π·µà≈–§√—Èß¢Õß°“√√—°…“ (dose per fraction) ·≈–®”π«π§√—Èß¢Õß°“√√—°…“

(number of fraction) ´÷Ëß‚¥¬∑—Ë«‰ªª√‘¡“≥· ß√«¡ (Total dose) ®–¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß

¡–‡√Áß, ¢π“¥¢Õß°âÕπ¡–‡√Áß ·≈–Õ«—¬«–ª°µ‘„°≈â‡§’¬ß∑’Ë‡ªìπ¢âÕ®”°—¥„π°“√„Àâ√—ß ’  à«π

ª√‘¡“≥· ß„π·µà≈–§√—Èß¢Õß°“√√—°…“ à«π„À≠à·≈â«®–‡ªìπ°“√√—°…“¥â«¬ conventional

fractionation §◊Õ 1.8-2 Gy µàÕ§√—Èß (1.8-2 Gy/ fraction), 1 §√—Èß / «—π (fraction/day),

5 §√—ÈßµàÕ —ª¥“Àå

§«“¡√Ÿâæ◊Èπ∞“π∑“ß√—ß ’™’««‘∑¬“ (Radiobiology)

DNA ‡ªìπ‡ªÑ“À¡“¬À≈—°¢Õß√—ß ’„π°“√∑”≈“¬‡´≈≈å ‚¥¬Õ“®®–‡ªìπº≈¡“®“°

ªÆ‘°‘√‘¬“∑’Ë√—ß ’‰ª∑”≈“¬ DNA ‚¥¬µ√ß (Direct action) À√◊Õ®“°ªÆ‘°‘√‘¬“∑“ßÕâÕ¡
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(Indirect action) ´÷Ëß‡ªìπ°“√∑”≈“¬ DNA ‚¥¬Õπÿ¡Ÿ≈Õ‘ √– (free radical) ∑’Ë‡°‘¥®“°

°“√∑’Ë√—ß ’‰ª∑”ªØ‘°‘√‘¬“°—∫πÈ”´÷Ëß‡ªìπ à«πª√–°Õ∫À≈—°¢Õß‡´≈≈å ·≈â«‡°‘¥Õπÿ¡Ÿ≈Õ‘ √–

(Hydroxyl radical OHÌ) ‰ª∑”≈“¬ DNA π—ÈπÊ ´÷Ëß‚¥¬∑—Ë«‰ª·≈â«√—ß ’∑’Ë„™â„π°“√√—°…“

(Photon À√◊Õ Electron) ¡—°®–‡°‘¥ªØ‘°‘√‘¬“™π‘¥ Indirect action ¡“°°«à“·∫∫ Direct

action (√Ÿª∑’Ë 1)

‡¡◊ËÕ‡´≈≈å‰¥â√—∫√—ß ’ DNA Õ“®®–‚¥π∑”≈“¬∑—Èß·∫∫ Single strand break ·≈–

Double strand break ´÷Ëß à«π„À≠à°“√‡°‘¥ Single strand break π—Èπ®– “¡“√∂

´àÕ¡·´¡‰¥â „π¢≥–∑’Ë°“√‡°‘¥ Double strand break π—Èπ¡—°®–´àÕ¡·´¡‰¥â¬“°·≈–

‡ªìπ°√–∫«π°“√À≈—°∑’Ëπ”‰ª Ÿà°“√µ“¬ °“√°≈“¬æ—π∏ÿå (Mutation) À√◊Õ °“√‡°‘¥¡–‡√Áß

(carcinogenesis) πÕ°®“°π’È√—ß ’¬—ß “¡“√∂∑”≈“¬ nuclear membrane ∑”„Àâ‡ ’¬

§«“¡ ¡¥ÿ≈√–À«à“ß‡´≈≈å°—∫ ‘Ëß·«¥≈âÕ¡·≈–π”‰ª Ÿà°“√µ“¬¢Õß‡´≈≈å‰¥â

°“√µ“¬¢Õß‡´≈≈å∑’Ë‡°‘¥®“°√—ß ’π—Èπ à«π„À≠à®–‡ªìπ·∫∫ Mitotic death §◊Õ

‡´≈≈åπ—Èπ®–µ“¬‡¡◊ËÕ¡’°“√·∫àßµ—«¢Õß‡´≈≈åÕ—π‡π◊ËÕß®“°¡’§«“¡º‘¥ª√°µ‘¢Õß‚§√‚¡‚´¡

‚¥¬Õ“®®–‡°‘¥„π°“√·∫àßµ—«§√—Èß·√°À√◊Õ§√—Èß∂—¥‰ªÀ≈—ß®“°∑’Ë‰¥â√—∫√—ß ’°Á‰¥â  à«π°“√µ“¬

√Ÿª∑’Ë 1 ªØ‘°‘√‘¬“¢Õß√—ß ’µàÕ DNA
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Õ’°ª√–‡¿∑∑’ËÕ“®®–‡°‘¥¢÷Èπ‰¥â§◊Õ Apoptotic death (Programmed cell death) ´÷Ëß¡—°

®–‡ªìπ°“√µ“¬™π‘¥À≈—°„π‡´≈≈å®”æ«° Hematopoietic ·≈– Lymphoids

°“√µÕ∫ πÕß¢Õß‡π◊ÈÕ‡¬◊ËÕª°µ‘µàÕ√—ß ’π—Èπ “¡“√∂·∫àß‰¥â‡ªìπ 3 °≈ÿà¡µ“¡™à«ß

√–¬–‡«≈“§◊Õ Acute effect, subacute effect ·≈– late effect ‚¥¬ acute effect

π—Èπ‡ªìπ°“√µÕ∫ πÕßµàÕ√—ß ’∑’Ë‡°‘¥¢÷Èπ„π™à«ß√–¬–‡«≈“‡ªìπ™—Ë«‚¡ß À√◊Õ‡ªìπ«—π ´÷Ëß‡´≈≈å∑’Ë¡’

ªØ‘°‘√‘¬“µÕ∫ πÕß√«¥‡√Á«π’È®–‡ªìπ‡´≈≈åæ«°∑’Ë¡’°“√·∫àßµ—«‡√Á« (acute responding tis-

sues) ‡™àπ ‰¢°√–¥Ÿ° √—ß‰¢à Õ—≥±– µàÕ¡πÈ”‡À≈◊Õß ≈”‰ â º‘«Àπ—ß  à«π Subacute effect

π—Èπ®–‡ªìπ°“√µÕ∫ πÕß¢Õß‡´≈≈å„π™à«ß√–¬–‡«≈“‡ªìπ —ª¥“ÀåÀ√◊Õ 2-3 ‡¥◊Õπ ‰¥â·°à

‡´≈≈å®”æ«°∑’Ë·∫àßµ—«‰¥â™â“ (subacute responding tissue) ‡™àπ µ—∫ ‰µ ªÕ¥ À—«„®

 à«π„π°≈ÿà¡ Late effect π—Èπ°“√µÕ∫ πÕß®–‡°‘¥¢÷Èπ„π√–¬–‡«≈“‡ªìπªï ´÷Ëß∂â“‡´≈≈åµà“ßÊ

‰¥â√—∫ª√‘¡“≥√—ß ’¡“°æÕ ‡´≈≈å∑ÿ°™π‘¥®– “¡“√∂‡°‘¥ late effect ‰¥â ·µàÕ¬à“ß‰√°Áµ“¡

late effect ¡—°®–‡°‘¥°—∫Õ«—¬«–®”æ«°∑“ß‡¥‘ππÈ”‡À≈◊Õß (lymph vessels) µàÕ¡‰∑√Õ¬¥å

 ¡Õß ‰¢ —πÀ≈—ß µàÕ¡„µâ ¡Õß °√–¥Ÿ° °√–¥Ÿ°ÕàÕπ ∑“ß‡¥‘ππÈ”¥’ ´÷Ëßª√–°Õ∫¥â«¬‡´≈≈å∑’Ë

‰¡à¡’°“√·∫àßµ—«‡æ‘Ë¡

 à«π°“√µÕ∫ πÕß¢Õß‡π◊ÈÕ‡¬◊ËÕ¡–‡√ÁßµàÕ√—ß ’π—Èπ “¡“√∂·∫àßµ“¡§«“¡‰«µàÕ√—ß ’

‰¥â‡ªìπ 4 °≈ÿà¡§◊Õ

1. Radiosensitive tumor ‰¥â·°à Leukemia, Lymphoma, Germ cell

tumor, Medulloblastoma, Wilmûs tumor, Neuroblatoma ‡ªìπµâπ

2. Relative radiosensitive tumor ‰¥â·°à Squamous cell carcinoma

3. Relative radioresistant tumor ‰¥â·°à Adenocarcinoma

4. Radioresistant tumor ‰¥â·°à Soft tissue sarcoma, Melanoma

´÷Ëß°“√„Àâ√—ß ’√—°…“„π¡–‡√Áß™π‘¥µà“ßÊπ—Èπ®–µâÕßæ‘®“√≥“∂÷ß§«“¡‰«¢Õß¡–‡√Áß

µàÕ√—ß ’‡ªìπÀ≈—° ”§—≠ ‡π◊ËÕß®“°‡´≈≈å„π°≈ÿà¡∑’Ë¡’§«“¡‰«µàÕ√—ß ’°Á®– “¡“√∂√—°…“‰¥â¥â«¬

ª√‘¡“≥√—ß ’∑’ËπâÕ¬‚¥¬‰¡à∑”„Àâ‡°‘¥º≈¢â“ß‡§’¬ßµàÕ‡π◊ÈÕ‡¬◊ËÕª°µ‘„π∫√‘‡«≥„°≈â‡§’¬ß (High

therapeutic ratio)  à«π‡´≈≈å™π‘¥∑’Ë¥◊ÈÕµàÕ√—ß ’°ÁÕ“®®–∑”„Àâ°“√√—°…“¥â«¬√—ß ’¡’¢âÕ®”°—¥

∑’ËµâÕß°“√√—ß ’„πª√‘¡“≥ Ÿß∑’ËÕ“®®–∑”„Àâ‡°‘¥º≈¢â“ß‡§’¬ßµàÕÕ«—¬«–ª°µ‘‰¥â ´÷ËßÕ“®®–µâÕß

„™â°“√√—°…“Õ◊Ëπ∑’Ë‰¥âº≈¥’°«à“ ‡™àπ °“√ºà“µ—¥
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°“√„Àâ√—ß ’‚¥¬∑—Ë«‰ªπ—Èπ®–‡ªìπ°“√„Àâ‚¥¬·∫àß‡ªìπ§√—Èß¬àÕ¬Ê À≈“¬Ê §√—Èß (Frac-

tionation) ´÷Ëß®–∑”„Àâ‡°‘¥º≈∑“ß™’««‘∑¬“§◊Õ Repair, Reoxygenation, Reassortment

·≈– Repopulation ¢Õß‡´≈≈å

°“√´àÕ¡·´¡ (Repair) ¢Õß‡´≈≈å‡¡◊ËÕ‰¥â√—∫√—ß ’Õ“®®–‡°‘¥¢÷Èπ‰¥â∑—Èß·∫∫ Poten-

tial lethal damage repair ´÷Ëß‡ªìπ°“√´àÕ¡·´¡‡´≈≈å∑’Ë‡ ’¬À“¬‰¡à¡“°·≈–Õ¬Ÿà„π ¿“«–

·«¥≈âÕ¡∑’Ë‡À¡“– ¡°—∫°“√´àÕ¡·´¡ à«π°“√´àÕ¡·´¡Õ’°ª√–‡¿∑∑’Ë‡°‘¥¢÷Èπ„π™à«ß‡«≈“

√–À«à“ß°“√©“¬√—ß ’„π·µà≈–§√—Èß§◊Õ Sublethal damage repair ´÷Ëß‚¥¬∑—Ë«‰ª‡π◊ÈÕ‡¬◊ËÕ

ª°µ‘®–¡’§«“¡ “¡“√∂„π°“√´àÕ¡·´¡‰¥â¥’°«à“‡´≈≈å¡–‡√Áß ‡¡◊ËÕ‰¥â√—∫√—ß ’§√—Èß∂—¥‰ª‡´≈≈å

¡–‡√Áß°Á®–¡’°“√µ“¬‡ªìπ à«πµà“ß‡æ‘Ë¡¢÷Èπ®“°‡π◊ÈÕ‡¬◊ËÕª°µ‘ ∑”„Àâ “¡“√∂π”‡Õ“§ÿ≥ ¡∫—µ‘

π’È¡“„™â„π°“√√—°…“‚√§‰¥â¥â«¬°“√√—°…“∑’Ë·∫àß‡ªìπ§√—Èß¬àÕ¬Ê (fractionation) Õ¬à“ß‰√°Á¥’

„πºŸâªÉ«¬∑’Ë¡’‚√§∫“ß™π‘¥‡™àπ‚√§ Ataxia telangiectasia, xeroderma pigmentosum,

severe combined immunodeficiency syndrome ®–¡’§«“¡º‘¥ª°µ‘¢Õß¬’π·≈–

‚§√‚¡‚´¡„π¥â“π§«“¡ “¡“√∂„π°“√´àÕ¡·´¡ °Á®–∑”„ÀâºŸâªÉ«¬‡À≈à“π’È¡’§«“¡‰«µàÕ√—ß ’

¡“°º‘¥ª°µ‘·≈–¡’‚Õ°“ ‡°‘¥º≈¢â“ß‡§’¬ß‰¥â¡“°°«à“ª°µ‘

‡´≈≈å∑’Ë‰«µàÕ√—ß ’§◊Õ‡´≈≈å∑’Ë¡’ÕÕ°´‘‡®π¡“À≈àÕ‡≈’È¬ßÕ¬à“ß‡æ’¬ßæÕ ¥—ßπ—Èπ„π°“√

„Àâ√—ß ’„π·µà≈–§√—Èß·≈â«∑”„Àâ°âÕπ¡–‡√Áß≈¥¢π“¥≈ß°Á®–‡ªìπ°“√∑”„Àâ‡°‘¥ Reoxygenation

¢Õß∫√‘‡«≥ hypoxic area ·≈–∑”„Àâ‡´≈≈å¡–‡√Áß‰«µàÕ√—ß ’¡“°¢÷Èπ

«ß™’«‘µ¢Õß‡´≈≈å (Cell cycle) ·∫àßÕÕ°‡ªìπ√–¬– M, G1, S, G2 ‚¥¬‡´≈≈å∑’Ë¡’

§«“¡‰«µàÕ√—ß ’§◊Õ‡´≈≈å∑’ËÕ¬Ÿà„π√–¬– M/G2 ´÷Ëß„π°“√„Àâ√—ß ’„π·µà≈–§√—Èßπ—Èπ ‡´≈≈åÕ“®

®–Õ¬Ÿà„π√–¬–µà“ßÊ °—π °“√„Àâ√—ß ’‡ªìπ§√—Èß¬àÕ¬Ê (fractionation) π—Èπ®–∑”„Àâ‡´≈≈å¡’

‚Õ°“ ∑’Ë®–À¡ÿπ (Reassortment) ‰ª Ÿà√–¬–∑’Ë¡’§«“¡‰«µàÕ√—ß ’∑”„Àâ√—ß ’π—Èπ “¡“√∂

∑”≈“¬‡´≈≈å¡–‡√Áß‰¥â¡“°¢÷Èπ

·µàÕ¬à“ß‰√°Á¥’°“√„Àâ√—ß ’„π™à«ß‡«≈“∑’Ë¬“«π“πÕÕ°‰ª‚¥¬°“√·∫àß‡ªìπ§√—Èß¬àÕ¬Ê

À≈“¬Ê §√—ÈßÕ“®®–‡ªìπº≈‡ ’¬µàÕ‡´≈≈å¡–‡√Áß∑’Ë®–‡°‘¥°“√·∫àßµ—«¢÷Èπ¡“„À¡à (Repopulation)

¥—ßπ—Èπ°“√„Àâ°“√√—°…“¥â«¬√—ß ’§«√¡’™à«ß‡«≈“∑’Ë‡À¡“– ¡·≈–‰¡à§«√∑’Ë®–¬◊¥√–¬–‡«≈“¢Õß

°“√√—°…“„Àâπ“π‡°‘π‰ª2
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°“√π”‡Õ“√—ß ’√—°…“‰ª„™â∑“ß§≈‘π‘° (Clinical Radiation Oncology)

√—ß ’√—°…“ “¡“√∂π”¡“„™â∑“ß§≈‘π‘°„π°“√√—°…“∑—Èß√Õ¬‚√§∑’Ë‰¡à„™à¡–‡√Áß (Non-ma-

lignant lesion) ‡™àπ °“√„™â√—ß ’„π°“√√—°…“·º≈‡ªìπ (Keloid) À≈Õ¥‡≈◊Õ¥º‘¥ª°µ‘„π

 ¡Õß (Arteriovenous malformation) √«¡‰ª∂÷ß‡π◊ÈÕßÕ°µà“ßÊ (Benign tumor) ‡™àπ

Meningioma, Pituitary adenoma, Acoustic neuroma ·≈–‚√§¡–‡√Áß´÷Ëß√—ß ’

√—°…“¡’∫∑∫“∑™—¥‡®π „π∑’Ëπ’È®–¢Õ‡πâπ°“√√—°…“¡–‡√Áß‡ªìπÀ≈—°3,4

∫∑∫“∑¢Õß√—ß ’√—°…“„π°“√√—°…“‚√§¡–‡√Áßπ—Èπ “¡“√∂·∫àß‡ªìπ 2 °≈ÿà¡§◊Õ°“√

√—°…“‡æ◊ËÕÀ«—ßÀ“¬¢“¥®“°‚√§ (Curative aim) ·≈–°“√√—°…“‡æ◊ËÕª√–§—∫ª√–§Õß·≈–≈¥

Õ“°“√®“°‚√§ (Palliative treatment) „π°√≥’∑’Ë‚√§¡’°“√≈ÿ°≈“¡·≈–‰¡à “¡“√∂√—°…“

„ÀâÀ“¬¢“¥‰¥â  ”À√—∫°“√√—°…“‡æ◊ËÕÀ«—ßÀ“¬¢“¥π—Èπ  “¡“√∂„™â√—ß ’‡ªìπ°“√√—°…“À≈—°

(Definitive treatment) °“√√—°…“∑’Ëπ”¡“°àÕπ°“√√—°…“À≈—° (Neoadjuvant treatment)

·≈–°“√√—°…“‡ √‘¡µ“¡À≈—ß°“√√—°…“À≈—° (Adjuvant treatment) ´÷Ëß°“√®–π”‡Õ“√—ß ’

√—°…“¡“„™â„π√Ÿª·∫∫„¥°Á§ß®–µâÕßæ‘®“√≥“∂÷ßªí®®—¬µà“ßÊ ‰¥â·°à ¿“æ√à“ß°“¬¢ÕßºŸâªÉ«¬

‚√§ª√–®”µ—«µà“ßÊ ¢ÕßºŸâªÉ«¬ §«“¡ “¡“√∂„π°“√µÕ∫ πÕßµàÕ√—ß ’¢Õß‡´≈≈å¡–‡√Áß

¢π“¥·≈–µ”·Àπàß¢Õß°âÕπ¡–‡√Áß∑’ËÕ“®®–‡ªìπ¢âÕ®”°—¥„π°“√√—°…“¥â«¬√—ß ’ °“√√—°…“Õ◊Ëπ

∑’Ë¡’ª√–‚¬™πå·≈–π”¡“„™â√à«¡°—∫°“√©“¬√—ß ’ ‡™àπ °“√ºà“µ—¥ °“√„Àâ¬“‡§¡’∫”∫—¥À√◊Õ°“√

√—°…“√à«¡¥â«¬ Biological agent µà“ßÊ „π∑’Ëπ’È®–¢Õ‡πâπ∂÷ß°“√√—°…“√à«¡¢Õß°“√ºà“µ—¥

·≈–°“√©“¬√—ß ’„π¡–‡√Áß™π‘¥µà“ßÊ

À≈—°°“√„π°“√√—°…“¥â«¬√—ß ’√à«¡°—∫°“√ºà“µ—¥„πµ”·Àπàß√Õ¬‚√§‡¥’¬«°—ππ—Èπ

‡ªìπ‡Àµÿº≈‡π◊ËÕß¡“®“°∑’Ë°“√ºà“µ—¥Õ“®®–‰¡à “¡“√∂‡Õ“°âÕπ¡–‡√ÁßÕÕ°‰¥âÀ¡¥‡æ√“–°âÕπ

¡–‡√Áß¡’¢π“¥„À≠àÀ√◊ÕÕ¬Ÿà„°≈âÕ«—¬«– ”§—≠·≈–®–π”‡Õ“√—ß ’√—°…“¡“∑”≈“¬‡´≈≈å¡–‡√Áß∑’Ë

¬—ßÀ≈ß‡À≈◊ÕÕ¬Ÿà  à«π°“√√—°…“¥â«¬√—ß ’°—∫°“√ºà“µ—¥∑’Ë§π≈–µ”·Àπàß°—ππ—ÈπÕ“®®–‡ªìπ„π

°√≥’∑’Ë„™â°“√ºà“µ—¥√—°…“√Õ¬‚√§ª∞¡¿Ÿ¡‘ (Primary tumor) ·≈–„™â√—ß ’√—°…“„πµ”·Àπàß

∑’ËÕ“®®–¡’°“√°√–®“¬¢Õß‚√§ (Microscopic disease) ∑¥·∑π°“√ºà“µ—¥∑’ËÕ“®®–‡°‘¥

º≈¢â“ß‡§’¬ßµàÕºŸâªÉ«¬ ‡™àπ °“√„Àâ√—ß ’√—°…“„π∫√‘‡«≥∑’Ë‡ªìπ∑“ß‡¥‘ππÈ”‡À≈◊Õß·µà‰¡à “¡“√∂

µ√«®æ∫‚√§‰¥â (Clinical negative node) ‚¥¬‰¡àµâÕß∑”°“√ºà“µ—¥∑“ß‡¥‘ππÈ”‡À≈◊Õß (elec-
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tive lymphadenectomy)

„π°“√√—°…“√à«¡π—ÈπÕ“®®–æ‘®“√≥“°“√√—°…“¥â«¬√—ß ’∑—Èß°àÕπºà“µ—¥À√◊ÕÀ≈—ß®“°

ºà“µ—¥·≈â« ‚¥¬°“√„Àâ√—ß ’°àÕπºà“µ—¥ (Preoperative radiation therapy) Õ“®®–¡’¢âÕ¥’

§◊Õ‡ªìπ°“√∑”„Àâ°âÕπ¡–‡√Áß¡’¢π“¥‡≈Á°≈ß∑”„Àâ°“√ºà“µ—¥‡ªìπ‰ª‰¥âßà“¬¢÷Èπ·≈– “¡“√∂

ºà“µ—¥‡Õ“°âÕπÕÕ°‰ª‰¥âÀ¡¥ ·≈–¡–‡√Áßπ—Èπ¬—ß¡’‚Õ°“ µÕ∫ πÕßµàÕ√—ß ’‰¥â¥’‡π◊ËÕß®“°

¬—ß¡’‡≈◊Õ¥¡“À≈àÕ‡≈’È¬ßÕ¬Ÿà (Well oxygenated) ·≈–°“√„Àâ√—ß ’°àÕπ°“√ºà“µ—¥π—Èπ®–

‡ªìπ°“√∑”≈“¬‡´≈≈å¡–‡√Áß∑’Ë¡’‚Õ°“ ®–·æ√à°√–®“¬„π™à«ß√–À«à“ß°“√ºà“µ—¥ ·≈–ª√‘¡“≥

√—ß ’∑’Ë„Àâ®–µË”°«à“ª√‘¡“≥√—ß ’∑’Ë„ÀâÀ≈—ß°“√ºà“µ—¥ ·µàÕ¬à“ß‰√°Á¥’°“√„Àâ√—ß ’√—°…“°àÕπ

°“√ºà“µ—¥°ÁÕ“®®–¡’¢âÕ‡ ’¬§◊ÕÕ“®®–∑”„Àâ°“√√—°…“À≈—°´÷Ëß‡ªìπ°“√ºà“µ—¥π—Èπ≈à“™â“ÕÕ°‰ª

πÕ°®“°π’È°“√„Àâ√—ß ’°àÕπºà“µ—¥Õ“®®–∑”„Àâ°“√ª√–‡¡‘π√–¬–¢Õß‚√§∑“ßæ¬“∏‘«‘∑¬“

º‘¥‰ª ∑”„ÀâºŸâªÉ«¬‰¥â√—∫°“√√—°…“‡°‘π§«“¡®”‡ªìπ·≈–¬—ßÕ“®¡’º≈µàÕ·º≈ºà“µ—¥∑’ËÕ“®®–

À“¬™â“≈ß

 à«π°“√„Àâ√—ß ’√—°…“À≈—ßºà“µ—¥ (Postoperative radiation therapy) π—Èπ°Á®–

¡’¢âÕ¥’§◊Õ∑”„Àâ∑√“∫√–¬–¢Õß‚√§®“°º≈∑“ßæ¬“∏‘«‘∑¬“‰¥âÕ¬à“ß·πàπÕπ‡æ◊ËÕ‡ªìπ°“√

«“ß·ºπ°“√√—°…“µàÕ‡π◊ËÕß ∑”„ÀâºŸâªÉ«¬‰¡à‰¥â√—∫°“√√—°…“‡°‘π°«à“§«“¡®”‡ªìπ·≈–‰¡à¡’º≈

µàÕ°“√À“¬¢Õß·º≈ ·µà°“√√—°…“¥â«¬√—ß ’À≈—ßºà“µ—¥°Á¡’¢âÕ‡ ’¬§◊Õ¡–‡√ÁßÕ“®®–¡’°“√·æ√à

°√–®“¬‰ª√–À«à“ß°“√ºà“µ—¥ ·≈–°“√√—°…“‡ √‘¡À≈—ßºà“µ—¥Õ“®®–≈à“™â“ÕÕ°‰ª∂â“¡’º≈

·∑√°´âÕπ‡°‘¥¢÷Èπ®“°°“√ºà“µ—¥ √«¡∑—Èß°“√ºà“µ—¥Õ“®®–∑”„Àâ¡’‡≈◊Õ¥¡“À≈àÕ‡≈’È¬ßπâÕ¬≈ß

‡ªìπº≈„Àâ°“√√—°…“¥â«¬√—ß ’‰¡à‰¥âº≈¥’ ·≈–°“√ºà“µ—¥Õ“®®–∑”„ÀâÕ«—¬«–∫“ßÕ¬à“ß¡“Õ¬Ÿà

„π∫√‘‡«≥∑’Ë®–©“¬√—ß ’¡“°¢÷Èπ‡™àπ≈”‰ â‡≈Á°∑’Ë¡“Õ¬Ÿà„π™àÕß‡™‘ß°√“πÀ≈—ß°“√ºà“µ—¥ ∑”„Àâ

‡°‘¥º≈¢â“ß‡§’¬ß®“°°“√©“¬√—ß ’‡æ‘Ë¡¢÷Èπ

°“√√—°…“‡π◊ÈÕßÕ° ¡Õß (Brain tumor) ∑—Èß benign ·≈– malignant tumor

π—Èπ √—ß ’√—°…“¡—°®–¡’∫∑∫“∑‡ªìπ°“√√—°…“‡ √‘¡¿“¬À≈—ß°“√ºà“µ—¥ ‚¥¬√—ß ’√—°…“®–¡’

∫∑∫“∑„π Benign tumor ∂â“°“√ºà“µ—¥π—Èπ‰¡à “¡“√∂‡Õ“°âÕπÕÕ°‰¥âÀ¡¥À√◊Õ¡’°“√‡°‘¥

°≈—∫‡ªìπ´È”  à«π Malignant brain tumor π—Èπ®–µâÕß„Àâ°“√√—°…“¥â«¬√—ß ’µ“¡À≈—ß∑ÿ°

√“¬‡æ◊ËÕ‡ªìπ°“√≈¥‚Õ°“ °“√‡°‘¥°≈—∫‡ªìπ„À¡à¢Õß‚√§ ·≈–‡æ‘Ë¡√–¬–‡«≈“°“√¡’™’«‘µÕ¬Ÿà

¢ÕßºŸâªÉ«¬ ‚¥¬ª√‘¡“≥√—ß ’∑’Ë„Àâ ”À√—∫ benign tumor π—Èπ®–Õ¬Ÿà„π™à«ßª√–¡“≥ 50-54
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Gy, „π 25-27 fractions  à«π malignant brain tumor π—Èπ®–°”Àπ¥ª√‘¡“≥√—ß ’ª√–¡“≥

60-66 Gy „π 30-33 fractions

°“√√—°…“¡–‡√Áß»’√…–·≈–≈”§Õπ—Èπ°“√ºà“µ—¥®–¡’∫∑∫“∑À≈—°∑—Èß„π√–¬–·√°

·≈–√–¬–≈ÿ°≈“¡‡©æ“–∑’Ë¢Õß‚√§  ”À√—∫‚√§„π√–¬–·√°π—Èπ√—ß ’√—°…“®–¡’∫∑∫“∑µ“¡

À≈—ß°“√ºà“µ—¥∂â“°“√ºà“µ—¥π—Èπ‰¡à “¡“√∂‡Õ“°âÕπÕÕ°‰¥âÀ¡¥ (residual disease, closed

or positive margin) À√◊Õ¡’ªí®®—¬∑“ßæ¬“∏‘«‘∑¬“∑’Ë‡æ‘Ë¡‚Õ°“ °“√°≈—∫‡ªìπ„À¡à¢Õß‚√§

‡™àπ °“√¡’ angiolymphatic invasion, perineural invasion, extracapsular exten-

sion ¢ÕßµàÕ¡πÈ”‡À≈◊Õß À√◊Õ„π°√≥’∑’Ë°“√ºà“µ—¥π—ÈπÕ“®®–∑”„Àâ‡°‘¥°“√º‘¥√Ÿª  Ÿ≠‡ ’¬

§«“¡ «¬ß“¡À√◊Õ‡ ’¬°“√∑”ß“π¢ÕßÕ«—¬«–°Á “¡“√∂π”‡Õ“√—ß ’√—°…“¡“‡ªìπ°“√√—°…“

∑¥·∑π‰¥â  à«π„π√–¬–∑’Ë‚√§¡’°“√≈ÿ°≈“¡‡©æ“–∑’Ë °“√√—°…“¡—°®–µâÕß‡ªìπ°“√√—°…“√à«¡

¢Õß°“√ºà“µ—¥ °“√©“¬√—ß ’ ·≈–°“√„Àâ¬“‡§¡’∫”∫—¥  ”À√—∫ª√‘¡“≥√—ß ’∑’Ë„Àâ ”À√—∫°“√

√—°…“À≈—ß°“√ºà“µ—¥®–Õ¬Ÿà„π™à«ßª√–¡“≥ 54-66 Gy, 1.8-2 Gy/ fraction ·≈–ª√‘¡“≥

√—ß ’∑’Ë„™â ”À√—∫°“√√—°…“¥â«¬√—ß ’‡ªìπÀ≈—°„π°√≥’∑’Ë√Õ¬‚√§¡’¢π“¥„À≠à®π‰¡à “¡“√∂

ºà“µ—¥‰¥â§◊Õ 66-70 Gy, 1.8-2 Gy/fraction ‚¥¬¡—°®–‡ªìπ°“√√—°…“√à«¡°—∫°“√„Àâ¬“‡§¡’

∫”∫—¥

°“√√—°…“¡–‡√Áß‡µâ“π¡„πªí®®ÿ∫—π¡’·π«‚πâ¡∑’Ë‡ªìπ°“√ºà“µ—¥·∫∫ ß«π‡µâ“π¡

(Breast conservative surgery) ‡æ◊ËÕª√–‚¬™πå¥â“π§«“¡ «¬ß“¡·≈–§ÿ≥¿“æ™’«‘µ´÷Ëß

ºŸâªÉ«¬∑ÿ°√“¬∑’Ë‰¥â√—∫°“√ºà“µ—¥·∫∫ ß«π‡µâ“π¡®–µâÕß‰¥â√—∫°“√©“¬√—ß ’∑’Ë‡µâ“π¡‡æ◊ËÕ„Àâ

º≈°“√√—°…“‡∑’¬∫‡∑à“°—∫°“√ºà“µ—¥‡Õ“‡µâ“π¡ÕÕ°∑—Èß¢â“ß (Modified radical mastectomy)

Õ¬à“ß‰√°Á¥’„πºŸâªÉ«¬∑’Ë¡’°âÕπ¡–‡√Áß¢π“¥„À≠à (‚¥¬∑—Ë«‰ª¡“°°«à“À√◊Õ‡∑à“°—∫ 5 ´¡.) À√◊Õ

¡’°“√≈ÿ°≈“¡‰ª∑’Ëº‘«Àπ—ßÀ√◊Õºπ—ßÀπâ“Õ°À√◊Õ¡’°“√°√–®“¬¢Õß‚√§‰ª∑’ËµàÕ¡πÈ”‡À≈◊Õß„°≈â

‡§’¬ßÀ√◊Õ°“√ºà“µ—¥π—Èπ¬—ßÕ“®®–¡’‡´≈≈å¡–‡√ÁßÀ≈ß‡À≈◊ÕÕ¬Ÿà ‡™àπ closed or positive mar-

gin À√◊Õ¡’ªí®®—¬‡ ’Ë¬ßÕ◊ËπÊ ∑“ßæ¬“∏‘«‘∑¬“ ‡™àπ angiolymphatic invasion, perineural

invasion ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„πºŸâªÉ«¬∑’ËÕ“¬ÿπâÕ¬·≈–¬—ß¡’ª√–®”‡¥◊Õπ ºŸâªÉ«¬‡À≈à“π’È®–

‰¥â√—∫°“√æ‘®“√≥“„Àâ©“¬√—ß ’∑’Ë∫√‘‡«≥Àπâ“Õ°·≈–µàÕ¡πÈ”‡À≈◊Õß„°≈â‡§’¬ß‰¡à«à“®–‰¥â√—∫

°“√ºà“µ—¥·∫∫ ß«π‡µâ“π¡À√◊Õ°“√ºà“µ—¥·∫∫µ—¥‡µâ“π¡ÕÕ°∑—Èß¢â“ß ‚¥¬°“√©“¬√—ß ’®–

‡ªìπ°“√©“¬√—ß ’®“°¿“¬πÕ° (External beam radiation therapy) „πª√‘¡“≥· ßª√–¡“≥
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50 Gy, 1.8-2 Gy/fraction ∑’Ë∫√‘‡«≥‡µâ“π¡À√◊ÕÀπâ“Õ° ·≈–∫√‘‡«≥µàÕ¡πÈ”‡À≈◊Õß„°≈â

‡§’¬ßµ“¡¢âÕ∫àß™’È

°“√√—°…“¡–‡√ÁßÀ≈Õ¥Õ“À“√π—Èπ¢÷ÈπÕ¬Ÿà°—∫ ¿“æ√à“ß°“¬¢ÕßºŸâªÉ«¬ √–¬–¢Õß‚√§

·≈–µ”·Àπàß¢Õß√Õ¬‚√§‡ªìπÀ≈—° „π°√≥’∑’Ë°âÕπ¡’¢π“¥‡≈Á°·≈–Õ¬Ÿà„πµ”·Àπàß∑’Ëºà“µ—¥

‰¥âßà“¬ ºŸâªÉ«¬¡—°®–‰¥â√—∫°“√ºà“µ—¥°àÕπ·≈–æ‘®“√≥“©“¬√—ß ’„π°√≥’∑’Ë‰¡à “¡“√∂ºà“µ—¥

‡Õ“ÕÕ°‰¥âÀ¡¥ À√◊Õ¡’°“√°√–®“¬¢Õß‚√§‰ª∑’ËµàÕ¡πÈ”‡À≈◊Õß„°≈â‡§’¬ß  à«π„π°√≥’∑’Ë‰¡à

 “¡“√∂ºà“µ—¥‰¥â¡—°®–„Àâ°“√√—°…“¥â«¬√—ß ’√—°…“√à«¡°—∫°“√„Àâ¬“‡§¡’∫”∫—¥ ‚¥¬®–„Àâ

ª√‘¡“≥√—ß ’ 50.4 Gy, 1.8-2 Gy/fraction

 ”À√—∫¡–‡√Áß°√–‡æ“–Õ“À“√π—Èπ ¿“¬À≈—ß®“°ºŸâªÉ«¬‰¥â√—∫°“√ºà“µ—¥®–æ‘®“√≥“

„Àâ°“√√—°…“‡ √‘¡‡ªìπ∑—Èß°“√„Àâ¬“‡§¡’∫”∫—¥·≈–°“√©“¬√—ß ’„π°√≥’∑’Ë‚√§¡’°“√≈ÿ°≈“¡

‡¢â“‰ª„π™—Èπ°≈â“¡‡π◊ÈÕÀ√◊Õ¡’°“√°√–®“¬¢Õß‚√§‰ª∑’ËµàÕ¡πÈ”‡À≈◊Õß ‚¥¬®–„Àâª√‘¡“≥√—ß ’

45 Gy, 1.8-2 Gy/fraction

√—ß ’√—°…“‰¡à¡’∫∑∫“∑∑’Ë™—¥‡®π„π°“√√—°…“¡–‡√Áß≈”‰ â„À≠à (Colon cancer)

‡π◊ËÕß®“°°“√ºà“µ—¥¡—°®–‡Õ“√Õ¬‚√§ÕÕ°‰ª‰¥âÀ¡¥ ·µà√—ß ’√—°…“¡’∫∑∫“∑∑’Ë ”§—≠„π°“√

√—°…“¡–‡√Áß≈”‰ âµ√ß (Rectal cancer) ‚¥¬®–æ‘®“√≥“„Àâ°“√√—°…“‡ √‘¡À≈—ß°“√ºà“µ—¥

¥â«¬¬“‡§¡’∫”∫—¥·≈–°“√©“¬√—ß ’„π°√≥’∑’Ë¡–‡√Áß¡’°“√≈ÿ°≈“¡ÕÕ°‰ªπÕ°™—Èπ°≈â“¡‡π◊ÈÕ

À√◊Õ¡’°“√°√–®“¬¢Õß‚√§‰ª∑’ËµàÕ¡πÈ”‡À≈◊Õß ·µà∫“ß§√—Èß°“√ºà“µ—¥Õ“®®–∑”‰¡à‰¥â∂â“°âÕπ

¡–‡√Áß¡’¢π“¥„À≠à À√◊Õ°“√ºà“µ—¥π—ÈπÕ“®®–∑”„ÀâºŸâªÉ«¬‡ ’¬°“√∑”ß“π¢ÕßÕ«—¬«–‚¥¬‰¡à

 “¡“√∂∂à“¬ÕÕ°∑“ß√Ÿ∑«“√‰¥âµ“¡ª°µ‘ „π°√≥’∑’Ë°âÕπ¡–‡√Áßπ—ÈπÕ¬ŸàµË”·≈–°“√ºà“µ—¥‰¡à

 “¡“√∂‡°Á∫√—°…“ÀŸ√Ÿ¥ (Sphincter) ‡Õ“‰«â‰¥â ®÷ß‰¥â¡’°“√π”‡Õ“°“√©“¬√—ß ’√à«¡°—∫°“√„Àâ

¬“‡§¡’∫”∫—¥¡“„Àâ°àÕπ°“√ºà“µ—¥‡æ◊ËÕÀ«—ßº≈®–≈¥¢π“¥°âÕπ≈ß∑”„Àâ “¡“√∂ºà“µ—¥‰¥âÀ√◊Õ

¡’‚Õ°“ ∑’Ë®–‡°Á∫√—°…“Õ«—¬«–‡Õ“‰«â‰¥â‚¥¬¡’°“√»÷°…“‡ª√’¬∫‡∑’¬∫°“√„Àâ√—ß ’√—°…“·≈–¬“

‡§¡’∫”∫—¥°àÕπ°“√ºà“µ—¥°—∫°“√ºà“µ—¥°àÕπ„Àâ√—ß ’√—°…“·≈–¬“‡§¡’∫”∫—¥ (Preop vs Postop

treatment) æ∫«à“ °“√©“¬√—ß ’√à«¡°—∫¬“‡§¡’∫”∫—¥°àÕπºà“µ—¥π—Èπ„Àâº≈°“√√—°…“„π¥â“π

°“√§«∫§ÿ¡‚√§‡©æ“–∑’Ë¥’°«à“ ‡°Á∫√—°…“Õ«—¬«–‰¥â¥’°«à“·≈–≈¥º≈¢â“ß‡§’¬ß∑’Ë‡°‘¥°—∫

≈”‰ â‡≈Á°‰¥â¥’°«à“

ªí®®ÿ∫—π°“√√—°…“¥â«¬√—ß ’¡’∫∑∫“∑∑’Ë™—¥‡®π„π°“√√—°…“‚√§¡–‡√ÁßµàÕ¡≈Ÿ°À¡“°
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‚¥¬√—ß ’∑’Ë„ÀâÕ“®®–‡ªìπ°“√©“¬√—ß ’®“°¿“¬πÕ°¥â«¬‡§√◊ËÕß©“¬√—ß ’ “¡¡‘µ‘·ª√§«“¡‡¢â¡

(IMRT: Intensity modulated radiation therapy) ∑’Ë∑”„Àâ “¡“√∂„Àâª√‘¡“≥√—ß ’‰¥â

 Ÿß‰ª∑’ËµàÕ¡≈Ÿ°À¡“°·≈–≈¥º≈¢â“ß‡§’¬ß‰ª¬—ß°√–‡æ“–ªí  “«–À√◊Õ≈”‰ âµ√ß ‚¥¬ª√‘¡“≥

· ß∑’Ë°”Àπ¥§◊Õª√–¡“≥ 75-80 Gy, 1.8-2 Gy/fraction πÕ°®“°π’È¬—ß¡’∑“ß‡≈◊Õ°„π°“√

√—°…“¥â«¬°“√„Àâ√—ß ’√–¬–„°≈â (Brachytherapy) ∑—Èß·∫∫∂“«√ (Permanent seed ‡™àπ

·√à‰Õ‚Õ¥’π 125 À√◊Õ·√àæ—≈‡≈‡¥’¬¡ 103) À√◊Õ·∫∫™—Ë«§√“«¥â«¬·√àÕ‘√‘‡¥’¬¡ 192 ‡æ◊ËÕÀ«—ß

®–„Àâª√‘¡“≥√—ß ’∑’Ë Ÿß°—∫µàÕ¡≈Ÿ°À¡“°‰¥â‚¥¬µ√ß „πºŸâªÉ«¬∑’Ë¡’‚√§Õ¬Ÿà„π√–¬–µâπ

º≈¢â“ß‡§’¬ß∑’Ë‡°‘¥®“°√—ß ’√—°…“π—Èπ®–¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫ «‘∏’°“√©“¬√—ß ’

·≈–º≈¢â“ß‡§’¬ßπ—Èπ®–‡ªìπº≈¢â“ß‡§’¬ß‡©æ“–∑’Ë∑’Ë‡°‘¥„πµ”·Àπàß∑’Ë¡’°“√©“¬√—ß ’‡∑à“π—Èπ

‚¥¬ “¡“√∂·∫àß‰¥â‡ªìπ 3 √–¬–µ“¡∑’Ë°≈à“«¡“·≈â«¢â“ßµâπ§◊Õº≈¢â“ß‡§’¬ß√–¬–‡©’¬∫æ≈—π

(acute side effect) ∑’Ë‡°‘¥¢÷ÈπÀ≈—ß®“°∑’Ë‡√‘Ë¡©“¬√—ß ’‰ª∂÷ßª√–¡“≥ 3 ‡¥◊Õπ ‡™àπÕ“°“√

mucositis ∑’Ë‡°‘¥„π‡¬◊ËÕ∫ÿ™àÕßª“° º≈¢â“ß‡§’¬ßµàÕº‘«Àπ—ß (dry or moist desquama-

tion) ªÕ¥Õ—°‡ ∫ (radiation pneumonitis) ´÷Ëßº≈¢â“ß‡§’¬ß„π√–¬–‡©’¬∫æ≈—ππ’È¢÷ÈπÕ¬Ÿà

°—∫ª√‘¡“≥· ß∑’Ë‰¥â√—∫·≈– à«π„À≠à®– “¡“√∂À“¬‰ª‰¥â¿“¬À≈—ß®“°§√∫°“√√—°…“·≈–

°“√√—°…“¡—°®–‡ªìπ°“√√—°…“ª√–§—∫ª√–§Õßµ“¡Õ“°“√ ·µàº≈¢â“ß‡§’¬ßπ’ÈÕ“®‡°‘¥µàÕ‡π◊ËÕß

‰ª‰¥â„π√–¬–‡«≈“ 3-6 ‡¥◊Õπ (subacute side effect)  à«πº≈¢â“ß‡§’¬ß√–¬–¬“« (late

side effect) Õ“®®–‡°‘¥¢÷ÈπÀ≈—ß®“°∑’Ë‡√‘Ë¡©“¬√—ß ’‰ª·≈â«ª√–¡“≥ 6 ‡¥◊Õπ ·≈–¡—°®–‡°‘¥

°—∫‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¡à “¡“√∂·∫àßµ—«‰¥â„À¡à ‡™àπ  ¡Õß ‰¢ —πÀ≈—ß °√–¥Ÿ°‚¥¬º≈¢â“ß‡§’¬ßπ’È®–

 “¡“√∂ªÑÕß°—π‰¥â‚¥¬°“√°”Àπ¥ª√‘¡“≥· ßµàÕ§√—Èß·≈–ª√‘¡“≥· ß‚¥¬√«¡∑’Ë‡À¡“– ¡

‰ª¬—ßÕ«—¬«–π—ÈπÊ

ªí®®ÿ∫—π°“√√—°…“¥â«¬√—ß ’¡’§«“¡æ—≤π“‰ªÕ¬à“ß√«¥‡√Á«·≈–µàÕ‡π◊ËÕß ‰¥â¡’°“√

æ—≤π“°“√„Àâ√—ß ’¥â«¬«‘∏’µà“ßÊ ‡æ◊ËÕÀ«—ßº≈∑’Ë®–‡æ‘Ë¡ª√‘¡“≥√—ß ’‰ª∑’Ë°âÕπ¡–‡√Áß·≈–≈¥º≈

¢â“ß‡§’¬ß‰ª Ÿà‡π◊ÈÕ‡¬◊ËÕª°µ‘„°≈â‡§’¬ß ‡§√◊ËÕß¡◊Õ∑’Ë¡’°“√π”¡“„™â¡“°¢÷Èπ„πªí®®ÿ∫—π§◊Õ°“√©“¬

√—ß ’ “¡¡‘µ‘·ª√§«“¡‡¢â¡ (Intensity modulated radiation therapy: IMRT) ∑’ËÕ“»—¬

À≈—°°“√¢Õß°“√‡¢â“≈”√—ß ’®“°À≈“¬∑‘»∑“ß ‡æ◊ËÕ∑”„Àâ√—ß ’‡ªìπ‰ªµ“¡√Ÿª√à“ß¢Õß°âÕπ

¡–‡√Áß∑’Ë®–∑”°“√√—°…“·≈–À≈∫‡≈’Ë¬ßÕ«—¬«– ”§—≠„°≈â‡§’¬ß·≈–¬—ß‰¥â¡’°“√æ—≤π“‰ª¡“°

¢÷Èπ‚¥¬„™â¿“æ∑“ß√—ß ’¡“™à«¬°”Àπ¥¢Õ∫‡¢µ¢Õß°“√√—°…“ ·≈–≈¥ª√‘¡“≥√—ß ’‰ª¬—ß
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√Ÿª∑’Ë 2 °“√æ—≤π“¢Õß°“√©“¬√—ß ’®“° Õß¡‘µ‘ (2 D) ¡“‡ªìπ°“√©“¬√—ß ’ “¡¡‘µ‘ (3 D

Conformal radiation therapy), √—ß ’ “¡¡‘µ‘·ª√§«“¡‡¢â¡ (IMRT), √—ß ’ “¡¡‘µ‘

·ª√§«“¡‡¢â¡·∫∫∑’Ë„™â¿“æ∑“ß√—ß ’¡“°”Àπ¥¢Õ∫‡¢µ (IGRT)

2.5 D

3 D

IMRT
4 D

& IGRT

2 D

Õ«—¬«–„°≈â‡§’¬ß‰¥â¥’¢÷Èπ§◊Õ°“√„™â°“√«“ß·ºπ·∫∫ IGRT (Image guided radiation

therapy) (√Ÿª∑’Ë 2)

 √ÿª

ªí®®ÿ∫—π»—≈¬·æ∑¬å®”‡ªìπ®–µâÕß¡’§«“¡√Ÿâ§«“¡‡¢â“„®»“ µ√åÕ◊ËππÕ°‡Àπ◊Õ®“°°“√

ºà“µ—¥¥â«¬ ‡π◊ËÕß®“°ºŸâªÉ«¬®”π«π¡“°®”‡ªìπ®–µâÕß‰¥â√—∫°“√¥Ÿ·≈·∫∫ À«‘∑¬“°“√

§«“¡√Ÿâæ◊Èπ∞“π∑“ß√—ß ’√—°…“ ®–π”‰ª Ÿà°“√ª√–¬ÿ°µå„™â∑“ß§≈‘π‘°∑’Ë¡’ª√– ‘∑∏‘¿“æ ·≈–‡°‘¥

ª√–‚¬™πå Ÿß ÿ¥·°àºŸâªÉ«¬
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¿“«– ¡Õßµ“¬ (Brain Death) À¡“¬∂÷ß °“√∑’Ë·°π ¡ÕßÀ√◊Õ°â“π ¡Õß

(brainstem) ∂Ÿ°∑”≈“¬À√◊Õ‰¡à∑”ß“π‚¥¬ ‘Èπ‡™‘ß·≈–µ≈Õ¥‰ª1 ‚§√ß°“√«‘π‘®©—¬ ¿“«–

 ¡Õßµ“¬ (brain death) §«√°√–∑”‚¥¬¬÷¥µ“¡À≈—°‡°≥±å·πàπÕπ∑’Ëµ—Èß¢÷Èπ‰«â·≈â«

°≈à“«§◊Õ µâÕß‰¡à¡’ªí®®—¬≈«ß (confounders) ∑’Ë‡ªìπ “‡Àµÿ∑”„Àâ‡°‘¥¿“«–À¡¥ µ‘¢—Èπ√ÿπ·√ß

(coma) µ√«®À“„Àâ·πà™—¥«à“ ¡Õß‰¡à “¡“√∂°≈—∫¡“∑”ß“π‰¥âÕ¬à“ß ‘Èπ‡™‘ß (irreversibility)

·≈–∑¥ Õ∫ brainstem reflexes ∑ÿ°Ê √–¥—∫¢Õß°â“π ¡Õß (all levels of brainstem)

‚¥¬°“√«‘π‘®©—¬¿“«– ¡Õßµ“¬ (brain death) π—Èπ‰¡à‰¥â¡’ª√–‚¬™πå·µà‡©æ“–°“√

ª≈Ÿ°∂à“¬Õ«—¬«– (organ transplantation) ‡æ’¬ßÕ¬à“ß‡¥’¬«·µà¬—ß¡’ª√–‚¬™πå„π‡√◊ËÕß¢Õß

°“√¥Ÿ·≈√—°…“µàÕ‡π◊ËÕßÀ√◊Õ„π¥â“π°ÆÀ¡“¬∑“ß°“√·æ∑¬å¥â«¬ (medicolegal)

Spinal Activity in Brain Death
2

°“√‡§≈◊ËÕπ‰À«µ“¡ à«πµà“ßÊ ¢Õß√à“ß°“¬„π¿“«– ¡Õßµ“¬ (brain death)

π—Èπæ∫‰¥â ·µà‡ªìπ‡æ’¬ß°“√‡§≈◊ËÕπ‰À«∑’Ë‡ªìπº≈®“° spinal reflex ‡∑à“π—Èπ ‡™àπ ¡’°“√

‡§≈◊ËÕπ‰À« à«π„¥ à«πÀπ÷Ëß¢Õß√à“ß°“¬ (body movement) ¢≥–°“√≈ß·º≈ºà“µ—¥∑’ËÀπâ“

∑âÕß (abdominal incision) ‡æ◊ËÕºà“µ—¥π”Õ«—¬«–ÕÕ° (organ retrieval) À√◊Õ√–À«à“ß

∑’Ë¡’°“√‡§≈◊ËÕπ¬â“¬ºŸâªÉ«¬ ·µà°“√‡§≈◊ËÕπ‰À« (movement) π—Èπ µâÕß‰¡à„™à≈—°…≥–¢Õß deco-

rticate À√◊Õ decerebrate rigidity ·≈–∑’Ë ”§—≠∑’Ë ÿ¥°“√‡§≈◊ËÕπ‰À«¥—ß°≈à“«®–µâÕß

‡°‘¥¢÷Èπ¿“¬À≈—ß®“°∑’Ë„Àâ°“√«‘π‘®©—¬¿“«– ¡Õßµ“¬ (brain death) ‰ª·≈â« ´÷Ëß “¡“√∂
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¬◊π¬—π°“√«‘π‘®©—¬‰¥â®“°°“√µ√«®§≈◊Ëπ‰øøÑ“ ¡Õß (electroencephalogram) ®–æ∫

≈—°…≥– isoelectric À√◊Õ°“√µ√«®∑“ß‡Õ°´‡√¬å§Õ¡æ‘«‡µÕ√å ¡Õß‰¡àæ∫°“√‰À≈‡«’¬π

‚≈À‘µ„π‡π◊ÈÕ ¡Õß (intracranial flow)

°“√‡§≈◊ËÕπ‰À«¢Õß√à“ß°“¬ (body movement) ∑’Ë‡ªìπ spinal reflex ∑’Ëπà“

 π„®¡“°°Á§◊Õ °“√∑’Ë≈”µ—«¢ÕßºŸâªÉ«¬æ¬“¬“¡®–≈ÿ°¢÷Èπ¡“„π∑à“π—Ëßª√–¡“≥ 40-60 Õß»“

·µà‰¡à„™à≈ÿ°¢÷Èπ¡“π—Ëß‡µÁ¡∑’Ë (full sitting position) ‚¥¬∑—Ë«‰ª °“√‡§≈◊ËÕπ‰À«µà“ßÊ ‡À≈à“

π’È¡—°‡°‘¥¢÷Èπ‡æ’¬ß§√—Èß‡¥’¬« ·µà∂â“‡°‘¥¢÷Èπ´È”Ê °“√„™â paralytic agents ®–™à«¬„ÀâÀ¬ÿ¥

°“√‡§≈◊ËÕπ‰À«π’È‰¥â„π¢≥–°“√ºà“µ—¥π”Õ«—¬«–ÕÕ° (organ retrieval)

°“√‡§≈◊ËÕπ‰À«∑“ß‡ âπª√– “∑‰¢ —πÀ≈—ß (Spinal Movements) ·≈–

Reflexes „π¿“«– ¡Õßµ“¬ (Brain Death)

„π√–¥—∫ cervical spine

- Neck Flexion

- Neck - abdominal muscle contraction

- Neck - hip flexion

- Neck - arm flexion

- Neck - shoulder protusion

- Head turning to side

„π√–¥—∫ Upper extremity

- Flexion - withdrawal reflex

- Unilateral extension - pronation

- Isolated finger jerks; finger pinch - finger flexion

- Flexion elevation of arm; joining of hands possible

„π√–¥—∫≈”µ—«

- Flexion of trunk, causing partial sitting movements

- Abdominal reflexes
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°“√‡§≈◊ËÕπ‰À«„π√–¥—∫ lower extremity

- Plantar flexion of toes after percussion

- Triple flexion, Babinski sign

°“√ àßµ√«®‡æ◊ËÕ¬◊π¬—π (Confirmatory Tests) ¿“«– ¡Õßµ“¬ (Brain Death)

°“√ àßµ√«®‡æ◊ËÕ¬◊π¬—π¿“«– ¡Õßµ“¬π—Èπ ®–„™â‡¡◊ËÕæ∫°√≥’¥—ßµàÕ‰ªπ’È

1. ‡¥Á°Õ“¬ÿπâÕ¬°«à“ 1 ªï

2. „π°√≥’∑’Ë°“√µ√«®∑“ß§≈‘π‘° (Clinical testing) ¬—ß‰¡à “¡“√∂ª√–‡¡‘π

‰¥â·πàπÕπ (unreliable evaluate)

‚¥¬°“√ àßµ√«®‡æ◊ËÕ¬◊π¬—π (Confirmatory tests) „π¿“«– ¡Õßµ“¬ (brain

death) π—Èπ ¡’¥—ßπ’È

- CT Brain with contrast - no intracranial flow

- Electroencephalography - no electrical activity (EEG)

- Transcranial Doppler ultrasonography - no intracranial signal

- Radionuclide scan brain - absent uptake
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ª√–°“»·æ∑¬ ¿“

‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬

Õπÿ π∏‘®“°°“√ª√–™ÿ¡‚µä–°≈¡ ‡√◊ËÕß°“√µ“¬∑“ß°“√·æ∑¬å·≈–°“√µ“¬∑“ß

°ÆÀ¡“¬ ‡¡◊ËÕ«—π∑’Ë 16 æƒ…¿“§¡ 2531 ≥ ÀâÕßª√–™ÿ¡ “√π‘‡∑» ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

·æ∑¬å·≈–π—°°ÆÀ¡“¬®“° ∂“∫—πµà“ßÊ ∑’Ë‡¢â“√à«¡ª√–™ÿ¡‰¥â‡ÀÁπæâÕßµâÕß°—π¥—ß¡’ “√–

 ”§—≠µàÕ‰ªπ’È

(1) °“√™’È¢“¥°“√µ“¬‡ªìπªí≠À“¢âÕ‡∑Á®®√‘ß∑“ß°“√·æ∑¬å

(2) ∫ÿ§§≈ºŸâ´÷Ëß‰¥â√—∫°“√«‘π‘®©—¬«à“ ¡Õßµ“¬ ∂◊Õ«à“∫ÿ§§≈π—Èπ∂÷ß·°à§«“¡µ“¬

(3)  ¡Õßµ“¬ À¡“¬∂÷ß °“√∑’Ë·°π ¡Õß∂Ÿ°∑”≈“¬®π ‘Èπ ÿ¥°“√∑”ß“π‚¥¬

 ‘Èπ‡™‘ßµ≈Õ¥‰ª

(4) ·æ∑¬å‡ªìπºŸâ¡’Àπâ“∑’Ëæ‘®“√≥“«‘π‘®©—¬·≈–µ—¥ ‘π°“√µ“¬¢Õß ¡Õßµ“¡

‡°≥±å∑“ß«‘™“™’æ

(5) ·æ∑¬ ¿“§«√¡’Àπâ“∑’Ë„π°“√°”Àπ¥À≈—°‡°≥±å·≈–«‘∏’¥”‡π‘π°“√„π°“√

«‘π‘®©—¬ ¡Õßµ“¬‡æ◊ËÕ§«“¡‡®√‘≠°â“«Àπâ“∑“ß«‘™“™’æ·≈–‡æ◊ËÕª√–‚¬™πå¢Õßª√–™“™π

·≈–§≥–°√√¡°“√·æ∑¬ ¿“‰¥â‡≈Áß‡ÀÁπ«à“ °“√«‘π‘®©—¬§πµ“¬‚¥¬Õ“»—¬‡°≥±å

 ¡Õßµ“¬π—Èπ¡’§«“¡®”‡ªìπ∑’ËµâÕßπ”‰ª„™â ‚¥¬‡©æ“–°—∫°“√ºà“µ—¥‡ª≈’Ë¬πÕ«—¬«– ”§—≠

¢Õß¡πÿ…¬å ·≈–Õ“®π”‰ª„™â„π°√≥’Õ◊ËπÊ „πÕπ“§µ·≈–‡æ◊ËÕ„Àâ‡ªìπ‰ªµ“¡¡“µ√∞“π¢Õß

°“√ª√–°Õ∫«‘™“™’æ‡«™°√√¡¥—ß∑’Ë∫—≠≠—µ‘‰«â„π¢âÕ∫—ß§—∫·æ∑¬ ¿“«à“¥â«¬°“√√—°…“

®√‘¬∏√√¡·Ààß«‘™“™’æ‡«™°√√¡ æ.». 2526 ·æ∑¬ ¿“®÷ß°”Àπ¥‡°≥±å°“√«‘π‘®©—¬ ¡Õß

µ“¬·≈–«‘∏’°“√ªØ‘∫—µ‘µ“¡¡µ‘§≥–°√√¡°“√·æ∑¬ ¿“ §√—Èß∑’Ë 2/2532 «—π∑’Ë 3 °ÿ¡¿“æ—π∏å

2532 ¥—ßπ’È

°. °“√«‘π‘®©—¬ ¡Õßµ“¬®–∑”‰¥â„π ¿“«–·≈–‡ß◊ËÕπ‰¢ ¥—ßµàÕ‰ªπ’È

1. ºŸâªÉ«¬µâÕß‰¡à√Ÿâ ÷°µ—« (deeply comatose) ‚¥¬®–µâÕß·πà„®«à“‡Àµÿ¢Õß

°“√‰¡à√Ÿâ ÷°µ—«π’È‰¡à‰¥â‡°‘¥®“°

1.1 æ‘…¬“ (Drug intoxication) ‡™àπ ¬“‡ æµ‘¥ ¬“πÕπÀ≈—∫ À√◊Õ¬“

°≈àÕ¡ª√– “∑ ‡ªìπµâπ

1.2  ¿“«–Õÿ≥À¿Ÿ¡‘„π√à“ß°“¬µË” (Primary hypothermia)
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1.3  ¿“«–º‘¥ª°µ‘¢Õß√–∫∫µàÕ¡‰√â∑àÕ·≈–‡¡µ“‚∫≈‘° (Metabolie and

endocrine disturbances)

1.4  ¿“«– Shock

2. ºŸâªÉ«¬∑’Ë‰¡à√Ÿâ ÷°µ—«π—ÈπÕ¬Ÿà„π‡§√◊ËÕß™à«¬À“¬„® (Comatose patient on

ventilator) ‡π◊ËÕß®“°‰¡àÀ“¬„® ‚¥¬®–µâÕß·πà„®«à“‡Àµÿ¢Õß°“√‰¡àÀ“¬„® ‰¡à‰¥â‡°‘¥®“°

¬“§≈“¬°≈â“¡‡π◊ÈÕ (Muscle relaxants) À√◊Õ¬“Õ◊ËπÊ

3. ®–µâÕß¡’¢âÕ«‘π‘®©—¬∂÷ß “‡Àµÿ¢Õß°“√‰¡à√Ÿâ ÷°µ—«·≈–‰¡àÀ“¬„®„πºŸâªÉ«¬π—Èπ

‚¥¬∑’Ë„Àâ√Ÿâ·πà™—¥ ‚¥¬ª√“»®“°¢âÕ ß —¬‡≈¬«à“  ¿“«–¢ÕßºŸâªÉ«¬π’È‡°‘¥¢÷Èπ®“°°“√∑’Ë ¡Õß

‡ ’¬À“¬‚¥¬‰¡à¡’Àπ∑“ß‡¬’¬«¬“‰¥âÕ’°·≈â« (irremediable and irreversible structural

brain damage)

4. ∂â“ºŸâªÉ«¬Õ¬Ÿà„π ¿“«–§√∫µ“¡‡ß◊ËÕπ‰¢∑’Ë°”Àπ¥·≈â« ®–µâÕß∑”°“√µ√«®

 Õ∫‡æ◊ËÕ¬◊π¬—π ¡Õßµ“¬ §◊Õ

4.1 µâÕß‰¡à¡’°“√‡§≈◊ËÕπ‰À«„¥Ê ‰¥â‡Õß (No spontaneous movement)

‰¡à¡’Õ“°“√™—° (No epileptic jerking) ‰¡à¡’ decorticate À√◊Õ decerebrate rigidity

4.2 µâÕß‰¡à¡’√’‡ø≈°´å¢Õß ·°π ¡Õß (absence of brainstem reflexes)

∑—Èß 6 ª√–°“√µàÕ‰ªπ’È §◊Õ

(1) dilated and fixed pupils

(2) absence of corneal reflex

(3) no motor response within the cranial nerve distribution

(4) absence of oculocephalic reflex (Dollûs head phenom-

enon)

(5) absence of vestibular response to caloric stimulation

(6) absence of gag and cough reflex

4.3 ‰¡à “¡“√∂À“¬„®‰¥â‡Õß (No spontaneous repiration) ́ ÷Ëß∑¥ Õ∫

‰¥â‚¥¬°“√À¬ÿ¥‡§√◊ËÕß™à«¬À“¬„® („ÀâÕÕ°´‘‡®π∑“ß “¬¬“ß‡¢â“„πÀ≈Õ¥≈¡) ‡ªìπ‡«≈“

Õ¬à“ßπâÕ¬ 10 π“∑’ ·≈–§Õ¬¥Ÿ«à“¡’°“√À“¬„®À√◊Õ‰¡à ¢≥–∑’Ë∑¥ Õ∫®–µâÕß¡’§à“§«“¡¥—π

¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å„π°√–· ‡≈◊Õ¥ (PaCo2) ‰¡àµË”°«à“ 60 mmHg

4.4  ¿“«–°“√µ√«®æ∫„π¢âÕ 4.1, 4.2 ·≈– 4.3 π’È ®–µâÕß‰¡à¡’°“√

‡ª≈’Ë¬π·ª≈ß‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 12 ™—Ë«‚¡ß ´÷Ëß®–∂◊Õ‰¥â«à“ ¡Õßµ“¬
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¢. «‘∏’°“√ªØ‘∫—µ‘„π°“√«‘π‘®©—¬ ¡Õßµ“¬

1. °“√«‘π‘®©—¬ ¡Õßµ“¬µâÕß°√–∑”‚¥¬Õß§å§≥–¢Õß·æ∑¬å‰¡àπâÕ¬°«à“ 3 §π

‚¥¬§πÀπ÷Ëß‡ªìπ·æ∑¬å‡®â“¢ÕßºŸâªÉ«¬ ·≈–Õ’ ° 1 „π 2 §π∑’Ë‡À≈◊Õ§«√‡ªìπ·æ∑¬å “¢“

ª√– “∑«‘∑¬“ À√◊Õ·æ∑¬å “¢“ª√– “∑»—≈¬»“ µ√å (∂â“¡’)

2. Õß§å§≥–¢Õß·æ∑¬åºŸâ«‘π‘®©—¬ ¡Õßµ“¬µâÕß‰¡àª√–°Õ∫¥â«¬·æ∑¬åºŸâ

°√–∑”°“√ºà“µ—¥ª≈Ÿ°∂à“¬Õ«—¬«–√“¬π—Èπ

3. ºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈ À√◊ÕºŸâ‰¥â√—∫¡Õ∫À¡“¬‡ªìπ≈“¬≈—°…≥åÕ—°…√®–

µâÕß√à«¡‡ªìπºŸâ√—∫√Õß°“√«‘π‘®©—¬ ¡Õßµ“¬·≈–‡ªìπºŸâ≈ßπ“¡√—∫√Õß°“√µ“¬

®÷ßª√–°“»„Àâ∑√“∫‚¥¬∑—Ë«°—π

ª√–°“» ≥ «—π∑’Ë 30 ¡‘∂ÿπ“¬π 2532

(π“¬·æ∑¬å ¡»—°¥‘Ï  «√§“¡‘π)

π“¬°·æ∑¬ ¿“

§”Õ∏‘∫“¬ª√–°Õ∫°“√∫—π∑÷°°“√µ√«®«‘π‘®©—¬ ¡Õßµ“¬

1. „Àâ≈ß√“¬°“√¢Õß∫—π∑÷°„Àâ§√∫∂â«π ®÷ß®–∂◊Õ«à“∫—π∑÷°π’È ¡∫Ÿ√≥å∂Ÿ°µâÕß
2. ·æ∑¬åºŸâ∑”°“√µ√«®¿“«– ¡Õßµ“¬ ≈”¥—∫ 2, 3 §«√‡ªìπ·æ∑¬åºŸâ‡™’Ë¬«™“≠∑“ßª√– “∑«‘∑¬“

À√◊Õª√– “∑»—≈¬»“ µ√å
3. °“√µ√«®§√—Èß∑’Ë 1 ·≈–§√—Èß∑’Ë 2 §«√¡’√–¬–Àà“ß‰¡àπâÕ¬°«à“ 6 ™—Ë«‚¡ß
4. °“√∑¥ Õ∫§à“§«“¡¥—π„π°√–· ‡≈◊Õ¥ (pCo2) „Àâ∑¥ Õ∫¿“¬À≈—ß®“°ºŸâªÉ«¬‰¡à¡’°“√À“¬„® ‡¡◊ËÕ

‡Õ“‡§√◊ËÕß™à«¬À“¬„® (mechanical Vestilator) ÕÕ°‚¥¬¬—ß§ß„ÀâÕÕ°´‘‡®π∑“ß “¬¬“ß‡¢â“„πÀ≈Õ¥≈¡
π“π‡ªìπÕ¬à“ßπâÕ¬ 10 π“∑’ ·≈–¢≥–∑’Ë∑¥ Õ∫§«√¡’§à“§«“¡¥—π„π°√–· ‡≈◊Õ¥ (pCo2) ‰¡àµË”°«à“ 60
¡¡.ª√Õ∑.

5. „Àâ√–∫ÿ√–¥—∫ pCo2 (∂â“ “¡“√∂«—¥‰¥â) ‰«â¥â«¬
6. Õß§å§≥–¢Õß·æ∑¬åºŸâ«‘π‘®©—¬ ¡Õßµ“¬ª√–°Õ∫¥â«¬

6.1 ·æ∑¬å‰¡àπâÕ¬°«à“ 3 §π ‚¥¬·æ∑¬å§πÀπ÷Ëß‡ªìπ·æ∑¬å‡®â“¢ÕßºŸâªÉ«¬ ·≈–Õ’° 1 „π 2 ∑’Ë
‡À≈◊Õ§«√‡ªìπ·æ∑¬å “¢“ª√– “∑«‘∑¬“ À√◊Õ·æ∑¬å “¢“ª√– “∑»—≈¬»“ µ√å (∂â“¡’) µ“¡∫—π∑÷°°“√µ√«®
„π¢âÕ 2

6.2 µâÕß‰¡àª√–°Õ∫¥â«¬·æ∑¬åºŸâ°√–∑”°“√ºà“µ—¥ª≈Ÿ°∂à“¬Õ«—¬«–√“¬π—Èπ
6.3 ºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈ À√◊ÕºŸâ‰¥â√—∫¡Õ∫À¡“¬‡ªìπ≈“¬≈—°…≥åÕ—°…√®–µâÕß√à«¡‡ªìπºŸâ√—∫

√Õß°“√«‘π‘®©—¬ ¡Õßµ“¬ ·≈–‡ªìπºŸâ≈ßπ“¡√—∫√Õß°“√µ“¬¥â«¬
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ª√–°“»·æ∑¬ ¿“

‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬ (©∫—∫∑’Ë 2)

æ.». 2539

µ“¡∑’Ë·æ∑¬ ¿“‰¥âÕÕ°ª√–°“»·æ∑¬ ¿“ ‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬

‡¡◊ËÕ«—π∑’Ë 30 ¡‘∂ÿπ“¬π 2532 ·≈â«π—Èπ ‡æ◊ËÕ„Àâ‡°≥±å¥—ß°≈à“« Õ¥§≈âÕß°—∫¡“µ√∞“π “°≈

¬‘Ëß¢÷Èπ ·≈–°“√«‘π‘®©—¬¡’·∫∫„ÀâªØ‘∫—µ‘‚¥¬™—¥‡®π §≥–°√√¡°“√·æ∑¬ ¿“®÷ß‰¥âÕÕ°

ª√–°“»·æ∑¬ ¿“‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬ (©∫—∫∑’Ë 2) ‰«â¥—ßπ’È

1. ¬°‡≈‘°¢âÕ§«“¡„π¢âÕ °. 4.3 ·≈– 4.4 ¢Õßª√–°“»·æ∑¬ ¿“ ‡√◊ËÕß ‡°≥±å

°“√«‘π‘®©—¬ ¡Õßµ“¬ ·≈–„Àâ„™â¢âÕ§«“¡µàÕ‰ªπ’È·∑π

4.3 ‰¡à “¡“√∂À“¬„®‰¥â‡Õß (No spontaneous respiration) ´÷Ëß∑¥ Õ∫

‰¥â‚¥¬°“√À¬ÿ¥‡§√◊ËÕß™à«¬À“¬„® („ÀâÕÕ°´‘‡®π∑“ß “¬¬“ß‡¢â“„πÀ≈Õ¥≈¡) ‡ªìπ‡«≈“

Õ¬à“ßπâÕ¬ 10 π“∑’ ·≈–§Õ¬¥Ÿ«à“¡’°“√À“¬„®À√◊Õ‰¡à

¢≥–∑’Ë∑¥ Õ∫§«√¡’§à“§«“¡¥—π¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å„π°√–· ‡≈◊Õ¥ (pCo2) ‰¡à

µË”°«à“ 60 ¡¡.ª√Õ∑ (∂â“ “¡“√∂«—¥‰¥â)

4.4  ¿“«–°“√µ√«®æ∫„π¢âÕ 4.1, 4.2 À√◊Õ 4.3 π’È ®–µâÕß‰¡à¡’°“√

‡ª≈’Ë¬π·ª≈ß‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 6 ™—Ë«‚¡ß ®÷ß®–∂◊Õ‰¥â«à“ ¡Õßµ“¬

2. „Àâ‡æ‘Ë¡¢âÕ§«“¡„À¡àµàÕ®“°¢âÕ ¢. ‡ªìπ¢âÕ §. ¥—ßπ’È

§. „Àâ„™â∫—π∑÷°°“√µ√«®«‘π‘®©—¬ ¡Õßµ“¬∑â“¬ª√–°“»π’È§«∫§Ÿà‰ª°—∫ª√–°“»

·æ∑¬ ¿“ ‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬

®÷ßª√–°“»„Àâ∑√“∫∑—Ë«°—π

ª√–°“» ≥ «—π∑’Ë 31 ¡’π“§¡ 2539

‡√◊Õ‚∑

 («‘∑Ÿ√ · ß ‘ß·°â«)

 π“¬°·æ∑¬ ¿“



ªî¬πÿ™  æŸµ√–°Ÿ≈ 631

∫—π∑÷°°“√µ√«®«‘π‘®©—¬ ¡Õßµ“¬

™◊ËÕ ............................... π“¡ °ÿ≈ ......................................... Õ“¬ÿ .......... ªï .......... ‡¥◊Õπ

‚√ßæ¬“∫“≈ ........................................ Hospital number ...................... Admission

number ...........

·æ∑¬å‡®â“¢Õß‰¢â ..................................................... ward ..........................................

·æ∑¬åºŸâ∑”°“√µ√«®¿“«– ¡Õßµ“¬

1. ·æ∑¬åºŸâ√—°…“ºŸâªÉ«¬..............................................................................

2..............................................................................................................

3..............................................................................................................

≈”¥—∫ 2 ·≈– 3 §«√‡ªìπ·æ∑¬åºŸâ‡™’Ë¬«™“≠∑“ßª√– “∑«‘∑¬“À√◊Õª√– “∑»—≈¬»“ µ√å (∂â“

¡’)

«—π/‡¥◊Õπ/ªï ∑’Ëª√–‡¡‘π

§√—Èß∑’Ë 1 «—π∑’Ë.......... ‡¥◊Õπ................................ æ.»............. ‡«≈“................ π.

§√—Èß∑’Ë 2 «—π∑’Ë.......... ‡¥◊Õπ................................ æ.»............. ‡«≈“................ π.

‚ª√¥„™â‡§√◊ËÕßÀ¡“¬ ✓  „π¢—ÈπµÕπ∑’Ëµ√«®«‘π‘®©—¬·≈â« „Àâ§√∫∂â«π ¡∫Ÿ√≥å

1.  ¿“«–°àÕπ°“√«‘π‘®©—¬ ¡Õßµ“¬

1.1 ‚√§ À√◊Õ¿“«–∑’Ë∑”„Àâ ¡Õßµ“¬

1.2 ºŸâªÉ«¬‰¡à√Ÿâ ÷°µ—« (deeply comatose) ·≈–Õ¬Ÿà„π‡§√◊ËÕß™à«¬À“¬„® [ ] „™à

[ ] ‰¡à„™à

1.3 ¿“«–∑’Ë∑”„ÀâºŸâªÉ«¬‰¡à√Ÿâ ÷°µ—«·≈–‰¡àÀ“¬„®‡°‘¥®“° ‘ËßµàÕ‰ªπ’È

§√—Èß∑’Ë 1 §√—Èß∑’Ë 2

„™à ‰¡à„™à „™à ‰¡à„™à

1.3.1 æ‘…¬“ (Drug intoxication) [ ] [ ] [ ] [ ]
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¬“‡ æµ‘¥ ¬“πÕπÀ≈—∫ À√◊Õ

¬“°≈àÕ¡ª√– “∑ ‡ªìπµâπ

1.3.2  ¿“«–Õÿ≥À¿Ÿ¡‘„π√à“ß°“¬µË” [ ] [ ] [ ] [ ]

(Primary hypothermia)

1.3.3  ¿“«–º‘¥ª°µ‘¢Õß√–∫∫µàÕ¡‰√â∑àÕ [ ] [ ] [ ] [ ]

·≈–‡¡µ“‚∫≈‘° (Metabolic and

Endocrine disturbance)

1.3.4  ¿“«– Shock [ ] [ ] [ ] [ ]

1.3.5 ¬“§≈“¬°≈â“¡‡π◊ÈÕ [ ] [ ] [ ] [ ]

1.3.6  “‡ÀµÿÕ◊ËπÊ ∑’Ë¡’∑“ß‡¬’¬«¬“‰¥âÕ’° [ ] [ ] [ ] [ ]

2. °“√µ√«®‡æ◊ËÕ¬◊π¬—π¿“«– ¡Õßµ“¬ (Tests For Brain Stem Death)

§√—Èß∑’Ë 1 §√—Èß∑’Ë 2

„™à ‰¡à„™à „™à ‰¡à„™à

2.1 °“√‡§≈◊ËÕπ‰À«¥—ßµàÕ‰ªπ’È

2.1.1 °“√‡§≈◊ËÕπ‰À«‰¥â‡Õß [ ] [ ] [ ] [ ]

2.1.2 Õ“°“√™—° [ ] [ ] [ ] [ ]

2.1.3 decorticate À√◊Õ decerebrate [ ] [ ] [ ] [ ]

rigidity

2.2 reflex ¢Õß·°π ¡Õß∑—Èß 6 ª√–°“π ¥—ßπ’È

2.2.1 dilated and fixed pupils [ ] [ ] [ ] [ ]

2.2.2 corneal reflex [ ] [ ] [ ] [ ]

2.2.3 motor response within the [ ] [ ] [ ] [ ]

cranial nerve distribution

2.2.4 oculocephlic reflex [ ] [ ] [ ] [ ]

(Dollûs head phenomena)
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2.2.5 vestibular response to caloric [ ] [ ] [ ] [ ]

stimulation

2.2.6 gag and cough reflex [ ] [ ] [ ] [ ]

2.3 Respiration

°“√À“¬„®‡¡◊ËÕ‡Õ“‡§√◊ËÕß™à«¬À“¬„® (mechanical ventilator) ÕÕ°‚¥¬¬—ß

§ß„ÀâÕÕ°´‘‡®π∑“ß “¬¬“ß‡¢â“„πÀ≈Õ¥≈¡π“π‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 10 π“∑’ ·≈–¢≥–∑’Ë

∑¥ Õ∫ ¡’§à“§«“¡¥—π„π°√–· ‡≈◊Õ¥ (pCo2) ‰¡àµË”°«à“ 60 ¡¡.ª√Õ∑

[√–¥—∫ pCo2 (∂â“ “¡“√∂«—¥‰¥â) ........................... ¡¡.ª√Õ∑]

¢â“æ‡®â“‰¥âµ√«®ºŸâªÉ«¬µ“¡√“¬°“√·≈–«—π ‡«≈“¥—ß°≈à“«·≈â« ¡’§«“¡‡ÀÁπ«à“‰¥â‡°‘¥

¿“«– ¡Õßµ“¬ (brain stem death) „πºŸâªÉ«¬√“¬π’È

·æ∑¬åºŸâµ√«®

(1) ≈ßπ“¡................................................. (2) ≈ßπ“¡..............................................

(π“¬·æ∑¬å........................................ ) (π“¬·æ∑¬å....................................... )

µ”·Àπàß............................................. µ”·Àπàß.............................................

(3) ≈ßπ“¡....................................................

(π“¬·æ∑¬å........................................ )

µ”·Àπàß.............................................

ºŸâ√—∫√Õß°“√«‘π‘®©—¬ ¡Õßµ“¬ ·≈–√—∫√Õß°“√µ“¬

≈ßπ“¡ .............................................................

(........................................................... )

ºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈
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„∫¬‘π¬Õ¡¢Õß≠“µ‘ºŸâ∫√‘®“§Õ«—¬«–

«—π∑’Ë........ ‡¥◊Õπ................................ æ.»...............

‡«≈“..........................................................................

‡¢’¬π∑’Ë......................................................................

¢â“æ‡®â“ (ºŸâÕπÿ≠“µ) ™◊ËÕ ...................................................................... ¡’§«“¡ —¡æ—π∏å‡ªìπ

............................................. ¢ÕßºŸâ‡ ’¬™’«‘µ™◊ËÕ ............................................. ¡’§«“¡ª√– ß§å

∑’Ë®–∫√‘®“§Õ«—¬«–µà“ßÊ ¢ÕßºŸâ‡ ’¬™’«‘µ ¥—ßµàÕ‰ªπ’È ‚¥¬‰¡à√—∫§à“µÕ∫·∑π

■  À—«„® ■  µ—∫ ■  ‰µ ■  ªÕ¥

■  Õ«—¬«–∑ÿ° à«π¢Õß√à“ß°“¬∑’Ë„™â‡ªìπª√–‚¬™πå‰¥â

‡æ◊ËÕ„Àâ·æ∑¬åπ”‰ª„™â√—°…“™à«¬™’«‘µºŸâªÉ«¬Õ◊ËπµàÕ‰ª

≈ß™◊ËÕ ............................................................... ºŸâÕπÿ≠“µ

(............................................................... )

≈ß™◊ËÕ ............................................................... æ¬“π

(............................................................... )

≈ß™◊ËÕ ............................................................... æ¬“π

(............................................................... )
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Medical Management of the Brain - Dead Organ Donor

¿“«– ¡Õßµ“¬ (brain death) ¡’º≈°√–∑∫µàÕÕ«—¬«–∑ÿ°Ê √–∫∫„π√à“ß°“¬

¿“«–·∑√°´âÕπ®“° ¡Õßµ“¬ (brain death) ¡’¥—ßπ’È3-9

1. §«“¡¥—π‚≈À‘µµË” (hypotension)

2. ¿“«–‡∫“®◊¥ (diabetes insipidus)

3. Õÿ≥À¿Ÿ¡‘√à“ß°“¬µË”≈ß (hypothermia)

4. ‡ ’¬ ¡¥ÿ≈¢Õß¿“«–°√¥ - ¥à“ß (electrolyte imbalance)

5. ¿“«–°“√·¢Áßµ—«¢Õß‡≈◊Õ¥º‘¥ª°µ‘ (coagulopathy)

6. ‚≈À‘µ®“ß (anemia)

7. ¢“¥ÕÕ°´‘‡®π (hypoxia)

8. À—«„®‡µâπº‘¥®—ßÀ«– (cardiac arrhythmia)

9. À—«„®À¬ÿ¥‡µâπ (cardiac arrest)

®ÿ¥ª√– ß§å¢Õß°“√¥Ÿ·≈√—°…“ºŸâ∫√‘®“§Õ«—¬«–„π¿“«– ¡Õßµ“¬ (brain death)

°Á‡æ◊ËÕª√–§—∫ª√–§Õß„Àâ¡’¿“«–ª°µ‘∑“ß √’√«‘∑¬“ (normal physiology) ·≈–„ÀâÕ«—¬«–

‰¥â√—∫°“√‰À≈‡«’¬π‚≈À‘µÕ¬à“ß¡“°∑’Ë ÿ¥ (optimal organ perfusion) „Àâ cell ‰¥â√—∫

ÕÕ°´‘‡®π¡“°∑’Ë ÿ¥ (optimal cellular oxegenation) À≈’°‡≈’Ë¬ß°“√∑”„Àâ‡°‘¥¿“«–¢“¥

‡≈◊Õ¥ (ischemic injury) „ÀâπâÕ¬∑’Ë ÿ¥ ∑—ÈßÊ ∑’Ë‰¥â„Àâ°“√¥Ÿ·≈√—°…“Õ¬à“ß‡µÁ¡∑’Ë æ∫«à“

 “¡“√∂‡°‘¥¿“«–À—«„®À¬ÿ¥‡µâπ‰¥â∂÷ß 80% ¿“¬„π 48-72 ™—Ë«‚¡ß À≈—ß®“°∑’ËºŸâªÉ«¬‰¥â√—∫

°“√«‘π‘®©—¬ ¡Õßµ“¬ (brain death)10-12

1. Optimizing Oxygenation

°“√‡°‘¥¿“«–ªÕ¥∫«¡πÈ” (Pulmonary edema) ·≈–¿“«–ÕÕ°´‘‡®π„π‡≈◊Õ¥

µË”≈ß (hypoxemia) ‡ªìπº≈ ◊∫‡π◊ËÕß¡“®“° °“√µÕ∫ πÕß®“° à«π°≈“ß (central re-

sponse) À—«„® (cardiac)  “‡Àµÿ¿“¬„πªÕ¥‡Õß (intrinsic pulmonary causes)13-15

®ÿ¥¡ÿàßÀ¡“¬„π°“√¥Ÿ·≈‡æ◊ËÕª√–§—∫ª√–§Õß„Àâ§«“¡¥—πÕÕ°´‘‡®π„π‡≈◊Õ¥

(PaO2) §«“¡‡¢â¡¢âπ¢ÕßÕÕ°´‘‡®π (FoO2) „π¢π“¥∑’ËµË”∑’Ë ÿ¥ ·≈–§«“¡‡ªìπ°√¥¢Õß

‡≈◊Õ¥ (pH) ∑’Ëª√–¡“≥ 7.35 - 7.45 §«“¡¥—π§“∫Õπ‰¥ÕÕ°‰´¥å„π‡≈◊Õ¥ (PaCO2) 35-45
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mmHg13-15 §«√ àßµ√«®∑“ß‡Õ°´‡√¬åªÕ¥¥â«¬‡æ◊ËÕÀ“§«“¡º‘¥ª°µ‘Õ¬à“ßÕ◊Ëπ∑’Ë‡°‘¥√à«¡°—π

‰¥â ‡™àπ ªÕ¥·µ° (pneumothorax) ªÕ¥·ø∫ (atelectasis) ªÕ¥∫«¡πÈ” (pulmonary

edema)

2. Maintaining Hemodynamic Stability

„π¿“«– ¡Õßµ“¬ (brain death) ¡’°“√À≈—Ëß “√ catecholamine Õ¬à“ß¡“°

(massive) ¡’º≈∑”„Àâ¡’°“√≈¥≈ß¢Õß§«“¡µâ“π∑“π¢Õßºπ—ßÀ≈Õ¥‡≈◊Õ¥„π√à“ß°“¬ (sys-

temic vascular resistance) ·≈–¿“«–¢“¥πÈ”„π°√–· ‡≈◊Õ¥ (hypovolemia) ´÷Ëß„π

∑’Ë ÿ¥ àßº≈„Àâ§«“¡¥—π‚≈À‘µµË”≈ß (hypotension)

ªí®®—¬∑’Ëº≈ àß‡ √‘¡„Àâ hemodynamic instability ¡“°¬‘Ëß¢÷Èπ §◊Õ ¿“«–

Õÿ≥À¿Ÿ¡‘√à“ß°“¬µË”≈ß (hypothermia), ‡ ’¬§«“¡ ¡¥ÿ≈¢Õß°√¥ - ¥à“ß (electrolytes

imbalance) ¿“«–°≈â“¡‡π◊ÈÕÀ—«„®‰¡à∑”ß“π (myocardial dysfunction) ·≈–°“√∑”ß“π

¢ÕßµàÕ¡‰√â∑àÕ∑’Ëº‘¥ª°µ‘ (endocrine abnormalities) °“√¥Ÿ·≈√—°…“‡√‘Ë¡·√° (initial

therapy) §«√‡ªìπ°“√„Àâ “√πÈ”‡æ◊ËÕ‡ªìπ°“√øóôπøŸ ¿“æ (restoration) ¢Õßª√‘¡“≥πÈ”

„π°√–· ‡≈◊Õ¥ (intravascular volume) ·≈–∂â“®”‡ªìπµâÕß„™â¬“‡æ‘Ë¡§«“¡¥—π‡≈◊Õ¥ (va-

soactive drugs) §«√®–„™â‡æ’¬ß™—Ë«§√“«

3. Maintaining Normothermia

¿“«–Õÿ≥À¿Ÿ¡‘√à“ß°“√µË”≈ßæ∫‰¥â∑—Ë«‰ª ´÷Ëß‡ªìπº≈®“°°“√ Ÿ≠‡ ’¬Àπâ“∑’Ë

¢Õß√–∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (thermoregulatory) „π√à“ß°“¬ °“√Õ¬Ÿà„π ¿“æ·«¥≈âÕ¡

∑’Ë‡¬Áπ °“√„Àâ “√πÈ”À√◊Õ‡≈◊Õ¥∑’Ë¡’§«“¡‡¬Áπ‡ªìπª√‘¡“≥¡“° º≈∑’Ëµ“¡¡“®“°¿“«–Õÿ≥À¿Ÿ¡‘

√à“ß°“¬µË”≈ß (hypothermia) §◊Õ À—«„®‡µâπº‘¥®—ßÀ«– (cardiac anhythmias) °“√

∑”ß“π¢Õß°≈â“¡‡π◊ÈÕÀ—«„®∂Ÿ°°¥ (myocardial depression) §«“¡¥—π‡≈◊Õ¥µË”≈ß (hypoten-

sion) ¿“«–¢“¥ÕÕ°´‘‡®π (hypoxia) ªí  “«–ÕÕ°¡“° (diuresis) πÈ”µ“≈„π‡≈◊Õ¥≈ß

(hyperghycemia) ·≈–√–∫∫°“√·¢Áßµ—«¢Õß‡≈◊Õ¥º‘¥ª°µ‘ (coagulopathy)14 °“√¥Ÿ·≈

√—°…“§«√„ÀâÕÿ≥À¿Ÿ¡‘√à“ß°“¬¡“°°«à“ 36oC

Management of Diabetes Insipidus

¿“«–‡∫“®◊¥ (diabetes insipidus) æ∫‰¥â∫àÕ¬„π¿“«– ¡Õßµ“¬ (brain death)
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´÷Ëß®–¡’º≈∑”„Àâªí  “«–ÕÕ°¡“°®π‡°‘¥¿“«–√–¥—∫‚´‡¥’¬¡„π‡≈◊Õ¥ Ÿß (hypernatremia)

·≈–√–¥—∫‚´‡¥’¬¡„ππÈ”ªí  “«–µË” (low urinary sodium) °“√√—°…“ “¡“√∂∑”‰¥â‚¥¬°“√

„Àâ “√πÈ”„π√Ÿª¢Õß crystalloid À√◊Õ hypotonic crystalloid „πª√‘¡“≥ maintainance

fluid + 1 cc/kg/h (2) ·°â‰¢¿“«– ¡¥ÿ≈¢Õß°√¥¥à“ß (3) „Àâ “√∑’Ë¡’ƒ∑∏‘ÏµàÕµâ“π°“√

¢—∫ªí  “«– (antidiuretic agents) ‡¡◊ËÕªí  “«–¡’ª√‘¡“≥¡“°°«à“ 200 cc/h À√◊Õ¡“°«à“

3 cc/kg/h16-18 (4) µ√«®«—¥√–¥—∫§«“¡ ¡¥ÿ≈¢Õß°√¥ - ¥à“ß (electrolyte) ·≈–§«“¡

‡¢â¡¢âπ„π°√–· ‡≈◊Õ¥ (osmolality) ∑ÿ° 2-4 ™—Ë«‚¡ß (5) „Àâ aqueous vasopressin (AVP)

„πÕ—µ√“ 3 units/h À√◊ÕÕ“®®–„Àâ desmopressin acetate (DDAVP) „πÕ—µ√“‡√‘Ë¡·√°

‡ªìπ bolus dose §◊Õ 0.3 ‰¡‚§√°√—¡ µ“¡¥â«¬ª√‘¡“≥ 10-40 ‰¡‚§√°√—¡ „π 24 ™—Ë«‚¡ß

‚¥¬·∫àß„Àâ∑ÿ° 6-8 ™—Ë«‚¡ß ´÷Ëß®–¡’ª√– ‘∑∏‘¿“æ„π°“√‡æ‘Ë¡°“√¥Ÿ¥ (reabsorption) πÈ”

·≈–‚´‡¥’¬¡°≈—∫®“°∫√‘‡«≥∑àÕ‰µ à«πª≈“¬ (distal tubules) ·≈–§«∫§ÿ¡„Àâ¡’ª√‘¡“≥

ªí  “«– 2-3 cc/kg/h §«√®–¡’°“√À¬ÿ¥„Àâ AVP Õ¬à“ßπâÕ¬ 1 ™—Ë«‚¡ß °àÕπ∑’Ë®–¡’°“√

ºà“µ—¥πÈ”Õ«—¬«–ÕÕ° ‡æ√“–«à“¢π“¥¢Õß¬“ (dose dependent effect) ®–∑”„Àâ‡°‘¥°“√

À¥‡°√Áß¢ÕßÀ≈Õ¥‡≈◊Õ¥∑—Ë«√à“ß°“¬ (generalized systemic vasoconstriction) ¥—ßπ—Èπ

°“√„™â desmopressin ®÷ß‡ªìπ “√∑’Ë¡’§«“¡π‘¬¡¡“°°«à“‡π◊ËÕß®“°¡’ª√– ‘∑∏‘¿“æ„π°“√

‡æ‘Ë¡ƒ∑∏‘Ï¢Õß antidiuretic ‚¥¬∑’Ë‰¡à¡’ƒ∑∏‘Ï¢Õß°“√‡æ‘Ë¡§«“¡¥—π‡≈◊Õ¥ (vasopressor) ·≈–

half - life ¬“«°«à“‡¡◊ËÕ‡∑’¬∫°—∫ AVP16-18

Maintaining Glucose Homesotasis and Electrolyte Balance

¿“«–πÈ”µ“≈„π‡≈◊Õ¥ Ÿß (hyperglycemia) ‡ªìπº≈‰¥â®“°°“√„Àâ “√πÈ”∑’Ë¡’ à«πº ¡

¢ÕßπÈ”µ“≈ (glucose - containing solutions) ‡ªìπª√‘¡“≥¡“° ¿“«–∑’Ë¡’°“√µâ“πÕ‘π Ÿ́≈‘π

(peripheral insulin resistance) ´÷Ëß‡ªìπº≈∑’Ë‡°‘¥®“°°“√µÕ∫ πÕß¢ÕßŒÕ√å‚¡π (hor-

monal stress response) °“√„Àâ “√‡ µ√’¬√Õ¬¥å (steroid) °“√„Àâ “√‡æ‘Ë¡§«“¡¥—π‡≈◊Õ¥

(inotropic infusion) º≈∑’Ëµ“¡¡“®“°°“√∑’Ë¡’¿“«–πÈ”µ“≈„π‡≈◊Õ¥ Ÿß §◊Õ ªí  “«–ÕÕ°¡“°

(osmotic diuresis) ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß‡≈◊Õ¥ (plasma osmolality) ¿“«–‡≈◊Õ¥¡’°√¥

(ketosis) ·≈–Õ“®∑”„Àâµ—∫ÕàÕπ∑’Ëπ”‰ª„™â„π°“√ª≈Ÿ°∂à“¬π—Èπ‰¡à∑”ß“π (pancreatic graft

dysfunction)19-21 πÕ°®“°π’È¬—ßÕ“®æ∫¿“«–¢“¥§«“¡ ¡¥ÿ≈¢Õß°√¥ - ¥à“ß ‰¥â„π¿“«–
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¿“«– ¡Õßµ“¬ (Brain Death) À¡“¬∂÷ß °“√∑’Ë·°π ¡ÕßÀ√◊Õ°â“π ¡Õß

(brainstem) ∂Ÿ°∑”≈“¬À√◊Õ‰¡à∑”ß“π‚¥¬ ‘Èπ‡™‘ß·≈–µ≈Õ¥‰ª1 ‚§√ß°“√«‘π‘®©—¬ ¿“«–

 ¡Õßµ“¬ (brain death) §«√°√–∑”‚¥¬¬÷¥µ“¡À≈—°‡°≥±å·πàπÕπ∑’Ëµ—Èß¢÷Èπ‰«â·≈â«

°≈à“«§◊Õ µâÕß‰¡à¡’ªí®®—¬≈«ß (confounders) ∑’Ë‡ªìπ “‡Àµÿ∑”„Àâ‡°‘¥¿“«–À¡¥ µ‘¢—Èπ√ÿπ·√ß

(coma) µ√«®À“„Àâ·πà™—¥«à“ ¡Õß‰¡à “¡“√∂°≈—∫¡“∑”ß“π‰¥âÕ¬à“ß ‘Èπ‡™‘ß (irreversibility)

·≈–∑¥ Õ∫ brainstem reflexes ∑ÿ°Ê √–¥—∫¢Õß°â“π ¡Õß (all levels of brainstem)

‚¥¬°“√«‘π‘®©—¬¿“«– ¡Õßµ“¬ (brain death) π—Èπ‰¡à‰¥â¡’ª√–‚¬™πå·µà‡©æ“–°“√

ª≈Ÿ°∂à“¬Õ«—¬«– (organ transplantation) ‡æ’¬ßÕ¬à“ß‡¥’¬«·µà¬—ß¡’ª√–‚¬™πå„π‡√◊ËÕß¢Õß

°“√¥Ÿ·≈√—°…“µàÕ‡π◊ËÕßÀ√◊Õ„π¥â“π°ÆÀ¡“¬∑“ß°“√·æ∑¬å¥â«¬ (medicolegal)

Spinal Activity in Brain Death
2

°“√‡§≈◊ËÕπ‰À«µ“¡ à«πµà“ßÊ ¢Õß√à“ß°“¬„π¿“«– ¡Õßµ“¬ (brain death)

π—Èπæ∫‰¥â ·µà‡ªìπ‡æ’¬ß°“√‡§≈◊ËÕπ‰À«∑’Ë‡ªìπº≈®“° spinal reflex ‡∑à“π—Èπ ‡™àπ ¡’°“√

‡§≈◊ËÕπ‰À« à«π„¥ à«πÀπ÷Ëß¢Õß√à“ß°“¬ (body movement) ¢≥–°“√≈ß·º≈ºà“µ—¥∑’ËÀπâ“

∑âÕß (abdominal incision) ‡æ◊ËÕºà“µ—¥π”Õ«—¬«–ÕÕ° (organ retrieval) À√◊Õ√–À«à“ß

∑’Ë¡’°“√‡§≈◊ËÕπ¬â“¬ºŸâªÉ«¬ ·µà°“√‡§≈◊ËÕπ‰À« (movement) π—Èπ µâÕß‰¡à„™à≈—°…≥–¢Õß deco-

rticate À√◊Õ decerebrate rigidity ·≈–∑’Ë ”§—≠∑’Ë ÿ¥°“√‡§≈◊ËÕπ‰À«¥—ß°≈à“«®–µâÕß

‡°‘¥¢÷Èπ¿“¬À≈—ß®“°∑’Ë„Àâ°“√«‘π‘®©—¬¿“«– ¡Õßµ“¬ (brain death) ‰ª·≈â« ´÷Ëß “¡“√∂
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¬◊π¬—π°“√«‘π‘®©—¬‰¥â®“°°“√µ√«®§≈◊Ëπ‰øøÑ“ ¡Õß (electroencephalogram) ®–æ∫

≈—°…≥– isoelectric À√◊Õ°“√µ√«®∑“ß‡Õ°´‡√¬å§Õ¡æ‘«‡µÕ√å ¡Õß‰¡àæ∫°“√‰À≈‡«’¬π

‚≈À‘µ„π‡π◊ÈÕ ¡Õß (intracranial flow)

°“√‡§≈◊ËÕπ‰À«¢Õß√à“ß°“¬ (body movement) ∑’Ë‡ªìπ spinal reflex ∑’Ëπà“

 π„®¡“°°Á§◊Õ °“√∑’Ë≈”µ—«¢ÕßºŸâªÉ«¬æ¬“¬“¡®–≈ÿ°¢÷Èπ¡“„π∑à“π—Ëßª√–¡“≥ 40-60 Õß»“

·µà‰¡à„™à≈ÿ°¢÷Èπ¡“π—Ëß‡µÁ¡∑’Ë (full sitting position) ‚¥¬∑—Ë«‰ª °“√‡§≈◊ËÕπ‰À«µà“ßÊ ‡À≈à“

π’È¡—°‡°‘¥¢÷Èπ‡æ’¬ß§√—Èß‡¥’¬« ·µà∂â“‡°‘¥¢÷Èπ´È”Ê °“√„™â paralytic agents ®–™à«¬„ÀâÀ¬ÿ¥

°“√‡§≈◊ËÕπ‰À«π’È‰¥â„π¢≥–°“√ºà“µ—¥π”Õ«—¬«–ÕÕ° (organ retrieval)

°“√‡§≈◊ËÕπ‰À«∑“ß‡ âπª√– “∑‰¢ —πÀ≈—ß (Spinal Movements) ·≈–

Reflexes „π¿“«– ¡Õßµ“¬ (Brain Death)

„π√–¥—∫ cervical spine

- Neck Flexion

- Neck - abdominal muscle contraction

- Neck - hip flexion

- Neck - arm flexion

- Neck - shoulder protusion

- Head turning to side

„π√–¥—∫ Upper extremity

- Flexion - withdrawal reflex

- Unilateral extension - pronation

- Isolated finger jerks; finger pinch - finger flexion

- Flexion elevation of arm; joining of hands possible

„π√–¥—∫≈”µ—«

- Flexion of trunk, causing partial sitting movements

- Abdominal reflexes
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°“√‡§≈◊ËÕπ‰À«„π√–¥—∫ lower extremity

- Plantar flexion of toes after percussion

- Triple flexion, Babinski sign

°“√ àßµ√«®‡æ◊ËÕ¬◊π¬—π (Confirmatory Tests) ¿“«– ¡Õßµ“¬ (Brain Death)

°“√ àßµ√«®‡æ◊ËÕ¬◊π¬—π¿“«– ¡Õßµ“¬π—Èπ ®–„™â‡¡◊ËÕæ∫°√≥’¥—ßµàÕ‰ªπ’È

1. ‡¥Á°Õ“¬ÿπâÕ¬°«à“ 1 ªï

2. „π°√≥’∑’Ë°“√µ√«®∑“ß§≈‘π‘° (Clinical testing) ¬—ß‰¡à “¡“√∂ª√–‡¡‘π

‰¥â·πàπÕπ (unreliable evaluate)

‚¥¬°“√ àßµ√«®‡æ◊ËÕ¬◊π¬—π (Confirmatory tests) „π¿“«– ¡Õßµ“¬ (brain

death) π—Èπ ¡’¥—ßπ’È

- CT Brain with contrast - no intracranial flow

- Electroencephalography - no electrical activity (EEG)

- Transcranial Doppler ultrasonography - no intracranial signal

- Radionuclide scan brain - absent uptake
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ª√–°“»·æ∑¬ ¿“

‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬

Õπÿ π∏‘®“°°“√ª√–™ÿ¡‚µä–°≈¡ ‡√◊ËÕß°“√µ“¬∑“ß°“√·æ∑¬å·≈–°“√µ“¬∑“ß

°ÆÀ¡“¬ ‡¡◊ËÕ«—π∑’Ë 16 æƒ…¿“§¡ 2531 ≥ ÀâÕßª√–™ÿ¡ “√π‘‡∑» ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

·æ∑¬å·≈–π—°°ÆÀ¡“¬®“° ∂“∫—πµà“ßÊ ∑’Ë‡¢â“√à«¡ª√–™ÿ¡‰¥â‡ÀÁπæâÕßµâÕß°—π¥—ß¡’ “√–

 ”§—≠µàÕ‰ªπ’È

(1) °“√™’È¢“¥°“√µ“¬‡ªìπªí≠À“¢âÕ‡∑Á®®√‘ß∑“ß°“√·æ∑¬å

(2) ∫ÿ§§≈ºŸâ´÷Ëß‰¥â√—∫°“√«‘π‘®©—¬«à“ ¡Õßµ“¬ ∂◊Õ«à“∫ÿ§§≈π—Èπ∂÷ß·°à§«“¡µ“¬

(3)  ¡Õßµ“¬ À¡“¬∂÷ß °“√∑’Ë·°π ¡Õß∂Ÿ°∑”≈“¬®π ‘Èπ ÿ¥°“√∑”ß“π‚¥¬

 ‘Èπ‡™‘ßµ≈Õ¥‰ª

(4) ·æ∑¬å‡ªìπºŸâ¡’Àπâ“∑’Ëæ‘®“√≥“«‘π‘®©—¬·≈–µ—¥ ‘π°“√µ“¬¢Õß ¡Õßµ“¡

‡°≥±å∑“ß«‘™“™’æ

(5) ·æ∑¬ ¿“§«√¡’Àπâ“∑’Ë„π°“√°”Àπ¥À≈—°‡°≥±å·≈–«‘∏’¥”‡π‘π°“√„π°“√

«‘π‘®©—¬ ¡Õßµ“¬‡æ◊ËÕ§«“¡‡®√‘≠°â“«Àπâ“∑“ß«‘™“™’æ·≈–‡æ◊ËÕª√–‚¬™πå¢Õßª√–™“™π

·≈–§≥–°√√¡°“√·æ∑¬ ¿“‰¥â‡≈Áß‡ÀÁπ«à“ °“√«‘π‘®©—¬§πµ“¬‚¥¬Õ“»—¬‡°≥±å

 ¡Õßµ“¬π—Èπ¡’§«“¡®”‡ªìπ∑’ËµâÕßπ”‰ª„™â ‚¥¬‡©æ“–°—∫°“√ºà“µ—¥‡ª≈’Ë¬πÕ«—¬«– ”§—≠

¢Õß¡πÿ…¬å ·≈–Õ“®π”‰ª„™â„π°√≥’Õ◊ËπÊ „πÕπ“§µ·≈–‡æ◊ËÕ„Àâ‡ªìπ‰ªµ“¡¡“µ√∞“π¢Õß

°“√ª√–°Õ∫«‘™“™’æ‡«™°√√¡¥—ß∑’Ë∫—≠≠—µ‘‰«â„π¢âÕ∫—ß§—∫·æ∑¬ ¿“«à“¥â«¬°“√√—°…“

®√‘¬∏√√¡·Ààß«‘™“™’æ‡«™°√√¡ æ.». 2526 ·æ∑¬ ¿“®÷ß°”Àπ¥‡°≥±å°“√«‘π‘®©—¬ ¡Õß

µ“¬·≈–«‘∏’°“√ªØ‘∫—µ‘µ“¡¡µ‘§≥–°√√¡°“√·æ∑¬ ¿“ §√—Èß∑’Ë 2/2532 «—π∑’Ë 3 °ÿ¡¿“æ—π∏å

2532 ¥—ßπ’È

°. °“√«‘π‘®©—¬ ¡Õßµ“¬®–∑”‰¥â„π ¿“«–·≈–‡ß◊ËÕπ‰¢ ¥—ßµàÕ‰ªπ’È

1. ºŸâªÉ«¬µâÕß‰¡à√Ÿâ ÷°µ—« (deeply comatose) ‚¥¬®–µâÕß·πà„®«à“‡Àµÿ¢Õß

°“√‰¡à√Ÿâ ÷°µ—«π’È‰¡à‰¥â‡°‘¥®“°

1.1 æ‘…¬“ (Drug intoxication) ‡™àπ ¬“‡ æµ‘¥ ¬“πÕπÀ≈—∫ À√◊Õ¬“

°≈àÕ¡ª√– “∑ ‡ªìπµâπ

1.2  ¿“«–Õÿ≥À¿Ÿ¡‘„π√à“ß°“¬µË” (Primary hypothermia)
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1.3  ¿“«–º‘¥ª°µ‘¢Õß√–∫∫µàÕ¡‰√â∑àÕ·≈–‡¡µ“‚∫≈‘° (Metabolie and

endocrine disturbances)

1.4  ¿“«– Shock

2. ºŸâªÉ«¬∑’Ë‰¡à√Ÿâ ÷°µ—«π—ÈπÕ¬Ÿà„π‡§√◊ËÕß™à«¬À“¬„® (Comatose patient on

ventilator) ‡π◊ËÕß®“°‰¡àÀ“¬„® ‚¥¬®–µâÕß·πà„®«à“‡Àµÿ¢Õß°“√‰¡àÀ“¬„® ‰¡à‰¥â‡°‘¥®“°

¬“§≈“¬°≈â“¡‡π◊ÈÕ (Muscle relaxants) À√◊Õ¬“Õ◊ËπÊ

3. ®–µâÕß¡’¢âÕ«‘π‘®©—¬∂÷ß “‡Àµÿ¢Õß°“√‰¡à√Ÿâ ÷°µ—«·≈–‰¡àÀ“¬„®„πºŸâªÉ«¬π—Èπ

‚¥¬∑’Ë„Àâ√Ÿâ·πà™—¥ ‚¥¬ª√“»®“°¢âÕ ß —¬‡≈¬«à“  ¿“«–¢ÕßºŸâªÉ«¬π’È‡°‘¥¢÷Èπ®“°°“√∑’Ë ¡Õß

‡ ’¬À“¬‚¥¬‰¡à¡’Àπ∑“ß‡¬’¬«¬“‰¥âÕ’°·≈â« (irremediable and irreversible structural

brain damage)

4. ∂â“ºŸâªÉ«¬Õ¬Ÿà„π ¿“«–§√∫µ“¡‡ß◊ËÕπ‰¢∑’Ë°”Àπ¥·≈â« ®–µâÕß∑”°“√µ√«®

 Õ∫‡æ◊ËÕ¬◊π¬—π ¡Õßµ“¬ §◊Õ

4.1 µâÕß‰¡à¡’°“√‡§≈◊ËÕπ‰À«„¥Ê ‰¥â‡Õß (No spontaneous movement)

‰¡à¡’Õ“°“√™—° (No epileptic jerking) ‰¡à¡’ decorticate À√◊Õ decerebrate rigidity

4.2 µâÕß‰¡à¡’√’‡ø≈°´å¢Õß ·°π ¡Õß (absence of brainstem reflexes)

∑—Èß 6 ª√–°“√µàÕ‰ªπ’È §◊Õ

(1) dilated and fixed pupils

(2) absence of corneal reflex

(3) no motor response within the cranial nerve distribution

(4) absence of oculocephalic reflex (Dollûs head phenom-

enon)

(5) absence of vestibular response to caloric stimulation

(6) absence of gag and cough reflex

4.3 ‰¡à “¡“√∂À“¬„®‰¥â‡Õß (No spontaneous repiration) ́ ÷Ëß∑¥ Õ∫

‰¥â‚¥¬°“√À¬ÿ¥‡§√◊ËÕß™à«¬À“¬„® („ÀâÕÕ°´‘‡®π∑“ß “¬¬“ß‡¢â“„πÀ≈Õ¥≈¡) ‡ªìπ‡«≈“

Õ¬à“ßπâÕ¬ 10 π“∑’ ·≈–§Õ¬¥Ÿ«à“¡’°“√À“¬„®À√◊Õ‰¡à ¢≥–∑’Ë∑¥ Õ∫®–µâÕß¡’§à“§«“¡¥—π

¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å„π°√–· ‡≈◊Õ¥ (PaCo2) ‰¡àµË”°«à“ 60 mmHg

4.4  ¿“«–°“√µ√«®æ∫„π¢âÕ 4.1, 4.2 ·≈– 4.3 π’È ®–µâÕß‰¡à¡’°“√

‡ª≈’Ë¬π·ª≈ß‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 12 ™—Ë«‚¡ß ´÷Ëß®–∂◊Õ‰¥â«à“ ¡Õßµ“¬
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¢. «‘∏’°“√ªØ‘∫—µ‘„π°“√«‘π‘®©—¬ ¡Õßµ“¬

1. °“√«‘π‘®©—¬ ¡Õßµ“¬µâÕß°√–∑”‚¥¬Õß§å§≥–¢Õß·æ∑¬å‰¡àπâÕ¬°«à“ 3 §π

‚¥¬§πÀπ÷Ëß‡ªìπ·æ∑¬å‡®â“¢ÕßºŸâªÉ«¬ ·≈–Õ’ ° 1 „π 2 §π∑’Ë‡À≈◊Õ§«√‡ªìπ·æ∑¬å “¢“

ª√– “∑«‘∑¬“ À√◊Õ·æ∑¬å “¢“ª√– “∑»—≈¬»“ µ√å (∂â“¡’)

2. Õß§å§≥–¢Õß·æ∑¬åºŸâ«‘π‘®©—¬ ¡Õßµ“¬µâÕß‰¡àª√–°Õ∫¥â«¬·æ∑¬åºŸâ

°√–∑”°“√ºà“µ—¥ª≈Ÿ°∂à“¬Õ«—¬«–√“¬π—Èπ

3. ºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈ À√◊ÕºŸâ‰¥â√—∫¡Õ∫À¡“¬‡ªìπ≈“¬≈—°…≥åÕ—°…√®–

µâÕß√à«¡‡ªìπºŸâ√—∫√Õß°“√«‘π‘®©—¬ ¡Õßµ“¬·≈–‡ªìπºŸâ≈ßπ“¡√—∫√Õß°“√µ“¬

®÷ßª√–°“»„Àâ∑√“∫‚¥¬∑—Ë«°—π

ª√–°“» ≥ «—π∑’Ë 30 ¡‘∂ÿπ“¬π 2532

(π“¬·æ∑¬å ¡»—°¥‘Ï  «√§“¡‘π)

π“¬°·æ∑¬ ¿“

§”Õ∏‘∫“¬ª√–°Õ∫°“√∫—π∑÷°°“√µ√«®«‘π‘®©—¬ ¡Õßµ“¬

1. „Àâ≈ß√“¬°“√¢Õß∫—π∑÷°„Àâ§√∫∂â«π ®÷ß®–∂◊Õ«à“∫—π∑÷°π’È ¡∫Ÿ√≥å∂Ÿ°µâÕß
2. ·æ∑¬åºŸâ∑”°“√µ√«®¿“«– ¡Õßµ“¬ ≈”¥—∫ 2, 3 §«√‡ªìπ·æ∑¬åºŸâ‡™’Ë¬«™“≠∑“ßª√– “∑«‘∑¬“

À√◊Õª√– “∑»—≈¬»“ µ√å
3. °“√µ√«®§√—Èß∑’Ë 1 ·≈–§√—Èß∑’Ë 2 §«√¡’√–¬–Àà“ß‰¡àπâÕ¬°«à“ 6 ™—Ë«‚¡ß
4. °“√∑¥ Õ∫§à“§«“¡¥—π„π°√–· ‡≈◊Õ¥ (pCo2) „Àâ∑¥ Õ∫¿“¬À≈—ß®“°ºŸâªÉ«¬‰¡à¡’°“√À“¬„® ‡¡◊ËÕ

‡Õ“‡§√◊ËÕß™à«¬À“¬„® (mechanical Vestilator) ÕÕ°‚¥¬¬—ß§ß„ÀâÕÕ°´‘‡®π∑“ß “¬¬“ß‡¢â“„πÀ≈Õ¥≈¡
π“π‡ªìπÕ¬à“ßπâÕ¬ 10 π“∑’ ·≈–¢≥–∑’Ë∑¥ Õ∫§«√¡’§à“§«“¡¥—π„π°√–· ‡≈◊Õ¥ (pCo2) ‰¡àµË”°«à“ 60
¡¡.ª√Õ∑.

5. „Àâ√–∫ÿ√–¥—∫ pCo2 (∂â“ “¡“√∂«—¥‰¥â) ‰«â¥â«¬
6. Õß§å§≥–¢Õß·æ∑¬åºŸâ«‘π‘®©—¬ ¡Õßµ“¬ª√–°Õ∫¥â«¬

6.1 ·æ∑¬å‰¡àπâÕ¬°«à“ 3 §π ‚¥¬·æ∑¬å§πÀπ÷Ëß‡ªìπ·æ∑¬å‡®â“¢ÕßºŸâªÉ«¬ ·≈–Õ’° 1 „π 2 ∑’Ë
‡À≈◊Õ§«√‡ªìπ·æ∑¬å “¢“ª√– “∑«‘∑¬“ À√◊Õ·æ∑¬å “¢“ª√– “∑»—≈¬»“ µ√å (∂â“¡’) µ“¡∫—π∑÷°°“√µ√«®
„π¢âÕ 2

6.2 µâÕß‰¡àª√–°Õ∫¥â«¬·æ∑¬åºŸâ°√–∑”°“√ºà“µ—¥ª≈Ÿ°∂à“¬Õ«—¬«–√“¬π—Èπ
6.3 ºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈ À√◊ÕºŸâ‰¥â√—∫¡Õ∫À¡“¬‡ªìπ≈“¬≈—°…≥åÕ—°…√®–µâÕß√à«¡‡ªìπºŸâ√—∫

√Õß°“√«‘π‘®©—¬ ¡Õßµ“¬ ·≈–‡ªìπºŸâ≈ßπ“¡√—∫√Õß°“√µ“¬¥â«¬
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ª√–°“»·æ∑¬ ¿“

‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬ (©∫—∫∑’Ë 2)

æ.». 2539

µ“¡∑’Ë·æ∑¬ ¿“‰¥âÕÕ°ª√–°“»·æ∑¬ ¿“ ‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬

‡¡◊ËÕ«—π∑’Ë 30 ¡‘∂ÿπ“¬π 2532 ·≈â«π—Èπ ‡æ◊ËÕ„Àâ‡°≥±å¥—ß°≈à“« Õ¥§≈âÕß°—∫¡“µ√∞“π “°≈

¬‘Ëß¢÷Èπ ·≈–°“√«‘π‘®©—¬¡’·∫∫„ÀâªØ‘∫—µ‘‚¥¬™—¥‡®π §≥–°√√¡°“√·æ∑¬ ¿“®÷ß‰¥âÕÕ°

ª√–°“»·æ∑¬ ¿“‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬ (©∫—∫∑’Ë 2) ‰«â¥—ßπ’È

1. ¬°‡≈‘°¢âÕ§«“¡„π¢âÕ °. 4.3 ·≈– 4.4 ¢Õßª√–°“»·æ∑¬ ¿“ ‡√◊ËÕß ‡°≥±å

°“√«‘π‘®©—¬ ¡Õßµ“¬ ·≈–„Àâ„™â¢âÕ§«“¡µàÕ‰ªπ’È·∑π

4.3 ‰¡à “¡“√∂À“¬„®‰¥â‡Õß (No spontaneous respiration) ´÷Ëß∑¥ Õ∫

‰¥â‚¥¬°“√À¬ÿ¥‡§√◊ËÕß™à«¬À“¬„® („ÀâÕÕ°´‘‡®π∑“ß “¬¬“ß‡¢â“„πÀ≈Õ¥≈¡) ‡ªìπ‡«≈“

Õ¬à“ßπâÕ¬ 10 π“∑’ ·≈–§Õ¬¥Ÿ«à“¡’°“√À“¬„®À√◊Õ‰¡à

¢≥–∑’Ë∑¥ Õ∫§«√¡’§à“§«“¡¥—π¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å„π°√–· ‡≈◊Õ¥ (pCo2) ‰¡à

µË”°«à“ 60 ¡¡.ª√Õ∑ (∂â“ “¡“√∂«—¥‰¥â)

4.4  ¿“«–°“√µ√«®æ∫„π¢âÕ 4.1, 4.2 À√◊Õ 4.3 π’È ®–µâÕß‰¡à¡’°“√

‡ª≈’Ë¬π·ª≈ß‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 6 ™—Ë«‚¡ß ®÷ß®–∂◊Õ‰¥â«à“ ¡Õßµ“¬

2. „Àâ‡æ‘Ë¡¢âÕ§«“¡„À¡àµàÕ®“°¢âÕ ¢. ‡ªìπ¢âÕ §. ¥—ßπ’È

§. „Àâ„™â∫—π∑÷°°“√µ√«®«‘π‘®©—¬ ¡Õßµ“¬∑â“¬ª√–°“»π’È§«∫§Ÿà‰ª°—∫ª√–°“»

·æ∑¬ ¿“ ‡√◊ËÕß ‡°≥±å°“√«‘π‘®©—¬ ¡Õßµ“¬

®÷ßª√–°“»„Àâ∑√“∫∑—Ë«°—π

ª√–°“» ≥ «—π∑’Ë 31 ¡’π“§¡ 2539

‡√◊Õ‚∑

 («‘∑Ÿ√ · ß ‘ß·°â«)

 π“¬°·æ∑¬ ¿“
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∫—π∑÷°°“√µ√«®«‘π‘®©—¬ ¡Õßµ“¬

™◊ËÕ ............................... π“¡ °ÿ≈ ......................................... Õ“¬ÿ .......... ªï .......... ‡¥◊Õπ

‚√ßæ¬“∫“≈ ........................................ Hospital number ...................... Admission

number ...........

·æ∑¬å‡®â“¢Õß‰¢â ..................................................... ward ..........................................

·æ∑¬åºŸâ∑”°“√µ√«®¿“«– ¡Õßµ“¬

1. ·æ∑¬åºŸâ√—°…“ºŸâªÉ«¬..............................................................................

2..............................................................................................................

3..............................................................................................................

≈”¥—∫ 2 ·≈– 3 §«√‡ªìπ·æ∑¬åºŸâ‡™’Ë¬«™“≠∑“ßª√– “∑«‘∑¬“À√◊Õª√– “∑»—≈¬»“ µ√å (∂â“

¡’)

«—π/‡¥◊Õπ/ªï ∑’Ëª√–‡¡‘π

§√—Èß∑’Ë 1 «—π∑’Ë.......... ‡¥◊Õπ................................ æ.»............. ‡«≈“................ π.

§√—Èß∑’Ë 2 «—π∑’Ë.......... ‡¥◊Õπ................................ æ.»............. ‡«≈“................ π.

‚ª√¥„™â‡§√◊ËÕßÀ¡“¬ ✓  „π¢—ÈπµÕπ∑’Ëµ√«®«‘π‘®©—¬·≈â« „Àâ§√∫∂â«π ¡∫Ÿ√≥å

1.  ¿“«–°àÕπ°“√«‘π‘®©—¬ ¡Õßµ“¬

1.1 ‚√§ À√◊Õ¿“«–∑’Ë∑”„Àâ ¡Õßµ“¬

1.2 ºŸâªÉ«¬‰¡à√Ÿâ ÷°µ—« (deeply comatose) ·≈–Õ¬Ÿà„π‡§√◊ËÕß™à«¬À“¬„® [ ] „™à

[ ] ‰¡à„™à

1.3 ¿“«–∑’Ë∑”„ÀâºŸâªÉ«¬‰¡à√Ÿâ ÷°µ—«·≈–‰¡àÀ“¬„®‡°‘¥®“° ‘ËßµàÕ‰ªπ’È

§√—Èß∑’Ë 1 §√—Èß∑’Ë 2

„™à ‰¡à„™à „™à ‰¡à„™à

1.3.1 æ‘…¬“ (Drug intoxication) [ ] [ ] [ ] [ ]
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¬“‡ æµ‘¥ ¬“πÕπÀ≈—∫ À√◊Õ

¬“°≈àÕ¡ª√– “∑ ‡ªìπµâπ

1.3.2  ¿“«–Õÿ≥À¿Ÿ¡‘„π√à“ß°“¬µË” [ ] [ ] [ ] [ ]

(Primary hypothermia)

1.3.3  ¿“«–º‘¥ª°µ‘¢Õß√–∫∫µàÕ¡‰√â∑àÕ [ ] [ ] [ ] [ ]

·≈–‡¡µ“‚∫≈‘° (Metabolic and

Endocrine disturbance)

1.3.4  ¿“«– Shock [ ] [ ] [ ] [ ]

1.3.5 ¬“§≈“¬°≈â“¡‡π◊ÈÕ [ ] [ ] [ ] [ ]

1.3.6  “‡ÀµÿÕ◊ËπÊ ∑’Ë¡’∑“ß‡¬’¬«¬“‰¥âÕ’° [ ] [ ] [ ] [ ]

2. °“√µ√«®‡æ◊ËÕ¬◊π¬—π¿“«– ¡Õßµ“¬ (Tests For Brain Stem Death)

§√—Èß∑’Ë 1 §√—Èß∑’Ë 2

„™à ‰¡à„™à „™à ‰¡à„™à

2.1 °“√‡§≈◊ËÕπ‰À«¥—ßµàÕ‰ªπ’È

2.1.1 °“√‡§≈◊ËÕπ‰À«‰¥â‡Õß [ ] [ ] [ ] [ ]

2.1.2 Õ“°“√™—° [ ] [ ] [ ] [ ]

2.1.3 decorticate À√◊Õ decerebrate [ ] [ ] [ ] [ ]

rigidity

2.2 reflex ¢Õß·°π ¡Õß∑—Èß 6 ª√–°“π ¥—ßπ’È

2.2.1 dilated and fixed pupils [ ] [ ] [ ] [ ]

2.2.2 corneal reflex [ ] [ ] [ ] [ ]

2.2.3 motor response within the [ ] [ ] [ ] [ ]

cranial nerve distribution

2.2.4 oculocephlic reflex [ ] [ ] [ ] [ ]

(Dollûs head phenomena)
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2.2.5 vestibular response to caloric [ ] [ ] [ ] [ ]

stimulation

2.2.6 gag and cough reflex [ ] [ ] [ ] [ ]

2.3 Respiration

°“√À“¬„®‡¡◊ËÕ‡Õ“‡§√◊ËÕß™à«¬À“¬„® (mechanical ventilator) ÕÕ°‚¥¬¬—ß

§ß„ÀâÕÕ°´‘‡®π∑“ß “¬¬“ß‡¢â“„πÀ≈Õ¥≈¡π“π‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 10 π“∑’ ·≈–¢≥–∑’Ë

∑¥ Õ∫ ¡’§à“§«“¡¥—π„π°√–· ‡≈◊Õ¥ (pCo2) ‰¡àµË”°«à“ 60 ¡¡.ª√Õ∑

[√–¥—∫ pCo2 (∂â“ “¡“√∂«—¥‰¥â) ........................... ¡¡.ª√Õ∑]

¢â“æ‡®â“‰¥âµ√«®ºŸâªÉ«¬µ“¡√“¬°“√·≈–«—π ‡«≈“¥—ß°≈à“«·≈â« ¡’§«“¡‡ÀÁπ«à“‰¥â‡°‘¥

¿“«– ¡Õßµ“¬ (brain stem death) „πºŸâªÉ«¬√“¬π’È

·æ∑¬åºŸâµ√«®

(1) ≈ßπ“¡................................................. (2) ≈ßπ“¡..............................................

(π“¬·æ∑¬å........................................ ) (π“¬·æ∑¬å....................................... )

µ”·Àπàß............................................. µ”·Àπàß.............................................

(3) ≈ßπ“¡....................................................

(π“¬·æ∑¬å........................................ )

µ”·Àπàß.............................................

ºŸâ√—∫√Õß°“√«‘π‘®©—¬ ¡Õßµ“¬ ·≈–√—∫√Õß°“√µ“¬

≈ßπ“¡ .............................................................

(........................................................... )

ºŸâÕ”π«¬°“√‚√ßæ¬“∫“≈
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„∫¬‘π¬Õ¡¢Õß≠“µ‘ºŸâ∫√‘®“§Õ«—¬«–

«—π∑’Ë........ ‡¥◊Õπ................................ æ.»...............

‡«≈“..........................................................................

‡¢’¬π∑’Ë......................................................................

¢â“æ‡®â“ (ºŸâÕπÿ≠“µ) ™◊ËÕ ...................................................................... ¡’§«“¡ —¡æ—π∏å‡ªìπ

............................................. ¢ÕßºŸâ‡ ’¬™’«‘µ™◊ËÕ ............................................. ¡’§«“¡ª√– ß§å

∑’Ë®–∫√‘®“§Õ«—¬«–µà“ßÊ ¢ÕßºŸâ‡ ’¬™’«‘µ ¥—ßµàÕ‰ªπ’È ‚¥¬‰¡à√—∫§à“µÕ∫·∑π

■  À—«„® ■  µ—∫ ■  ‰µ ■  ªÕ¥

■  Õ«—¬«–∑ÿ° à«π¢Õß√à“ß°“¬∑’Ë„™â‡ªìπª√–‚¬™πå‰¥â

‡æ◊ËÕ„Àâ·æ∑¬åπ”‰ª„™â√—°…“™à«¬™’«‘µºŸâªÉ«¬Õ◊ËπµàÕ‰ª

≈ß™◊ËÕ ............................................................... ºŸâÕπÿ≠“µ

(............................................................... )

≈ß™◊ËÕ ............................................................... æ¬“π

(............................................................... )

≈ß™◊ËÕ ............................................................... æ¬“π

(............................................................... )
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Medical Management of the Brain - Dead Organ Donor

¿“«– ¡Õßµ“¬ (brain death) ¡’º≈°√–∑∫µàÕÕ«—¬«–∑ÿ°Ê √–∫∫„π√à“ß°“¬

¿“«–·∑√°´âÕπ®“° ¡Õßµ“¬ (brain death) ¡’¥—ßπ’È3-9

1. §«“¡¥—π‚≈À‘µµË” (hypotension)

2. ¿“«–‡∫“®◊¥ (diabetes insipidus)

3. Õÿ≥À¿Ÿ¡‘√à“ß°“¬µË”≈ß (hypothermia)

4. ‡ ’¬ ¡¥ÿ≈¢Õß¿“«–°√¥ - ¥à“ß (electrolyte imbalance)

5. ¿“«–°“√·¢Áßµ—«¢Õß‡≈◊Õ¥º‘¥ª°µ‘ (coagulopathy)

6. ‚≈À‘µ®“ß (anemia)

7. ¢“¥ÕÕ°´‘‡®π (hypoxia)

8. À—«„®‡µâπº‘¥®—ßÀ«– (cardiac arrhythmia)

9. À—«„®À¬ÿ¥‡µâπ (cardiac arrest)

®ÿ¥ª√– ß§å¢Õß°“√¥Ÿ·≈√—°…“ºŸâ∫√‘®“§Õ«—¬«–„π¿“«– ¡Õßµ“¬ (brain death)

°Á‡æ◊ËÕª√–§—∫ª√–§Õß„Àâ¡’¿“«–ª°µ‘∑“ß √’√«‘∑¬“ (normal physiology) ·≈–„ÀâÕ«—¬«–

‰¥â√—∫°“√‰À≈‡«’¬π‚≈À‘µÕ¬à“ß¡“°∑’Ë ÿ¥ (optimal organ perfusion) „Àâ cell ‰¥â√—∫

ÕÕ°´‘‡®π¡“°∑’Ë ÿ¥ (optimal cellular oxegenation) À≈’°‡≈’Ë¬ß°“√∑”„Àâ‡°‘¥¿“«–¢“¥

‡≈◊Õ¥ (ischemic injury) „ÀâπâÕ¬∑’Ë ÿ¥ ∑—ÈßÊ ∑’Ë‰¥â„Àâ°“√¥Ÿ·≈√—°…“Õ¬à“ß‡µÁ¡∑’Ë æ∫«à“

 “¡“√∂‡°‘¥¿“«–À—«„®À¬ÿ¥‡µâπ‰¥â∂÷ß 80% ¿“¬„π 48-72 ™—Ë«‚¡ß À≈—ß®“°∑’ËºŸâªÉ«¬‰¥â√—∫

°“√«‘π‘®©—¬ ¡Õßµ“¬ (brain death)10-12

1. Optimizing Oxygenation

°“√‡°‘¥¿“«–ªÕ¥∫«¡πÈ” (Pulmonary edema) ·≈–¿“«–ÕÕ°´‘‡®π„π‡≈◊Õ¥

µË”≈ß (hypoxemia) ‡ªìπº≈ ◊∫‡π◊ËÕß¡“®“° °“√µÕ∫ πÕß®“° à«π°≈“ß (central re-

sponse) À—«„® (cardiac)  “‡Àµÿ¿“¬„πªÕ¥‡Õß (intrinsic pulmonary causes)13-15

®ÿ¥¡ÿàßÀ¡“¬„π°“√¥Ÿ·≈‡æ◊ËÕª√–§—∫ª√–§Õß„Àâ§«“¡¥—πÕÕ°´‘‡®π„π‡≈◊Õ¥

(PaO2) §«“¡‡¢â¡¢âπ¢ÕßÕÕ°´‘‡®π (FoO2) „π¢π“¥∑’ËµË”∑’Ë ÿ¥ ·≈–§«“¡‡ªìπ°√¥¢Õß

‡≈◊Õ¥ (pH) ∑’Ëª√–¡“≥ 7.35 - 7.45 §«“¡¥—π§“∫Õπ‰¥ÕÕ°‰´¥å„π‡≈◊Õ¥ (PaCO2) 35-45
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mmHg13-15 §«√ àßµ√«®∑“ß‡Õ°´‡√¬åªÕ¥¥â«¬‡æ◊ËÕÀ“§«“¡º‘¥ª°µ‘Õ¬à“ßÕ◊Ëπ∑’Ë‡°‘¥√à«¡°—π

‰¥â ‡™àπ ªÕ¥·µ° (pneumothorax) ªÕ¥·ø∫ (atelectasis) ªÕ¥∫«¡πÈ” (pulmonary

edema)

2. Maintaining Hemodynamic Stability

„π¿“«– ¡Õßµ“¬ (brain death) ¡’°“√À≈—Ëß “√ catecholamine Õ¬à“ß¡“°

(massive) ¡’º≈∑”„Àâ¡’°“√≈¥≈ß¢Õß§«“¡µâ“π∑“π¢Õßºπ—ßÀ≈Õ¥‡≈◊Õ¥„π√à“ß°“¬ (sys-

temic vascular resistance) ·≈–¿“«–¢“¥πÈ”„π°√–· ‡≈◊Õ¥ (hypovolemia) ´÷Ëß„π

∑’Ë ÿ¥ àßº≈„Àâ§«“¡¥—π‚≈À‘µµË”≈ß (hypotension)

ªí®®—¬∑’Ëº≈ àß‡ √‘¡„Àâ hemodynamic instability ¡“°¬‘Ëß¢÷Èπ §◊Õ ¿“«–

Õÿ≥À¿Ÿ¡‘√à“ß°“¬µË”≈ß (hypothermia), ‡ ’¬§«“¡ ¡¥ÿ≈¢Õß°√¥ - ¥à“ß (electrolytes

imbalance) ¿“«–°≈â“¡‡π◊ÈÕÀ—«„®‰¡à∑”ß“π (myocardial dysfunction) ·≈–°“√∑”ß“π

¢ÕßµàÕ¡‰√â∑àÕ∑’Ëº‘¥ª°µ‘ (endocrine abnormalities) °“√¥Ÿ·≈√—°…“‡√‘Ë¡·√° (initial

therapy) §«√‡ªìπ°“√„Àâ “√πÈ”‡æ◊ËÕ‡ªìπ°“√øóôπøŸ ¿“æ (restoration) ¢Õßª√‘¡“≥πÈ”

„π°√–· ‡≈◊Õ¥ (intravascular volume) ·≈–∂â“®”‡ªìπµâÕß„™â¬“‡æ‘Ë¡§«“¡¥—π‡≈◊Õ¥ (va-

soactive drugs) §«√®–„™â‡æ’¬ß™—Ë«§√“«

3. Maintaining Normothermia

¿“«–Õÿ≥À¿Ÿ¡‘√à“ß°“√µË”≈ßæ∫‰¥â∑—Ë«‰ª ´÷Ëß‡ªìπº≈®“°°“√ Ÿ≠‡ ’¬Àπâ“∑’Ë

¢Õß√–∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (thermoregulatory) „π√à“ß°“¬ °“√Õ¬Ÿà„π ¿“æ·«¥≈âÕ¡

∑’Ë‡¬Áπ °“√„Àâ “√πÈ”À√◊Õ‡≈◊Õ¥∑’Ë¡’§«“¡‡¬Áπ‡ªìπª√‘¡“≥¡“° º≈∑’Ëµ“¡¡“®“°¿“«–Õÿ≥À¿Ÿ¡‘

√à“ß°“¬µË”≈ß (hypothermia) §◊Õ À—«„®‡µâπº‘¥®—ßÀ«– (cardiac anhythmias) °“√

∑”ß“π¢Õß°≈â“¡‡π◊ÈÕÀ—«„®∂Ÿ°°¥ (myocardial depression) §«“¡¥—π‡≈◊Õ¥µË”≈ß (hypoten-

sion) ¿“«–¢“¥ÕÕ°´‘‡®π (hypoxia) ªí  “«–ÕÕ°¡“° (diuresis) πÈ”µ“≈„π‡≈◊Õ¥≈ß

(hyperghycemia) ·≈–√–∫∫°“√·¢Áßµ—«¢Õß‡≈◊Õ¥º‘¥ª°µ‘ (coagulopathy)14 °“√¥Ÿ·≈

√—°…“§«√„ÀâÕÿ≥À¿Ÿ¡‘√à“ß°“¬¡“°°«à“ 36oC

Management of Diabetes Insipidus

¿“«–‡∫“®◊¥ (diabetes insipidus) æ∫‰¥â∫àÕ¬„π¿“«– ¡Õßµ“¬ (brain death)
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´÷Ëß®–¡’º≈∑”„Àâªí  “«–ÕÕ°¡“°®π‡°‘¥¿“«–√–¥—∫‚´‡¥’¬¡„π‡≈◊Õ¥ Ÿß (hypernatremia)

·≈–√–¥—∫‚´‡¥’¬¡„ππÈ”ªí  “«–µË” (low urinary sodium) °“√√—°…“ “¡“√∂∑”‰¥â‚¥¬°“√

„Àâ “√πÈ”„π√Ÿª¢Õß crystalloid À√◊Õ hypotonic crystalloid „πª√‘¡“≥ maintainance

fluid + 1 cc/kg/h (2) ·°â‰¢¿“«– ¡¥ÿ≈¢Õß°√¥¥à“ß (3) „Àâ “√∑’Ë¡’ƒ∑∏‘ÏµàÕµâ“π°“√

¢—∫ªí  “«– (antidiuretic agents) ‡¡◊ËÕªí  “«–¡’ª√‘¡“≥¡“°°«à“ 200 cc/h À√◊Õ¡“°«à“

3 cc/kg/h16-18 (4) µ√«®«—¥√–¥—∫§«“¡ ¡¥ÿ≈¢Õß°√¥ - ¥à“ß (electrolyte) ·≈–§«“¡

‡¢â¡¢âπ„π°√–· ‡≈◊Õ¥ (osmolality) ∑ÿ° 2-4 ™—Ë«‚¡ß (5) „Àâ aqueous vasopressin (AVP)

„πÕ—µ√“ 3 units/h À√◊ÕÕ“®®–„Àâ desmopressin acetate (DDAVP) „πÕ—µ√“‡√‘Ë¡·√°

‡ªìπ bolus dose §◊Õ 0.3 ‰¡‚§√°√—¡ µ“¡¥â«¬ª√‘¡“≥ 10-40 ‰¡‚§√°√—¡ „π 24 ™—Ë«‚¡ß

‚¥¬·∫àß„Àâ∑ÿ° 6-8 ™—Ë«‚¡ß ´÷Ëß®–¡’ª√– ‘∑∏‘¿“æ„π°“√‡æ‘Ë¡°“√¥Ÿ¥ (reabsorption) πÈ”

·≈–‚´‡¥’¬¡°≈—∫®“°∫√‘‡«≥∑àÕ‰µ à«πª≈“¬ (distal tubules) ·≈–§«∫§ÿ¡„Àâ¡’ª√‘¡“≥

ªí  “«– 2-3 cc/kg/h §«√®–¡’°“√À¬ÿ¥„Àâ AVP Õ¬à“ßπâÕ¬ 1 ™—Ë«‚¡ß °àÕπ∑’Ë®–¡’°“√

ºà“µ—¥πÈ”Õ«—¬«–ÕÕ° ‡æ√“–«à“¢π“¥¢Õß¬“ (dose dependent effect) ®–∑”„Àâ‡°‘¥°“√

À¥‡°√Áß¢ÕßÀ≈Õ¥‡≈◊Õ¥∑—Ë«√à“ß°“¬ (generalized systemic vasoconstriction) ¥—ßπ—Èπ

°“√„™â desmopressin ®÷ß‡ªìπ “√∑’Ë¡’§«“¡π‘¬¡¡“°°«à“‡π◊ËÕß®“°¡’ª√– ‘∑∏‘¿“æ„π°“√

‡æ‘Ë¡ƒ∑∏‘Ï¢Õß antidiuretic ‚¥¬∑’Ë‰¡à¡’ƒ∑∏‘Ï¢Õß°“√‡æ‘Ë¡§«“¡¥—π‡≈◊Õ¥ (vasopressor) ·≈–

half - life ¬“«°«à“‡¡◊ËÕ‡∑’¬∫°—∫ AVP16-18

Maintaining Glucose Homesotasis and Electrolyte Balance

¿“«–πÈ”µ“≈„π‡≈◊Õ¥ Ÿß (hyperglycemia) ‡ªìπº≈‰¥â®“°°“√„Àâ “√πÈ”∑’Ë¡’ à«πº ¡

¢ÕßπÈ”µ“≈ (glucose - containing solutions) ‡ªìπª√‘¡“≥¡“° ¿“«–∑’Ë¡’°“√µâ“πÕ‘π Ÿ́≈‘π

(peripheral insulin resistance) ´÷Ëß‡ªìπº≈∑’Ë‡°‘¥®“°°“√µÕ∫ πÕß¢ÕßŒÕ√å‚¡π (hor-

monal stress response) °“√„Àâ “√‡ µ√’¬√Õ¬¥å (steroid) °“√„Àâ “√‡æ‘Ë¡§«“¡¥—π‡≈◊Õ¥

(inotropic infusion) º≈∑’Ëµ“¡¡“®“°°“√∑’Ë¡’¿“«–πÈ”µ“≈„π‡≈◊Õ¥ Ÿß §◊Õ ªí  “«–ÕÕ°¡“°

(osmotic diuresis) ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß‡≈◊Õ¥ (plasma osmolality) ¿“«–‡≈◊Õ¥¡’°√¥

(ketosis) ·≈–Õ“®∑”„Àâµ—∫ÕàÕπ∑’Ëπ”‰ª„™â„π°“√ª≈Ÿ°∂à“¬π—Èπ‰¡à∑”ß“π (pancreatic graft

dysfunction)19-21 πÕ°®“°π’È¬—ßÕ“®æ∫¿“«–¢“¥§«“¡ ¡¥ÿ≈¢Õß°√¥ - ¥à“ß ‰¥â„π¿“«–



Clinical Diagnosis and Confirmatory Testing of Brain Death in Adults638

‡Õ° “√Õâ“ßÕ‘ß

1. Brain death : a clinical guide edited by Eelco F.M. Wijdicks, 200, p. 1-207.
2. Decerebrate - like posturing with mechanical ventilation in brain death. Neurology 2000;

54:224-7.
3. Scheinkestel CD, Tuxen DV, Cooper DJ, et al. Medical management of the (potential) organ

donor. Anaesth Intensive Care 1995; 23:51-9.
4. Nygaard CE, Townsend RN, Diamond DL. Organ donor management and organ outcome: a

6 - year review from a level I trauma center. J Trauma 1990; 30:728-32.
5. Kagiewska B, Pacholczyk M, Szostek M, et al. Hemodynamic and metabolic disturbances

observed in brain - dead organ donors. Transplant Proc 1996; 28:165-6.
6. Novitzky D. Detrimental effects of brain death on the potential organ donor. Transplant Proc

1997; 29:3770-2.

 ¡Õßµ“¬ (brain death) ‡™àπ ‚´‡¥’¬¡„π‡≈◊Õ¥ Ÿß (hypernatremia) ‚ªµ— ‡ ’́¬¡„π‡≈◊Õ¥µË”

(hypokalemia) ·¡°π’‡´’¬¡„π‡≈◊Õ¥µË” (hypomagnesemia) ´÷Ëß¡—°®–‡°‘¥‰¥âÀ≈—ß®“°

∑’Ë¡’°“√„Àâ “√πÈ”‡ªìπª√‘¡“≥¡“°Ê (aggressive fluid resuscitation) °“√·°â‰¢

¿“«–‚´‡¥’¬¡„π‡≈◊Õ¥ Ÿß (hypernatremia) ¡’§«“¡®”‡ªìπ‡æ√“–∂â“ª√‘¡“≥‚´‡¥’¬¡

„π‡≈◊Õ¥¡“°°«à“ 155 meq/dL ®–¡’‚Õ°“ ‡ ’Ë¬ß Ÿß∑’Ë®–∑”„Àâµ—∫∑’Ëπ”‰ªª≈Ÿ°∂à“¬‰¡à∑”ß“π

(Liver graft dysfunction)19 ¿“«–·¡°π’‡´’¬¡„π‡≈◊Õ¥µË” (hypomagnesemia)  “¡“√∂
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°ÆÀ¡“¬∑“ß°“√·æ∑¬åÕ¬à“ß‡§√àß§√—¥
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°“√ª≈Ÿ°∂à“¬Õ«—¬«–„π∑“ß§≈‘π‘°
(Clinical Transplantation)

∫—≥±Ÿ√  ππ∑ Ÿµ‘

§«“¡æ¬“¬“¡„π°“√ª≈Ÿ°∂à“¬Õ«—¬«–‡°‘¥¢÷Èπµ—Èß·µà™à«ßµâπ¢Õß§√‘ µ»«√√…∑’Ë 20

‚¥¬ Alexis Carrel ‰¥â∑”°“√ª≈Ÿ°∂à“¬‰µ„π —µ«å∑¥≈Õß‰¥â ”‡√Á® ·≈–æ—≤π“‡∑§π‘§∑’Ë

 ”§—≠„π°“√µàÕÀ≈Õ¥‡≈◊Õ¥∑’Ë„™â°—π¡“®π∂÷ßªí®®ÿ∫—π „πªï §.». 1954 Joseph Murray

‰¥â∑”°“√ª≈Ÿ°∂à“¬‰µ„π§π ”‡√Á®‡ªìπ§√—Èß·√° ‚¥¬‡ªìπ°“√ª≈Ÿ°∂à“¬‰µ√–À«à“ß identical

twins ∑”„ÀâºŸâ√—∫‰¡àµâÕß„™â¬“°¥¿Ÿ¡‘§ÿâ¡°—π ·≈–¡’™’«‘µÕ¬Ÿà‰¥âπ“π°«à“ 20 ªï µàÕ¡“®÷ß¡’°“√

ª≈Ÿ°∂à“¬‰µ„π§πª°µ‘∑’Ë‰¡à„™à identical twins ‚¥¬„™â°“√©“¬√—ß ’∑—Ë«√à“ß°“¬, ¬“ aza-

thioprine ·≈– corticosteroids  ”À√—∫°“√°¥¿Ÿ¡‘§ÿâ¡°—π „πªï §.». 1963 Thomas Starzl

‰¥â∑”°“√ª≈Ÿ°∂à“¬µ—∫„π§π‡ªìπ§√—Èß·√° ·µàºŸâªÉ«¬‡ ’¬™’«‘µ®“°°“√‡ ’¬‡≈◊Õ¥¡“° ‚¥¬

µàÕ¡“ “¡“√∂∑”‰¥â ”‡√Á®„πªï §.». 1967  ”À√—∫°“√ª≈Ÿ°∂à“¬µ—∫ÕàÕπ„π§π§√—Èß·√°‡√‘Ë¡

∑”„πªï §.». 1966 ‚¥¬ William Kelly ·≈– Richard Lillehei „π√–¬–·√°º≈¢Õß°“√

ª≈Ÿ°∂à“¬Õ«—¬«–¬—ß‰¡à¥’π—° ®π°√–∑—Ëß„π™à«ßªï §.». 1980 Sir Roy Calne ‰¥â§âπæ∫¬“

cyclosporine ´÷Ëß‡ªìπ¬“°¥¿Ÿ¡‘§ÿâ¡°—π∑’ËÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°“√ √â“ß Interleukin -2 (IL-2)

∑”„ÀâÕ—µ√“°“√√Õ¥™’«‘µ¢Õß graft ·≈–ºŸâªÉ«¬‡æ‘Ë¡¡“°¢÷Èπ ª√–°Õ∫°—∫°“√æ—≤π“∑“ß¥â“π

‡∑§π‘§°“√ºà“µ—¥ °“√¥¡¬“ ≈∫ °“√‡°Á∫√—°…“Õ«—¬«–·≈–°“√¥Ÿ·≈ºŸâªÉ«¬∑—Èß°àÕπ·≈–À≈—ß

ºà“µ—¥ ∑”„Àâ°“√ª≈Ÿ°∂à“¬Õ«—¬«–‰¥â√—∫°“√¬Õ¡√—∫«à“‡ªìπ°“√√—°…“∑’Ë¥’∑’Ë ÿ¥ ”À√—∫ºŸâªÉ«¬∑’Ë

¡’°“√∑”ß“π¢ÕßÕ«—¬«–≈â¡‡À≈«„π√–¬– ÿ¥∑â“¬„πªí®®ÿ∫—π1,2

„π∫∑§«“¡π’È®–¢Õ°≈à“«∂÷ß °“√ª≈Ÿ°∂à“¬Õ«—¬«–„π™àÕß∑âÕß‡©æ“–∑’Ë¡’°“√ºà“µ—¥

Õ¬à“ß·æ√àÀ≈“¬„πª√–‡∑»‰∑¬‡∑à“π—Èπ ‰¥â·°à ‰µ ·≈–µ—∫ ·≈–®–°≈à“«∂÷ß°“√ª≈Ÿ°∂à“¬µ—∫

ÕàÕπ„πµÕπ∑â“¬‡æ’¬ß‡≈Á°πâÕ¬

640
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°“√ª≈Ÿ°∂à“¬‰µ (Renal Transplantation)

¢âÕ∫àß™’È

¢âÕ¡Ÿ≈ à«π„À≠à®“°°“√»÷°…“‡ª√’¬∫‡∑’¬∫ Õ—µ√“°“√√Õ¥™’«‘µ¢ÕßºŸâªÉ«¬‰µ«“¬

‡√◊ÈÕ√—ß√–¬– ÿ¥∑â“¬∑’Ë‰¥â√—∫°“√√—°…“‚¥¬ hemodialysis, peritoneal dialysis ·≈– de-

ceased donor kidney transplantation æ∫«à“  ¿“æ√à“ß°“¬¢ÕßºŸâªÉ«¬°àÕπ°“√√—°…“

¡’º≈µàÕÕ—µ√“°“√√Õ¥™’«‘µ¢ÕßºŸâªÉ«¬¡“°°«à“ ª√–‡¿∑¢Õß°“√√—°…“ ·≈–ºŸâªÉ«¬∑’Ë¡’ ¿“æ

√à“ß°“¬∑’Ë¥’°«à“¡—°®–‰¥â√—∫°“√√—°…“‚¥¬°“√ª≈Ÿ°∂à“¬‰µ ‚¥¬ºŸâªÉ«¬∑’Ë‡¢â“§‘«ª≈Ÿ°∂à“¬‰µ ¡’

Õ—µ√“°“√‡ ’¬™’«‘µπâÕ¬°«à“ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√≈â“ß‰µ‡æ’¬ßÕ¬à“ß‡¥’¬«À≈“¬‡∑à“ ·≈–πÕ°®“°

π’È¬—ßæ∫«à“ºŸâªÉ«¬∑’Ë‡¢â“§‘«ª≈Ÿ°∂à“¬‰µ·≈–‰¥â√—∫°“√ª≈Ÿ°∂à“¬¡’Õ—µ√“°“√√Õ¥™’«‘µ„π√–¬–

¬“«¥’°«à“ºŸâªÉ«¬∑’Ë‡¢â“§‘« ·µà¬—ß‰¡à‰¥â√—∫°“√ª≈Ÿ°∂à“¬ ∂÷ß·¡â«à“ „π™à«ßª√–¡“≥ 10 ‡¥◊Õπ

·√°À≈—ß°“√ºà“µ—¥ºŸâªÉ«¬°≈ÿà¡·√°®–¡’Õ—µ√“°“√‡ ’¬™’«‘µ¡“°°«à“ ´÷Ëß°Á‡ªìπ‡æ√“–¿“«–

·∑√°´âÕπ®“°°“√ºà“µ—¥·≈–¬“°¥¿Ÿ¡‘§ÿâ¡°—π¢π“¥ Ÿß „π√–¬–·√°3,4 ¥—ßπ—Èπ ®÷ß‡ªìπ∑’Ë¬Õ¡√—∫

«à“ °“√ª≈Ÿ°∂à“¬‰µ‡ªìπ°“√√—°…“∑’Ë¥’∑’Ë ÿ¥  ”À√—∫ºŸâªÉ«¬‰µ«“¬‡√◊ÈÕ√—ß√–¬– ÿ¥∑â“¬ „π°√≥’

∑’Ë‰¡à¡’¢âÕÀâ“¡

 ”À√—∫‚√§µà“ßÊ ∑’Ë‡ªìπ “‡Àµÿ¢Õß‰µ«“¬‡√◊ÈÕ√—ß ‰¥â·°à ‡∫“À«“π, glomerular

disease, §«“¡¥—π‚≈À‘µ Ÿß, polycystic kidney disease, Alportûs syndrome, IgA

nephropathy, systemic lupus erythematosus, interstitial nephritis, pyelone-

phritis ·≈– obstructive nephropathy ‚¥¬∑—Ë«‰ª·æ∑¬å®–æ‘®“√≥“„ÀâºŸâªÉ«¬‡¢â“§‘«√Õ

√—∫°“√ª≈Ÿ°∂à“¬‰µ ‡¡◊ËÕ glomerular filtration rate (GFR) < 15 ml/min À√◊Õ serum

creatinine > 10 mg/dL

°“√ª√–‡¡‘πºŸâªÉ«¬°àÕπ°“√ºà“µ—¥
5

‡ªìπ°“√ª√–‡¡‘π‡æ◊ËÕ∑’Ë®–§âπÀ“¢âÕÀâ“¡ ”À√—∫°“√ª≈Ÿ°∂à“¬‰µ ·≈–§âπÀ“ªí®®—¬ ‡ ’Ë¬ß

µà“ßÊ ∑’Ë “¡“√∂·°â‰¢‰¥â°àÕπ∑”ºà“µ—¥ ‚¥¬·∫àß°“√ª√–‡¡‘π‡ªìπ 4 ¥â“π¥—ßµàÕ‰ªπ’È

1. Medical Evaluation ·∫àß‡ªìπ¥â“πµà“ßÊ ¥—ßπ’È

- Cardiovascular  “‡Àµÿ°“√‡ ’¬™’«‘µ¿“¬À≈—ß°“√ºà“µ—¥∑’Ë ”§—≠§◊Õ cardio-
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vascular disease ¥—ßπ—Èπ ºŸâªÉ«¬∑’Ë¡’ª√–«—µ‘ congestive heart failure, angina, myo-

cardial infarction, stroke, ºŸâªÉ«¬∑’Ë¡’ªí®®—¬‡ ’Ë¬ßÕ◊ËπÊ ‡™àπ ‡∫“À«“π §«√‰¥â√—∫°“√

µ√«®ª√–‡¡‘π∑“ßÀ—«„®‡æ‘Ë¡‡µ‘¡ ‡™àπ cardiac stress testing À√◊Õ angiography ´÷Ëß∂â“

æ∫§«“¡º‘¥ª°µ‘°Á§«√®–·°â‰¢„Àâ‡√’¬∫√âÕ¬°àÕπ∑’Ë®–∑”°“√ª≈Ÿ°∂à“¬‰µ

- Gastrointestinal tract §«√æ‘®“√≥“·≈–·°â‰¢‡√◊ËÕß peptic ulcer dis-

ease, symptomatic gallstone, hepatitis ºŸâªÉ«¬∑’Ë¬—ß‰¡à¡’¿Ÿ¡‘§ÿâ¡°—π§«√©’¥ hepatitis

B vaccine  ”À√—∫ºŸâªÉ«¬∑’Ëµ‘¥‡™◊ÈÕ hepatitis B À√◊Õ C ∂â“‰¡à¡’ active inflammation

À√◊Õ cirrhosis °Á¬—ß “¡“√∂‡¢â“√—∫°“√ª≈Ÿ°∂à“¬‰µ‰¥â

- Malignancy ‚¥¬∑—Ë«‰ªÕÿ∫—µ‘°“√≥å¢Õß¡–‡√Áß„πºŸâªÉ«¬∑’Ë‰¥â√—∫ hemo-

dialysis  Ÿß°«à“ª√–™“°√∑—Ë«‰ª ·≈–‡ªìπ∑’Ë¬Õ¡√—∫«à“ ¬“°¥¿Ÿ¡‘§ÿâ¡°—π ‡æ‘Ë¡¿“«–

·∑√°´âÕπ ·≈–Õ—µ√“µ“¬¢ÕßºŸâªÉ«¬¡–‡√Áß ¥—ßπ—ÈπºŸâªÉ«¬∑’Ë®–‡¢â“√—∫°“√ª≈Ÿ°∂à“¬‰µ®–

µâÕß‰¥â√—∫°“√§—¥°√Õß·≈–√—°…“¡–‡√Áß„Àâ‡√’¬∫√âÕ¬°àÕπ·≈–µâÕß¡’√–¬–‡«≈“∑’Ëª√“»®“°

‚√§ (disease free interval) Õ¬à“ßπâÕ¬ 2-5 ªï·≈â«·µà™π‘¥¢Õß¡–‡√Áß °àÕπ∑’Ë®–‡¢â“√—∫

°“√ª≈Ÿ°∂à“¬‰µ

- Infection ¿“«– active infection ‡ªìπ¢âÕÀâ“¡Õ¬à“ß‡¥Á¥¢“¥ ”À√—∫°“√

ª≈Ÿ°∂à“¬Õ«—¬«–

2. Surgical Evaluation

- Vascular Evaluation ‡π◊ËÕß®“°°“√ª≈Ÿ°∂à“¬‰µ à«π„À≠à„™â iliac artery

‡ªìπ inflow „π°“√µàÕ‡¢â“°—∫ renal artery ¥—ßπ—Èπ ºŸâªÉ«¬∑’Ë¡’ª√–«—µ‘·≈–µ√«®√à“ß°“¬  ß —¬

peripheral vascular disease §«√‰¥â√—∫°“√ª√–‡¡‘π‚¥¬ doppler ultrasonography

À√◊Õ angiogram ‡æ◊ËÕ«‘π‘®©—¬¿“«– aorta iliac occlusive disease ´÷Ëß∂â“‡ªìπ√ÿπ·√ß

¡“°Õ“®‡ªìπ¢âÕÀâ“¡„π°“√ª≈Ÿ°∂à“¬‰µ

- Urological Evaluation „π∫“ß°√≥’®”‡ªìπµâÕßµ—¥‰µ‡¥‘¡¢ÕßºŸâªÉ«¬°àÕπ

°“√ª≈Ÿ°∂à“¬‰µ„À¡à ‰¥â·°à chronic renal parenchymal infection, hugh polycystic

kidneys ́ ÷Ëß∂â“∑‘Èß‰«âÕ“®°àÕ„Àâ‡°‘¥ªí≠À“‡√◊ËÕß °“√ª«¥ °“√µ‘¥‡™◊ÈÕÀ√◊Õ‡≈◊Õ¥ÕÕ°‰¥â  ”À√—∫

°√≥’Õ◊ËπÊ ‰¥â·°à significant vesicoureteral reflux, uncontrolled renovascular hy-

pertension, congenital or persistent nephrotic syndrome
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3. Immunologic Evaluation

- Blood Group

Antibodies µàÕ major blood group antigen  “¡“√∂∑”„Àâ‡°‘¥ hyper-

acute rejection ·≈– graft failure ‰¥â ¥—ßπ—Èπ ®÷ß§«√ª≈Ÿ°∂à“¬‰µ„π°√≥’¢Õß ABO blood

group identical À√◊Õ compatible ‡∑à“π—Èπ ªí®®ÿ∫—ππ’È¡’§«“¡æ¬“¬“¡„π°“√ª≈Ÿ°∂à“¬

‰µ„π°√≥’¢Õß ABO blood group incompatible ‚¥¬°“√≈¥ª√‘¡“≥ antibodies ‚¥¬„™â

plasmapheresis, °“√µ—¥¡â“¡À√◊Õ°“√„Àâ¬“°¥¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’ƒ∑∏‘Ï¬—∫¬—Èß B cell ´÷Ëßæ∫

«à“‰¥âº≈¥’æÕ ¡§«√ ¡’Õ—µ√“°“√Õ¬Ÿà√Õ¥¢Õß graft ∑’Ë 6 ªï 75%6 ·µàÕ¬à“ß‰√°Á¥’°“√ª≈Ÿ°

∂à“¬‰µ„π°√≥’ ABO incompatible π’È §«√„™â¥â«¬§«“¡√–¡—¥√–«—ß·≈–‡¡◊ËÕ¡’§«“¡

®”‡ªìπ®√‘ßÊ ‡∑à“π—Èπ

- Tissue Typing

°“√ matching ¢Õß human leukocyte antigens (HLA) ∑”„ÀâÕ—µ√“

°“√Õ¬Ÿà√Õ¥¢Õß graft ‡æ‘Ë¡¡“°¢÷Èπ7 ¥—ßπ—Èπ ∑—ÈßºŸâ„Àâ·≈–ºŸâ√—∫§«√®–¡’ HLA-A, B, ·≈– DR

antigen ‡À¡◊Õπ°—π„Àâ¡“°∑’Ë ÿ¥‡∑à“∑’Ë‡ªìπ‰ª‰¥â ®÷ßµâÕß¡’°“√µ√«® HLA typing ∑—Èß

¢ÕßºŸâ„Àâ·≈–ºŸâ√—∫°àÕπ°“√ª≈Ÿ°∂à“¬‡ ¡Õ

- Cross Match

‡æ◊ËÕ∑’Ë®–À≈’°‡≈’Ë¬ß hyperacute À√◊Õ accelerated acute rejection ®–

µâÕß¡’°“√∑” cross match √–À«à“ß serum ¢ÕßºŸâ√—∫·≈– lymphocyte ¢ÕßºŸâ„Àâ‡ ¡Õ

‡æ◊ËÕ∑’Ë®–§âπÀ“«à“ºŸâ√—∫¡’ IgG antibodies µàÕ HLA antigens ¢ÕßºŸâ„ÀâÀ√◊Õ‰¡à ∂â“¡’ (positive

cross match) ∂◊Õ‡ªìπ¢âÕÀâ“¡„π°“√ª≈Ÿ°∂à“¬  ”À√—∫ IgM antibodies positive ‰¡à∂◊Õ

‡ªìπ¢âÕÀâ“¡„π°“√ª≈Ÿ°∂à“¬

πÕ°®“°π’È ºŸâªÉ«¬∑’Ë‡¢â“§‘«√Õª≈Ÿ°∂à“¬‰µ ¬—ß¡’‚Õ°“ ∑’Ë®–‰¥â√—∫°“√°√–µÿâπ„Àâ‡°‘¥

antibodies µàÕ HLA antigens °àÕπ∑’Ë®–‰¥â√—∫°“√ª≈Ÿ°∂à“¬®“° “‡Àµÿµà“ßÊ ‡™àπ °“√

‰¥â√—∫‡≈◊Õ¥ °“√µ—Èß§√√¿å À√◊Õ°“√ª≈Ÿ°∂à“¬Õ«—¬«–°àÕπÀπâ“π’È ¥—ßπ—Èπ ®÷ß®”‡ªìπ∑’Ë®–µâÕß

µ√«® serum ¢ÕßºŸâªÉ«¬«à“¡’ antibodies µàÕ°≈ÿà¡¢Õß HLA antigens ∑’Ë∑√“∫§«“¡®”‡æ“–

(panel reactive antibodies : PRA) À√◊Õ‰¡à ‡ªìπ√–¬–Ê √–À«à“ß∑’Ë‡¢â“§‘«√Õ°“√ª≈Ÿ°∂à“¬

Õ“®®–∑ÿ°‡¥◊Õπ ∑ÿ° 2 ‡¥◊ÕπÀ√◊Õ∑ÿ° 3 ‡¥◊Õπ ·≈â«·µà ∂“∫—π ´÷Ëß PRA ®–√“¬ß“πº≈‡ªìπ
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‡ªÕ√å‡´Áπµå¢Õß panel cells ´÷Ëß∂Ÿ°∑”≈“¬‚¥¬ antibodies „π serum ¬°µ—«Õ¬à“ß‡™àπ

∂â“¡’ 50-cells panel ·≈â«¡’ positive cross match 30-cell panel · ¥ß«à“ PRA ‡∑à“°—∫

60% °≈à“«Õ’°π—¬Àπ÷Ëß§◊Õ ‚Õ°“ ∑’ËºŸâªÉ«¬®–¡’ positive cross match ‡∑à“°—∫ 60% ¥—ßπ—Èπ

∂â“ºŸâªÉ«¬¡’ PRA „π√–¥—∫ Ÿß‚Õ°“ ∑’Ë®–∑”°“√ cross match ºà“π ·≈–‰¥â∑”°“√ª≈Ÿ°

∂à“¬‰µ®–πâÕ¬°«à“ºŸâªÉ«¬∑’Ë¡’ PRA „π√–¥—∫µË” „πºŸâªÉ«¬∑’Ë¡’ PRA  Ÿß §«√À≈’°‡≈’Ë¬ß°“√

√—∫‡≈◊Õ¥ ·µà∂â“®”‡ªìπ§«√„Àâ leukocyte poor blood

4. Psychosocial evaluation

§«√„Àâ¢âÕ¡Ÿ≈·°àºŸâªÉ«¬„Àâ‡¢â“„®∂÷ß∏√√¡™“µ‘·≈–§«“¡‡ ’Ë¬ß¢Õß°“√ª≈Ÿ°∂à“¬

Õ«—¬«– ·≈–µâÕß‡πâπ∂÷ß§«“¡ ”§—≠¢Õß compliance

‡°≥±å°“√®—¥ √√‰µ®“°ºŸâ∫√‘®“§Õ«—¬«– ¡Õßµ“¬
8

°“√®—¥ √√‰µ®“°ºŸâ∫√‘®“§∑’Ë‡ ’¬™’«‘µ®“° ¡Õßµ“¬π—Èπ ®–„™â§–·ππ∑’Ë‰¥â®“°

ªí®®—¬µà“ßÊ ‰¥â·°à §«“¡‡¢â“°—π¢ÕßÀ¡Ÿà‡≈◊Õ¥ §«“¡‡À¡◊Õπ°—π¢Õß HLA, ‡ªÕ√å‡´Áπµå¢Õß

PRA, √–¬–‡«≈“∑’Ë‡¢â“§‘«√Õ ·≈–Õ“¬ÿ¢ÕßºŸâªÉ«¬ ‡æ◊ËÕ„Àâ‡°‘¥§«“¡‡∑à“‡∑’¬¡°—π·≈–‡æ◊ËÕ„Àâ

‡°‘¥ª√–‚¬™πå Ÿß ÿ¥®“°‰µ∑’Ë‰¥â√—∫ ‚¥¬‡°≥±å¢Õß»Ÿπ¬å√—∫∫√‘®“§Õ«—¬«–  ¿“°“™“¥‰∑¬

„π°“√æ‘®“√≥“°“√®—¥ √√‰µ®–®—¥„Àâ°—∫ºŸâªÉ«¬∑’Ë¡’º≈ negative HLA cross matching

‡∑à“π—Èπ ‚¥¬æ‘®“√≥“µ“¡‡°≥±åµà“ßÊ ¥—ßµàÕ‰ªπ’È

1. ®—¥ √√‰µ„Àâ°—∫ºŸâªÉ«¬∑’Ë¡’À¡Ÿà‚≈À‘µ ABO compatible ·≈– HLA µ√ß°—π

∑ÿ°µ—«À√◊Õ zero mismatch ‡ªìπÕ—π¥—∫·√°

2. ∂â“ HLA ‰¡à identical À√◊Õ zero mismatch µ“¡¢âÕ 1 ®–®—¥ √√„Àâ°—∫

ºŸâªÉ«¬∑’Ë¡’À¡Ÿà‚≈À‘µ ABO µ√ß°—π µ“¡§–·ππ Ÿß ÿ¥ ·≈–¡’º≈ HLA crossmatching

‰¥âº≈≈∫ µ“¡‡°≥±å°“√„Àâ§–·ππ¥—ßπ’È

2.1 §–·ππ®“° HLA mismatch

2.1.1 HLA mismatch B, DR 0 ®–‰¥â 9 §–·ππ

2.1.2 HLA mismatch B, DR 1 ®–‰¥â 7 §–·ππ

2.1.3 HLA mismatch B, DR 2 ®–‰¥â 5 §–·ππ

2.1.4 HLA mismatch B, DR 3 ®–‰¥â 3 §–·ππ
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2.1.5 HLA mismatch B, DR 4

- HLA mismatch A 0 ®–‰¥â 2 §–·ππ

- HLA mismatch A1 ®–‰¥â 1 §–·ππ

2.2 §–·ππ®“° HLA antibody (PRA)

PRA ¡“°°«à“ 80% ®–‰¥â 4 §–·ππ

PRA 50-80% ®–‰¥â 2 §–·ππ

PRA µË”°«à“ 50% ‰¡à‰¥â§–·ππ

2.3 §–·ππ®“°√–¬–‡«≈“°“√√Õ√—∫‰µ (waiting time)

ºŸâªÉ«¬∑’Ë√Õπ“π∑’Ë ÿ¥„π°≈ÿà¡ ®–‰¥â 5 §–·ππ

ºŸâªÉ«¬∑’Ë√Õπ“π≈¥À≈—Ëπ≈ßµ“¡≈”¥—∫ ®–‰¥â§–·ππ≈¥À≈—Ëπµ“¡®”π«π«—π

∑’Ë√Õ√—∫‰µ

2.4 ºŸâªÉ«¬‡¥Á°®–‰¥â§–·ππ‡æ‘Ë¡§◊Õ

‡¥Á°Õ“¬ÿπâÕ¬°«à“ 11 ªï ®–‰¥â 7 §–·ππ

‡¥Á°Õ“¬ÿ√–À«à“ß 11-18 ªï ®–‰¥â 4 §–·ππ

Surgical Procedure
2

°“√ª≈Ÿ°∂à“¬‰µ‚¥¬ª°µ‘®–‡ªìπ·∫∫ heterotopic position §◊Õ«“ß‰µ‰«â∑’Ë

retroperitoneum ∫√‘‡«≥ iliac fossa ‚¥¬‰¡à¡’§«“¡®”‡ªìπµâÕßµ—¥‰µ‡¥‘¡ÕÕ° ¬°‡«âπ

„π∫“ß°√≥’¥—ß‰¥â°≈à“«‰ª·≈â« ·≈–¡—°®–‡≈◊Õ° iliac fossa ¢â“ß¢«“‡π◊ËÕß®“° iliac vein

Õ¬Ÿàµ◊Èπ°«à“∑”„Àâ°“√µàÕÀ≈Õ¥‡≈◊Õ¥ßà“¬°«à“ ¢â“ß´â“¬¡—°®–„™â„π°√≥’¢Õß second transplant

À≈Õ¥‡≈◊Õ¥¢â“ß¢«“‰¡à‡À¡“–µàÕ°“√µàÕÀ√◊Õ¡’°“√∑”ºà“µ—¥ pancreas transplant √à«¡¥â«¬

‚¥¬∑—Ë«‰ª®–∑”°“√µàÕ renal vein ‡¢â“°—∫ external iliac vein ·≈– renal artery ‡¢â“°—∫

external iliac artery ·∫∫ end to side  à«π ureter ®–µàÕ°—∫ bladder mucosa

·≈–∑” submucosal tunnel ‡æ◊ËÕªÑÕß°—π reflux ¥â«¬

 ”À√—∫√“¬≈–‡Õ’¬¥‡∑§π‘§°“√ºà“µ—¥ °“√¥Ÿ·≈¿“¬À≈—ß°“√ºà“µ—¥·≈–¿“«–

·∑√°´âÕπ®–‰¡à¢Õ°≈à“«„π∑’Ëπ’È
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¬“°¥¿Ÿ¡‘§ÿâ¡°—π
2,9

‡ªÑ“À¡“¬À≈—°¢Õß°“√„Àâ¬“°¥¿Ÿ¡‘§ÿ¡°—π°Á‡æ◊ËÕ∑’Ë®–¬—∫¬—Èß°“√‡°‘¥ acute rejection

‚¥¬À≈—°„π°“√„Àâ¬“§◊Õ „Àâ¬“„π¢π“¥∑’Ë‡À¡“– ¡æÕ∑’Ë®–°¥¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬∑’Ë¡’µàÕ

graft ·≈–„π¢≥–‡¥’¬«°—πµâÕßÀ≈’°‡≈’Ë¬ß°“√‡°‘¥ opportunistic infection ·≈– cancer

´÷Ëß‡ªìπº≈¢â“ß‡§’¬ß®“°¬“„Àâ‰¥â¡“°∑’Ë ÿ¥ ¬“°¥¿Ÿ¡‘§ÿâ¡°—π∑’Ë„™â„π°“√ª≈Ÿ°∂à“¬‰µ ‚¥¬∑—Ë«‰ª

¡—°„™â¬“ 3 ™π‘¥√à«¡°—π∑’Ë‡√’¬°«à“ triple therapy protocol ∑’Ë„™â°—π¡“° ‰¥â·°à calcineurin

inhibitor √à«¡°—∫ steroid ·≈– antimetabolite ´÷Ëß„Àâº≈°“√√—°…“∑’Ë¥’¡“° §◊Õ ¡’Õ—µ√“

°“√Õ¬Ÿà√Õ¥¢Õß graft ∑’Ë 1 ªï ª√–¡“≥ 90-95% ·≈–¡’Õÿ∫—µ‘°“√≥å¢Õß acute rejection

10-20% ·µàÕ¬à“ß‰√°Á¥’ªí®®ÿ∫—π‰¥â¡’°“√»÷°…“°“√„™â protocol „À¡àÊ ‡æ◊ËÕ∑’Ë®–≈¥º≈¢â“ß

‡§’¬ß¢Õß¬“∫“ßµ—«À√◊Õ‡æ◊ËÕæ¬“¬“¡™—°π”„Àâ‡°‘¥ tolerance ‡æ‘Ë¡¡“°¢÷Èπ ‰¥â·°à steroid

withdrawal À√◊Õ steroid avoidance protocol, calcineurin inhibitor avoidance,

withdrawal À√◊Õ dose minimization ·≈– tolerogenic protocol ‚¥¬„™â

thymoglobulin „π°“√ induction ‡ªìπµâπ

„π∑’Ëπ’È®–°≈à“«∂÷ß¬“°¥¿Ÿ¡‘§ÿâ¡°—π∑’Ëπ‘¬¡„™â°—π¡“°‡∑à“π—Èπ

Steroids

‡ªìπ¬“∑’Ë„™â¡“π“π ÕÕ°ƒ∑∏‘ÏÀ≈“¬µ”·Àπàß„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π À≈—ß®“°ºà“π‡¢â“

‡´≈≈å·≈â«®–‰ª®—∫°—∫ intracellular receptor  “¡“√∂¬—∫¬—Èß transcription ¢Õß cytokines

À≈“¬µ—«‡™àπ IL-1, IL-2, IL-6, Interferon-gamma, ·≈– tumor necrosis factor-α

(TNF-α) πÕ°®“°π’È¬—ß¡’ƒ∑∏‘Ï‡ªìπ anti-inflammatory ‚¥¬¬—∫¬—Èß °“√ margination ¢Õß

lymphocytes, ≈¥ªØ‘°‘√‘¬“ chemotaxis, ·≈– ¬—∫¬—Èß°“√∑”ß“π¢Õß macrophages °“√„Àâ

steroids ‡ªìπ√–¬–‡«≈“π“πÊ °àÕ„Àâ‡°‘¥º≈¢â“ß‡§’¬ß¡“°¡“¬ ‡™àπ §«“¡¥—π‚≈À‘µ Ÿß

‰¢¡—π„π‡ âπ‡≈◊Õ¥ Ÿß ‡∫“À«“π µâÕ°√–®° °√–¥Ÿ°ºÿ ¿“«– psychosis µ—∫ÕàÕπÕ—°‡ ∫

gastrointestinal tract bleeding, ulcer, and perforation, °“√À“¬¢Õß·º≈™â“ °“√

¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π‡¥Á° ®“°º≈¢â“ß‡§’¬ßµà“ßÊ ¡“°¡“¬π’È ∑”„Àâ

protocol ¬“„π√–¬–À≈—ßÊ æ¬“¬“¡∑’Ë®–‰¡à„™âÀ√◊Õ≈¥¢π“¥¢Õß steroids „Àâ‡√Á«∑’Ë ÿ¥
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Calcineurin Inhibitors

Cyclosporine (neoral) ‡ªìπ¬“µ—«·√°∑’Ë∂Ÿ°§‘¥§âπ¢÷Èπ„π°≈ÿà¡π’È·≈–π”¡“„™âÕ¬à“ß

·æ√àÀ≈“¬·≈–¡’ª√– ‘∑∏‘¿“æ  “¡“√∂∑”„ÀâÕ—µ√“°“√√Õ¥™’«‘µ¢Õß graft ¬◊π¬“«¢÷ÈπÕ¬à“ß

¡“° ∂◊Õ‡ªìπ®ÿ¥‡ª≈’Ë¬π∑’Ë ”§—≠¢Õß«ß°“√°“√ª≈Ÿ°∂à“¬Õ«—¬«–∑—Ë«‚≈° cyclosporine ÕÕ°

ƒ∑∏‘Ï¬—∫¬—Èß ‡Õπ‰´¡å calcineurin ́ ÷Ëß‡ªìπ calcium dependent serine/threonine phos-

phatase ∑”Àπâ“∑’Ë dephosphorylate nuclear factor of activated T cell (NFAT)

À≈—ß®“°π—Èπ NFAT®–‡¢â“ Ÿàπ‘«‡§≈’¬ ·≈–®—∫°—∫ promoter region of IL-2 gene ‡ªìπ

º≈„Àâ‡°‘¥°“√ √â“ß IL-2 ¢÷Èπ ·≈–π”‰ª Ÿà°“√°√–µÿâπ·≈–‡æ‘Ë¡®”π«π T cell ∂◊Õ‡ªìπ°≈‰°

À≈—°¢Õß T cell „π°“√∑”≈“¬ allograft ‡¡◊ËÕ cyclosporine ‡¢â“ Ÿà‡´≈≈å®–‰ª®—∫°—∫

cyclophyllin ·≈–∑”°“√¬—∫¬—Èß phosphatase activity ¢Õß calcineurin  àßº≈„Àâ‡°‘¥

°“√¬—∫¬—Èß°“√ √â“ß IL-2 ¢÷Èπ ‡ªìπ¬“∑’Ë„™â ”À√—∫ maintenance „™â‰¡à‰¥âº≈„π°√≥’¢Õß acute

rejection

 ”À√—∫¬“Õ’°Àπ÷Ëßµ—«„π°≈ÿà¡π’È ‰¥â·°à tacrolimus (prograf) ÕÕ°ƒ∑∏‘Ï‚¥¬®—∫°—∫

FK-506 binding protein (FKBP) ·≈â«‰ª¬—∫¬—Èß°“√∑”ß“π¢Õß calcineurin ‡™àπ‡¥’¬«°—π

∑”„Àâ¬—∫¬—Èß°“√ √â“ß IL-2 ‡ªìπ¬“∑’Ë¡’ƒ∑∏‘Ï¡“°°«à“ cyclosporine ª√–¡“≥ 100 ‡∑à“‡¡◊ËÕ

‡∑’¬∫°—π mg µàÕ mg

¬“∑—Èß 2 ™π‘¥π’È∂Ÿ° metabolize ‚¥¬ cytochrome P-450 system „πµ—∫ ¥—ß

π—Èπ°“√„Àâ¬“√à«¡°—∫¬“Õ◊Ëπ∑’ËÕÕ°ƒ∑∏‘Ï¬—∫¬—ÈßÀ√◊Õ°√–µÿâπ cytochrome P-450 ®– àßº≈µàÕ

√–¥—∫¬“¢Õß calcineurin inhibitors ‰¥â°≈à“«§◊Õ ¬“∑’Ë°√–µÿâπ cytochrome P-450

·≈â«∑”„Àâ√–¥—∫¬“ calcineurin inhibitors ≈¥≈ß‰¥â·°à rifampin, barbiturates, pheny-

toin, carbamazepine  ”À√—∫¬“∑’Ë¬—∫¬—Èß cytochrome P-450 ·≈â«∑”„Àâ√–¥—∫¬“‡æ‘Ë¡¢÷Èπ

‰¥â·°à verapamil, diltiazem, amlodipine, nicardipine, ketoconazole, fluconazole,

itraconazole, erythromycin ¥—ßπ—Èπ§«√„™â§«“¡√–¡—¥√–«—ßÕ¬à“ß¬‘Ëß„π°“√„Àâ¬“‡À≈à“π’È

√à«¡‰ª¥â«¬

¬“∑—Èß 2 µ—«„Àâº≈¢â“ß‡§’¬ß„°≈â‡§’¬ß°—π ‚¥¬∑’Ë ”§—≠ ‰¥â·°à nephrotoxicity

·≈–º≈¢â“ß‡§’¬ßÕ◊ËπÊ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1



°“√ª≈Ÿ°∂à“¬Õ«—¬«–„π∑“ß§≈‘π‘° (Clinical Transplantation)648

µ“√“ß∑’Ë 1 °“√‡ª√’¬∫‡∑’¬∫≈—°…≥–µà“ßÊ ¢Õß cyclosporine ·≈– tacrolimus

Cyclosporine Tacrolimus

Mode of action Inhibition of calcineurin Inhibition of calcineurin

Daily maintenance dose ~3-5 mg/kg ~0.15-0.3 mg/kg

Administration PO and IV PO and IVa

Absorption, bile dependent Sandimmune, yes : Neoral, no No

Oral dose available (capsules) 100 mg, 25 mg 5 mg, 1 mg, 0.5 mg

Drug interaction Similar Similar

Capacity to prevent rejection + ++?

Use with MMF + +b

Use with sirolimus +c +c

Nephrotoxicity + +

Steroid sparing + ++?

Hypertension and sodium retention ++ +

Pancreatic islet toxicity/diabetes + ++

Neurotoxicity + ++

Hirsutism + -

Hair loss - +

Gum hypertrophy + -

Gastrointestinal side effect - +

Gastric motility - +

Hyperkalemia + +

Hypomagnesemia + +

Hypercholesterolemia + -

Hyperuricemia/gout ++ +
aIV rarely needed because oral absorption is good. bDose of MMF may be less when used with
tacrolimus. cNephrotoxicity may be exaggerated when used in full dose.
Data are based on available literature and clinical experience. -, No or little effect; +, known effect;
++, effect more pronounced; ++?, probable greater effect; IV, intravenous; MMF, mycophenolate
mofetil; PO, by mouth.
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Antimetabolites

¬“„π°≈ÿà¡π’Èª√–°Õ∫¥â«¬¬“ 2 µ—«À≈—°§◊Õ mycophenolate mofetil (MMF,

cellcept/myfortic) ·≈– azathioprine (imuran) ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°“√·∫àßµ—«¢Õß‡´≈≈å

‚¥¬¬—∫¬—Èß°“√ √â“ß DNA ‚¥¬°≈‰°∑’Ë·µ°µà“ß°—π  ”À√—∫ MMF ‡¡◊ËÕ‡¢â“ Ÿà√à“ß°“¬·≈â«®–

∂Ÿ° hydrolyze ‡ªìπ mycophenolic acid (MPA) ´÷Ëß‡ªìπ active form MPA®–

¬—∫¬—Èß‡Õπ‰´¡å inosine monophosphate dehydrogenase ´÷Ëß‡ªìπ rate-limiting step

„π¢∫«π°“√°“√ √â“ß purines (guanine) ºà“π de novo pathway (‚¥¬ª°µ‘·≈â« °“√

 √â“ß purine ´÷Ëß‡ªìπ substrate „π°“√ √â“ß DNA ´÷Ëß„™â„π°“√·∫àßµ—«¢Õß‡´≈≈å ¡’Õ¬Ÿà 2

∑“ß ‰¥â·°à salvage pathway ·≈– de novo pathway ‡´≈≈å∑’Ë·∫àßµ—«‡√Á«∑—Ë«‰ª ‰¥â·°à

‡´≈≈åº‘«Àπ—ß ‡ âπº¡ ·≈–‡¬◊ËÕ∫ÿ≈”‰ â ®–Õ“»—¬ salvage pathway ·µà ”À√—∫ T ·≈– B

cell ®–Õ“»—¬ de novo pathway) ¥—ßπ—Èπ MMF ®÷ß§àÕπ¢â“ß®”‡æ“– ”À√—∫ T ·≈– B cell

·≈–·µ°µà“ß®“° calcineurin inhibitors §◊Õ®–‰¡à¬—∫¬—Èß°“√ √â“ß cytokine ·µà®–

¬—∫¬—Èßº≈¢Õß cytokine ∑’Ë¡’µàÕ T ·≈– B cell  ”À√—∫º≈¢â“ß‡§’¬ß ‰¥â·°à bone marrow

suppression ·≈– gastrointestinal symptom ‡™àπ Õ“‡®’¬π ∑âÕß‡ ’¬ ª«¥¡«π∑âÕß

„π à«π¢Õß azathioprine π—Èπ ‡ªìπ¬“À≈—°∑’Ë„™â¡“π“π√à«¡°—∫ steroids „π

√–¬–·√°°àÕπ∑’Ë®–¡’°“√§âπæ∫ calcineurin inhibitors ‡ªìπ imidazole derivative of

6-mercaptopurine ∑”Àπâ“∑’Ë‡ªìπ purine analogue ´÷Ëß®–‡¢â“‰ª·∑√°µ—«Õ¬Ÿà„π DNA

∑”„Àâ‰¡à‡°‘¥ DNA replication ·≈– RNA transcription ∑”„Àâ‡´≈≈å‰¡à “¡“√∂·∫àßµ—«

‰¥â ´÷Ëß‰¡à‰¥â¡’º≈‡©æ“–‡æ’¬ß T ·≈– B cell º≈¢â“ß‡§’¬ß∑’Ë ”§—≠ ‰¥â·°à bone marrow

suppression, hepatitis, cholestasis, alopecia, pancreatitis, increased risk of

malignancy „πªí®®ÿ∫—ππ’È transplant center  à«π„À≠à®–„™â MMF ·∑π∑’Ë azathio-

prine ‡π◊ËÕß®“°‡¡◊ËÕ„™â√à«¡°—∫ calcineurin inhibitors  “¡“√∂¬—∫¬—Èß°“√‡°‘¥ acute re-

jection ‰¥â¡“°°«à“·≈–¡’º≈¢â“ß‡§’¬ßπâÕ¬°«à“

°“√ª≈Ÿ°∂à“¬µ—∫ (Liver Transplantation)

π—∫µ—Èß·µà Thomas E Starzl ‰¥â∑”°“√ª≈Ÿ°∂à“¬µ—∫„π§π‡ªìπ§√—Èß·√°‡¡◊ËÕªï §.».
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1963 ∑’Ë√—∞‚§‚≈√“‚¥ ª√–‡∑» À√—∞Õ‡¡√‘°“ °Á‰¥â¡’°“√æ—≤π“°“√ª≈Ÿ°∂à“¬µ—∫‡√◊ËÕ¬¡“∑—Èß

„π¥â“π‡∑§π‘§°“√ºà“µ—¥ °“√æ—≤π“¬“°¥¿Ÿ¡‘§ÿâ¡°—π„À¡àÊ °“√¥¡¬“ ≈∫ °“√¥Ÿ·≈ºŸâªÉ«¬

°àÕπ·≈–À≈—ßºà“µ—¥ °“√‡°Á∫√—°…“Õ«—¬«– ®π°√–∑—Ëß„πªí®®ÿ∫—π °“√ª≈Ÿ°∂à“¬µ—∫¡’º≈°“√

√—°…“§àÕπ¢â“ß¥’¡“°°≈à“«§◊Õ ¡’Õ—µ√“°“√√Õ¥™’«‘µ¢ÕßºŸâªÉ«¬∑’Ë 1 ·≈– 5 ªï ‚¥¬‡©≈’Ë¬ 81.6-

92.6% ·≈– 62.2-85.6% µ“¡≈”¥—∫10 ∑”„Àâ‡ªìπ∑’Ë¬Õ¡√—∫°—π«à“ °“√ª≈Ÿ°∂à“¬µ—∫‡ªìπ°“√

√—°…“∑’Ë¥’∑’Ë ÿ¥ ”À√—∫ºŸâªÉ«¬µ—∫«“¬‡√◊ÈÕ√—ß√–¬– ÿ¥∑â“¬®“° “‡Àµÿµà“ßÊ ºŸâªÉ«¬µ—∫«“¬·∫∫

‡©’¬∫æ≈—π ºŸâªÉ«¬ liver based metabolic disease ·≈–ºŸâªÉ«¬¡–‡√Áßµ—∫„π√–¬–·√°Ê

ªí≠À“ ”§—≠∑’Ëµ“¡¡“§◊Õ °“√¢“¥·§≈πµ—∫ ‡π◊ËÕß®“°¡’ºŸâªÉ«¬¢÷Èπ∑–‡∫’¬π√Õ√—∫

°“√ª≈Ÿ°∂à“¬µ—∫‡æ‘Ë¡¢÷Èπ‡ªìπ®”π«π¡“° „π¢≥–∑’Ëª√‘¡“≥µ—∫®“°ºŸâ∫√‘®“§¡’ª√‘¡“≥§ß∑’Ë

∑”„ÀâºŸâªÉ«¬∑’Ë√Õ√—∫°“√ª≈Ÿ°∂à“¬µ—∫‡ ’¬™’«‘µ°àÕπ∑’Ë®–‰¥â√—∫°“√ª≈Ÿ°∂à“¬µ—∫‡ªìπ®”π«π¡“°

‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„πºŸâªÉ«¬‡¥Á° ¥—ßπ—Èπ®÷ß‰¥â¡’§«“¡æ¬“¬“¡„π°“√‡æ‘Ë¡®”π«πµ—∫‚¥¬«‘∏’

°“√µà“ßÊ ‰¥â·°à

1. °“√„™â extended criteria donor §◊Õ °“√ª≈Ÿ°∂à“¬µ—∫®“°ºŸâ∫√‘®“§∑’Ë‡ ’¬

™’«‘µ®“°¿“«– ¡Õßµ“¬ (brain death donor) ‚¥¬¬Õ¡„™âµ—∫∑’Ë¡’‚Õ°“ ‡°‘¥¿“«–µ—∫‰¡à

∑”ß“π (primary non function) À√◊Õ ∑”ß“π‰¥â‰¡à¥’ (initial poor function) ¿“¬

À≈—ß°“√ª≈Ÿ°∂à“¬ Ÿß°«à“µ—∫ª°µ‘11 ´÷Ëß‚¥¬∑—Ë«‰ª‰¥â·°à µ—∫∑’Ë‰¥â√—∫®“°ºŸâ∫√‘®“§∑’Ë¡’Õ“¬ÿ¡“°

°«à“ 65 ªï ¡’¿“«–‰¢¡—π„πµ—∫ (steatosis) ¡“°°«à“ 30% ¡’ª√‘¡“≥‚´‡¥’¬¡„π‡≈◊Õ¥¡“°

°«à“ 155 mEq/L ¡’°“√„™â vasopressive drug ª√‘¡“≥¡“° Õ¬Ÿà„πÀâÕß ICU π“π°«à“ 4

«—π √–¬–‡«≈“√–À«à“ß°“√ª√–°“»¿“«– ¡Õßµ“¬·≈–°“√ºà“µ—¥ organ procurement π“π

·≈–√–¬–‡«≈“°“√¢“¥‡≈◊Õ¥ (ischemic time) π“π°«à“ 12 ™—Ë«‚¡ß

2. °“√„™âµ—∫®“°ºŸâ∫√‘®“§∑’Ë‡ ’¬™’«‘µ‚¥¬À—«„®À¬ÿ¥‡µâπ (donation after car-

diac death) «‘∏’°“√π’È µ—∫∑’Ë‰¥â√—∫∫√‘®“§®–¡’™à«ß‡«≈“°“√¢“¥‡≈◊Õ¥°àÕπ∑’Ë®–‰¥â√—∫πÈ”¬“‡°Á∫

√—°…“Õ«—¬«– (University of Wisconsin solution, UW solution) ‡ªìπ√–¬–‡«≈“π“π

ª√–¡“≥ 15-30 π“∑’ ´÷Ëß∑”„Àâ‡´≈≈åµ—∫∫“ß à«πµ“¬‰ª ‚Õ°“ ‡°‘¥¿“«–µ—∫‰¡à∑”ß“πÀ≈—ß

°“√ª≈Ÿ°∂à“¬ Ÿß¢÷Èπ

3. °“√„™âµ—∫®“°ºŸâ∫√‘®“§∑’Ë¬—ß¡’™’«‘µÕ¬Ÿà (living donor liver transplantation)

√“¬ß“π§√—Èß·√°‚¥¬ Strong ·≈–§≥– „πªï §.». 198912 «‘∏’π’È‡ªìπ«‘∏’À≈—°¢Õß°“√ª≈Ÿ°
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∂à“¬µ—∫„πª√–‡∑»∑’Ëª√–™“™π à«π„À≠à‰¡à¬Õ¡√—∫«‘∏’°“√∫√‘®“§Õ«—¬«–®“°ºŸâ∫√‘®“§∑’Ë‡ ’¬

™’«‘µ®“°¿“«– ¡Õßµ“¬ ‡™àπ ª√–‡∑»≠’ËªÿÉπ ª√–‡∑»‡°“À≈’„µâ ´÷Ëß«‘∏’π’È¡’¢âÕ¥âÕ¬∑’Ë ”§—≠§◊Õ

ºŸâ∫√‘®“§µ—∫´÷Ëß‡ªìπ§πª°µ‘µâÕß‡º™‘≠°—∫§«“¡‡ ’Ë¬ßµàÕ¿“«–·∑√°´âÕπ®“°°“√ºà“µ—¥ ·≈–

„π∫“ß°√≥’Õ“®∂÷ß·°à™’«‘µ‰¥â∂÷ß·¡â®–¡’‚Õ°“ πâÕ¬¡“°°Áµ“¡

4. °“√ª≈Ÿ°∂à“¬µ—∫·∫∫‚¥¡‘‚π (domino liver transplantation) „™â‰¥â‡©æ“–

∫“ß‚√§‡∑à“π—Èπ‡™àπ familial amyloidotic polyneuropathy ºŸâªÉ«¬‚√§π’ÈµâÕß°“√°“√

ª≈Ÿ°∂à“¬µ—∫‡π◊ËÕß®“°µ—∫ √â“ß‚ª√µ’π∑’Ëº‘¥ª°µ‘·≈â«‰ª∑”≈“¬√–∫∫ª√– “∑ À—«„® ·≈–

∑“ß‡¥‘πÕ“À“√ ´÷ËßµâÕß„™â‡«≈“°«à“ 20-30 ªï®÷ß®–‡°‘¥‚√§¢÷Èπ ·µà°“√∑”ß“π¢Õßµ—∫∑“ß¥â“π

Õ◊ËπÊ ª°µ‘À¡¥ ®÷ß “¡“√∂π”µ—∫®“°ºŸâªÉ«¬‚√§π’È‰ªª≈Ÿ°∂à“¬µàÕ„Àâ°—∫ºŸâªÉ«¬§πÕ◊Ëπ‰¥â

·∑π∑’Ë®–∑‘Èßµ—∫π’È‰ª ‚¥¬ºŸâªÉ«¬∑’Ë‰¥â√—∫µ—∫®“°ºŸâªÉ«¬ amyloidosis π’È “¡“√∂∑’Ë®–¡’™’«‘µ

µàÕ‰ªÕ’° 20-30 ªï‚¥¬‰¡à‡°‘¥Õ“°“√„¥Ê ¢Õß‚√§π’È

5. Reduced liver transplantation √“¬ß“π§√—Èß·√°‚¥¬ Bismuth ·≈–§≥–

„πªï §.». 198413 ‡ªìπ°“√·∫àßµ—∫ left lateral segment (segment 2, 3) „Àâ°—∫ºŸâªÉ«¬

‡¥Á° ‚¥¬∑‘Èßµ—∫¢â“ß¢«“‰ª ‡π◊ËÕß®“°°“√À“µ—∫∑’Ë¡’¢π“¥‡À¡“– ¡°—∫ºŸâªÉ«¬‡¥Á°∑”‰¥â§àÕπ

¢â“ß¬“° ®÷ßµâÕßπ”µ—∫ºŸâ„À≠à´÷Ëß¡’ºŸâ∫√‘®“§¡“°°«à“¡“·∫àß à«π„Àâ°—∫ºŸâªÉ«¬‡¥Á° «‘∏’π’È

‡ªìπ°“√‡æ‘Ë¡®”π«πµ—∫„Àâ·°àºŸâªÉ«¬‡¥Á° ·µà°≈—∫∑”„ÀâºŸâªÉ«¬ºŸâ„À≠à‡ ’¬ª√–‚¬™πå ‰¥â√—∫µ—∫

≈¥πâÕ¬≈ß‡æ√“–‰¡à‰¥âπ”µ—∫¢â“ß¢«“∑’Ë‡À≈◊Õ®“°°“√·∫àß¡“„™â «‘∏’π’È®÷ß‰¡à‰¥â‡ªìπ°“√‡æ‘Ë¡

®”π«πµ—∫Õ¬à“ß·∑â®√‘ß

6. Split liver transplantation √“¬ß“π§√—Èß·√°‚¥¬ Pichlmayr ·≈–§≥–

„πªï §.». 198814 ‡ªìπ°“√·∫àßµ—∫‡ªìπ 2  à«π §◊Õ left lateral segment (segment 2, 3)

„Àâ°—∫ºŸâªÉ«¬‡¥Á° ·≈– right trisegment (segment 1, 4-8) „Àâ°—∫ºŸâªÉ«¬ºŸâ„À≠à À√◊Õ„π

∫“ß°√≥’Õ“®·∫àß‡ªìπ full left/full right lobe (segment 1-4/segment 5-8) „Àâ°—∫

ºŸâªÉ«¬ºŸâ„À≠à 2 §π‰¥â «‘∏’π’È‡ªìπ°“√·°â¢âÕ¥âÕ¬¢Õß reduced liver transplantation

 “¡“√∂‡æ‘Ë¡ª√‘¡“≥µ—∫‰¥âæÕ ¡§«√‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„πºŸâªÉ«¬‡¥Á°‚¥¬‰¡à‡∫’¬¥‡∫’¬π

ºŸâªÉ«¬ºŸâ„À≠à

7. Xenotransplantation ‡ªìπ°“√ª≈Ÿ°∂à“¬µ—∫‚¥¬„™âµ—∫®“° ‘Ëß¡’™’«‘µÕ◊Ëπ ‡™àπ

≈‘ß À¡Ÿ ¡“ª≈Ÿ°∂à“¬„Àâ·°à§π ¬—ßÕ¬Ÿà„π¢—Èπ°“√»÷°…“«‘®—¬Õ¬Ÿà ‰¥âº≈‰¡à¥’π—°
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8. Hepatocyte transplantation15 ‡ªìπ°“√ª≈Ÿ°∂à“¬‡´≈≈åµ—∫‚¥¬©’¥‡¢â“∑“ß

¡â“¡ ∑“ß portal vein À√◊Õ©’¥‚¥¬µ√ß‡¢â“‡¬◊ËÕ∫ÿ™àÕß∑âÕß ®“°°“√»÷°…“«‘®—¬„π —µ«å

∑¥≈Õßæ∫«à“‰¥âº≈¥’æÕ ¡§«√„π¿“«–µ—∫«“¬‡©’¬∫æ≈—π liver based metabolic dis-

ease ·≈–µ—∫«“¬‡√◊ÈÕ√—ß „πªí®®ÿ∫—π¡’°“√π”¡“„™â„π§π∫â“ß·≈â«‚¥¬‡©æ“–„π 2 ¿“«–·√°

·µàº≈°“√√—°…“¬—ß‰¡à¥’‡∑à“∑’Ë§«√

¢âÕ∫àß™’È
16

‰¥â·°à‚√§µ—∫«“¬√–¬– ÿ¥∑â“¬∑—Èß·∫∫‡√◊ÈÕ√—ß·≈–‡©’¬∫æ≈—π®“° “‡Àµÿµà“ßÊ √«¡∂÷ß

‚√§‡°’Ë¬«°—∫µ—∫Õ◊ËπÊ ¥—ß· ¥ß„πµ“√“ß∑’Ë 2 „πªí®®ÿ∫—π¡’°“√„™â clinical score „π°“√

ª√–‡¡‘π§«“¡√ÿπ·√ß¢ÕßºŸâªÉ«¬µ—∫·¢Áß«à“§«√‡¢â“√—∫°“√æ‘®“√≥“ª≈Ÿ°∂à“¬µ—∫‡¡◊ËÕ‰√ ‰¥â·°à

Child-Turcote-Pugh (CTP) score ¥—ß· ¥ß„πµ“√“ß∑’Ë 3 ·≈– model of end stage

liver disease (MELD) score ´÷ËßÕ“»—¬µ—«·ª√ 3 µ—«„π°“√§”π«≥ ‰¥â·°à serum crea-

tinine, total bilirubin, ·≈– INR  Ÿµ√§”π«≥§◊Õ MELD = 10*{0.957 loge (creati-

nine, mg/dL) + 0.378 loge (bilirubin, mg/dL) + 1.120 loge (INR) + 0.643} ‚¥¬

¡’§à“µ—Èß·µà 6-40 ·µà‡¥‘¡„™âª√–‡¡‘πÕ—µ√“°“√Õ¬Ÿà√Õ¥™’«‘µ∑’Ë 3 ‡¥◊Õπ¢ÕßºŸâªÉ«¬µ—∫·¢Áß∑’Ë‡¢â“

√—∫°“√∑” transjugular intrahepatic portosystemic shunt (TIPS) µàÕ¡“æ∫«à“

 “¡“√∂ª√–‡¡‘πÕ—µ√“°“√Õ¬Ÿà√Õ¥™’«‘µ¢ÕßºŸâªÉ«¬µ—∫·¢Áß∑—Ë«‰ª‰¥â¥’ United Networks of

Organ Sharing (UNOS) ´÷Ëß‡ªìπÕß§å°√‡°’Ë¬«°—∫°“√®—¥ √√µ—∫„πª√–‡∑» À√—∞Õ‡¡√‘°“

§≈â“¬Ê °—∫»Ÿπ¬å√—∫∫√‘®“§Õ«—¬«–„πª√–‡∑»‰∑¬®÷ß‰¥âπ” MELD score ‰ª„™â‡ªìπÀ≈—°„π

°“√®—¥ √√µ—∫ ‚¥¬ºŸâªÉ«¬∑’Ë¡’§–·ππ¡“°°«à“À¡“¬∂÷ßºŸâªÉ«¬∑’ËÀπ—°°«à“ ®÷ß¡’ ‘∑∏‘∑’Ë®–‰¥â

√—∫°“√ª≈Ÿ°∂à“¬µ—∫°àÕπ ´÷Ëß “¡“√∂¢®—¥¢âÕ¥âÕ¬¢Õß CTP score ´÷Ëß„™â°—π¡“π“π‰¥â§◊Õ

ªí®®—¬∑’Ë„™â„π°“√§”π«≥ CTP score π—Èπ∫“ßµ—«§àÕπ¢â“ß‡ªìπ subjective ºŸâª√–‡¡‘π

§π≈–§π°—πª√–‡¡‘πºŸâªÉ«¬§π‡¥’¬«°—π ≥ ‡«≈“‡¥’¬«°—πÕ“®‰¥â§–·ππµà“ß°—π ‡™àπ §«“¡

√ÿπ·√ß¢Õß hepatic encephalopathy, ascites À√◊Õ ªí®®—¬∫“ßµ—«¡’°“√‡ª≈’Ë¬π·ª≈ß

¢÷Èπ≈ß‰¥âµ“¡°“√√—°…“À√◊Õ∂Ÿ°°”Àπ¥‚¥¬ªí®®—¬Õ◊Ëπ‰¥â¡“°°«à“°“√∑”ß“π¢Õßµ—∫ ‡™àπ

albumin, ascites ·≈– CTP score ¬—ß¡’™à«ß§–·ππ∑’Ë·§∫°«à“§◊Õ 5-15 ∑”„Àâ·¬°¬àÕ¬

ºŸâªÉ«¬‰¥â‰¡à¥’‡∑à“ MELD score ·µà„π∑“ßªØ‘∫—µ‘·≈â« CTP score °Á¬—ß∂◊Õ‡ªìπ score ∑’Ë
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µ“√“ß∑’Ë 2 Indications for Liver Transplantation

Chronic noncholestatic liver disorders

Chronic hepatitis C
Chronic hepatitis B
Autoimmune hepatitis
Alcoholic liver disease

Cholestatic liver disorders

Primary biliary cimhosis
Primary sclerosing cholangitis
Biliary atresia
Alagile syndrome
Nonsyndromic peucity of the intrahepatic bile ducts
Cystic fibrosis
Progressive familial intachepatic cholestasis

Metabolic disorders causing cimbosis

Alpha-1 antititypsin deficiency
Wilson disease
Nonalocholic steatrophepatitis and crytogenic cirrhosis
Hereditary hemochromatosis
Tyrosinemia
Glyogen storage disease type N
Neonatal hemochromatosis

Metabolic disorders causing severe extrahepatic mobidity

Amylodosis
Hyperoxaluria
Urea cycle defects
Disorders of branch chain amino acikis

Primary malignancies of the liver

Hepatocellular carcinoma
Hepatoblastoma
Fibrolamellar hepatocell ufar carcinoma
Hemagionedotrhelioma

Fulminant hepatic failure

Miscellancecus conditions

Budd-Chiari syndrome
Metastatic neuroendocine tumors
Polycystic disease
Retransplantation
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§”π«≥‰¥âßà“¬  “¡“√∂„™âª√–‡¡‘π§«“¡√ÿπ·√ß‡∫◊ÈÕßµâπ‰¥â ‚¥¬∑—Ë«‰ªºŸâªÉ«¬µ—∫·¢Áß §«√‰¥â

√—∫°“√æ‘®“√≥“°“√ª≈Ÿ°∂à“¬µ—∫‡¡◊ËÕ CTP score > 7, MELD score > 10, À√◊Õ‡¡◊ËÕ¡’

first major complication (ascites, variceal bleeding, or hepatic encephalopa-

thy)

 ”À√—∫‡°≥±å°“√®—¥ √√µ—∫∑’Ë„™â„πª√–‡∑»‰∑¬π—Èπ “¡“√∂Õà“π‰¥â„π‡Õ° “√Õâ“ßÕ‘ß

∑’Ë8

 ”À√—∫°“√ª≈Ÿ°∂à“¬µ—∫„π°√≥’¢Õß hepatocellular carcinoma (HCC) π—Èπ ®–

∑”‡©æ“–°√≥’∑’Ë‰¡à “¡“√∂√—°…“¥â«¬°“√µ—¥µ—∫‰¥â‡∑à“π—Èπ´÷Ëß¡—°‡ªìπºŸâªÉ«¬ HCC √à«¡°—∫ liver

cirrhosis Child B, C ·≈–µ—« HCC ‡Õß®–µâÕß‡ªìπ√–¬–·√°Ê §◊ÕÕ¬Ÿà„π Milan criteria

(Single tumor < 5 cm, or multiple tumors not more than 3, each < 3 cm, and

no extrahepatic disease and vascular invasion) ‡æ◊ËÕ„Àâ‰¥âº≈°“√√—°…“∑’Ë¥’ ¡’Õ—µ√“

°“√Õ¬Ÿà√Õ¥™’«‘µ∑’Ë 5 ªï‡∑à“‡∑’¬¡°—∫¢âÕ∫àß™’ÈÕ◊ËπÊ §◊Õª√–¡“≥ 70%

Surgical Procedure
1,2

°“√ª≈Ÿ°∂à“¬µ—∫®–‡ªìπ·∫∫ orthotopic §◊Õ«“ßµ—∫‰«â∑’Ë‡¥‘¡ ®÷ßµâÕß¡’°“√µ—¥µ—∫

‡¥‘¡ÕÕ°°àÕπ°“√ª≈Ÿ°∂à“¬µ—∫ª√–°Õ∫¥â«¬°“√ºà“µ—¥ 4 ¢—ÈπµÕπ ‰¥â·°à organ procure-

ment, back table preparation of the graft, recipient hepatectomy, and implan-

µ“√“ß∑’Ë 3 Child-turcotte-Pugh (CTP) Scoring System to Assess Severity of Liver Disease

Points 1 2 3

Encephalopathy (grade)* None 1 and 2 3 and 4

Ascites Absent slight Moderate

Bilirubin (mg/dL) 1-2 2-3 > 3

Albumin (g/dL) 3.5 2.8-3.5 < 2.8

Prothrombin time (seconds prolonged) 1-4 4-6 > 6

Or (INR) < 1.7 1.7-2.3 > 2.3

For primary biliary cimbosis: bilirubin (mg/dL) 1-4 4-10 > 10
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tation of the graft ‚¥¬∑—Ë«‰ª·≈â«¢—ÈπµÕπ°“√∑” recipient hepatectomy ∂◊Õ‡ªìπ

¢—ÈπµÕπ∑’Ë∑â“∑“¬·≈–¡’°“√‡ ’¬‡≈◊Õ¥¡“°∑’Ë ÿ¥‡π◊ËÕß®“°ºŸâªÉ«¬¡—°®–¡’ portal hypertension

·≈– coagulopathy  ”À√—∫¢—ÈπµÕπ‚¥¬≈–‡Õ’¬¥ °“√¥Ÿ·≈À≈—ß°“√ºà“µ—¥·≈–¿“«–

·∑√°´âÕπ®–‰¡à°≈à“«„π∑’Ëπ’È

°“√ª≈Ÿ°∂à“¬µ—∫ÕàÕπ (Pancreas Transplantation)
1,2

°“√ª≈Ÿ°∂à“¬µ—∫ÕàÕπ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ ∑”„ÀâºŸâªÉ«¬‡∫“À«“πª√–‡¿∑∑’Ë 1 ¡’°“√

§«∫§ÿ¡√–¥—∫πÈ”µ“≈„π‡≈◊Õ¥‰¥âÕ¬à“ß§πª°µ‘ ‡æ◊ËÕªÑÕß°—π microvascular complications

´÷Ëß∂÷ß·¡â®–√—°…“‚¥¬„™â°“√©’¥ exogenous insulin ·≈â«§«∫§ÿ¡√–¥—∫πÈ”µ“≈‰¥â¥’‡æ’¬ß

„¥°Á¬—ß “¡“√∂‡°‘¥¢÷Èπ‰¥â¡“°°«à“ 50% º≈°“√√—°…“„π√–¬–·√°Ê ¬—ß‰¡à¥’π—° ¡’Õ—µ√“°“√

√Õ¥™’«‘µ¢Õß graft πâÕ¬°«à“ 20% µàÕ¡“‰¥â¡’°“√æ—≤π“∑—Èß∑“ß¥â“π‡∑§π‘§°“√ºà“µ—¥·≈–

¬“°¥¿Ÿ¡‘§ÿâ¡°—π ∑”„Àâ„πªí®®ÿ∫—πÕ—µ√“°“√√Õ¥™’«‘µ¢Õß graft ∑’Ë 1 ªï ‡æ‘Ë¡¢÷Èπ‡ªìπª√–¡“≥

85%  “¡“√∂∑”„ÀâºŸâªÉ«¬¡’§ÿ≥¿“æ™’«‘µ∑’Ë¥’¢÷Èπ‚¥¬‰¡àµâÕß©’¥ exogenous insulin ∑”„Àâ

°“√ºà“µ—¥ª≈Ÿ°∂à“¬µ—∫ÕàÕπ‰¥â√—∫°“√¬Õ¡√—∫Õ¬à“ß°«â“ß¢«“ß

¢âÕ∫àß™’È
1,2,17

‰¥â·°àºŸâªÉ«¬‡∫“À«“πª√–‡¿∑∑’Ë 1 ∑’Ë¡’¿“«–‰µ«“¬√–¬– ÿ¥∑â“¬√à«¡¥â«¬ ‡æ◊ËÕ∑’Ë®–

‡¢â“√—∫°“√ª≈Ÿ°∂à“¬æ√âÕ¡°—π∑—Èßµ—∫ÕàÕπ·≈–‰µ (simultaneous pancreas and kidney

transplant, SPK) À√◊ÕºŸâªÉ«¬‡∫“À«“πª√–‡¿∑∑’Ë 1 ∑’Ë¡’¿“«–‰µ«“¬√–¬– ÿ¥∑â“¬·≈â«‰¥â

√—∫°“√‡ª≈’Ë¬π‰µ‰ª·≈â«·≈–‰µ¬—ß∑”ß“π‰¥â¥’Õ¬Ÿà (pancreas after kidney transplant, PAK)

«—µ∂ÿª√– ß§å¢Õß∑—Èß 2 °√≥’π’È°Á‡æ◊ËÕ∑”„Àâ‰µ¡’Õ“¬ÿ°“√„™âß“π‰¥âπ“π¢÷Èπ ≈¥°“√‡°‘¥ diabetic

nephropathy ¢Õß‰µ„À¡à ªÑÕß°—π¿“«–·∑√°´âÕπÕ◊ËπÊ ¢Õß‡∫“À«“π·≈–¬—ß “¡“√∂

∑”„Àâ¿“«–·∑√°´âÕπ∑’Ë‡°‘¥¢÷Èπ·≈â«∑’Ë‰¡à√ÿπ·√ß¡“°π—°¥’¢÷Èπ‰¥â ‡™àπ vascular disease,

nephropathy, retinopathy, neuropathy Õ’°∑—ÈßºŸâªÉ«¬°≈ÿà¡π’ÈµâÕß‰¥â√—∫¬“°¥¿Ÿ¡‘§ÿâ¡°—π

®“°°“√ª≈Ÿ°∂à“¬‰µÕ¬Ÿà·≈â« ®÷ß‰¡à‰¥â‡ªìπ°“√‡æ‘Ë¡§«“¡‡ ’Ë¬ß∑’Ë‡°‘¥®“°¬“°¥¿Ÿ¡‘§ÿâ¡°—π

®–‡æ‘Ë¡§«“¡‡ ’Ë¬ß°Á‡©æ“–®“°°√–∫«π°“√°“√ºà“µ—¥ª≈Ÿ°∂à“¬µ—∫ÕàÕπ∑’Ë‡æ‘Ë¡¢÷Èπ¡“ ´÷Ëß„π

√–¬–¬“«·≈â«æ∫«à“  “¡“√∂∑”„ÀâºŸâªÉ«¬°≈ÿà¡π’È¡’™’«‘µ∑’Ë¬◊π¬“«°«à“°√≥’∑’Ëª≈Ÿ°∂à“¬‰µ‡æ’¬ß
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Õ¬à“ß‡¥’¬«

„πÕ’°°√≥’Àπ÷Ëß°Á§◊Õ ºŸâªÉ«¬‡∫“À«“πª√–‡¿∑∑’Ë 1 ∑’Ë‰µ¬—ß∑”ß“π‰¥â¥’Õ¬Ÿà ºŸâªÉ«¬

°≈ÿà¡π’Èª°µ‘‰¡à‰¥â√—∫¬“°¥¿Ÿ¡‘§ÿâ¡°—π ‰¥â·µà‡©æ“– exogenous insulin ¥—ßπ—Èπ°“√ª≈Ÿ°

∂à“¬µ—∫ÕàÕπ„πºŸâªÉ«¬°≈ÿà¡π’È (pancreas transplant alone, PTA) ®÷ßµâÕßæ‘®“√≥“ risk-

benefit „Àâ¥’‡æ√“–πÕ°®“°µâÕß‡ ’Ë¬ß°—∫°√–∫«π°“√ºà“µ—¥·≈â« ¬—ßµâÕß‡ ’Ë¬ß°—∫º≈¢â“ß

‡§’¬ß¢Õß¬“°¥¿Ÿ¡‘§ÿâ¡°—π∑’Ë‡æ‘Ë¡¢÷Èπ¥â«¬ ¥—ßπ—Èπ°“√ª≈Ÿ°∂à“¬µ—∫ÕàÕπ„π°√≥’π’È ®÷ß¡’¢âÕ∫àß™’È

‡©æ“–„π√“¬∑’Ë‰¥â√—∫§«“¡∑ÿ°¢å∑√¡“π®“°¿“«–·∑√°´âÕπ·∫∫‡©’¬∫æ≈—π∑’Ë√ÿπ·√ß ‡™àπ

diabetic ketoacidosis ´÷Ëß‡°‘¥¢÷Èπ∫àÕ¬ ·≈–§«∫§ÿ¡‚¥¬ exogenous insulin ‰¥â¬“°

 “‡Àµÿ°“√‡ ’¬™’«‘µ∑’Ë ”§—≠¢ÕßºŸâªÉ«¬°≈ÿà¡π’È §◊Õ coronary artery disease ¥—ß

π—Èπ°àÕπ∑’Ë®–‰¥â√—∫°“√ª≈Ÿ°∂à“¬®÷ßµâÕß¡’°“√ª√–‡¡‘π·≈–·°â‰¢„π‡√◊ËÕßπ’ÈÕ¬à“ß≈–‡Õ’¬¥

Surgical Procedure
2,17

§«“¡ ”‡√Á®¢Õß°“√ª≈Ÿ°∂à“¬µ—∫ÕàÕπ πÕ°®“°®–¢÷Èπ°—∫‡∑§π‘§°“√ºà“µ—¥ª≈Ÿ°

∂à“¬∑’Ë¥’·≈â«¬—ß¢÷ÈπÕ¬Ÿà°—∫°“√‡≈◊Õ°·≈–‡µ√’¬¡µ—«ºŸâªÉ«¬∑’Ë‡À¡“– ¡ °“√‡≈◊Õ°ºŸâ∫√‘®“§·≈–

°“√ºà“µ—¥π”Õ«—¬«–ÕÕ°∑’Ë¥’ ·≈–∑’Ë ”§—≠‰¡à·æâ°—π§◊Õ °“√µ°·µàßÕ«—¬«–„π¢—ÈπµÕπ¢Õß back

table preparation ́ ÷Ëß®–µâÕß¡’°“√µ—¥ duodenum „Àâ¡’§«“¡¬“«∑’Ë‡À¡“– ¡·≈–¡’ blood

supply ∑’Ë¥’ ·≈–µâÕß¡’°“√µàÕÀ≈Õ¥‡≈◊Õ¥·¥ß 2 ‡ âπ∑’Ë∑”Àπâ“∑’Ë‡≈’È¬ßµ—∫ÕàÕπ·≈– duode-

num ‰¥â·°à superior mesenteric artery ·≈– splenic artery ‡¢â“°—∫ Y-graft ¢Õß

external ·≈– internal iliac artery ∑’Ë‰¥â®“°ºŸâ∫√‘®“§ ‡æ◊ËÕ„Àâ‡À≈◊Õ°“√µàÕÀ≈Õ¥‡≈◊Õ¥

·¥ß‡æ’¬ß‡ âπ‡¥’¬«„πµ—«ºŸâªÉ«¬§◊Õ common iliac artery

°“√ª≈Ÿ°∂à“¬µ—∫ÕàÕπ∑’Ë∑”¡“°∑’Ë ÿ¥§◊Õ ·∫∫ SPK §◊Õª√–¡“≥‡°◊Õ∫ 80% √Õß

≈ß¡“ ‰¥â·°à PAK ·≈– PTA µ“¡≈”¥—∫  ”À√—∫‡∑§π‘§∑’Ë„™â„π°“√ª≈Ÿ°∂à“¬µ—∫ÕàÕππ—Èπ

¡’¢âÕ∑’ËµâÕßæ‘®“√≥“ 2 Õ¬à“ß§◊Õ ‡∑§π‘§¢Õß exocrine drainage ·≈– vascular drain-

age

Exocrine drainage : enteric vs. bladder °“√ª≈Ÿ°∂à“¬µ—∫ÕàÕππ—Èπ ‘Ëß∑’ËµâÕß

°“√®√‘ßÊ ¡’·§à endocrine function ·µà°“√ª≈Ÿ°∂à“¬ whole organ pancreas π—Èπ

®”‡ªìπ®–µâÕß¡’ exocrine part µ‘¥¡“¥â«¬∑”„ÀâµâÕß¡’°“√ drain „π à«π¢Õß exocrine
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¥â«¬ enteric drainage ‡ªìπ‡∑§π‘§∑’Ë physiologic ‡æ√“– drain ‡¢â“ Ÿà≈”‰ â ∑”„Àâ

‰¡à¡’ªí≠À“‡°’Ë¬«°—∫ bladder ‡À¡◊Õπ bladder drainage ´÷Ëß‰¥â·°à urinary tract infec-

tion, dehydration, pancreatitis, metabolic acidosis, urethra problems ·µà¢âÕ

‡ ’¬∑’Ë ”§—≠¢Õß°“√µàÕ·∫∫π’È§◊Õ ‡¡◊ËÕ‡°‘¥¿“«–·∑√°´âÕπ‡√◊ËÕß¢Õß°“√√—Ë«·≈â«®–√ÿπ·√ß

¡“°°«à“·≈–Õ“®∂÷ß·°à™’«‘µ‰¥â ·≈–¬—ß∑”„Àâ‰¡à “¡“√∂ monitor graft function ‚¥¬ urine

amylase ‰¥â ·≈–°“√∑” biopsy °Á∑”‰¥â¬“°°«à“  ”À√—∫ bladder drainage π—Èπ¢âÕ¥’

¢âÕ‡ ’¬°Áµ√ß¢â“¡°—∫ enteric drainage „πªí®®ÿ∫—π‡∑§π‘§∑’Ë‰¥â√—∫§«“¡π‘¬¡¡“°°«à“§◊Õ

enteric drainage ‡π◊ËÕß®“°ºŸâªÉ«¬‰¡àµâÕß¡’ªí≠À“‡°’Ë¬«°—∫ urinary tract (¿“¬„π 3 ªï

À≈—ß®“° bladder drainage ¡’ºŸâªÉ«¬µâÕß‰¥â√—∫°“√ºà“µ—¥‡ª≈’Ë¬π‡ªìπ enteric drainage

∂÷ß 15%) ·≈–°“√‡°‘¥ acute rejection π—Èπ¡—°®–‡°‘¥‰ªæ√âÕ¡°—π„π°√≥’¢Õß SPK ®÷ß

æÕ∑’Ë„™â kidney function „π°“√ª√–‡¡‘π‡√◊ËÕß rejection ‰¥â ∑”„Àâ§«“¡ ”§—≠¢Õß°“√

monitor urine amylase ≈¥πâÕ¬≈ß

Vascular drainage : systemic vs. portal ‚¥¬ à«π„À≠à·≈â«®–π‘¬¡ sys-

temic drainage ‚¥¬„™â iliac vessels ‡ªìπ inflow ·≈– outflow ‡À¡◊Õπ„π°“√ª≈Ÿ°

∂à“¬‰µ ‚¥¬µ—∫ÕàÕπ®–«“ß‰«â¢â“ß¢«“ ·≈–‰µ®–«“ß‰«â¢â“ß ấ“¬ ‡π◊ËÕß®“°‡ªìπ‡∑§π‘§∑’Ëßà“¬°«à“

graft thrombosis πâÕ¬°«à“ ∑” biopsy ßà“¬°«à“ ·µà‡∑§π‘§π’È∑”„Àâ‡°‘¥ peripheral

hyperinsulinemia with portal hypoinsulinemia, hepatic first pass effect À“¬‰ª

´÷Ëß¡’√“¬ß“π∂÷ß¢âÕ‡ ’¬§◊Õ §«“¡º‘¥ª°µ‘¢Õß lipoprotein metabolism ´÷Ëß∑”„Àâ‡°‘¥

atherosclerosis ·µà¬—ß‰¡à¡’°“√»÷°…“∑’Ë™—¥‡®π∂÷ßº≈‡ ’¬π’È  ”À√—∫°“√µàÕ·∫∫ portal

drainage π—Èπ ¢âÕ¥’¢âÕ‡ ’¬°Áµ√ß¢â“¡°—∫ systemic drainage

 ”À√—∫°“√¥Ÿ·≈À≈—ß°“√ºà“µ—¥·≈–¿“«–·∑√°´âÕπ ®–‰¡à°≈à“«„π∑’Ëπ’È

 √ÿª

°≈à“«‚¥¬ √ÿª ∫∑§«“¡π’È¡’§«“¡µ—Èß„®„Àâ»—≈¬·æ∑¬å∑—Ë«‰ª ‰¥â‡¢â“„®¿“æ√«¡‡∫◊ÈÕß

µâπ¢Õß°“√ºà“µ—¥ª≈Ÿ°∂à“¬‰µ µ—∫·≈–µ—∫ÕàÕπ ‚¥¬‡©æ“–„π·ßà¢Õß¢âÕ∫àß™’È·≈–°“√®—¥ √√

Õ«—¬«–‚¥¬§”π÷ß∂÷ß§«“¡‡∑à“‡∑’¬¡°—π·≈–ª√–‚¬™πå Ÿß ÿ¥µàÕºŸâªÉ«¬ √«¡‰ª∂÷ß¿“æ√«¡

¢Õß°“√ºà“µ—¥„π·µà≈–ª√–‡¿∑
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°“√ºà“µ—¥ª≈Ÿ°∂à“¬Õ«—¬«–À¡“¬∂÷ß°“√ºà“µ—¥π”‡Õ“Õ«—¬«–®“°ºŸâ∫√‘®“§¡“ºà“µ—¥

„ à„Àâ°—∫ºŸâ√—∫ ‡æ◊ËÕ„ÀâÕ«—¬«–π—Èπ “¡“√∂∑”Àπâ“∑’Ë “¡“√∂√—°…“™’«‘µ¢ÕßºŸâ√—∫Õ«—¬«–Õ¬à“ß¡’

ª√– ‘∑∏‘¿“æ ªí®®ÿ∫—π°“√ª≈Ÿ°∂à“¬Õ«—¬«–π—∫‡ªìπ°“√√—°…“∑’Ë‰¥â¡“µ√∞“π¢Õß«ß°“√·æ∑¬å

‚¥¬„™â ”À√—∫√—°…“ºŸâªÉ«¬∑’ËªÉ«¬‡ªìπ‚√§Õ«—¬«– ”§—≠¢Õß√à“ß°“¬‰¡à∑”ß“π ´÷Ëß‰¥â·°à ¿“«–

‰µ«“¬ µ—∫«“¬ À—«„®«“¬ ‡ªìπµâπ ‚¥¬º≈°“√√—°…“π—Èπª√– ∫§«“¡ ”‡√Á®Õ¬à“ß Ÿß®π‡ªìπ

∑’Ë¬Õ¡√—∫¢Õß«ß°“√·æ∑¬å·≈–ª√–™“™π∑—Ë«‰ª

π—∫µ—Èß·µà Murray ·≈–§≥– ‰¥â∑”°“√ª≈Ÿ°∂à“¬‰µ ”‡√Á®„πªï §.». 19541,2 ®π∂÷ß

®πªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“°“√ª≈Ÿ°∂à“¬Õ«—¬«–®π‡°‘¥§«“¡°â“«Àπâ“‡ªìπÕ¬à“ß¡“° °“√

æ—≤π“‡ª≈’Ë¬π·ª≈ß∑’Ë ”§—≠ ‰¥â·°à §«“¡‡¢â“„®„π‡√◊ËÕß Transplant Immunology °“√

„™â¬“°¥¿Ÿ¡‘§ÿâ¡°—πµ≈Õ¥®π°“√‡µ√’¬¡§π‰¢â·≈–°“√¥Ÿ·≈§π‰¢âÀ≈—ß°“√ºà“µ—¥ ¥—ßπ—Èπ ‡√◊ËÕß

Transplant Immunology ®÷ß‡ªìπÀ—«„® ”§—≠¢Õß°“√æ—≤π“„π«ß°“√ª≈Ÿ°∂à“¬Õ«—¬«–

Transplant immunology À¡“¬∂÷ß§«“¡√Ÿâæ◊Èπ∞“π¥â“π immunology  ”À√—∫

°“√ºà“µ—¥ª≈Ÿ°∂à“¬Õ«—¬«– ∂◊Õ‡ªìπ§«“¡√Ÿâ∑’Ë¡’§«“¡®”‡ªìπ ”À√—∫°“√ºà“µ—¥ª≈Ÿ°∂à“¬Õ«—¬«–

¡’∫∑∫“∑ ”§—≠„π°“√æ—≤π“°“√ª≈Ÿ°∂à“¬Õ«—¬«–®πª√– ∫§«“¡ ”‡√Á®‰¥â„πªí®®ÿ∫—π trans-

plant immunology ¡’ “√–§√Õ∫§≈ÿ¡À—«¢âÕ¥—ßµàÕ‰ªπ’È

1. Graft

2. MHC (Major Histocompatibility Complex) ·≈– HLA (Human Leu-

kocyte Antigen)
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3. Rejection

4. Immunosuppression

1. Graft À¡“¬∂÷ßÕ«—¬«–À√◊Õ‡π◊ÈÕ‡¬◊ËÕÀ√◊Õ ‡´≈≈å ∑’Ë∂Ÿ°π”®“°∑’ËÀπ÷Ëß‰ª„ àÀ√◊Õª≈Ÿ°

∂à“¬„π∑’Ë„À¡àÕ’°∑’ËÀπ÷Ëß ‡æ◊ËÕ„Àâ∑”ß“πµ“¡Àπâ“∑’Ë¢Õß graft π—ÈπÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ∂â“‡ªìπ

Õ«—¬«– ®–µâÕß¡’°“√µàÕÀ≈Õ¥‡≈◊Õ¥ ·∫àß™π‘¥¢Õß graft ¥—ßπ’È

● Autograft (Autogenous Graft) À¡“¬∂÷ß graft ∑’Ë∂Ÿ°π”®“°∑’ËÀπ÷Ëß‰ªª≈Ÿ°

∂à“¬¬—ßÕ’°∑’ËÀπ÷Ëß¢Õß√à“ß°“¬¢Õß —µ«åÀ√◊Õ§π§π‡¥’¬«°—π ‡™àπ °“√ºà“µ—¥∑” skin graft,

°“√ºà“µ—¥π” great saphenous vein ‰ª∑” bypass À≈Õ¥‡≈◊Õ¥À—«„® (coronary

artery bypass graft) À√◊Õ°“√ºà“µ—¥ autorenal transplantation „π°“√√—°…“ renal

artery stenosis ´÷Ëß graft ™π‘¥π’È®–‰¡à¡’ªí≠À“‡√◊ËÕß immunology ‡¢â“¡“‡°’Ë¬«¢âÕß¥â«¬

‡æ√“–‡ªìπ¢Õß√à“ß°“¬‡¥‘¡

● Isograft (Isogeneic À√◊Õ Syngeneic Graft) À¡“¬∂÷ß graft ∑’Ëºà“µ—¥

ª≈Ÿ°∂à“¬√–À«à“ß§ŸàΩ“·Ω¥∑’Ë‡ªìπ identical twin ¥—ß‡™àπ°“√ºà“µ—¥ª≈Ÿ°∂à“¬‰µ√“¬·√°

¢Õß‚≈° ´÷Ëßª≈Ÿ°∂à“¬√–À«à“ß monozygotic identical twin ´÷Ëß®–ª√– ∫º≈ ”‡√Á®Õ¬à“ß

 Ÿß ‡æ√“–ºŸâ∫√‘®“§·≈–ºŸâ√—∫¡’æ—π∏ÿ°√√¡∑’Ë‡À¡◊Õπ°—π∑ÿ°ª√–°“√ ·µà„π‡™‘ß°“√√—°…“∑—Ë«‰ª

ºŸâªÉ«¬¡—°‰¡à¡’§Ÿà·Ω¥®÷ß‰¡à “¡“√∂π”¡“„™â‰¥â„π°“√√—°…“ºŸâªÉ«¬∑—Ë«‰ª

● Allograft (Allogeneic Graft) À¡“¬∂÷ß graft ∑’Ëπ”¡“ª≈Ÿ°∂à“¬√–À«à“ß

 —µ«åÀ√◊Õ§π∑’ËÕ¬Ÿà„π species ‡¥’¬«°—π ·≈–‰¡à„™à§Ÿà·Ω¥ ªí®®ÿ∫—π°“√ºà“µ—¥ª≈Ÿ°∂à“¬

Õ«—¬«–∑—ÈßÀ≈“¬ à«π„À≠à ®—¥Õ¬Ÿà„π graft °≈ÿà¡π’È ‰¡à«à“ graft π—Èπ®–‰¥â®“°ºŸâ∫√‘®“§∑’Ë‡ ’¬

™’«‘µ·≈â«À√◊Õ¬—ß¡’™’«‘µÕ¬Ÿà°Áµ“¡ √“¬≈–‡Õ’¬¥¢Õß transplant immunology ¡—°®–π”

§«“¡√Ÿâ®“°°“√»÷°…“„π graft ™π‘¥π’È

● Xenograft (Xenogeneic Graft) À¡“¬∂÷ß graft ∑’Ëπ”¡“ª≈Ÿ°∂à“¬√–À«à“ß

 —µ«åµà“ß species °—π ‡™àπ π”‰µ À—«„® À√◊Õµ—∫®“° —µ«å™π‘¥Àπ÷Ëß¡“ª≈Ÿ°∂à“¬„ à„π —µ«å

Õ’°™π‘¥Àπ÷Ëß §π „πÕπ“§µ «ß°“√·æ∑¬åÀ«—ß«à“ “¡“√∂π”Õ«—¬«–®“° —µ«å‡™àπ  ÿ°√ ¡“

ª≈Ÿ°∂à“¬„Àâ§π ”‡√Á® ́ ÷Ëßªí®®ÿ∫—π¬—ß‰¡àª√– ∫º≈ ”‡√Á® ®÷ß∂◊Õ‡ªìπ°“√ºà“µ—¥„π¢—Èπ∑¥≈ÕßÕ¬Ÿà

‡ªìπ graft ∑’Ë¡πÿ…¬åæ¬“¬“¡»÷°…“§âπ§«â“„Àâ ”‡√Á® ‡æ√“–ªí®®ÿ∫—πªí≠À“∑’Ë ”§—≠∑’Ë ÿ¥¢Õß

«ß°“√ª≈Ÿ°∂à“¬Õ«—¬«– §◊Õ °“√¢“¥·§≈πºŸâ∫√‘®“§ ®÷ß¡’Õ«—¬«–∑’Ë®–π”¡“ª≈Ÿ°∂à“¬‰¡à‡æ’¬ß
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æÕ ∂â“ xenograft ª√– ∫º≈ ”‡√Á®¡πÿ…¬å°Á®– “¡“√∂π”Õ«—¬«–®“° —µ«å∑’Ë‡æ“–æ—π∏åÿ‰¥â

„π√–¬–‡«≈“ —Èπ ‡™àπ  ÿ°√ ¡“„™âª≈Ÿ°∂à“¬„π¡πÿ…¬å ‚¥¬¡’ª√‘¡“≥Õ«—¬«–∑’Ë‡æ’¬ßæÕµàÕ

§«“¡µâÕß°“√‰¥â

2. MHC (Major Histocompatibility Complex)

°“√∑’Ë —µ«å·µà≈–µ—«À√◊Õ§π·µà≈–§π‰¡à “¡“√∂√—∫‡π◊ÈÕ‡¬◊ËÕÀ√◊ÕÕ«—¬«–®“°

 —µ«åÀ√◊Õ§π§πÕ◊Ëπ‰¥â ∑—ÈßÊ ∑’ËÕ¬Ÿà„π species ‡¥’¬«°—π ·≈–¡’°≈ÿà¡‡≈◊Õ¥‡¥’¬«°—π °Á‡æ√“–

«à“√à“ß°“¬¢Õß§π¡’√–¥—∫¿Ÿ¡‘µâ“π∑“π (immune system) ∑’Ë®– √â“ßªØ‘°‘√‘¬“ªØ‘‡ ∏µàÕ

µâ“πÕ«—¬«–À√◊Õ‡π◊ÈÕ‡¬◊ËÕ„À¡à ∑’Ë·ª≈°ª≈Õ¡‡¢â“¡“„π√à“ß°“¬ ªØ‘°‘√‘¬“µàÕµâ“π´÷Ëß‡°‘¥¢÷Èπ

‚¥¬√–∫∫¿Ÿ¡‘µâ“π∑“ππ’È‡√’¬°«à“ ªØ‘°‘√‘¬“ªØ‘‡ ∏°“√ª≈Ÿ°∂à“¬ (rejection) ·≈–‡π◊ÈÕ‡¬◊ËÕ

 à«π∑’Ë “¡“√∂°√–µÿâπ„Àâ‡°‘¥ªØ‘°‘√‘¬“ rejection π—Èπ‡ªìπ°≈ÿà¡ antigen ∑’Ë‡°‘¥®“°°≈ÿà¡¬’π å

MHC (Major Histocompatibility Complex) ¥—ßπ—Èπ MHC °Á§◊Õ°≈ÿà¡¢Õß polymor-

phic genes „π chromosome region ∑’Ë¡’Àπâ“∑’Ë √â“ß antigen ‡©æ“–‡®“–®ßµ—«‡Õß MHC

®–¡’„π —µ«å∑ÿ°™π‘¥ ·µà≈–™π‘¥°Á®–¡’ MHC ∫π chromosome µ”·Àπàß·µ°µà“ß°—π‰ª

 ”À√—∫„π¡πÿ…¬å MHC ®–Õ¬Ÿà∫π short arm ¢Õß chromosome §Ÿà∑’Ë 6 ¡’Àπâ“∑’Ë √â“ß

antigen ´÷Ëß¡’™◊ËÕ‡√’¬°«à“ HLA (human leucocyte antigen)

HLA §◊Õ°≈ÿà¡ antigen ∑’ËÕ¬Ÿà∫π cell membrane  √â“ß¢÷Èπ¡“®“° code ∫π

MHC ‡Àµÿ∑’Ë‡√’¬° HLA (human leucocyte antigen) °Á‡æ√“–°“√»÷°…“À“ HLA π—Èπ

»÷°…“¡“®“° leucocyte ¢Õß§π °“√µ√«®À“ HLA µ√«®‰¥â 2 «‘∏’ «‘∏’·√°µ√«®‚¥¬„™â

serology method ‚¥¬„™â antigen specific antisera HLA ∑’Ëµ√«®‰¥â¥â«¬«‘∏’·√°π’È

‡√’¬°«à“ Class I antigen «‘∏’∑’Ë Õß µ√«®‰¥â‚¥¬°“√¥Ÿ reactivity ¢Õß lymphocyte µàÕ

lymphocyte HLA ∑’Ëµ√«®‰¥â‚¥¬«‘∏’∑’Ë Õßπ’È‡√’¬°«à“ Class II antigen

HLA „π§π “¡“√∂·∫àßµ“¡‚§√ß √â“ß «‘∏’°“√µ√«®·≈–°“√°√–®“¬µ“¡

‡π◊ÈÕ‡¬◊ËÕµà“ß™π‘¥°—π ÕÕ°‡ªìπ 2 class ‰¥â·°à

Class I antigen ´÷Ëß‰¥â·°à HLA-A, HLA-B, HLA-C æ∫‰¥â„π‡´≈≈å

∑ÿ°™π‘¥∑’Ë¡’ nucleus ¡’™◊ËÕ‡√’¬°«à“ çThe classic histocompatibility antigené anti-

gen ∑’Ëæ∫‰¥â„π‡´≈≈å∑’Ë¡’ class I §◊Õ CD 8

Class II antigen ‰¥â·°à HLA-D, HLA-DR, HLA-DQ, HLA-DP æ∫
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‰¥â„π B-lymphocyte activated T-cell, macrophage, dendritic cells antigen ∑’Ë

æ∫‰¥â„π‡´≈≈å∑’Ë¡’ class II §◊Õ CD 4

°“√ª≈Ÿ°∂à“¬Õ«—¬«–∑’Ë¡’§«“¡·µ°µà“ß°—π¢Õß HLA √–À«à“ßºŸâ„Àâ·≈–ºŸâ√—∫®–

∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“ªØ‘‡ ∏°“√ª≈Ÿ°∂à“¬ (rejection) HLA ·µà≈–™π‘¥π—Èπ πÕ°®“°®–

°√–®“¬·µ°µà“ß°—πÕÕ°‰ªµ“¡™π‘¥¢Õß‡´≈≈å·≈â« ¬—ß¡’§«“¡·µ°µà“ß„π¥â“πª√‘¡“≥„π

·µà≈–Õ«—¬«–¥â«¬ πÕ°®“°π—Èπ HLA ·µà≈–™π‘¥¬—ß “¡“√∂°√–µÿâπ„Àâ‡°‘¥ªØ‘°‘√‘¬“ rejec-

tion ‰¥â¡“°πâÕ¬µà“ß°—π‰ª °≈à“«§◊Õ HLA-DR ¡’∫∑∫“∑§«“¡ ”§—≠„π°“√°√–µÿâπ„Àâ‡°‘¥

rejection ¡“°°«à“ HLA-B ´÷Ëß®–¡“°°«à“ HLA-A µ“¡≈”¥—∫ ‚¥¬∑’Ë HLA-C π—Èπ·∑∫

®–‰¡à¡’§«“¡ “¡“√∂„π°“√°√–µÿâπ‡≈¬ ¥—ß‡™àπ„π°“√ª≈Ÿ°∂à“¬‰µπ—Èπ ®–æ‘®“√≥“‡©æ“– HLA-

DR, HLA-B, HLA-C ‡∑à“π—Èπ HLA ·µà≈–µ”·Àπàß®–¡’µ—«‡≈¢Õ¬Ÿà Àπ÷Ëß§Ÿà ‚¥¬·µà≈–§Ÿà®–

‰¥â√—∫°“√∂à“¬∑Õ¥¡“®“°æàÕ·≈–·¡à§π≈–Àπ÷Ëß¢â“ß ¥—ßπ—Èπ HLA ¢Õß∑ÿ°§π®–¡’≈—°…≥–

À√◊Õµ—«‡≈¢‡À¡◊ÕπæàÕ§√÷ËßÀπ÷Ëß ‡À¡◊Õπ·¡à§√÷ËßÀπ÷Ëß ·≈–‡À¡◊Õπ≈Ÿ°§√÷ËßÀπ÷Ëß‡ ¡Õ

HLA πÕ°®“°¡’º≈µàÕ°“√‡°‘¥ªØ‘°‘√‘¬“ªØ‘‡ ∏°“√ª≈Ÿ°∂à“¬ (rejection) ·≈â«

¬—ß¡’º≈µàÕ°“√Õ¬Ÿà√Õ¥¢ÕßÕ«—¬«–∑’Ëª≈Ÿ°∂à“¬‚¥¬‡©æ“–‰µ„π√–¬–¬“«¥â«¬ °≈à“«§◊Õ°“√

ª≈Ÿ°∂à“¬‰µ¢ÕßºŸâ∫√‘®“§∑’Ë¡’ HLA ‡À¡◊Õπ°—∫ºŸâ√—∫ ‰µ®–Õ¬Ÿà√Õ¥∑”ß“π‰¥âπ“π°«à“§Ÿàª≈Ÿ°

∂à“¬∑’Ë¡’ HLA ‰¡à‡À¡◊Õπ°—π

3. ªØ‘°‘√‘¬“ªØ‘‡ ∏°“√ª≈Ÿ°∂à“¬ (rejection)

À¡“¬∂÷ß ªØ‘°‘√‘¬“∑“ßÕ‘¡¡Ÿ‚π‚≈¬’∑’Ë‡°‘¥¢÷Èπ„πºŸâ√—∫∫√‘®“§Õ«—¬«– ´÷Ëß®–

ªØ‘‡ ∏·≈–µàÕµâ“πÕ«—¬«– À√◊Õ‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬ °≈‰°¢Õß°“√‡°‘¥ rejection

‡°‘¥®“°√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬„π¥â“π‡´≈≈å (CMIR) ¡“°°«à“√–∫∫ humoral À√◊Õ an-

tibody system ·µà‡¥‘¡ rejection ·∫àß‰¥â‡ªìπ 3 ™π‘¥ ‰¥â·°à

3.1 Hyperacute Rejection

3.2 Acute Rejection

3.3 Chronic Rejection

3.1 Hyperacute Rejection ‡ªìπ rejection ∑’Ë‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á«√ÿπ·√ß

‚¥¬¡“°¡—°‡°‘¥¢÷Èπ¿“¬„ππ“∑’À√◊Õ™—Ë«‚¡ßÀ≈—ß°“√ª≈Ÿ°∂à“¬ ‚¥¬¡“°®–‰¡à‡°‘π 24 ™—Ë«‚¡ß

À≈—ß®“°°“√ª≈Ÿ°∂à“¬Õ«—¬«–‡¢â“‰ª  “‡Àµÿ ”§—≠‡°‘¥¢÷Èπ®“°°“√∑’ËºŸâ√—∫∫√‘®“§¡’¿Ÿ¡‘§ÿâ¡°—π
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µàÕµâ“πÕ«—¬«–∑’Ëª≈Ÿ°∂à“¬‡¢â“‰ªÕ¬Ÿà°àÕπ·≈â« ¿Ÿ¡‘µâ“π∑“π¥—ß°≈à“«π’È‡°‘¥®“°ª√–°“√·√° ¡’

natural antibody ·≈–ª√–°“√∑’Ë Õß¡’ preformed antibody „π°√≥’ natural anti-

body ‡™àπ„π°√≥’ ABO blood group incompatibility §◊Õ°√≥’ª≈Ÿ°∂à“¬‰µ√–À«à“ßºŸâ

∫√‘®“§·≈–ºŸâ√—∫∑’Ë¡’°√ÿäª‡≈◊Õ¥‰¡àµ√ß°—π ·≈–‡¢â“°—π‰¡à‰¥â (‡™àπ °√ÿäª A „Àâ °√ÿäª B À√◊Õ B

„Àâ°√ÿäª O) „π°√≥’°“√‡°‘¥ preformed antibody π—Èπ ºŸâ√—∫∫√‘®“§®–¡’ preformed an-

tibody µàÕ donor antigen Õ¬Ÿà°àÕπ·≈â« preformed antibody ‡À≈à“π’È‡°‘¥¢÷Èπ‰¥â®“°

°. ºŸâ√—∫∫√‘®“§‡§¬‰¥â√—∫∫√‘®“§‡≈◊Õ¥¡“°àÕπ

¢. ºŸâ√—∫∫√‘®“§π—Èπ‡§¬√—∫°“√ª≈Ÿ°∂à“¬‰µ¡“°àÕπ

§. ºŸâ√—∫∫√‘®“§π—Èπ‡§¬µ—Èß§√√¿å ·≈–§≈Õ¥∫ÿµ√¡“°àÕπ

ß. ‡°‘¥¢÷Èπ‡Õß‚¥¬∏√√¡™“µ‘ ‡™àπ „π°√≥’√à“ß°“¬µÕ∫ πÕßµàÕ‡™◊ÈÕ‰«√— 

Rejection ™π‘¥π’È ªí®®ÿ∫—π®–‰¡à‡°‘¥¢÷Èπ‡æ√“–°àÕπª≈Ÿ°∂à“¬‰µ∑ÿ°§√—Èß®–µâÕß¡’°“√

∑” lymphocyte crossmatch ∂â“‡°‘¥ positive °Á‡ªìπ¢âÕ∫àß™’È«à“√à“ß°“¬ºŸâ√—∫∫√‘®“§¡’ an-

tibody ∂â“ª≈Ÿ°∂à“¬µàÕ‰ª®–‡°‘¥ hyperacute rejection °Á‰¡à§«√ª≈Ÿ°∂à“¬‰µ„π°√≥’π—Èπ

¥—ßπ—Èπ ªí®®ÿ∫—π∂â“‡°‘¥ hyperacute rejection ®–‡°‘¥®“°§«“¡‡º≈Õ‡√Õ º‘¥æ≈“¥¢Õß°“√

crossmatch ‡¡◊ËÕ‡°‘¥ hyperacute rejection ·≈â« ‰µ∑’Ëª≈Ÿ°∂à“¬‡¢â“‰ª„À¡à®–∫«¡‚µ¢÷Èπ

 ’‰µ®–‡ª≈’Ë¬π‡ªìπ ’·¥ß‡¢â¡À√◊Õ¡à«ß§≈È” ·∑π∑’Ë®–‡ªìπ ’™¡æŸÀ√◊Õ â¡‡¢â¡ „π∑“ß histology

®–æ∫‡¡Á¥‡≈◊Õ¥·¥ß§—Ëß„πÀ≈Õ¥‡≈◊Õ¥„π‰µ engorgement ¢Õß glomerular arteriole ·≈–

microthrombosis µ“¡¥â«¬ hemorrhage ‡¢â“‰ª„π interstitial tissue ‡´≈≈å∑’Ëæ∫

·∑√°‡¢â“¡“„π‡π◊ÈÕ‰µ  à«π„À≠à®–‡ªìπ polymorphocyte nuclear cells ®“°π—Èπ®–‡°‘¥

tubular necrosis, fibrinoid necrosis, cortial necrosis, ·≈– graft infarction „π

∑’Ë ÿ¥ ‡¡◊ËÕ‡°‘¥ rejection ™π‘¥π’È¢÷Èπ·≈â«‰¡à¡’«‘∏’°“√√—°…“„¥Ê ∑’Ë‰¥âº≈ πÕ°®“°µâÕß√’∫ºà“µ—¥π”

kidney graft π—ÈπÕÕ°‚¥¬‡√Á«

3.2 Acute rejection: §◊Õ rejection ∑’Ë‡°‘¥¢÷ÈπÕ¬à“ß‡©’¬∫æ≈—π ‚¥¬„™â

‡«≈“ª√“°ØÕ“°“√‡ªìπ«—π ‡ªìπ rejection ∑’Ëæ∫‰¥â∫àÕ¬ ¡—°‡°‘¥¢÷Èπ„π™à«ß —ª¥“Àå∑’Ë 2 À≈—ß

°“√ª≈Ÿ°∂à“¬‰µ ∂â“‡°‘¥¢÷Èπ¿“¬„π —ª¥“Àå·√°À≈—ß°“√ª≈Ÿ°∂à“¬‰µ ¡—°‡√’¬°«à“ accelerated

acute rejection

Acute rejection ‡ªìπª√“°Ø°“√≥å∑’Ë‡°‘¥¢÷Èπ‰¥â ∂÷ß·¡â¡’°“√ matching ∑’Ë¥’
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À√◊Õ HLA ‡À¡◊Õπ°—π √à«¡°—∫°“√∑” crossmatch ∑’Ë‰¡à‡°‘¥ªØ‘°‘√‘¬“°Áµ“¡ Õ—µ√“°“√‡°‘¥

·≈–§«“¡√ÿπ·√ß¢Õß acute rejection ®–·µ°µà“ß°—π‰ª ¢÷Èπ°—∫ immunosuppression

∑’Ë„™â ‡™àπ „π√–¬–·√°∑’Ë‡√‘Ë¡¡’°“√„™â immunosuppression §◊Õ„™â azathiaprine √à«¡°—∫

steroid ®–¡’Õ—µ√“°“√‡°‘¥ acute rejection  Ÿß∂÷ß√âÕ¬≈– 403 ·µà„π™à«ß∑’Ë„™â¬“

cyclosporine ®–¡’Õ—µ√“‡°‘¥ acute rejection √âÕ¬≈– 5-354 ªí®®ÿ∫—π º≈®“°°“√„™â im-

munosuppression ∑’Ë¡’ª√– ‘∑∏‘¿“æ¡“° ∑”„ÀâÕ—µ√“‡°‘¥ acute rejection ≈¥≈ß

‡À≈◊Õ‰¡à∂÷ß√âÕ¬≈– 10

‡¡◊ËÕ‡°‘¥ acute rejection ¢÷Èπ ‰µ®–¡’æ¬“∏‘ ¿“æ∫«¡·¥ß ‚¥¬∑’Ë microscopic

®–æ∫ interstial edema √à«¡°—∫¡’ mononuclear cell infiltration ´÷Ëß‡´≈≈å‡À≈à“π’È®–

‡ªìπ lymphocytes ·≈– lymphoblast ‡´≈≈å®–¡“‡°“–µ“¡À≈Õ¥‡≈◊Õ¥ ·≈–∑àÕ‰µ ∑”„Àâ

∑àÕ‰µÕ—°‡ ∫À√◊Õ tubulitis „π√–¬–À≈—ß‡´≈≈å∑’Ë‡¢â“¡“ πÕ°®“° lymphocyte ·≈â«¬—ß¡’

macrophage, plasma cell ·≈– eosinophils „π°√≥’∑’Ë√ÿπ·√ß®–æ∫ interstitial hem-

orrhage √à«¡¥â«¬ pathogenesis ¢Õß acute rejection ‡°‘¥®“°≈‰° 2 ≈—°…≥–§◊Õ

● Cellular rejection ´÷Ëß‡ªìπ≈—°…≥– à«π„À≠à ¡’ interstitial change ¡’

edema ·≈– tubulitis √à«¡°—∫°“√¡’ mononuclear cell infiltration

● Humoral rejection À√◊Õ acute vascular rejection ́ ÷Ëß‡ªìπ≈—°…≥– à«π

πâÕ¬ · ¥ß„Àâ‡ÀÁπ„π√Ÿª glomerular and vascular damage

ªí®®ÿ∫—π¡’°“√·∫àß§«“¡√ÿπ·√ß¢Õß acute rejection µ“¡æ¬“∏‘ ¿“æ¢Õß acute

rejection ‚¥¬À≈—° Banff Classification of Acute Rejection ‡ªìπ 3 ™π‘¥5 ‰¥â·°à

Grade I : ¡’ tubulitis

Grade II : ¡’ arteritis

Grade III : ¡’ fibrinoid necrosis À√◊Õ transmural arteritis

Õ“°“√∑“ß§≈‘π‘°¢Õß acute rejection ¡—°ª√“°Ø√–À«à“ß —ª¥“Àå∑’Ë 2 ∂÷ß 6

À≈—ß°“√ª≈Ÿ°∂à“¬‰µ ·µà°ÁÕ“®ª√“°Ø°àÕπÀπâ“ 2  —ª¥“Àå À√◊ÕÀ≈—ßª≈Ÿ°∂à“¬‰µπ—∫ 10 ªï

°Á‰¥â ·≈–¬—ßÕ“®ª√“°Ø‡°‘¥√à«¡°—∫æ¬“∏‘ ¿“æÕ◊Ëπ‡™àπ acute tubular necrosis (ATN),

cyclosporine nephrotoxicity À√◊Õ chronic rejection °Á‰¥â acute rejection ®–¡’

Õ“°“√ ”§—≠· ¥ß„Àâ‡ÀÁπ¥—ßπ’È



Transplant Immunology (¿“«–¿Ÿ¡‘§ÿâ¡°—π·≈–°“√ª≈Ÿ°∂à“¬Õ«—¬«–)666

 °. Acute deterioration of graft function „π°√≥’°“√ª≈Ÿ°∂à“¬‰µ∑’Ë‡°‘¥

acute rejection ®–æ∫«à“ serum creatinine ‡æ‘Ë¡ Ÿß¢÷Èπ ‚¥¬¡“°¡—°‡æ‘Ë¡¢÷Èπ¡“°°«à“√âÕ¬≈–

25 ¢Õß serum creatinine æ◊Èπ∞“π¢Õß§ππ—Èπ µàÕ¡“®–¡’ªí  “«–≈¥≈ß Õ“®¡’Õ“°“√¢“

∫«¡ µ—«∫«¡ ·≈–Õ“°“√∑“ß uremia

 ¢. Graft swelling and tenderness µ√«®æ∫∫√‘‡«≥∑âÕßπâÕ¬∑’Ëª≈Ÿ°∂à“¬

‰µ®–∫«¡·¥ß√âÕπ ´÷Ëß‡ªìπÕ“°“√· ¥ß¢Õß°“√Õ—°‡ ∫ ·µàÕ“°“√π’ÈÕ“®«‘π‘®©—¬ —∫ π°—∫

¿“«–°“√≥åµ‘¥‡™◊ÈÕ‡™àπ acute pyelonephritis ‰¥â

 §. ¡’‰¢â æ∫‰¥â∫â“ß·µà‰¡à∫àÕ¬ ·≈–∑’Ë ”§—≠µâÕß·¬°®“°ºŸâªÉ«¬∑’Ë‡°‘¥Õ“°“√

µ‘¥‡™◊ÈÕ ¥—ßπ—ÈπºŸâªÉ«¬À≈—ßª≈Ÿ°∂à“¬‰µ‡¡◊ËÕ¡’‰¢â¢÷ÈπµâÕß§”π÷ß∂÷ß°“√µ‘¥‡™◊ÈÕ°àÕπ∑’Ë®–æ‘®“√≥“

«à“‡ªìπ acute rejection ®π°«à“®–¡’À≈—°∞“πæ‘ Ÿ®πå™—¥‡®π

°“√ ◊∫§âπ‡æ◊ËÕ¬◊π¬—π°“√«‘π‘®©—¬ acute rejection ¡’À≈“¬«‘∏’‡™àπ ultrasonog-

raphy, CT scan, renal scan, fine needle aspiration biopsy ‚¥¬∑’Ë¡’«‘∏’«‘π‘®©—¬∑’Ë

·πàπÕπ∑’Ë ÿ¥§◊Õ renal graft biopsy ´÷Ëßæ¬“∏‘ ¿“æ∑’Ë‡ÀÁπ®–·∫àß‰¥â‡ªìπ Banff 07 Clas-

sification

°“√√—°…“ acute rejection ¡’ 3 «‘∏’

1. Steroid pulse ‰¥â·°à °“√„Àâ Methylprednisolone ¢π“¥ 500-1000

¡°.µàÕ«—π ‡ªìπ‡«≈“ 3 «—π ´÷Ëß®–‰¥âº≈ª√–¡“≥ 75%6

Steroid „πª√‘¡“≥∑’Ë Ÿß®–ÕÕ°ƒ∑∏‘ÏµàÕµâ“π°“√Õ—°‡ ∫ (antiinflammation)

¥â«¬°“√ªÑÕß°—π°“√ª≈àÕ¬ IL-1 ®“°‡´≈≈å macrophage, ªÑÕß°—π°“√ª≈àÕ¬ IL-2 ®“° T-

helper cells ·≈–À¬ÿ¥¬—Èß tumor necrosis factor alpha (TNF2) ·≈– eicosanoids

2. Polyclonal antibody ´÷Ëß‰¥â·°à Antithymocyte globulin (ATG) ´÷Ëß®–

‰ª∑”≈“¬ circulating T-cell ‰¥âº≈ ”‡√Á®ª√–¡“≥√âÕ¬≈– 84-877,8

3. Monoclonal antibody OKT3 ́ ÷Ëß®–®—∫ antigen receptor complex CD3

ªÑÕß°—π°“√°√–µÿâπ‚¥¬ antigen ‰¥âº≈°“√√—°…“¥’ª√–¡“≥√âÕ¬≈– 969 ·≈–¬—ß “¡“√∂„™â

„π°“√ rescue °“√‡°‘¥ acute rejection ∑’Ë√—°…“¥â«¬ high dose steroid ·≈â«‰¡à‰¥âº≈

(steroid resistant acute rejection)

πÕ°®“°π’È¬—ß¡’°“√√“¬ß“π«à“ “¡“√∂„™â Tacrolimus ́ ÷Ëß‡ªìπ immunosuppres-
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sion ∑’Ë¡’ƒ∑∏‘Ï√ÿπ·√ß ¡“√—°…“ steroid resistant acute rejection ‰¥âº≈¥’¥â«¬‡™àπ°—π10

3.3 Chronic rejection À¡“¬∂÷ß rejection ∑’Ë‡°‘¥¢÷ÈπÀ≈—ß®“°°“√ª≈Ÿ°∂à“¬

‰µ‡ªìπ‡¥◊ÕπÀ√◊Õ‡ªìπªï ‚¥¬¡“°¡—°‡°‘π°«à“ 3 ‡¥◊Õπ¢÷Èπ‰ª Õ“®®—¥‰¥â«à“‡ªìπ à«πÀπ÷Ëß¢Õß

chronic allograft nephropathy (CAN)  “‡Àµÿ°“√‡°‘¥¬—ß‰¡à∑√“∫·πà™—¥ ·µà

 —ππ‘…∞“π«à“‡°‘¥®“°∫∑∫“∑¢Õß minor histocompatibility complex ∑”„Àâ‡°‘¥ low

grade deposition ¢Õß Ag-Ab complex √à«¡°—∫ low grade T-cell reaction

Chronic rejection ®–¡’æ¬“∏‘ ¿“æ§≈â“¬ chronic ischemia ´÷Ëß®–

ª√“°Ø„Àâ‡ÀÁπ∑—Èß„π glomerula, vascular ·≈– interstitial tissue ‡ªìπ≈—°…≥– arterial

intimal fibrosis °“√Àπ“µ—«¢Õß glomerular basement membrane, tubular atro-

phy ·≈– interstial fibrosis æ¬“∏‘ ¿“æ¢Õß glomerular ·≈–À≈Õ¥‡≈◊Õ¥ ®–‡ªìπ

æ¬“∏‘ ¿“æ∑’Ë ”§—≠∑’Ë ÿ¥¢Õß chronic rejection

ºŸâªÉ«¬∑’Ë¡’ chronic rejection ®–¡’Õ“°“√™â“Ê §◊Õ serum creatinine ®–

§àÕ¬Ê  Ÿß¢÷Èπ §«“¡¥—π‚≈À‘µ Ÿß¢÷Èπ ·≈–¡’ proteinuria ®π„π∑’Ë ÿ¥‰µ°Á®–‡ ◊ËÕ¡≈ß®π

ºŸâªÉ«¬¡’Õ“°“√ uremia ‡ªìπ‰µ«“¬‡√◊ÈÕ√—ß√–¬– ÿ¥∑â“¬ ªí®®ÿ∫—π¬—ß‰¡à¡’°“√√—°…“∑’Ë‰¥âº≈

 ”‡√Á® chronic rejection ∑’Ë‡ªìπ¡“°·≈â« ·µà∂â“‡ªìπ chronic rejection ∑’Ë‡√‘Ë¡‡ªìπÕ“®

™–≈Õ À√◊ÕÀ¬ÿ¥¬—Èß‰¥â¥â«¬°“√„Àâ¬“ immunosuppression ∂÷ß Mycophenolate mofetil

(MMF) √à«¡°—∫°“√≈¥À√◊Õ‰¡à≈¥ cyclosporine11,12 ·µà∂â“‡ªìπ®π‰µ‡ ◊ËÕ¡¡“°·≈â«°ÁµâÕß

π”ºŸâªÉ«¬°≈—∫¡“ chronic hemodialysis ·≈â«√Õ kidney retransplantation Õ’°§√—Èß

ªí®®ÿ∫—π chronic rejection ∂◊Õ‡ªìπ à«πÀπ÷Ëß¢Õß chronic allograft dys-

function (CAD) ´÷ËßÀ¡“¬∂÷ß¿“«–∑’ËÕ«—¬«–∑’Ëª≈Ÿ°∂à“¬§àÕ¬Ê ∑”ß“π‡ ◊ËÕ¡∂Õ¬≈¥≈ß æ∫

‰¥â„π∑ÿ°Õ«—¬«–∑’Ë∑”°“√ª≈Ÿ°∂à“¬ ∂â“‡ªìπ‰µ®–‡√’¬° chronic allograft nephropathy (CAN)

‚¥¬¡’æ¬“∏‘ ¿“æ‡ªìπ tubular atrophy ·≈– interstitial fibrosis ªí®®ÿ∫—πÕ“®‡√’¬°

¿“«–‡™àππ’È«à“ TA/IF µ“¡æ¬“∏‘ ¿“æ∑’Ëæ∫ ªí®®—¬∑’Ë∑”„Àâ‡°‘¥ CAN π—Èπ ¡’∑—Èß immuno-

logical ·≈– nonimmunological ‰¥â·°à

Immune mediated mechanism of CAN

- HLA mismatch

- Acute rejection : episode and severity
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- Preforem humoral antibody

- Immunosuppression

- Compliance

- CMV infection

Non-immune mediated mechanism of CAN

- Donor source : age, primary renal disease

- Reduced renal mass : pediatric kidney

- Nephrotoxicity drug

- Ischemic - reperfusion injury

- Hyperlipidemia

- Hypertension

‡¡◊ËÕ‡°‘¥ CAN ·≈â« ªí®®ÿ∫—π¬—ß‰¡à¡’«‘∏’°“√√—°…“∑’Ë¡’ª√– ‘∑∏‘¿“æ ·µà “¡“√∂

ª√—∫‡ª≈’Ë¬π¬“ immunosuppression ‡æ◊ËÕ™–≈Õ°“√‡ ◊ËÕ¡¢Õß‰µ‰¥â ‡™àπ °“√≈¥¢π“¥

À√◊Õ À¬ÿ¥¬“„π°≈ÿà¡ calcineurin inhibitor (CNI) ·≈â«‡ª≈’Ë¬π‡ªìπ¬“„π°≈ÿà¡ mTOR

inhibitor ‡™àπ Sirolimus

4. °“√°¥¿Ÿ¡‘µâ“π∑“π (Immunosuppression)

À¡“¬∂÷ß°“√°¥¿Ÿ¡‘µâ“π∑“π¢Õß√à“ß°“¬ºŸâ√—∫∫√‘®“§‰µ ‡æ◊ËÕ‰¡à„Àâ¡’ªØ‘°‘√‘¬“

ªØ‘‡ ∏°“√ª≈Ÿ°∂à“¬‰µ ·µà‡¥‘¡¡’°“√„™â°√√¡«‘∏’À≈“¬ª√–°“√‡æ◊ËÕ„Àâ∫√√≈ÿ«—µ∂ÿª√– ß§å¢âÕπ’È

‡™àπ °“√©“¬√—ß ’∑”≈“¬√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ °“√ºà“µ—¥√–∫“¬∑àÕ thoracic duct

‡æ◊ËÕ√–∫“¬ T-cell „π√–∫∫∑àÕπÈ”‡À≈◊Õß ·µàªí®®ÿ∫—π°“√°¥¿Ÿ¡‘µâ“π∑“ππ—Èπ„™âÕ¬Ÿà‡æ’¬ß«‘∏’

‡¥’¬«§◊Õ chemical À√◊Õ pharmacological immunosuppression §◊Õ°“√„™â¬“„π°“√

°¥¿Ÿ¡‘µâ“π∑“π °“√„™â¬“‡æ◊ËÕ immunosuppression π’È∑”‰¥â 3 ≈—°…≥–§◊Õ

● Induction therapy

● Maintenance immunosuppression

● Treatment of acute rejection

1. Induction Therapy À¡“¬∂÷ß °“√°¥¿Ÿ¡‘µâ“π∑“πÕ¬à“ß¡“°°àÕπÀ√◊Õ√–À«à“ß

°“√ª≈Ÿ°∂à“¬ µ≈Õ¥®π√–¬–·√°√–¬– —ÈπÀ≈—ß°“√ª≈Ÿ°∂à“¬‰µ‡∑à“π—Èπ ‡æ◊ËÕ≈¥Õ—µ√“°“√‡°‘¥
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acute rejection ́ ÷Ëß¡—°¡’Õ—µ√“°“√‡°‘¥ Ÿß„π√–¬–·√° ¬“∑’Ë„™â‡æ◊ËÕ induction ªí®®ÿ∫—π‰¥â·°à

● anti IL-2 receptor : ‡ªìπ°≈ÿà¡ Anti CD-25 antibodies ‰¥â·°à

Basiliximab, Daclizumab

● polyclonal antibody:- ATG, Thymoglobulin

● monoclonal antibody:-Alemtuzumab (Humanized Anti-CD52),

OKT3.

● high dose steroid

¬“°≈ÿà¡π’È¡’ª√– ‘∑∏‘¿“æ„π°“√ªÑÕß°—π°“√‡°‘¥ªØ‘°‘√‘¬“µàÕµâ“π Ÿß ·µà‡π◊ËÕß®“°

¬“¥—ß°≈à“«¡’√“§“·æß ª√–°Õ∫°—∫¬—ß¡’º≈¢â“ß‡§’¬ß√ÿπ·√ß ®÷ß¡—°‡≈◊Õ°„™â‡©æ“–„π√“¬∑’Ë

®”‡ªìπ´÷Ëß®—¥Õ¬Ÿà„π°≈ÿà¡ high risk patient ‡™àπ°≈ÿà¡ retransplantation, highly sensi-

tized patient, marginal donor

2. Maintenance Immunosuppression À¡“¬∂÷ß¬“°¥¿Ÿ¡‘µâ“π∑“π∑’Ë®”‡ªìπ

µâÕß„ÀâºŸâªÉ«¬µ≈Õ¥‰ª À√◊ÕªÑÕß°—π°“√‡°‘¥ acute rejection ´÷Ëß‰¥â·°à

°. Azathioprine

¢. Steroid

§. Cyclosporine

ß. Tacrolimus

®. Mycophenolate mofetil

©. Sirolimus

°. Azathioprine

‡ªìπ¬“µ—«·√°∑’Ëπ”¡“„™â°¥¿Ÿ¡‘µâ“π∑“π„π°“√ª≈Ÿ°∂à“¬Õ«—¬«– ÕÕ°ƒ∑∏‘Ï‚¥¬

°“√∑’Ë‡ªìπ Purine analogue ®÷ß‡¢â“·∑π∑’Ë Purine ®π¬—∫¬—Èß°“√ √â“ß DNA, RNA,

∑”„Àâ‡´≈≈å‰¡à “¡“√∂·∫àßµ—«·¡â∂Ÿ°°√–µÿâπ ®÷ß “¡“√∂ªÑÕß°—π°“√‡°‘¥ acute rejection

·µà¡’º≈¢â“ß‡§’¬ßÀ≈“¬ª√–°“√¥—ßπ’È

● Bone marrow depression (wbc > rbc >platlets)

● Megaloblastic anemia

● Hepatic dysfunction
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● Alopecia

● Pancreatitis

ªí®®ÿ∫—π azathioprine ¬—ß§ß„™â√à«¡°—∫¬“°¥¿Ÿ¡‘µâ“π∑“πµ—«Õ◊Ëπ ·µà„™âπâÕ¬≈ß

‡π◊ËÕß®“°ª√– ‘∑∏‘¿“æ Ÿâ¬“„À¡àÊ ‰¡à‰¥â Õ’°∑—Èß¿“«–·∑√°´âÕπ∑’Ë‡ªìπÕ—πµ√“¬´÷Ëß‰¥â·°à

¿“«–‡¡Á¥‡≈◊Õ¥¢“«µË” ´÷Ëß®–‡°‘¥Õ¬à“ß√ÿ·√ß‡¡◊ËÕ„™â azathioprine √à«¡°—∫¬“µ—«Õ◊Ëπ ‡™àπ

allopurinol ¢âÕ¥’§◊Õ√“§“∂Ÿ°

¢. Steroid

‡ªìπ¬“∑’Ë∑—Èß°¥¿Ÿ¡‘§ÿâ¡°—π·≈–≈¥ªØ‘°‘√‘¬“Õ—°‡ ∫‰¥â¥â«¬ ‚¥¬°“√≈¥°“√ √â“ß

°“√À≈—Ëß interleukin À≈“¬µ—«‰¥â·°à IL-1, IL-2, IL-6, IL-3, IL-4, interferon γ (IFN-γ)

·≈– tumor necrosis factor TNFα ·µà‡π◊ËÕß®“° steroid ¡’º≈¢â“ß‡§’¬ß¡“°‚¥¬‡©æ“–

‡¡◊ËÕ„™âª√‘¡“≥ Ÿß‡ªìπ‡«≈“π“π ®÷ß‰¡àÕ“®„™â steroid ‡æ’¬ß≈”æ—ß‡æ◊ËÕ°¥¿Ÿ¡‘§ÿâ¡°—π ªí®®ÿ∫—π

®÷ß„™â steroid ª√‘¡“≥¡“°‡©æ“–™à«ß·√° —ÈπÊ ·≈–„™â steroid ª√‘¡“≥πâÕ¬‡ªìπ mainte-

nance immunosuppression √à«¡°—∫¬“°¥¿Ÿ¡‘§ÿâ¡°—πµ—«Õ◊Ëπ ´÷Ëß„π√–¬–¬“«°Á¬—ßæ∫º≈

¢â“ß‡§’¬ß‰¥â‡™àπ‡¥’¬«°—π º≈¢â“ß‡§’¬ß®“°°“√„™â steroid ¡’¥—ßπ’È

● Infection

● Diabetes mellitus

● Peptic ulcer

● Osteoporosis

● Cataract

● Poor wound healing

● Growth retardation

ªí®®ÿ∫—π∫“ß ∂“∫—π¡’·π«‚πâ¡∑’Ë®–À¬ÿ¥ steroid ·≈â«„™â¬“ immunosuppression

µ—«Õ◊Ëπ∑’Ë¡’º≈¢â“ß‡§’¬ßπâÕ¬°«à“·∑π

§. Cyclosporine (CyA) ‡ªìπ¬“°¥¿Ÿ¡‘§ÿâ¡°—π∑’Ëπ‘¬¡„™â°—π¡“°∑’Ë ÿ¥„πªí®®ÿ∫—π

‚¥¬„™â„π√Ÿª·∫∫≈à“ ÿ¥§◊Õ microemulsion form Cyclosporine ‡ªìπ “√ cyclic

decapeptide  °—¥®“°‡™◊ÈÕ√“ „™â‡ªìπ¬“°¥¿Ÿ¡‘§ÿâ¡°—πÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ¡“µ—Èß·µàªï æ.».

2521 ‚¥¬ Calne13 CyA ÕÕ°ƒ∑∏‘Ï‚¥¬°“√À¬ÿ¥¬—Èß calcineurin phosphatase ∑”„Àâ‰¡à
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 “¡“√∂ √â“ß interleukin 2 (IL-2) ®“° activated T-cells ‰¥â ®÷ß‰¡à¡’ IL-2 ‰ª°√–µÿâπ T-

cell µ—«Õ◊Ëπ„Àâ active µ“¡ °“√∑’Ë CyA ÕÕ°ƒ∑∏‘Ï‡©æ“–∑’Ë„π°“√À¬ÿ¥¬—Èß activated T-cell

π—Èπ ∑”„Àâº≈°“√°¥¿Ÿ¡‘§ÿâ¡°—π¡’ª√– ‘∑∏‘Ï¿“æ Ÿß  “¡“√∂≈¥Õ—µ√“°“√‡°‘¥ acute rejection

‰¥â¥’°«à“14 Õ’°∑—Èß‰¡à‰¥â¡’º≈µàÕ√–∫∫¿Ÿ¡‘§ÿâ¡°—π√–∫∫Õ◊Ëπ¢Õß√à“ß°“¬ ®÷ß∑”„ÀâºŸâ„™â¬—ß§ß¡’

¿Ÿ¡‘§ÿâ¡°—πµàÕ‡™◊ÈÕ‚√§‰¥â

¢âÕ‡ ’¬¢Õß¬“ CyA §◊Õ¡’ nephrotoxicity ‚¥¬‡©æ“–∂â“√—∫¬“ª√‘¡“≥¡“°®–

∑”„Àâ‡°‘¥ graft dysfunction, renal tubular acidosis, hyperkalemia ‰¥â ¥—ßπ—Èπ°“√

„™â¬“ CyA ®÷ßµâÕß¡’°“√µ√«®√–¥—∫¬“„π‡≈◊Õ¥„ÀâÕ¬Ÿà„π™à«ß∑’ËÕÕ°ƒ∑∏‘Ï°¥¿Ÿ¡‘§ÿâ¡°—πÕ¬à“ß

ª≈Õ¥¿—¬

ºŸâªÉ«¬∑’Ë„™â¬“ CyA π—Èπ ‡¡◊ËÕ‡°‘¥ acute rejection ¢÷Èπ®–¡’Õ“°“√‰¡à™—¥‡®π ‚¥¬

¡“°¡’·µà°“√µ√«®æ∫°“√‡æ‘Ë¡§à“¢÷Èπ¢Õß serum creatinine ‡∑à“π—Èπ ‚¥¬∑’Ë‰¡à¡’Õ“°“√ª«¥

∫«¡ ·¥ß √âÕπ À√◊Õ°“√Õ—°‡ ∫· ¥ß„Àâ‡ÀÁπ ¥—ßπ—Èπ∫“ß§√—Èß®÷ß‡ªìπ°“√¬“°∑’Ë®–«‘π‘®©—¬√–À«à“ß

acute rejection À√◊Õ CyA nephrotoxicity ®π°«à“®–∑” biopsy À√◊Õ«‘π‘®©—¬¥â«¬

°“√≈Õß√—°…“¥Ÿ

ªí®®ÿ∫—π¬“ CyA ¡—°π‘¬¡„Àâ„π√Ÿª°‘π‚¥¬„Àâ‡√‘Ë¡µâπ¥â«¬¢π“¥ 10 ¡°/°°/«—π

·≈–‡®“–‡≈◊Õ¥µ√«®¥Ÿ√–¥—∫¬“ ‚¥¬ “¡“√∂µ√«®√–¥—∫¬“∑—Èß√–¥—∫°àÕπ°‘π¬“ (C0) À√◊Õ

√–¥—∫¬“À≈—ß°‘π¬“‰¥â 2 ™—Ë«‚¡ß (C2) ‚¥¬ª√—∫„Àâ C0 Õ¬Ÿà√–À«à“ß 250-300 µg/L „π‡¥◊Õπ

·√°·≈–√–À«à“ß 150-250 µg/L „π√–À«à“ß‡¥◊Õπ∑’Ë 2 ∂÷ß 6 ®“°π—Èπ√—°…“√–¥—∫¬“Õ¬Ÿà√–À«à“ß

100-200 µg/L ®π ‘Èπªï∑’ËÀπ÷Ëß „π√–¬–¬“«®–„Àâ√–¥—∫¬“Õ¬Ÿà∑’Ëª√–¡“≥ 100 µg/L µ≈Õ¥

‰ª ∂÷ß·¡â«à“ CyA ‡ªìπ¬“°¥¿Ÿ¡‘§ÿâ¡°—π∑’Ë¡’ª√– ‘∑∏‘¿“æ¥’ ·µà°Á¬—ß§ßπ‘¬¡„™â√à«¡°—∫¬“°¥

¿Ÿ¡‘§ÿâ¡°—πµ—«Õ◊Ëπ‡™àπ azathioprine À√◊Õ Mycophenolate mofetil, √à«¡°—∫ steroid ∑’Ë

¡’¢π“¥µË” ‡√’¬°√«¡«à“‡ªìπ triple immunosuppression regimen ‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ

√à«¡°—∫≈¥º≈¢â“ß‡§’¬ß ÷́Ëßæ∫«à“‰¥âº≈¥’¡“°15,16 º≈¢â“ß‡§’¬ß¢Õß°“√„™â¬“ cyclosporine ¡’

¥—ßπ’È

● Nephrotoxicity

● Hypertension

● Gingival hypertrophy
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● Hirsutism

● Fine tremor

ß. Tacrolimus

Tacrolimus ‡ªìπ macrolide antibiotic  °—¥®“°‡™◊ÈÕ√“ ÕÕ°ƒ∑∏‘Ï°¥

¿Ÿ¡‘§ÿâ¡°—π ‚¥¬°“√À¬ÿ¥¬—Èß calcineurin „π°√–∫«π°“√ √â“ß IL-2 §≈â“¬ CyA ·µà¡’

ƒ∑∏‘Ï°¥√ÿπ·√ß°«à“∂÷ß 100 ‡∑à“17 ¥—ßπ—ÈππÕ°®“°®–„™â‡ªìπ maintenance immunosup-

pression ‰¥â·≈â« ¬—ß “¡“√∂„™â‡ªìπ¬“√—°…“ acute rejection ‰¥â ·∫∫ rescue therapy

 ”À√—∫ steroid resistance acute rejection Õ’°¥â«¬10 º≈¢â“ß‡§’¬ß¢Õß Tacrotimus

§◊Õ

● Nephrotoxicity

● Glucose metabolism - Diabetes mellitus

● Neurotoxicity

®. Mycophenolate mofetil (MMF) À√◊Õ„π√Ÿª active form §◊Õ Myco-

phenolic acid (MPA) ÕÕ°ƒ∑∏‘Ï∑’Ë‡ÕÁπ‰´¡å inosine monophosphate dehydroge-

nase (IMPDH) ´÷Ëß„™â„π°“√ —ß‡§√“–Àå Guanosine nucleotide ®÷ß “¡“√∂¬—∫¬—Èß°“√

·∫àßµ—«¢Õß T-cell À≈—ß‰¥â√—∫°“√°√–µÿâπ‡¡◊ËÕπ” MMF ¡“„™â√à«¡°—∫ cyclosporine ·≈–

steroid  “¡“√∂≈¥Õ—µ√“°“√‡°‘¥ acute rejection ®“° 40.8% ≈ß‡À≈◊Õ 19.8% ( ”À√—∫

MM 2 °√—¡/«—π) ·≈– 16.5% ( ”À√—∫ MMF 3 °√—¡/«—π)3 º≈¢â“ß‡§’¬ß¢Õß MMF

‰¥â·°à

● Gastrointestinal disturbance

● Leucopenia

● Infection:- CMV

● Post-transplant malignancy

©. Rapamycin ‡ªìπ macrolide antibiotics ∑’Ë °—¥‰¥â®“°‡™◊ÈÕ√“ ÕÕ°ƒ∑∏‘Ï

‚¥¬°“√®—∫µ—«°—∫ immunophillin ∑’Ë™◊ËÕ FKBP (FK binding protein) ·≈â«¬—∫¬—Èß signal

transduction ‰¡à‡°‘¥°“√·∫àßµ—«¢Õß T-cell Rapamycin ®–¡’ƒ∑∏‘Ï°¥¿Ÿ¡‘§ÿâ¡°—π¡“°°«à“

CyA 10-100 ‡∑à“19 ·≈–®–ÕÕ°ƒ∑∏‘Ï‡ √‘¡°—π‡¡◊ËÕ„™â√à«¡°—π ‚¥¬ “¡“√∂≈¥Õ—µ√“°“√‡°‘¥
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acute rejection ≈¥≈ß‡À≈◊Õ 12%20 º≈¢â“ß‡§’¬ß¢Õß Rapamycin ‰¥â·°à

● Myelodepression

● Hyperlipidemia

 √ÿª

¥—ßπ—Èπ °“√ª≈Ÿ°∂à“¬Õ«—¬«–„Àâ ”‡√Á®∑—Èß„π√–¬– —Èπ·≈–√–¬–¬“«π—Èπ πÕ°®“°

®–µâÕß„™â‡∑§π‘§°“√ºà“µ—¥∑’Ë‡™’Ë¬«™“≠æ‘∂’æ‘∂—π∂Ÿ°µâÕß·≈â« ¬—ßµâÕßÕ“»—¬§«“¡√Ÿâ§«“¡

‡¢â“„®¢Õß transplant immunology ·≈–°“√„™â¬“ immunosuppression ∑’Ë∂Ÿ°µâÕß

·≈–‡À¡“– ¡µ—Èß·µà‡√‘Ë¡µâπ°“√ª≈Ÿ°∂à“¬Õ«—¬«–·≈–„π√–¬–¬“«
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Wound healing §◊Õ °√–∫«π°“√∑“ß∏√√¡™“µ‘¢Õß√à“ß°“¬‡æ◊ËÕ°“√´àÕ¡·´¡

(regeneration) dermal ·≈– epidermal tissue ∑’Ë‰¥â√—∫°“√∫“¥‡®Á∫ °“√‡°‘¥∫“¥·º≈

(wound) ‡ªìπ®ÿ¥‡√‘Ë¡µâπ¢Õß°√–∫«π°“√´àÕ¡·´¡Õ—πª√–°Õ∫¥â«¬¢—ÈπµÕπ¬àÕ¬Ê ∑’Ë

´—∫´âÕπ¢Õß°√–∫«π°“√∑“ß™’«‡§¡’√–À«à“ß cells ·≈– mediators ∑’Ë¡’°“√§“∫‡°’Ë¬«À√◊Õ

∑—∫´âÕπ°—π (overlapping) √–À«à“ß¢—ÈπµÕπ¬àÕ¬Ê ¢Õß °√–∫«π°“√´àÕ¡·´¡1

¢Õ∫‡¢µ¢Õß∫∑§«“¡π’È§√Õ∫§≈ÿ¡«—µ∂ÿª√– ß§å¥—ßµàÕ‰ªπ’È

1. Tissue injury and response

2. Wound healing phases

3. Modes of wound healing

4. Abnormal wound healing

5. Wound care

6. Chronic ulcers

Tissue Injury and Response

°“√ Ÿ≠‡ ’¬ skin integrity ®“°°“√∫“¥‡®Á∫À√◊Õ®“°°“√ºà“µ—¥°àÕ„Àâ‡°‘¥ imme-

diate healing response ´÷Ëß·∫àßÕÕ°‰¥â‡ªìπ 2 ¢—ÈπµÕπ ‰¥â·°à

1. Hemostasis

2. Tissue repair (wound healing phase)
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Hemostasis

Hemostasis ª√–°Õ∫°“√µÕ∫ πÕß (response) 3 ª√–°“√ §◊Õ

1. Vasoconstriction Response ‡æ◊ËÕ°“√Àâ“¡‡≈◊Õ¥ ‚¥¬∑—π∑’∑’Ë¡’°“√©’°¢“¥

¢ÕßÀ≈Õ¥‡≈◊Õ¥ ruptured cell membrane ®–À≈—Ëß inflammatory factors ‡™àπ throm-

boxane A2 ·≈– prostaglandins 2-alpha °àÕ„Àâ‡°‘¥ spasm ¢Õß arteries, arterioles

·≈– capillaries ‡æ◊ËÕÀ¬ÿ¥°“√ Ÿ≠‡ ’¬‡≈◊Õ¥ °√–∫«π°“√π’È‡°‘¥¢÷Èπ¿“¬„π 5-10 π“∑’À≈—ß

°“√‡°‘¥∫“¥·º≈

2. Platelet Response ‡ªìπ°“√°àÕµ—«¢Õß platelet plug ‚¥¬‡¡◊ËÕ‡√‘Ë¡¡’°“√

©’°¢“¥¢Õß endothelium ¢ÕßÀ≈Õ¥‡≈◊Õ¥®π‡°‘¥ exposure ¢Õß collagen fibers

®“°π—Èπ‡°√Á¥‡≈◊Õ¥®–‡√‘Ë¡¡“‡°“–°—∫ collagen fibers ¿“¬„πºπ—ßÀ≈Õ¥‡≈◊Õ¥ ·≈–¡’°“√

‡°“–°—π‡Õß¢Õß‡°√Á¥‡≈◊Õ¥ ∑”„Àâ‡°‘¥°“√°àÕµ—«¢Õß platelet plug ®“° platelet aggre-

gation Õ—π‡ªìπµâπ°”‡π‘¥¢Õß°“√‡°‘¥ blood clot ∑’Ëª√–°Õ∫¥â«¬ platelets, collagen,

fibronectin ·≈– thrombin ´÷Ëßªí®®—¬‡À≈à“π’È‡√‘Ë¡µâπ inflammatory response ‚¥¬°“√

À≈—Ëß extracellular matrix (ECM) proteins, cytokines √«¡∂÷ß growth factors

∑’Ë¡’º≈µàÕ‡√àßÕ—µ√“°“√·∫àßµ—«¢Õß‡´≈2 (¥—ß∑’Ë‰¥â √ÿª‰«â„πµ“√“ß∑’Ë 1) ·≈– fibrin clot ®–∑”

Àπâ“∑’Ë‡ªìπ scaffold ∑’Ë®–¥÷ß acute inflammatory cells ‡¢â“¡“„π∫√‘‡«≥∫“¥·º≈ (‡™àπ

neutrophils, monocytes, fibroblasts, endothelial cells)3 ´÷Ëß‡´≈‡À≈à“π’È®–∑”Àπâ“∑’Ë

§«∫§ÿ¡§«“¡‡¢â¡¢âπ¢Õß cytokines ·≈– growth factors4 √«¡∂÷ß proinflammatory

factors ‡™àπ serotonin, bradykinin, prostaglandins, prostacyclins, thromboxane

·≈– histamine ∑”„Àâ¡’°“√¥÷ß¥Ÿ¥ platelets ‡¢â“¡“√«¡µ—«¡“°¢÷Èπ‡ªìπ°“√‡æ‘Ë¡¢π“¥¢Õß

platelet plug „Àâ„À≠à¢÷Èπ πÕ°®“°π’È¬—ß‡æ‘Ë¡ cell proliferation, cell migration ·≈–

°àÕ„Àâ‡°‘¥ vasodilation „π™à«ß‡«≈“µàÕ¡“

3. Biochemical Response ‡ªìπ°“√°àÕµ—«¢Õß blood clot ‚¥¬ºà“π

°√–∫«π°“√extrinsic clotting pathway, intrinsic clotting pathway, clot retrac-

tion ·≈– fibrinolysis ´÷Ëß„π¢—ÈπµÕπ¢Õß clot retraction ∑’Ë¡’°“√À¥µ—«¢Õß≈‘Ë¡‡≈◊Õ¥

 àßº≈„Àâ¡’°“√¥÷ß¢Õ∫·µà≈–¥â“π¢Õß∫“¥·º≈‡¢â“¡“„°≈â™‘¥°—π  à«π„π¢—ÈπµÕπ¢Õß fibrin-



™ÿ¡æ≈  «àÕß«“π‘™ 677

µ“√“ß∑’Ë 1 µ“√“ß √ÿª Inflammatory Cytokines*

Cytokine Cell of Origin Function

EGF Platelets, macrophages Mitogenic for keratinocytes and fibroblasts,
stimulates keratinocyte migration

FGF Macrophages, mast cells, Chemotactic and mitogenic for fibroblasts and
T lymphocytes, keratinocytes, stimulates angiogenesis
Endothelial cells

IFNs Lymphocytes, fibroblasts Activate macrophages, inhibit fibroblast
proliferation

ILs (1, 2, 6, and 8) Macrophages, mast cells, IL-1: induces fever and adrenocorticotrophic
keratinocytes, lymphocytes hormone release; enhances TNF-alpha and IFN-

gamma, activates granulocyte and endothelial cell;
and stimulates hematopoiesis
IL-2: activates macrophages, T cells, natural killer
cells, and lymphokine-activated killer cells;
stimulates differentiation of activated B cells;
stimulates proliferation of activated B and T
cells; and induces fever
IL-6: induces fever and enhances release of acute-
phase reactants by the liver
IL-8: enhances neutrophil adherence, chemotaxis,
and granule release

KGF Fibroblasts Stimulates keratinocyte migration, differentiation,
and proliferation

PDGF Platelets, macrophages, Cell chemotaxis, mitogenic for fibroblasts,
endothelial cells stimulates angiogenesis, stimulates wound

contraction
TGF- alpha Macrophages, T lympho- Mitogenic for keratinocytes and fibroblasts,

cytes, keratinocytes stimulates keratinocyte migration
TGF- beta Platelets, T lymphocytes, Cell chemotaxis stimulates angiogenesis and

macrophages, Endothelial fibroplasia
cells, keratinocytes

Thromboxane A2 Destroyed wound cells Potent vasoconstrictor
TNF Macrophages, mast cells, Activates macrophages, mitogenic for fibroblasts,

T lymphocytes stimulates angiogenesis

EGF, epidermal growth factor; FGF, fibroblast growth factor; IFN, interferon; IL, interleukin; KGF, keratinocyte growth
factor; PDGF, platelet-derived growth factor; TGF, transforming growth factor; TNF, tumor necrosis factor.
*From Henry G., and Garner W. Inflammatory mediators in wound healing. Surg Clin. North Am 2003;83: 483. and
Lawrence W., and Diegelmann R. Growth factors in wound healing. (Clin Dermatol 1994;12:157.)
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olysis ≈‘Ë¡‡≈◊Õ¥∑’Ë∂Ÿ°≈–≈“¬‰ª°Á®–∂Ÿ°·∑π∑’Ë‚¥¬ granulation tissue ·≈– collagen

µ“¡≈”¥—∫

Tissue Repair (Wound Healing Phase)

Tissue repair À√◊Õ wound healing phase ‡ªìπ°√–∫«π°“√∑’Ëª√–°Õ∫¥â«¬ 3

¢—ÈπµÕπ ‰¥â·°à

1. Inflammatory phase

2. Proliferative phase (Reconstruction phase)

3. Maturation and remodeling phase5,6

Wound Healing Phases

Inflammatory Phase (Day 0 - day 6)

¢—ÈπµÕππ’È‡√‘Ë¡µâπµ—Èß·µà°“√‡°‘¥°“√∫“¥‡®Á∫¢Õß‡π◊ÈÕ‡¬◊ËÕ´÷Ëß°àÕ„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√

À¥µ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥ (vasoconstriction), clotting cascade ·≈–°“√√«¡°≈ÿà¡¢Õß

‡°√Á¥‡≈◊Õ¥ (platelet aggregation) ‡æ◊ËÕ„Àâ‡°‘¥ local hemostasis ·≈–µ“¡¡“¥â«¬¿“«–

local wound ischemia ´÷Ëß àßº≈„Àâ‡°‘¥°“√À≈—Ëß histamine ·≈– vasoactive sub-

stances Õ—π°àÕ„Àâ‡°‘¥ vasodilation ¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’ËÕ¬Ÿà¢â“ß‡§’¬ß „π√–¬–π’È®–µ√«®æ∫

swelling, erythema, heat ·≈– throbbing sensation ∫√‘‡«≥√Õ∫∫“¥·º≈

Chemotaxis ‡√‘Ë¡µâπ¢÷Èπ∑—π∑’À≈—ß®“° clot formation ‚¥¬‡´≈™π‘¥·√°∑’ËµÕ∫

 πÕßµàÕ inflammatory response §◊Õ neutrophils ∑’Ë∂Ÿ°¥÷ß‡¢â“¡“„π∫√‘‡«≥‡π◊ÈÕ‡¬◊ËÕ∑’Ë

‰¥â√—∫∫“¥‡®Á∫ ‚¥¬ inflammatory mediators µà“ßÊ ‡™àπ interleukin (IL)-1, tumor

necrotic factor (TNF)-alpha, transforming growth factor (TGF)-beta, platelet

factor-4 (PF4) √à«¡°—∫ bacterial products7,8

Defence response ¢Õß√à“ß°“¬„π°“√µàÕµâ“π pathogens „π√–¬–‡√‘Ë¡µâππ’È

‡ªìπÀπâ“∑’Ë¢Õß neutrophils ´÷Ëß‡ªìπ predominant cells „π·º≈„π™à«ß‡«≈“ 3 «—π·√°

À≈—ß®“°∑’Ë‡π◊ÈÕ‡¬◊ËÕ‰¥â√—∫°“√∫“¥‡®Á∫ ‚¥¬ neutrophils ®–ª≈¥ª≈àÕ¬ proteolytic enzymes

‡æ◊ËÕ¬àÕ¬ ≈“¬ bacteria ·≈– nonviable tissue µàÕ¡“ ®–¡’ leukocytes ·≈– mono-
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cytes (´÷Ëß®–∑”°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß‡ªìπ macrophages ‡¡◊ËÕ‡¢â“¡“„π∫√‘‡«≥∫“¥·º≈

‚¥¬‡©æ“–„π™à«ß«—π∑’Ë 2-3 À≈—ß°“√∫“¥‡®Á∫) µ“¡‡¢â“¡“„π∫√‘‡«≥∫“¥·º≈¡“°¢÷Èπ À≈—ß®“°∑’Ë

neutrophils ¶à“ pathogenic bacteria ·≈–À≈—Ëß “√ protease ‡æ◊ËÕ¬àÕ¬ ≈“¬ dam-

aged tissue ·≈â« neutrophils ‡Õß®–‡°‘¥ apoptosis ·≈–∂Ÿ°°≈◊π°‘π (engulfed)

·≈–∂Ÿ°∑”≈“¬ (degraded) ‚¥¬ macrophages

Macrophages ‡ªìπ‡´≈∑’Ë¡’§«“¡ ”§—≠Õ¬à“ß¬‘ËßµàÕ°√–∫«π°“√ wound heal-

ing ‡π◊ËÕß®“° macrophage À≈—Ëß enzymes ·≈– cytokines ∑’Ë ”§—≠À≈“¬™π‘¥ Õ“∑‘

1. Collagenase ´÷Ëß∑”Àπâ“∑’Ë°”®—¥‡π◊ÈÕµ“¬„π∫“¥·º≈

2. Interleukins (ILs) ·≈– TNF ‡æ◊ËÕ°√–µÿâπ fibroblasts (¡’Àπâ“∑’Ë √â“ß

collagen) ·≈–°√–µÿâπ°√–∫«π°“√ angiogenesis

3. TGF ‡æ◊ËÕ°√–µÿâπ keratinocytes

Proliferative Phase (Day 4 - day 14)

¢—ÈπµÕππ’Èª√–°Õ∫¥â«¬°√–∫«π°“√ angiogenesis, epithelialization, fibro-

plasia and granulation tissue formation, collagen deposition ·≈– wound con-

traction9

Angiogenesis (neovascularization) §◊Õ °“√ √â“ß new vascular network

Õ—π‡°‘¥®“° fibroblast proliferation √à«¡°—∫ endothelial cell migration ‡¢â“‰ª„π

∫“¥·º≈ ∑”„Àâ‡π◊ÈÕ‡¬◊ËÕ¡’ ’·¥ß¢Õß capillaries ‡°‘¥¢÷Èπ„À¡à„π∫“¥·º≈ ‚¥¬°“√°√–µÿâπ¢Õß

TNF-alpha

Epithelialization °√–∫«π°“√ chemotaxis ·≈– epithelial proliferation

∑’Ë‰¥â√—∫°“√°√–µÿâπ‚¥¬ TGF-alpha ·≈– epidermal growth factor (EGF) ∑’ËÀ≈—Ëß¡“

®“° macrophages ·≈– platelets ∑’Ë∂Ÿ°°√–µÿâπ °àÕ„Àâ‡°‘¥ migration ·≈– µ“¡¡“¥â«¬

proliferation („π™à«ß‡«≈“∂—¥¡“) ¢Õß basal keratinocytes ∫π granulated wound

bed ®“°¢Õ∫‚¥¬√Õ∫¢Õß∫“¥·º≈ („π°√≥’∑’Ë basement membrane ∂Ÿ°∑”≈“¬) À√◊Õ

®“° dermal skin appendages Õ—π‰¥â·°à hair follicles, sweat glands À√◊Õ seba-

ceous glands „π∫“¥·º≈ („π°√≥’∑’Ë basement membrane ¬—ß‰¡à∂Ÿ°∑”≈“¬)10,11

πÕ°®“° epithelialization ®–‡°‘¥®“°°“√∂Ÿ°°√–µÿâπ‚¥¬ growth factors ·≈â«
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¬—ß∂Ÿ°°√–µÿâπ‚¥¬ cytokines ∑“ßÕâÕ¡ ‚¥¬∑’Ë IL-1 ·≈– TNF-alpha °√–µÿâπ keratinocyte

growth factors (KGF) gene expression „π fibroblasts ´÷ËßµàÕ¡“ fibroblasts À≈—Ëß

KGF-1, KGF-2 ·≈– IL-6 ´÷Ëß∑”Àπâ“∑’Ë°√–µÿâπ keratinocytes ∑’ËÕ¬Ÿà∫√‘‡«≥¢â“ß‡§’¬ß„Àâ

migrate ‰ª¬—ß∫“¥·º≈ °√–µÿâπ°“√‡°‘¥ proliferation ·≈– differentiation ¢Õß

keratinocytes „Àâ‡ª≈’Ë¬π‰ª‡ªìπ epidermis12,13

≈—°…≥–¢Õß epithelialization ∑’Ë —ß‡°µ‰¥â®–‡ÀÁπ‡ªìπ thin translucent film

∫π∫“¥·º≈ πÕ°®“°π’È¬—ßæ∫«à“ new epithelial cells §àÕ¬Ê °àÕµ—«‡ªìπ·ºàπ®“°¢Õ∫

∫“¥·º≈·≈â«§àÕ¬Ê ‡¢â“‰ª·∑π∑’Ë keratinocytes ∑’Ë migrate‰ª°àÕπ

Fibroplasia and granulation tissue formation ‡°‘¥¢÷Èπæ√âÕ¡Ê °—∫ angio-

genesis ‚¥¬∑’Ë fibroblasts ‡√‘Ë¡‡¢â“¡“„π∫“¥·º≈ (proliferation and migration)

¿“¬„π«—π∑’Ë 2-5 À≈—ß®“°∑’Ë‡π◊ÈÕ‡¬◊ËÕ‰¥â√—∫°“√∫“¥‡®Á∫ ‚¥¬®–‡æ‘Ë¡®”π«π Ÿß ÿ¥„π™à«ß —ª¥“Àå∑’Ë

1-2 À≈—ß®“°∑’Ë‡π◊ÈÕ‡¬◊ËÕ‰¥â√—∫°“√∫“¥‡®Á∫ ·≈–‡ªìπ™à«ß‡«≈“∑’Ë fibroblasts À≈—Ëß·≈–‡°“–¬÷¥

°—∫ extracellular collagen (´÷Ëß‡ªìπ major component ¢Õß acute wound connec-

tive tissue ∑’Ë„Àâ tensile strength °—∫∫“¥·º≈) ‚¥¬°“√°√–µÿâπ¢Õß PDGF ·≈– EGF

∑’ËÀ≈—Ëß¡“®“° macrophages ·≈– platelets ∑’Ë∂Ÿ°°√–µÿâπ °√–∫«π°“√fibroplasia  ‘Èπ

 ÿ¥∑’Ë —ª¥“Àå∑’Ë 3-4 À≈—ß®“°∑’Ë‡°‘¥∫“¥·º≈

Granulation tissue formation ‡√‘Ë¡µâπ¿“¬„π«—π∑’Ë 2-5 À≈—ß®“°∑’Ë‡°‘¥

∫“¥·º≈®π°√–∑—Ëß wound defect ∂Ÿ°‡µ‘¡‡µÁ¡ Õß§åª√–°Õ∫¢Õß granulation tissue

‰¥â·°à new blood vessels, fibroblasts, inflammatory cells, endothelial cells,

myofibroblasts ·≈– new provisional extracellular matrix (ECM) ´÷Ëß provisional

ECM ª√–°Õ∫¥â«¬ fibronectin, collagen, proteoglycans ·≈– glycoaminoglycans14

πÕ°®“°π’È growth factors (‡™àπ PDGF ·≈– TGF-beta) ·≈– fibronectin ¬—ß™à«¬‡ √‘¡

proliferation, migration to wound bed ·≈– production of ECM molecules ‚¥¬

fibroblasts §«“¡≈â¡‡À≈«¢Õß°√–∫«π°“√ √â“ß granulation tissue °àÕ„Àâ‡°‘¥ chroni-

cally unhealed wound

Collagen deposition ‡√‘Ë¡‡°‘¥¢÷Èπ„π«—π∑’Ë 2-3 À≈—ß®“°∑’Ë‡°‘¥∫“¥·º≈ ‚¥¬∑’Ë

Õ—µ√“ Ÿß ÿ¥¢Õß collagen deposit Õ¬Ÿà„π™à«ß —ª¥“Àå∑’Ë 3-4 À≈—ß®“°∑’Ë‡°‘¥∫“¥·º≈ ·≈–
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°“√º≈‘µ collagen ®–§ß∑’ËµàÕ‰ªÕ’° 2-4  —ª¥“Àå®π°√–∑—ËßÕ—µ√“°“√ √â“ß (‚¥¬ fibroblasts)

·≈–Õ—µ√“°“√∑”≈“¬ (‚¥¬ collagenases) Õ¬Ÿà„π ¡¥ÿ≈ ∑â“¬∑’Ë ÿ¥ fibroblasts ®–‡√‘Ë¡‡°‘¥

apoptosis „π™à«ß ÿ¥∑â“¬¢Õß granulation phase ∑”„Àâ®”π«π cells „π granulation

tissue ≈¥≈ß ·µà¡’ collagen ‡ªìπ à«πª√–°Õ∫À≈—°„πÕ—µ√“ à«π∑’Ë‡æ‘Ë¡¢÷Èπ

Wound contraction §◊Õ §«“¡æ¬“¬“¡„π°“√¥÷ß„Àâ¢Õ∫·º≈‡¢â“¡“„°≈â°—π

¡“°¢÷Èπ‡æ◊ËÕ≈¥ surface area ¢Õß∫“¥·º≈ ·≈–≈¥§«“¡µâÕß°“√ tissue replacement

°√–∫«π°“√π’È‡°‘¥¢÷Èπ‚¥¬°“√∑”ß“π¢Õß myofibroblasts ∑’Ë‡ª≈’Ë¬π√Ÿª¡“®“° wound fi-

broblasts ‚¥¬°“√°√–µÿâπ¢Õß TGF-beta-1 ∑’ËÀ≈—Ëß¡“®“° macrophages15-17

Maturation and Remodeling Phase (Day 8 - year 1)

«—µ∂ÿª√– ß§åÀ≈—°¢Õß¢—ÈπµÕππ’È§◊Õ°“√‡æ‘Ë¡ tensile strength ¢Õß∫“¥·º≈ ‚¥¬

collagen ∑’Ë∂Ÿ°º≈‘µ¢÷Èπ„π reconstruction phase ¡’°“√®—¥‡√’¬ßµ—«Õ¬à“ß‰¡à‡ªìπ√–‡∫’¬∫

(disorganized) ·≈–¡’ tensile strength µË” ®–§àÕ¬Ê ‰¥â√—∫°“√·∑π∑’Ë¥â«¬ collagen

∑’Ë∂Ÿ°º≈‘µ¢÷Èπ„π maturation phase ́ ÷Ëß¡’°“√®—¥‡√’¬ßµ—«Õ¬à“ß¡’√–‡∫’¬∫ (organized) ¡“°°«à“

 àßº≈„Àâ‡°‘¥°“√‡æ‘Ë¡ tensile strength „Àâ°—∫∫“¥·º≈¡“°¢÷Èπ πÕ°®“°π’È¬—ß¡’°“√≈¥ vas-

cularity ·≈–¢π“¥¢Õß·º≈‡ªìπ (scar) Õ’°¥â«¬ ¥—ßπ—ÈπÀ“°¡’§«“¡∫°æ√àÕß¢Õß matrix

deposition ®“°Õ“À“√À√◊Õ§«“¡‡®Á∫ªÉ«¬ °Á®– àßº≈µàÕ§«“¡·¢Áß·√ß¢Õß∫“¥·º≈ (wound

strength) ·≈–À“°¡’°“√ —ß‡§√“–Àå collagen ¡“°®π‡°‘π§«“¡®”‡ªìπ°Á®–°àÕ„Àâ‡°‘¥ hy-

pertrophic scars À√◊Õ keloid µ“¡¡“‰¥â

Collagen ∑’Ëæ∫„π granulation tissue ¢Õß∫“¥·º≈¡’≈—°…≥–∑’Ë·µ°µà“ß®“°

∑’Ëæ∫„π‡π◊ÈÕ‡¬◊ËÕª°µ‘ ‚¥¬ granulation tissue collagen ¡’ª√‘¡“≥ hydroxylation ·≈–

glycosylation ¢Õß lysine residues ¡“°°«à“ ¢≥–∑’Ë¡’°“√‡æ‘Ë¡¡“°¢÷Èπ¢Õß glycosylation

 —¡æ—π∏å°—∫¢π“¥∑’Ë∫“ß≈ß¢Õß collagen fiber18 ®÷ß∑”„Àâ§«“¡·¢Áß·√ß¢Õß∫“¥·º≈¡’πâÕ¬

°«à“‡π◊ÈÕ‡¬◊ËÕª°µ‘µ“¡À≈—°°“√¢Õß positive correlation √–À«à“ß collagen fiber thick-

ness °—∫ tensile strength2 πÕ°®“°π’È§«“¡°“√®—¥‡√’¬ßµ—«¢Õß collagen fibers „π

∫“¥·º≈ (®π°√–∑—Ëß∑’Ë√–¬–‡«≈“ 1 ªïÀ≈—ß°“√∫“¥‡®Á∫) ‰¡à‡§¬°≈—∫¡“‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫

∑à“°—∫¢Õß‡π◊ÈÕ‡¬◊ËÕª°µ‘ ·≈–§«“¡·¢Áß·√ß (tensile strength) ¢Õß∫“¥·º≈°Á‰¡à‡§¬°≈—∫
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¡“‡ªìπª°µ‘ (100%) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¢Õß‡π◊ÈÕ‡¬◊ËÕ°àÕπ‰¥â√—∫∫“¥‡®Á∫ ‚¥¬æ∫ tensile

strength ¢Õß∫“¥·º≈ 3%, 30% ·≈– 80% ∑’Ë√–¬–‡«≈“ 1  —ª¥“Àå, 3  —ª¥“Àå ·≈– 3

‡¥◊Õπ (À√◊Õ¬“«π“π°«à“) À≈—ß‰¥â√—∫°“√∫“¥‡®Á∫µ“¡≈”¥—∫19

Modes of Wound Healing

«‘∏’°“√À“¬¢Õß∫“¥·º≈·∫àßÕÕ°‰¥â¥—ßπ’È

1. Primary intention ‡ªìπ°“√¥÷ß¢Õ∫¢Õß∫“¥·º≈‡¢â“¡“™‘¥°—π¥â«¬ sutures,

clips À√◊Õ tapes π‘¬¡„™â«‘∏’π’È°—∫∫“¥·º≈∑’Ë¡’ minimal tissue loss ·≈–«‘∏’π’È°àÕ„Àâ‡°‘¥

·º≈‡ªìπ‡æ’¬ß‡≈Á°πâÕ¬

2. Secondary intention ‡ªìπ°“√ª≈àÕ¬„Àâ∫“¥·º≈À“¬‡Õßµ“¡∏√√¡™“µ‘

µ“¡°√–∫«π°“√¢Õß granulation, contraction ·≈– epithelialization ‚¥¬«‘∏’π’È®–

¬◊¥√–¬–‡«≈“°“√À“¬¢Õß·º≈ ·≈–¡—°°àÕ„Àâ‡°‘¥·º≈‡ªìπ¢π“¥„À≠à

3. Tertiary intention (Delay primary intention) §◊Õ °“√√Õ∑”§«“¡ –Õ“¥

∫“¥·º≈ª√–¡“≥ 4-5 «—π°àÕπ∑”°“√‡¬Á∫ªî¥∫“¥·º≈ (primary closure) „™â„π°√≥’

∫“¥·º≈µ‘¥‡™◊ÈÕÀ√◊Õ∫“¥·º≈∑’Ëªπ‡ªóôÕπ¥â«¬ ‘Ëß·ª≈°ª≈Õ¡ (foreign bodies) ª√‘¡“≥¡“°

4. Skin graft °“√«“ß skin graft ®–™à«ß‡√àßÕ—µ√“°“√À“¬¢Õß·º≈ ·≈–≈¥

Õ—µ√“‡ ’Ë¬ßµàÕ∫“¥·º≈Õ—°‡ ∫µ‘¥‡™◊ÈÕ ‚¥¬§«“¡Àπ“¢Õß graft ∑’Ë„™âÕ“®‡ªìπ™π‘¥ partial

thickness À√◊Õ™π‘¥ full thickness ·≈–À“°·∫àß™π‘¥µ“¡∑’Ë¡“¢Õß‡π◊ÈÕ‡¬◊ËÕ¢Õß skin

graft ®–·∫àßÕÕ°‰¥â‡ªìπ autograft, allograft, xenograft ·≈– culture epidermis

- Autograft §◊Õ surgical relocation ¢Õßº‘«Àπ—ß®“°∑’Ë·ÀàßÀπ÷Ëß‰ª«“ß∫π

∫“¥·º≈„π§πÊ ‡¥’¬«°—π ‚¥¬∑’Ë·º≈∑’Ë∂Ÿ°π”º‘«Àπ—ßÕÕ°¡“ (donor site) ®–∂Ÿ°ª≈àÕ¬„Àâ

·º≈À“¬‡Õß¥â«¬«‘∏’ secondary intention

- Allograft §◊Õ °“√ª≈Ÿ°∂à“¬º‘«Àπ—ß®“°§πÀπ÷Ëß ŸàÕ’°§πÀπ÷Ëß

- Xenograft ‡ªìπ°“√ª≈Ÿ°∂à“¬º‘«Àπ—ß¢â“¡ species ‡™àπ ®“° —µ«å Ÿà§π

- Cultured epidermis §◊Õ cultivation of epidermis ®“° epithelial

cells ª√‘¡“≥πâÕ¬Ê ∑’Ë‰¥â¡“®“°√à“ß°“¬¢Õß donor À√◊Õ recipient ‚¥¬ cell ¥—ß°≈à“«

®–∂Ÿ°‡æ“–æ—π∏å (cultivated) ‡æ◊ËÕ √â“ß epidermis „πÀâÕß∑¥≈Õß∑“ß«‘∑¬“»“ µ√å °àÕπ
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π”°≈—∫‰ª«“ß∑’Ë recipients

5. Flaps §◊Õ surgical relocation ¢Õß tissue ®“° à«πÀπ÷Ëß¢Õß√à“ß°“¬‰ª

¬—ßÕ’° à«πÀπ÷Ëß¢Õß√à“ß°“¬‡æ◊ËÕ∑’Ë®–ªî¥ primary defect ¢≥–‡¥’¬«°—∫∑’Ë √â“ß secondary

defect ∑’Ë„À¡à∑’ËµâÕß°“√°“√ªî¥‚¥¬°“√«“ß skin graft À√◊Õ °“√‡¬Á∫ªî¥‚¥¬µ√ß (primary

closure) °“√·∫àß™π‘¥¢Õß flaps µ“¡≈—°…≥–¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë∂Ÿ°¬â“¬ (transferred) ‰ª ®–

·∫àßÕÕ°‡ªìπ

- Skin flaps (cutaneous flaps) ¡’‡π◊ÈÕ‡¬◊ËÕ´÷Ëßª√–°Õ∫¥â«¬ skin ·≈– su-

perficial fascia

- Composite tissue flaps ¡’‡π◊ÈÕ‡¬◊ËÕÀ≈“¬™π‘¥√«¡°—π´÷Ëßª√–°Õ∫¥â«¬

‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’™—Èπ§«“¡≈÷°µË”°«à“™—Èπ skin ·≈–™—Èπ superficial fascia ‚¥¬®–‡√’¬°µ“¡™π‘¥

¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë‡ªìπ à«πª√–°Õ∫¢Õß flaps ‡™àπ fasciocutaneous flap, myocutaneous

flap ·≈– osteomyocutaneous flap ‡ªìπµâπ

πÕ°®“°π’È flaps ¬—ßÕ“®∂Ÿ°·∫àßÕÕ°µ“¡≈—°…≥–°“√‡µ√’¬¡À≈Õ¥‡≈◊Õ¥∑’Ë¡“‡≈’È¬ß

flaps ‚¥¬®–∂Ÿ°·∫àßÕÕ°‡ªìπ

- Free flap ‡ªìπ relocation ¢Õß skin ·≈– subcutaneous tissue ‚¥¬

¡’°“√µàÕ anastomosis ¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ß segment ¢Õß flap π—Èπ

- Pedicle flap §◊Õ surgical transfer ¢Õß skin ·≈– subcutaneous

tissue ‰ª¬—ßÕ’° à«πÀπ÷Ëß¢Õß√à“ß°“¬ ‚¥¬‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ß flaps ‰¥â√—∫¡“®“° vascular

pedicle ∑’Ë¬—ßµ‘¥°—∫√à“ß°“¬∑’Ëµ”·Àπàß¢Õß doner site

Abnormal Wound Healing

Abnormal wound healing À¡“¬∂÷ß°√–∫«π°“√À“¬¢Õß∫“¥·º≈∑’Ë‡∫’Ë¬ß‡∫π

À√◊Õº‘¥‰ª®“° normal wound healing ·≈– remodeling process

Abnormalities ¢Õß wound healing °àÕ„Àâ‡°‘¥ cosmetic À√◊Õ functional

deformities ·≈– àßº≈°√–∑∫µàÕ recovery, rehabilitation ·≈– quality of life ¢Õß

ºŸâªÉ«¬ Abnormal wound healing ∑’Ëæ∫∫àÕ¬ ‰¥â·°à hypergranulation, hypertrophic

scar, keloid ·≈– scar contracture
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Hypergranulation

Hypergranulation §◊Õ granulation tissue ∑’Ë‡®√‘≠¢÷Èπæâπ (project beyond)

º‘«¢Õß∫“¥·º≈ (wound surface) hypergranulation ®–¢—¥¢«“ß°“√‡°‘¥ epithelial-

ization

Hypergranulation tissue Õ“®¡’≈—°…≥–π‘Ë¡ ·≈–‡ª√“–∫“ß ´÷Ëßæ∫‰¥â

∫√‘‡«≥·º≈ºà“µ—¥ À√◊Õ∫√‘‡«≥√Õ∫Ê√Ÿ percutaneous tube ·≈– device À√◊Õ¡’≈—°…≥–

·¢Áß ´÷Ëßæ∫‰¥â∫√‘‡«≥ leg ulcers ·≈–∫“ß§√—ÈßÕ“®æ∫ hypergranulation ‰¥â„π malig-

nant ulcer ∫“ß™π‘¥ ¥—ßπ—Èπ®÷ß§«√∑”°“√ àßµ√«®™‘Èπ‡π◊ÈÕ (biopsy) ‡¡◊ËÕ ß —¬¿“«–

malignancy À√◊Õ„π°√≥’∑’Ë¡’°“√‡°‘¥ hypergranulation tissue ´È”À≈—ß°“√µ—¥ÕÕ°

(removal)

°“√°”®—¥ hypergranulation tissue §«√°√–∑”‡¡◊ËÕ ¡’°“√≈à“™â“¢Õß epithe-

lialization À√◊Õ‡¡◊ËÕ wound healing ∂Ÿ°¢—¥¢«“ß„π™à«ß maturation ·≈– remodeling

phase

°“√°”®—¥ hypergranulation Õ“®∑”‰¥âÀ≈“¬«‘∏’ ¥—ßµàÕ‰ªπ’È

1. Surgical wound debridement

2. Pressure application ¥â«¬ foam dressing √à«¡°—∫ compression

bandaging

3. Dressing ¥â«¬ hypertonic saline

4. Caustic agent ¥â«¬ silver nitrate ·µàÕ“®°àÕ„Àâ‡°‘¥ discomfort ·≈–

necrosis

5. Topical corticosteroids

Hypertrophic Scar

Hypertrophic scar ‡ªìπ°“√‡°‘¥ overabundant deposition ¢Õß collagen

„π healed skin wound ·≈–¡’≈—°…≥–¢Õß red raised firm scar ∑’Ë¡—°°àÕ„Àâ‡°‘¥

Õ“°“√§—π√à«¡¥â«¬
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Hypertrophic scar ∂Ÿ°®”°—¥Õ¬Ÿà„π¢Õ∫‡¢µ¢Õß∫“¥·º≈¥—Èß‡¥‘¡ (original wound

boundary) „π¢≥–∑’Ë keloid ‡®√‘≠‡µ‘∫‚µæâπ¢Õ∫‡¢µ¢Õß∫“¥·º≈¥—Èß‡¥‘¡ ·¡â«à“∑—Èß hy-

pertrophic scar ·≈– keloid ‡°‘¥®“°°“√¢“¥ ¡¥ÿ≈√–À«à“ß°“√ —ß‡§√“–Àå·≈–°“√ ≈“¬

collagen

Hypertrophic scar ‡°‘¥¢÷Èπµ“¡À≈—ß·º≈‰ø‰À¡âπÈ”√âÕπ≈«° (burn) À√◊Õ‡°‘¥

µ“¡À≈—ß°“√∫“¥‡®Á∫ (trauma) „π√–¬–·√°·≈–¡—°®–À¥À“¬‰ª‡Õß (spontaneous re-

gression) „π∑’Ë ÿ¥

Hypertrophic scar µÕ∫ πÕß‡ªìπÕ¬à“ß¥’µàÕ°“√√—°…“‚¥¬„™â pressure man-

agement ‚¥¬°“√„™â compression bandaging À√◊Õ pressure garment

Keloid

Keloid §◊Õ fibrous growth Õ—π‡π◊ËÕß¡“°“√µÕ∫ πÕß∑’Ëº‘¥ª°µ‘¢Õß connec-

tive tissue ∑’Ë¡’µàÕ°“√∫“¥‡®Á∫ (‡™àπ °“√ —° (tattoo) °“√©’°¢“¥ (laceration) °“√©’¥¬“

(injection) °“√Õ—°‡ ∫ °“√ºà“µ—¥ ‰ø‰À¡âπÈ”√âÕπ≈«° À√◊Õ∫“ß§√—ÈßÕ“®‡°‘¥¢÷Èπ‡Õß ¥—ß‰¥â

°≈à“«·≈â«¢â“ßµâπ«à“ keloid ‡°‘¥®“° overabundant deposition ¢Õß collagen „π healed

skin wound ‡™àπ‡¥’¬«°—∫ hypertrophic scar ·µà¡—°®–¡’≈—°…≥–¢Õß grotesque tu-

morous scar ∑’Ë¡’°“√‡®√‘≠‡µ‘∫‚µæâπ¢Õ∫‡¢µ¢Õß∫“¥·º≈¥—Èß‡¥‘¡ ´÷Ëß¡—°‡°‘¥°—∫§π∑’Ë¡’

º‘« ’§≈È” (darkly pigmented people) ·≈–ºŸâ∑’Ë‡°‘¥„π§√Õ∫§√—«∑’Ë¡’ª√–«—µ‘°“√‡°‘¥ kel-

oid ∫√‘‡«≥∑’Ë¡—°æ∫°“√‡°‘¥ keloid ‰¥â·°à »’√…– §Õ ≈”µ—« à«π∫π ·≈– ·¢π keloid

¡—°®–‰¡àÀ¥À“¬‰ª‡Õß·µà¡—°®–‡°‘¥¢÷Èπ´È”À≈—ß®“°∂Ÿ°°”®—¥ÕÕ°®“°√à“ß°“¬

°“√√—°…“ keloid ¡’‰¥âÀ≈“¬«‘∏’ Õ“∑‘

1. Excision ‚¥¬«‘∏’°“√ºà“µ—¥·∫∫¥—Èß‡¥‘¡ À√◊Õ‚¥¬«‘∏’°“√„™â Laser

2. Intralesion corticosteroid injection

3. Pressure garment À√◊Õ compression bandaging

4. Radiation therapy

„π°√≥’∑’Ë ß —¬ malignancy „π keloid ∑’Ë‡°‘¥¢÷Èπ„π√–¬–‡«≈“¬“«π“π Õ“®

µâÕßæ‘®“√≥“°“√µ—¥°“√ àßµ√«®™‘Èπ‡π◊ÈÕ (biopsy) ·≈–°“√µ√«®æ‘‡»…Õ◊ËπÊ ‡æ‘Ë¡‡µ‘¡



Wound Healing and Wound Care686

Contracture

Wound contracture ‡ªìπ°√–∫«π°“√∑’Ë ”§—≠°√–∫«π°“√Àπ÷Ëß ”À√—∫ wound

healing „π¢≥–∑’Ë scar contracture §◊Õ abnormal wound healing ´÷Ëß°àÕ„Àâ‡°‘¥

cosmetic ·≈– functional deformity µ“¡¡“‰¥â

Wound contraction ‡°‘¥¢÷Èπæ√âÕ¡°—∫°“√°àÕµ—«¢Õß granulation tissue °“√‡°‘¥

contraction ‡ªìπ°“√¥÷ß¢Õ∫¢Õß∫“¥·º≈„Àâ‡¢â“¡“„°≈â°—π ‡ªìπ°“√≈¥¢π“¥¢Õß wound

surface ·≈–ª√‘¡“≥¢Õß scar tissue ∑’Ë®–¡“‡µ‘¡‡µÁ¡∫“¥·º≈ wound contraction

‡°‘¥¢÷Èπ®“° myofibroblast activity ∑’Ë¢÷Èπ°—∫Õ‘∑∏‘æ≈¢Õß flexibility ·≈– mobility

¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’ËÕ¬Ÿà¢â“ß‡§’¬ß contraction ‡°‘¥¢÷Èπ‰¥âßà“¬„π loose subcutaneous tissue

‡™àπ ∫√‘‡«≥º‘«Àπ—ßÀπâ“∑âÕß „π¢≥–∑’Ë∂Ÿ°¬—∫¬—Èß„π∫√‘‡«≥∑’Ë«“ßÕ¬Ÿà∫π°√–¥Ÿ° ‡™àπ ∫√‘‡«≥

Àπ—ß»’√…– À√◊Õ ∫√‘‡«≥Àπâ“·¢âß ‡ªìπµâπ

Scar contracture ‡°‘¥¢÷Èπµ“¡À≈—ß°“√∫“¥‡®Á∫∑’Ë¡’µàÕ skin, subcutaneous

tissue, muscle, bone, tendon À√◊Õ nerve °“√ªÑÕß°—π cosmetic ·≈– functional

deformity ∑’Ë‡°‘¥µ“¡¡“À≈—ß scar contracture  “¡“√∂∑”‰¥â‚¥¬

1. Splinting

2. Gentle exercise

3. Full-thickness skin graft

4. Pressure garment

5. Transverse incision µ“¡·π« joint crease ·∑π longitudinal inci-

sion

Wound Care

°“√®—¥°“√∫“¥·º≈™à«¬ àß‡ √‘¡ (promote) °“√À“¬¢Õß∫“¥·º≈ ·≈–ªÑÕß°—π°“√

‡ª≈’Ë¬π°√–∫«π°“√°“√À“¬¢Õß∫“¥·º≈®“° acute wound healing ‰ª‡ªìπ chronic

wound healing °“√®—¥°“√∫“¥·º≈·∫àß‡ªìπ

1. General care ‰¥â·°à °“√À“ “‡Àµÿ¢Õß°“√‡°‘¥∫“¥·º≈À√◊Õ·º≈‡√◊ÈÕ√—ß

‡æ◊ËÕ‡≈◊Õ°«‘∏’°“√√—°…“∑’Ë‡À¡“– ¡ ·≈–ªÑÕß°—π°“√‡°‘¥´È”¢Õß∫“¥·º≈À√◊Õ·º≈‡√◊ÈÕ√—ß
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πÕ°®“°π’È¬—ß√«¡∂÷ß°“√§«∫§ÿ¡§«“¡‡®Á∫ª«¥Õ—π‡π◊ËÕß¡“®“°∫“¥·º≈À√◊Õ·º≈‡√◊ÈÕ√—ß

2. Specific care (local wound care) ‡ªìπ°“√®—¥°“√‡©æ“–∑’Ë°—∫∫“¥·º≈

À√◊Õ·º≈‡√◊ÈÕ√—ß ‚¥¬µâÕß®—¥°“√°—∫ªí®®—¬ 3 ª√–°“√ ‰¥â·°à

1) °“√°”®—¥‡π◊ÈÕµ“¬„π∫“¥·º≈ (Wound debridement)

2) °“√§«∫§ÿ¡ “√§—¥À≈—Ëß (Exudate control) ®–°≈à“«µàÕ‰ª„π autolytic

debridement

3) °“√®—¥°“√°“√µ‘¥‡™◊ÈÕ (Management of infection) ®–‰¡à¢Õ°≈à“«√“¬

≈–‡Õ’¬¥„π∑’Ëπ’È

°“√°”®—¥‡π◊ÈÕµ“¬„π∫“¥·º≈ (Wound debridement) ¡’ 5 «‘∏’À≈—° ‰¥â·°à

1. Surgical or Sharp Debridement ‡ªìπ«‘∏’°“√∑’Ë‡√Á«·≈–ßà“¬„π°“√°”°—¥

eschar ·≈– devitalized tissues ‚¥¬®–‡≈◊Õ°„™â«‘∏’π’È„π°√≥’∑’Ë¡’∫“¥·º≈¢π“¥„À≠à

∫“¥·º≈∑’Ë¡’°“√µ‘¥‡™◊ÈÕ ·≈– ·º≈‡∫“À«“π‡√◊ÈÕ√—ß∑’Ë¡’ hyperkeratosis callus ∑’Ë¢Õ∫¢Õß

·º≈ (¥—ß√Ÿª∑’Ë 1) ¢âÕ®”°—¥¢Õß«‘∏’°“√π’È §◊Õ °àÕ„Àâ‡°‘¥§«“¡‡®Á∫ª«¥ °“√‡ ’¬‡≈◊Õ¥ ·≈–

°“√∑”≈“¬‡π◊ÈÕ‡¬◊ËÕª°µ‘∑’ËÕ¬Ÿà∫√‘‡«≥„°≈â‡§’¬ß°—∫‡π◊ÈÕ‡¬◊ËÕ∑’Ë∂Ÿ°°”®—¥ÕÕ°‰ª πÕ°®“°π’È¬—ß

µâÕß√–¡—¥√–«—ß°“√æ‘®“√≥“‡≈◊Õ°„™â«‘∏’°“√π’È„π°“√√—°…“·º≈¢“¥‡≈◊Õ¥ (ischemic ulcers)

·≈–„πºŸâªÉ«¬∑’Ë¡’¿“«– coagulation defect

√Ÿª∑’Ë 1 · ¥ß·º≈°¥∑—∫ (Pressure sore) °àÕπ (´â“¬) ·≈– À≈—ß (¢«“) ‰¥â√—∫°“√√—°…“‚¥¬

surgical debridement ́ ÷Ëß‡ªìπ«‘∏’°“√∑’Ë‡√Á«·≈–ßà“¬„π°“√°”°—¥ eschar ·≈– devital-

ized tissues
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2. Mechanical Debridement °“√°”®—¥‡π◊ÈÕµ“¬¥â«¬«‘∏’°“√π’È¬—ß “¡“√∂

°√–∑”‰¥âÀ≈“¬√Ÿª·∫∫ Õ“∑‘

- Wet to dry dressing ‡ªìπ non-selective technique „π°“√°”®—¥‡π◊ÈÕ

µ“¬„ÀâÀ≈ÿ¥≈Õ°ÕÕ°¡“æ√âÕ¡ dressing ‡ªìπ«‘∏’°“√∑’Ë°àÕ„Àâ‡°‘¥°“√∫“¥‡®Á∫À√◊ÕÀ≈ÿ¥≈Õ°

¢Õß new granulation tissue À√◊Õ freshly formed epithelial tissue ´÷Ëß‡ªìπÕ“®¢—¥

¢«“ß°√–∫«π°“√ wound healing ‰¥â ·≈–¬—ß°àÕ„Àâ‡°‘¥§«“¡‡®Á∫ª«¥ ·≈–‡°‘¥‡≈◊Õ¥

ÕÕ°®“°∫“¥·º≈‰¥â

- Osmotic debridement ‡ªìπ«‘∏’°“√¥Ÿ¥´÷¡ exudates æ√âÕ¡Ê °—∫ bac-

teria ·≈– dead tissues ∑’ËÕ¬Ÿà„π∫“¥·º≈ ‚¥¬∑—Ë«‰ªµâÕß°“√°“√∑”§«“¡ –Õ“¥·º≈

«—π≈–§√—Èß µ—«Õ¬à“ß¢Õßº≈‘µ¿—≥±åª√–‡¿∑π’È‰¥â·°à Dextranomer (‡™àπ Debrisan) ·≈–

hypertonic saline gels (‡™àπ Mesalt, Hypergel) ¢âÕ‡ ’¬¢Õß«‘∏’π’È §◊Õ°àÕ„Àâ‡°‘¥§«“¡

‡®Á∫ª«¥ ·≈–°“√√–§“¬‡§◊ÕßµàÕ‡π◊ÈÕ‡¬◊ËÕª°µ‘∑’ËÕ¬Ÿà√Õ∫Ê ∫“¥·º≈

- Pulsatile pressure cleansing (hydrojet debridement) §◊Õ°“√

™–≈â“ß‡π◊ÈÕµ“¬ÕÕ°®“°∫“¥·º≈‚¥¬°“√„™â·√ß¥—π “√πÈ” ́ ÷Ëß¡’„Àâ‡≈◊Õ°„™â∑—Èß high pressure

system (‡™àπ Versajet, Debritom) ·≈– low pressure system (‡™àπ Jetox,

Surgislav) ‚¥¬∑’Ëº≈‘µ¿—≥±å·µà≈–™π‘¥„™â fluid „π°“√∑”§«“¡ –Õ“¥·º≈µà“ß°—π‰ª

- Negative pressure therapy (NPT) §◊Õ°“√ √â“ß¿“«– negative pres-

sure ∫π∫“¥·º≈ ‚¥¬°“√«“ß polyurethane foam ∑’Ëªî¥ π‘∑¥â«¬ adhesive film ‰«â

∫π·º≈ ‚¥¬∑’Ë closed system ∑’Ë √â“ß¢÷Èππ’È®–∂Ÿ°‡™◊ËÕ¡µàÕ°—∫‡§√◊ËÕß Ÿ∫≈¡ (pump) ‚¥¬

ºà“π∑“ß “¬¬“ß (tube) NPT ¡’ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥ ÷́¡ exudates ·≈– àß‡ √‘¡°“√ √â“ß

granulation tissue πÕ°®“°π’È¬—ß™à«¬ª√–À¬—¥‡«≈“„π°“√∑”§«“¡ –Õ“¥·º≈‚¥¬‰¡à

®”‡ªìπµâÕß‡ª≈’Ë¬π wound dressing ∑ÿ°«—π ‚¥¬∑—Ë«‰ª¡—°‡≈◊Õ°„™â NPT µàÕ®“°°“√∑”

surgical À√◊Õ mechanical debridement „π∫“¥·º≈∑’Ë‡°‘¥®“°°“√∫“¥‡®Á∫ (traumatic

wounds) À√◊Õ ·º≈‡√◊ÈÕ√—ß ‡™àπ ·º≈°¥∑—∫„πºŸâªÉ«¬∑’Ë¡’¿“«– paraplegia  à«π¢âÕÀâ“¡„π

°“√„™â NPT ‰¥â·°à ·º≈∑’Ë¡’°“√Õ—°‡ ∫µ‘¥‡™◊ÈÕ¢Õß°√–¥Ÿ° (osteitis) ·≈– ·º≈¡–‡√Áß (cancer)

µ—«Õ¬à“ß¢Õßº≈‘µ¿—≥±å NPT ‰¥â·°à Info V.A.C. ·≈– Acti V.A.C. ‡ªìπµâπ

3. Enzymatic Debridement §◊Õ °“√π” exogenous enzymes ¡“„™â¬àÕ¬
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 ≈“¬‡π◊ÈÕµ“¬„π∫“¥·º≈ «‘∏’°“√π’È·¡â«à“®–„Àâº≈°“√√—°…“™â“°«à“°“√∑” surgical debri-

dement À“°·µàÕ“®‡ªìπ∑“ß‡≈◊Õ°∑’Ë¥’«‘∏’Àπ÷Ëß„π°“√√—°…“ non-infected and non-com-

plicated wounds ‚¥¬µâÕß‡ª≈’Ë¬π dressing (gauze ™ÿ∫ enzyme ∑’Ë‡≈◊Õ°„™â) ∑ÿ°Ê «—π

«—π≈– 2-3 §√—Èß ´÷Ëß enzymes ¡’„Àâ‡≈◊Õ°„™âÀ≈“¬™π‘¥ ‰¥â·°à

- Collagenase (‡™àπ Iruxol, Santyl)

- Fibrinolysin and deoxyribonuclease ± cloromycetin (‡™àπ Elase)

- Papain (‡™àπ Panafyl) ± urea (‡™àπ Gladase, Accuzyme)

- Debridase ´÷Ëß‡ªìπ bromilaine ∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß

°àÕπ°“√„™â°“√√—°…“¥â«¬«‘∏’π’È®”‡ªìπµâÕß„™â scapel °√’¥≈ß‰ªµ≈Õ¥§«“¡≈÷°

¢Õß·ºàπ‡π◊ÈÕµ“¬ À√◊Õ∑’Ë‡√’¬°«à“ cross-hatching ‡æ◊ËÕ‡ªìπ°“√‡ªî¥∑“ß„Àâ enzymatic agents

 “¡“√∂∑–≈ÿ∑–≈«ß‡¢â“‰ª„π∫“¥·º≈‰¥â√«¥‡√Á«¢÷Èπ ¢âÕ‡ ’¬¢Õß«‘∏’°“√π’È §◊Õ ºŸâªÉ«¬Õ“®¡’

§«“¡√Ÿâ ÷°‡®Á∫ª«¥À√◊Õ· ∫·º≈ (burning sensation) ‡ªìπ√–¬–‡«≈“ —Èπ Ê ∑—π∑’∑’Ë en-

zymatic agents ∂Ÿ°„ à„π∫“¥·º≈

4. Biological Debridement (Maggot Therapy) §◊Õ °“√π”µ—«ÀπÕπ¢Õß

·¡≈ß«—π (™π‘¥¢ÕßÀπÕπ·¡≈ß«—π∑’Ëπ”¡“„™â §◊Õ Lucila Sericata) ¡“„ à‰«â„π·º≈·≈â«

∑”°“√ªî¥ª“°·º≈·≈–‡π◊ÈÕ‡¬◊ËÕ∑’ËÕ¬Ÿà√Õ∫¥â«¬·ºàπ hydrocolloid ‡æ◊ËÕ„ÀâÀπÕπ‡À≈à“π’È™à«¬

°”®—¥‡π◊ÈÕµ“¬∑’ËÕ¬Ÿà¿“¬„π·º≈ ‚¥¬°“√À≈—Ëß proteolytic enzyme (‰¥â·°à collagenase

´÷Ëß∑”Àπâ“∑’Ë hydrolyze denature protein) calcium salt ·≈– antimicrobial agents

πÕ°®“°π’È¬—ß°àÕ„Àâ‡°‘¥ mechanical irritation ®“° movement chewing ·≈–¬—ß™à«¬

≈¥®”π«π bacteria ∑’ËÕ¬Ÿà„π·º≈Õ’°¥â«¬ µ—«ÀπÕπ‡À≈à“π’È™à«¬ àß‡ √‘¡ wound healing

‚¥¬°√–µÿâπ„Àâ¡’°“√ √â“ß serous exudate ‡æ‘Ë¡¢÷Èπ ™à«¬≈¥ª√‘¡“≥ bacteria „π·º≈

·≈–™à«¬‡ √‘¡ √â“ß granulation tissue

Maggot therapy ¡’∑’Ë„™â„π·º≈∑’Ë¡’ local chronic infection, osteitis,

burns ·≈– acute infections πÕ°®“°π’È¬—ßÕ“®æ‘®“√≥“„™â maggots „π∫“¥·º≈∑’Ë¡’

narrow, deep ·≈– irregular edge ·∑π°“√„™â sharp debridement

5. Autolytic Debridement ‡ªìπ selective method ∑’Ë‰¡à°àÕ„Àâ‡°‘¥§«“¡

‡®Á∫ª«¥ ·µà„Àâº≈°“√√—°…“™â“°«à“°“√∑” surgical debridement ‚¥¬Õ“»—¬À≈—°°“√
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¢Õß°“√¬àÕ¬ ≈“¬‡π◊ÈÕµ“¬¥â«¬ endogenous digestive enzymes ∑’Ë √â“ß¢÷Èπ‡Õß‚¥¬√

à“ß°“¬ ·≈–°“√∑”ß“π¢Õß macrophages „π moist environment ∑’Ë∂Ÿ° √â“ß¢÷Èπ®“°

occlusive dressing ‡™àπ hydrocolloids ·≈– foams À√◊Õ non-occlusive dressing

‡™àπ algenates, hydrofibers ·≈– hydrogels

Hydrocolloids ‡ªìπ modern dressing ∑’Ë‰¥â√—∫§«“¡π‘¬¡ Ÿß ÿ¥„π°≈ÿà¡π’È ‚¥¬

 à«πª√–°Õ∫À≈—°¢Õß hydrocolloids ‰¥â·°à gel-forming agent (Sodium-carboxy-

methyl-cellulosis (CMC) gelatin) √à«¡°—∫ elastomer ́ ÷Ëß¬÷¥µ‘¥°—∫ carrier (‡™àπ poly-

urethane foams À√◊Õ films) §«√æ‘®“√≥“„™â hydrocolloids °—∫·º≈∑’Ë¡’ low to mod-

erate exudates „π clean, granulating, superficial wound ∑’Ë¡’ intact surround-

ing skin ¢âÕ‡ ’¬¢Õß hydrocolloids §◊Õ Õ“®¡’°“√√—Ë«´÷¡¢Õß exudate ∑’Ë∂Ÿ°°—°¢—ß‰«â„µâ

·ºàπ hydrocolloid ∑’Ë¡“°‡°‘π‰ª°àÕ„Àâ‡°‘¥ surrounding skin maceration ·≈– °≈‘Ëπ

Õ—π‰¡àæ÷ßª√– ß§å (malodor) ®÷ßµâÕß∑”°“√‡ª≈’Ë¬π hydrocolloid dressing ∑ÿ°Ê 3-7 «—π

µ—«Õ¬à“ß¢Õßº≈‘µ¿—≥±å hydrocolloids ‰¥â·°à DuoDERM, Aquacel, Cutinova hy-

dro, Urgotul ·≈– Algoplaque ‡ªìπµâπ (µ—«Õ¬à“ß°“√„™â hydrocolloid „π°“√√—°…“

∫“¥·º≈ · ¥ß‰«â„π√Ÿª∑’Ë 2)

Foams ∑”Àπâ“∑’Ë¥Ÿ¥´÷¡·≈–°—°‡°Á∫ exudate „π·π« vertical ‡æ◊ËÕ√—°…“§«“¡

™ÿà¡™◊Èπ√–À«à“ß∫“¥·º≈ ·≈– foams  à«π„À≠à¢Õß foams ª√–°Õ∫¢÷Èπ®“° polyurethane

sheet ∑’Ë∂Ÿ°ÀàÕÀÿâ¡¥â«¬ non-adherent hydrophilic semi-permeable membrane ∑’Ë

¬Õ¡„Àâ¡’°“√´÷¡ºà“π¢ÕßÕ“°“» ¢âÕ¥’¢Õß foams ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ hydrocolloids §◊Õ

¡’°“√√—Ë«´÷¡¢Õß exudate πÕ° dressing ·≈–  √â“ß malodor πâÕ¬°«à“ ®÷ß‰¡à§«√π”

foams ¡“„™â°—∫ dry necrotic wounds µ—«Õ¬à“ß¢Õßº≈‘µ¿—≥±å foams ‰¥â·°à Allervyn,

Urgocell, Lyofoam ·≈– Biatain ‡ªìπµâπ

Calcium Algenates ‡ªìπ natural polysaccharides ∑’Ëº≈‘µ¢÷Èπ®“° “À√à“¬

 ’πÈ”µ“≈ (brown seaweed) ´÷Ëß¡’ manuronic acid ·≈– guluronic acid + CMC

‡π◊ËÕß®“° algenates ¡’ absorption capacities  Ÿß¡“° ®÷ß∂Ÿ°π”¡“„™â‡æ◊ËÕ∑”Àπâ“∑’Ë¥Ÿ¥

´—∫ serum, wound exudate ·≈– body fluids ∑’Ë¡’ sodium ‡ªìπÕß§åª√–°Õ∫„Àâ¡“

√«¡µ—«°—∫ algenates „π√Ÿª¢Õß sodium algenate hydrogel ‡æ◊ËÕ™à«¬√—°…“ ¿“«–™ÿà¡
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√Ÿª∑’Ë 2 · ¥ß°“√„™â Hydrocolloid √à«¡°—∫°“√„™â gel „π°“√√—°…“ transmetatarsal ampu-

tation wound À≈—ß°“√ºà“µ—¥®π∫“¥·º≈À“¬
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™◊Èπ„Àâ°—∫∫“¥·º≈ ¡’ à«π™à«¬ healing process ‚¥¬°“√‡√àß inflammatory phase „Àâ

‡¢â“ Ÿà proliferative phase πÕ°®“°π’È manuronic acid ¬—ß™à«¬„π°√–∫«π°“√ autolytic

debridement ·≈– guluronic acid ¬—ß„Àâ fiber integrity ®÷ß‡À¡“–∑’Ë®–π” algenates

¡“„™â°—∫∫“¥·º≈∑’Ë¡’ exudate ¡“° ·≈–∫“¥·º≈∑’Ë¡’≈—°…≥–‡ªìπ‚æ√ß (sinus) Õ’°∑—Èß cal-

cium ions „π calcium algenates ¬—ß™à«¬„π°√–∫«π°“√ hemostasis ¥â«¬

µ—«Õ¬à“ß¢Õßº≈‘µ¿—≥±å algenates ‰¥â·°à Urgosorb, Kaltostat ·≈– Sorbsan ‡ªìπµâπ

Hydrofibers ‡ªìπ non-woven sodium CMC spun „π√Ÿª¢Õß fibers ∑’Ë¡’

§ÿ≥ ¡∫—µ‘‡™àπ‡¥’¬«°—∫ algenates §◊Õ ¥Ÿ¥´—∫πÈ”‡¢â“¡“Õ¬Ÿà„π fibers ‰¥â¡“° ¬°‡«âπ·µà

¢“¥ƒ∑∏‘Ï¢Õß hemostasis ®÷ß‡À¡“– ¡„π°“√π”¡“„™â°—∫ high exudate wounds

πÕ°®“°π’È°“√¥Ÿ¥´÷¡¢Õß‡À≈«„π·π« vertical ¢Õß hydrofibers ¬—ß™à«¬ª°ªÑÕß surround-

ing tissue ®“° peri-wound skin maceration Õ’°¥â«¬ °“√‡ª≈’Ë¬π wound dressing

Õ“®√Õ‰¥âπ“π∂÷ß 7 «—π ¢÷Èπ°—∫ª√‘¡“≥ exudate ·≈–§«“¡Õ‘Ë¡µ—« (saturation) ¢Õß·ºàπ

hydrofibers µ—«Õ¬à“ß¢Õßº≈‘µ¿—≥±å hydrofibers ‡™àπ Aquacel ‡ªìπµâπ

Hydrogels ‡ªìπ colloid ™π‘¥Àπ÷Ëß∑’Ëª√–°Õ∫¥â«¬ insoluble polymers ∑’Ë¢¬“¬

µ—«‰¥â„ππÈ” ·≈–‡ªìπ dressing ™π‘¥∑’ËÕÿâ¡πÈ”‰«â‰¥â¡“° ™à«¬„Àâ§«“¡™ÿà¡™◊Èπ°—∫∫“¥·º≈ ®÷ß

‡À¡“–„π°“√π”¡“„™â°—∫ low to moderately exudating wounds ( ÷́ËßµâÕß°“√°“√‡ª≈’Ë¬π

dressing ∑ÿ°Ê 1-3 «—π) ·≈– slough ·≈– necrotic wounds ∑’Ë‰¡à„™à infected wounds

(´÷ËßµâÕß°“√°“√‡ª≈’Ë¬π dressing ∑ÿ°Ê «—π) µ—«Õ¬à“ß¢Õßº≈‘µ¿—≥±å hydrogels ‰¥â·°à

IntraSiteGel, DuoDERMGel, AskinaGel ·≈– Urgohydrogel ‡ªìπµâπ

·º≈‡√◊ÈÕ√—ß (Chronic Ulcer)

·º≈‡√◊ÈÕ√—ß·∫àß‡ªìπ 8 ™π‘¥ ‰¥â·°à

1. ·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß (Venous ulcer)

2. ·º≈¢“¥‡≈◊Õ¥ (Ischemic ulcer)

3. ·º≈‡ âπª√– “∑‡ ◊ËÕ¡ (Neurophatic ulcer)

4. ·º≈‡∫“À«“π (Diabetic ulcer)

5. ·º≈µ‘¥‡™◊ÈÕ (Infectious ulcer) ‡™àπ ·º≈µ‘¥‡™◊ÈÕ·∫§∑’‡√’¬ ‡™◊ÈÕ√“ ·≈–
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‡™◊ÈÕ‚√§‡√◊ÈÕπ ‡ªìπµâπ

6. ·º≈∑’Ë‡°‘¥®“°‚√§∑“ß‚≈À‘µ«‘∑¬“ (Hematologic ulcer) ‡™àπ ‚√§∏“≈— 

´’‡¡’¬ ‚√§¡–‡√ÁßµàÕ¡πÈ”‡À≈◊Õß polycythemia ·≈– sickle cell anemia ‡ªìπµâπ

7. ·º≈¡–‡√Áß (Malignant ulcer) ‡™àπ squamous cell carcinoma,

Kaposi’s sarcoma ·≈– secondary metastasis ‡ªìπµâπ

8. ·º≈™π‘¥Õ◊ËπÊ (Miscellaneous) ‡™àπ ·º≈®“°°“√·æâ¬“ ·º≈º◊Ëπ —¡º— 

·º≈∑’Ë‡°‘¥®“°‚√§ gout, pyoderma gangrenosum ·≈–·º≈¢“¥«‘µ“¡‘π ∫’ 12

„π∑’Ëπ’È®–¢Õ°≈à“«∂÷ß‡æ’¬ß ·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß (venous ulcer) ·º≈¢“¥‡≈◊Õ¥

(ischemic ulcer) ·≈–·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡ (neuropathic ulcer) ‡∑à“π—Èπ

‡π◊ËÕß®“°·º≈∑—Èß 3 ™π‘¥‡ªìπ·º≈‡√◊ÈÕ√—ß∑’Ë¢“∑’Ëæ∫‰¥â∫àÕ¬∑’Ë ÿ¥

·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß‡√◊ÈÕ√—ß (Chronic Venous Ulcer)

·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß‡√◊ÈÕ√—ß (chronic venous ulcer) ‡ªìπ·º≈‡√◊ÈÕ√—ß∑’Ë¢“∑’™π‘¥

∑’Ëæ∫‰¥â∫àÕ¬∑’Ë ÿ¥ Ÿß∂÷ß 80-90% ¢Õß·º≈‡√◊ÈÕ√—ß∑’Ë¢“∑—ÈßÀ¡¥20 ¥—ßπ—Èπ®÷ß‡ªìπªí≠À“ “∏“√≥ ÿ¢

„π·ßà¢Õßª√‘¡“≥ (high volume)

æ¬“∏‘ √’√«‘∑¬“¢Õß·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß‡√◊ÈÕ√—ß‡°’Ë¬«¢âÕß°—∫ªí®®—¬À≈—° 3 ª√–°“√

‰¥â·°à °“√‰À≈¬âÕπ°≈—∫¢Õß‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥¥”‡π◊ËÕß¡“®“°·√ß‚πâ¡∂à«ß (gravitational

reflux) §«“¡¥—π¿“¬„π¢“ (compartment pressure) ·≈– °“√®—∫·≈–°“√°√–µÿâπ‡¡Á¥

‡≈◊Õ¥¢“« (leucocyte trapping and activation)

Gravitational reflux ‡°‘¥®“°°“√∫°æ√àÕß„π°“√ªÑÕß°—π‡≈◊Õ¥‰À≈¬âÕπ°≈—∫

÷́Ëß‡ªìπÀπâ“∑’Ë¢Õß≈‘Èπ¢ÕßÀ≈Õ¥‡≈◊Õ¥¥”„π¢≥–∑’Ë‡¥‘π ∑”„Àâ√–¬–‡«≈“„π°“√ refilling of calf

veins  —Èπ≈ßÀ≈—ß°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ ¿“«–¥—ß°≈à“«π’È‡æ‘Ë¡§«“¡¥—π¢ÕßÀ≈Õ¥‡≈◊Õ¥¥”

∑’ËπàÕß„Àâ Ÿß¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß21 §«“¡¥—π™π‘¥π’È §◊Õ ambulatory venous hypertension

‡ªìπº≈¢ÕßπÈ”Àπ—°¢Õß≈”‡≈◊Õ¥¿“¬„πÀ≈Õ¥‡≈◊Õ¥¥”®“°À—«„®ÀâÕß¢«“∫π (right atrium)

 àßºà“πÀ≈Õ¥‡≈◊Õ¥¥”∑’Ëª√“»®“°≈‘Èπ°—Èπ¢Õß™àÕß∑âÕß·≈–™àÕß‡™‘ß°√“π≈ß‰ª¬—ßÀ≈Õ¥‡≈◊Õ¥

¥”∑’Ë¢“∑’Ë¡’§«“¡∫°æ√àÕß¢Õß≈‘Èπ°—Èπ ‡™◊ËÕ«à“°àÕ„Àâ‡°‘¥ capillary dilatation ·≈– °“√√—Ë«

ÕÕ°®“°À≈Õ¥‡≈◊Õ¥¢Õß‡¡Á¥‡≈◊Õ¥·¥ß plasma ·≈–plasma proteins
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Compartment pressure ‡ªìπº≈®“°°“√∑’Ë superficial veins, venules ·≈–

reticular veins µâÕß√Õß√—∫§«“¡¥—π∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ„π™à«ß∑’Ë°≈â“¡‡π◊ÈÕπàÕßÀ¥µ—«ºà“π Incom-

petent perforator valves °àÕ„Àâ‡°‘¥À≈Õ¥‡≈◊Õ¥¥”¢Õ¥ (varicose veins) ·≈– ¢“∫«¡22

Leucocyte trapping and activation ‡√‘Ë¡µâπ®“°°“√°√–µÿâπ endothelial cells

‚¥¬ hypoxia À√◊Õ “‡ÀµÿÕ◊Ëπ ‡ªìπº≈„Àâ‡°‘¥ adherence of leucocytes23 ´÷Ëßµ“¡¡“¥â«¬

°“√ª≈¥ª≈àÕ¬ oxygen free radicals ·≈– toxic products Õ◊ËπÊ ‡™àπ elastase, tumor

necrosis factor ·≈– collagenase ´÷Ëß∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ∑’ËÕ¬Ÿà√Õ∫Ê ®π°àÕ„Àâ‡°‘¥·º≈

À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß (venous ulcer) „π∑’Ë ÿ¥24

Õ“°“√∑“ß§≈‘π‘°¢Õß·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß ‰¥â·°à °“√‡°‘¥·º≈‡√◊ÈÕ√—ß∑’Ë¢âÕ‡∑â“

‚¥¬‡©æ“–µ”·Àπàß∑’ËÕ¬Ÿà‡Àπ◊ÕµàÕµ“µÿà¡¥â“π„π∑’Ë¡’™◊ËÕ‡√’¬°«à“ çGaiter areaé ´÷Ëß‡ªìπ

µ”·Àπàß∑’Ë —¡æ—π∏å°—∫µ”·Àπàß¢Õß medial calf perforator ∑’ËÕ¬ŸàµË”∑’Ë ÿ¥ (¥—ß√Ÿª∑’Ë 3)

πÕ°®“°π’È¬—ßÕ“®æ∫Õ“°“√‡∑â“∫«¡ ¢“∫«¡ º‘«Àπ—ßÕ—°‡ ∫ (dermatitis) ¡’πÈ”‡À≈◊Õß‰À≈

(eczema) º‘«Àπ—ß¡’ ’¥”§≈È” (hyperpigmentation) ·≈–º‘«Àπ—ß¥â“π·¢Áß ’¢“«´’¥¢Õß

lipodermatosclerosis

°“√«‘π‘®©—¬‚√§·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß‡√◊ÈÕ√—ß Õ“»—¬Õ“°“√∑“ß§≈‘π‘°∑’Ë‰¥â

√Ÿª∑’Ë 3 · ¥ß·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß (Venous ulcer) ∑’Ëæ∫∫àÕ¬∫√‘‡«≥¢âÕ‡∑â“‡Àπ◊ÕµàÕ

medial malleolus ∑’Ë‡√’¬°«à“ çGaiter areaé
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°≈à“«‰«â·≈â«¢â“ßµâπ√à«¡°—∫°“√µ√«®æ‘‡»…Õ’° 2 ™π‘¥ Õ—π‰¥â·°à continuous wave Dop-

pler ultrasonography ·≈– duplex Doppler ultrasonography

Continuous wave Doppler ultrasonography æ√âÕ¡À—«µ√«®∑’Ë¡’§«“¡∂’Ë 8.0

∂÷ß 10 MHz „™âµ√«® venous patency ·≈– competency ¢Õß femoral vein, popliteal

vein, posterior tibial vein ∑’ËÕ¬ŸàÀ≈—ß medial malleolus ·≈– anterior tibial vein

·≈–µ√«® venous reflux ¢Õß great saphenous vein (µ≈Õ¥§«“¡¬“«¢“‚¥¬‡√‘Ë¡®“°

junction ∫√‘‡«≥¢“Àπ’∫) lesser saphenous vein (‚¥¬‡√‘Ë¡®“° junction ∫√‘‡«≥ popliteal

fossa) ·≈– perforating veins °“√µ√«®Õ“®µâÕß¡’°“√µ√«®„π∑à“πÕπ·≈–∑à“¬◊π ·≈–

µâÕß„ÀâºŸâªÉ«¬À“¬„®≈÷°Ê ∫’∫πàÕß¢ÕßºŸâªÉ«¬ ·≈–°“√∑” Valsalva manoeuvre √à«¡¥â«¬

Duplex Doppler ultrasonography ´÷Ëßª√–°Õ∫¥â«¬ B-mode ultrasound

scanning ·≈– pulsed Doppler flow detector ‡æ◊ËÕª√–‡¡‘π∑—Èß°“¬«‘¿“§·≈–Àπâ“∑’Ë

¢ÕßÀ≈Õ¥‡≈◊Õ¥¥”∑’Ë¢“«à“¡’°“√Õÿ¥µ—πÀ√◊Õ°“√‰À≈¬âÕπ°≈—∫¢Õß‡≈◊Õ¥∑’Ë∫√‘‡«≥„¥¢Õß

À≈Õ¥‡≈◊Õ¥¥”

°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬‚√§·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß‡√◊ÈÕ√—ß ‰¥â·°à

1. Compression

2. Local wound care

3. Surgery

°“√æ—π¢“¥â«¬ four layer elastic bandage À√◊Õ °“√ «¡„ à graduated com-

pression stocking ∑’Ë √â“ß§«“¡¥—π‡«≈“ «¡„ àª√–¡“≥ 30 ∂÷ß 40 ¡.¡. ª√Õ∑ ‡æ◊ËÕ

‡ªìπ°“√≈¥ venous pressure ¿“¬„π calf compartment ‡ªìπ«‘∏’°“√√—°…“À≈—°¢Õß

°“√‡°‘¥·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß‡√◊ÈÕ√—ß∑’Ë¢“ Õ’°∑—Èß¬—ß‡ªìπ«‘∏’ªÑÕß°—π°“√‡°‘¥·º≈´È” ¢âÕ

§«√√–«—ß°àÕπ°“√‡√‘Ë¡„Àâ°“√√—°…“¥â«¬«‘∏’ compression §◊Õ °“√µ√«®™’æ®√∑’Ë¢âÕ‡∑â“

À“°§≈”™’æ®√∑’Ë¢âÕ‡∑â“¢â“ß‡¥’¬«°—∫·º≈‰¡à‰¥â §«√À≈’°‡≈’Ë¬ß°“√√—°…“¥â«¬«‘∏’ compression

·≈– §«√ àßª√÷°…“»—≈¬·æ∑¬åÀ≈Õ¥‡≈◊Õ¥‡æ◊ËÕª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß°“√¢“¥‡≈◊Õ¥·≈–

æ‘®“√≥“·ºπ°“√√—°…“·º≈¢Õß¢“¢â“ßπ—Èπ

°“√∑”§«“¡ –Õ“¥·º≈Õ¬à“ß ¡Ë”‡ ¡Õ√à«¡°—∫°“√„Àâ¬“ªØ‘™’«π–„π°√≥’∑’Ë‡°‘¥

local infection  à«π topical agent ∑’Ëπ‘¬¡„™â„ à„π·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß‡√◊ÈÕ√—ß ‰¥â·°à
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º≈‘µ¿—≥±å∑’Ë¡’‡°≈◊Õ‡ß‘π‡ªìπ à«πª√–°Õ∫ ‡æ◊ËÕ™à«¬‡ √‘¡ √â“ß°“√À“¬¢Õß·º≈ ‡™àπ silver

sulfadiazine cream ·≈– crystalline silver À√◊ÕÕ“®®–„™â antimicrobial free prod-

uct ‡™àπ petroleum gauze °Á‰¥â ·µà ‘Ëß∑’Ë ”§—≠ ‘ËßÀπ÷Ëß∑’ËµâÕß§Õ¬√–¡—¥√–«—ß§◊Õ°“√

§«∫§ÿ¡ª√‘¡“≥πÈ”‡À≈◊Õß∑’ËÕÕ°¡“®“°·º≈ ‡π◊ËÕß®“°Õ“®‡°‘¥¿“«– skin maceration

∑”„Àâº‘«Àπ—ßª°µ‘√Õ∫·º≈‡°‘¥°“√‡ªóòÕ¬‰¥â ªí≠À“π’È “¡“√∂ªÑÕß°—π·≈–·°â‰¢‚¥¬°“√

‡ª≈’Ë¬πºâ“ªî¥·º≈∫àÕ¬¢÷ÈπÀ√◊Õ„™âº≈‘µ¿—≥±å∑’Ë “¡“√∂¥Ÿ¥´—∫πÈ”‡À≈◊Õß

°“√ºà“µ—¥√—°…“·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß‡√◊ÈÕ√—ß ‰¥â·°à

1. Superficial venous stripping and venous avulsion ‡¡◊ËÕºŸâªÉ«¬¡’

primary varicose veins ∑’Ë‡°‘¥®“° sapheno-femoral ·≈– sapheno-popliteal in-

competence

2. Endovenous therapy ‡ªìπ«‘∏’∑”≈“¬ varicose veins ‚¥¬„™âæ≈—ßß“π

§«“¡√âÕπ®“° Laser À√◊Õ radiofrequency ºà“π∑“ß catheter ́ ÷Ëß∂Ÿ° «π¿“¬„π venous

lumen ¿“¬„µâ ultrasound guidance

3. Subfascial perforating vein interruption ‡¡◊ËÕºŸâªÉ«¬¡’ perforating

vein incompetence

4. Skin graft ·≈–/À√◊Õ free flap coverage ‡æ◊ËÕ™à«¬‡√àß°“√À“¬¢Õß

·º≈„Àâ‡√Á«¢÷Èπ

5. Venous valve reconstruction, venous valve transfer À√◊Õ venous

bypass ‡¡◊ËÕ·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß‡√◊ÈÕ√—ß¢ÕßºŸâªÉ«¬‡°‘¥®“° long term sequele ¢Õß

deep venous thrombosis ‰¡à “¡“√∂À“¬‰¥â∑—Èß∑’Ë‰¥â√—∫°“√√—°…“¥â«¬ compression

·≈–‰¥â√—∫§«“¡√à«¡¡◊Õ‡ªìπÕ¬à“ß¥’®“°ºŸâªÉ«¬

°“√æ¬“°√≥å‚√§ ·º≈À≈Õ¥‡≈◊Õ¥¥”‡≈◊Õ¥§—Ëß‡√◊ÈÕ√—ß‡°◊Õ∫∑—ÈßÀ¡¥µÕ∫ πÕßµàÕ

°“√√—°…“¥â«¬°“√√—°…“¥â«¬ compression ªí≠À“¢Õß°“√‰¡àÀ“¬¢Õß·º≈À√◊Õ°“√‡°‘¥

·º≈´È”‡°‘¥®“°°“√¢“¥§«“¡√à«¡¡◊Õ (compliance) ®“°ºŸâªÉ«¬ ¥—ßπ—Èπ®÷ß®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë

®–µâÕß„Àâ§«“¡√Ÿâ·≈– ÿ¢»÷°…“°—∫ºŸâªÉ«¬‡æ◊ËÕªÑÕß°—π°“√‡°‘¥´È”¢Õß·º≈™π‘¥π’ÈÕ—ππ”¡“´÷Ëß

°“√ Ÿ≠‡ ’¬∑“ß‡»√…∞°‘®Õ¬à“ß¡“° ‡™àπ §à“„™â®à“¬ ‡«≈“ ·≈– ·√ßß“π∑’ËµâÕß‡ ’¬‰ª°—∫°“√

√—°…“·º≈™π‘¥π’È
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·º≈¢“¥‡≈◊Õ¥ (Ischemic Ulcer)

·º≈¢“¥‡≈◊Õ¥ (ischemic ulcer) ‡ªìπ·º≈∑’Ë∑”„ÀâºŸâªÉ«¬‡ ’Ë¬ßµàÕ°“√∂Ÿ°µ—¥¢“

À√◊Õ‡ ’¬™’«‘µ ŸßÀ“°ºŸâªÉ«¬‰¡à‰¥â√—∫°“√√—°…“Õ¬à“ß∂Ÿ°µâÕß·≈–∑—π∑à«ß∑’ ®÷ß‡ªìπªí≠À“

 “∏“√≥ ÿ¢„π·ßà¢Õß§«“¡‡ ’Ë¬ß (high risk)

ªí®®—¬‡ ’Ë¬ßµàÕ°“√‡°‘¥·º≈¢“¥‡≈◊Õ¥ ‰¥â·°à ºŸâªÉ«¬ ŸßÕ“¬ÿ °“√ Ÿ∫∫ÿÀ√’Ë ‚√§‡∫“À«“π

‚√§‰¢¡—π„πÀ≈Õ¥‡≈◊Õ¥ Ÿß ‚√§§«“¡¥—π‚≈À‘µ Ÿß ·≈– hyperhomocysteinemia

æ¬“∏‘ √’√«‘∑¬“¢Õß·º≈¢“¥‡≈◊Õ¥§àÕπ¢â“ßµ√ß‰ªµ√ß¡“ °≈à“«§◊Õ°“√‡°‘¥·º≈∑’Ë

‡°‘¥¢÷Èπ‡ÕßÀ√◊Õ‡°‘¥®“°°“√∫“¥‡®Á∫´÷Ëß‰¡à “¡“√∂À“¬‰¥â‡Õß‡π◊ËÕß®“°‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥

∫“¥·º≈¢“¥ÕÕ°´‘‡®π·≈– “√Õ“À“√®“°°“√∑’Ë‰¡à¡’‡≈◊Õ¥¡“‡≈’È¬ß‡æ’¬ßæÕ

ºŸâªÉ«¬®”π«πÀπ÷ËßÕ“®„Àâª√–«—µ‘¢Õß¢“°√–‡º≈° (intermittent claudication)

À√◊Õ ischemic rest pain π”¡“°àÕπ∑’Ë®–‡°‘¥·º≈¢“¥‡≈◊Õ¥

µ”·Àπàß·º≈¢“¢“¥‡≈◊Õ¥∑’Ëæ∫‰¥â∫àÕ¬ ‰¥â·°à ∫√‘‡«≥ª≈“¬π‘È«‡∑â“ ·≈–∫√‘‡«≥∑’Ë

√Õß√—∫πÈ”Àπ—°À√◊Õ∂Ÿ°°¥∑—∫ ‡™àπ ∫√‘‡«≥ âπ‡∑â“ ∫√‘‡«≥ΩÉ“‡∑â“∫√‘‡«≥„µâ head of 1st, 2nd

·≈– 5th metatarsal bone ∫√‘‡«≥µ“µÿà¡¥â“ππÕ° ·≈–∫√‘‡«≥Àπâ“·¢âß (¥—ß√Ÿª∑’Ë 4)

·º≈¢“¢“¥‡≈◊Õ¥¡—°®–¡’Õ“°“√‡®Á∫·≈–ª«¥·º≈Õ¬à“ß¡“° ¢≥–¥÷ßºâ“ªî¥·º≈

ÕÕ°‡æ◊ËÕ∑”§«“¡ –Õ“¥·º≈ ¢Õ∫¢Õß·º≈¡—°¡’≈—°…≥–∑’Ë‡√’¬°«à“ çpunch-outé À√◊Õ

çsquare-cuté ´÷Ëß¢Õ∫·º≈¡—°¡’ ’¡à«ßÕ¡‡∑“ ‡π◊ËÕß®“°‡π◊ÈÕ‡¬◊ËÕ√Õ∫Ê ·º≈‰¡à “¡“√∂™à«¬

„Àâ‡°‘¥°“√À“¬¢Õß·º≈‰¥â °âπ·º≈¡—°¡’ ’́ ’¥·≈–·º≈Õ“®≈÷°≈ß‰ª®π°√–∑—Ëß‡ÀÁπ°√–¥Ÿ° ¢âÕ

·≈–‡ÕÁπ ∫“ß§√—ÈßÕ“®æ∫πÈ”‡À≈◊ÕßÀ√◊ÕÀπÕß‰À≈ÕÕ°®“°·º≈‰¥â

πÕ°®“°π’È¬—ßÕ“®æ∫Õ“°“√ª≈“¬‡∑â“´’¥‡¬Áπ §«“¡√Ÿâ ÷°≈¥πâÕ¬≈ß ·≈–¢“≈’∫ ∑’Ë

 ”§—≠∑’Ë ÿ¥ §◊Õ °“√µ√«®§≈”™’æ®√æ∫«à“™’æ®√∫√‘‡«≥¢âÕ‡∑â“ (dorsalis pedis pulse ·≈–

posterior tibial pulse) §≈”‰¡à‰¥âÀ√◊Õ‰¥â‡∫“°«à“ª°µ‘‡¡◊ËÕ‡∑’¬∫°—∫™’æ®√∑’Ë¢“Ωíòßµ√ß¢â“¡

À√◊Õ™’æ®√∑’Ë·¢π¢â“ß∑’Ëª°µ‘

°“√«‘π‘®©—¬‚√§·º≈¢“¢“¥‡≈◊Õ¥ Õ“»—¬Õ“°“√∑“ß§≈‘π‘°∑’Ë‰¥â°≈à“«‰«â·≈â«¢â“ßµâπ

√à«¡°—∫°“√µ√«®æ‘‡»…Õ’° 3 ™π‘¥ Õ—π‰¥â·°à ankle-brachial pressure index (ABI),

segmental arterial pressure ·≈– lower limb artery imaging
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Ankle-brachial pressure index (ABI) §◊Õ §à“∑’Ë‰¥â®“°°“√§”π«≥Õ—µ√“ à«π

√–À«à“ß§«“¡¥—π‚≈À‘µ¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ß à«πª≈“¬¢Õß¢“∫√‘‡«≥¢âÕ‡∑â“ (dorsalis pedis

arterial pressure À√◊Õ posterior tibial arterial pressure) °—∫§«“¡¥—π‚≈À‘µ¢Õß

À≈Õ¥‡≈◊Õ¥ à«πª≈“¬¢Õß·¢π (brachial arterial pressure) ́ ÷Ëß§à“ª°µ‘¢Õß ABI §◊Õ 0.91

∂÷ß 1.30 ·µà„πºŸâªÉ«¬∑’Ë¡’·º≈¢“¢“¥‡≈◊Õ¥¡—°®–æ∫§à“ ABI µË”°«à“ 0.4  à«π°√≥’¢Õß

ºŸâªÉ«¬‡∫“À«“πÀ√◊ÕºŸâªÉ«¬‚√§‰µ«“¬‡√◊ÈÕ√—ß∑’Ë¡’§à“ ABI ∑’Ë Ÿß°«à“ 1.30 ‡π◊ËÕß®“°À≈Õ¥

‡≈◊Õ¥·¥ß‰¡à “¡“√∂∂Ÿ°°¥‚¥¬ blood pressure cuff ‰¥â‡æ√“– calcification ¢Õß

À≈Õ¥‡≈◊Õ¥·¥ß §«√‰¥â√—∫°“√µ√«®‡æ‘Ë¡‡µ‘¡‡æ◊ËÕª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß°“√¢“¥‡≈◊Õ¥

√Ÿª∑’Ë 4 · ¥ß·º≈¢“¥‡≈◊Õ¥ (Ischemic ulcer) µ“¡∫√‘‡«≥∑’Ëæ∫‰¥â∫àÕ¬ ‰¥â·°à ∫√‘‡«≥ª≈“¬

π‘È«‡∑â“ ( ấ“¬∫π) ΩÉ“‡∑â“∫√‘‡«≥„µâ head of metatarsal bone (¢«“∫π) ∫√‘‡«≥ âπ

‡∑â“ ( ấ“¬≈à“ß) ·≈–∫√‘‡«≥Àπâ“·¢âß (¢«“≈à“ß)



™ÿ¡æ≈  «àÕß«“π‘™ 699

‚¥¬°“√ àßµ√«® toe-brachial pressure index À√◊Õ pulse volume recording

Segmental arterial pressure ‡ªìπ°“√ª√–‡¡‘π§ÿ≥¿“æ¢Õß§«“¡¬◊¥À¬ÿàπ¢Õß

À≈Õ¥‡≈◊Õ¥·¥ß à«πª≈“¬∑’Ë·¢π ·≈–¢“ ‚¥¬¥Ÿ®“°≈—°…≥–¢Õß§≈◊Ëπ¢Õß°“√¢¬“¬µ—«

·≈–À¥µ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ß (arterial waveform) ¢≥–∑”°“√«—¥§«“¡¥—π‚≈À‘µ¢Õß

À≈Õ¥‡≈◊Õ¥ à«πª≈“¬¢Õß¢“‡ªìπ™à«ßÊ §◊Õ∑’Ë√–¥—∫¢Õß femoral artery, popliteal artery,

dorsalis pedis artery ·≈– posterior tibial artery ‚¥¬π”§à“∑’Ë‰¥â‰ª‡ª√’¬∫‡∑’¬∫°—∫

§à“∑’Ëµ√«®‰¥â¢Õß brachial artery

Lower limb artery imaging ®– àßµ√«®„π°√≥’∑’Ëæ‘®“√≥“„Àâ°“√√—°…“‡æ◊ËÕ

∑”°“√‡æ‘Ë¡‡≈◊Õ¥‰ª‡≈’È¬ß¢“¢â“ß∑’Ë¢“¥‡≈◊Õ¥ (revascularization)‡∑à“π—Èπ lower limb artery

imaging ∑’Ë‡ªìπ∑’Ëπ‘¬¡ àßµ√«®„πªí®®ÿ∫—π ‰¥â·°à conventional angiography ´÷Ëß∂◊Õ‡ªìπ

gold standard imaging „πªí®®ÿ∫—π À√◊Õ computerized tomographic angiography

(CTA) ´÷Ëß‡ªìπ investigation of choice ¢Õß “¢“»—≈¬»“ µ√åÀ≈Õ¥‡≈◊Õ¥ ·≈– mag-

netic resonance angiography (MRA) „π°√≥’∑’ËºŸâªÉ«¬¡’ renal impairment

°“√√—°…“ºŸâªÉ«¬‚√§·º≈¢“¢“¥‡≈◊Õ¥ ‰¥â·°à

1. °“√°”®—¥‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’°“√µ‘¥‡™◊ÈÕ¢—Èπ√ÿπ·√ß ‡™àπ‡ªìπΩïÀπÕß À√◊Õ¡’°“√µ‘¥

‡™◊ÈÕ„π°√–· ‡≈◊Õ¥ ‚¥¬°“√ºà“µ—¥ debridement, toe amputation À√◊Õ ankle/knee

disarticulation ‡æ◊ËÕ§«∫§ÿ¡°“√µ‘¥‡™◊ÈÕ„ÀâÕ¬Ÿà„π«ß®”°—¥ °àÕπ∑’Ë®–∑”°“√‡æ‘Ë¡‡≈◊Õ¥

‰ª‡≈’È¬ß¢“¢â“ß∑’Ë¢“¥‡≈◊Õ¥

2. °“√‡æ‘Ë¡‡≈◊Õ¥‰ª‡≈’È¬ß¢“¢â“ß∑’Ë¢“¥‡≈◊Õ¥ (revascularization) ¥â«¬«‘∏’

endovascular intervention ‰¥â·°à °“√∂à“ß¢¬“¬À≈Õ¥‡≈◊Õ¥·¥ß∑’Ëµ’∫À√◊Õµ—π¥â«¬

∫Õ≈≈Ÿπ∑“ß√Ÿ‡®“–À≈Õ¥‡≈◊Õ¥·¥ßºà“π∑“ßº‘«Àπ—ß (percutaneous balloon angioplasty)

·≈–/À√◊Õ °“√ Õ¥¢¥≈«¥§È”¬—π (stenting) À√◊Õ ¥â«¬«‘∏’ surgical bypass grafting

3. °“√≈–≈¥‡≈‘°ªí®®—¬‡ ’Ë¬ß¢Õß‚√§À≈Õ¥‡≈◊Õ¥·¥ß‡ ◊ËÕ¡ (atherosclerotic

risk factor modification) ·≈–°“√°“√ª√—∫ª√ÿß√Ÿª·∫∫°“√¥”√ß™’«‘µ (lifestyle modifi-

cation) ‡æ◊ËÕªÑÕß°—π°“√‡°‘¥´È”¢Õß·º≈¢“¢“¥‡≈◊Õ¥ ‡™àπ °“√ Ÿ∫∫ÿÀ√’Ë °“√§«∫§ÿ¡√–¥—∫

πÈ”µ“≈„π‡≈◊Õ¥„πºŸâªÉ«¬‚√§‡∫“À«“π §«∫§ÿ¡√–¥—∫‰¢¡—π„π°√–· ‡≈◊Õ¥ ·≈–°“√§«∫§ÿ¡

√–¥—∫§«“¡¥—π‚≈À‘µ ‡ªìπµâπ
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°“√æ¬“°√≥å‚√§  à«π„À≠à·º≈¢“¥‡≈◊Õ¥¡—°®–À“¬‰¥â¿“¬À≈—ß®“°°“√‡æ‘Ë¡

‡≈◊Õ¥‰ª‡≈’È¬ß¢“¢â“ß∑’Ë‡°‘¥·º≈‰¥â ”‡√Á® Õ¬à“ß‰√°Áµ“¡ºŸâªÉ«¬¬—ß§ß¡’§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥

¢“¥‡≈◊Õ¥¢÷ÈπÕ’°∑’Ë¢“¢â“ß‡¥’¬«°—π À√◊Õ‡°‘¥¢÷Èπ°—∫¢“Õ’°¢â“ß‰¥â ®÷ß®”‡ªìπÕ¬à“ß¬‘Ëß∑’ËµâÕßπ—¥

ºŸâªÉ«¬¡“µ‘¥µ“¡º≈°“√√—°…“·≈–¡“√—∫°“√§≈”™’æ®√∑’Ë¢âÕ‡∑â“‡ªìπ√–¬–Õ¬à“ßµàÕ‡π◊ËÕß

·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡ (Neuropathic Ulcer)

·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡ (neuropathic ulcer) ¡—°‡°‘¥¢÷Èπ∑’Ë‡∑â“À√◊Õ¢“¢Õß

ºŸâªÉ«¬∑’Ë¡’¿“«– peripheral neuropathy Õ—π‡π◊ËÕß¡“®“°‚√§‡∫“À«“π ‚√§‡√◊ÈÕπ À√◊Õ

§«“¡º‘¥ª°µ‘∑“ß√–∫∫ª√– “∑Õ◊ËπÊ ‡™àπ spina bifida, syringomyelia ·≈– periph-

eral nerve injury ‡ªìπµâπ

æ¬“∏‘ √’√«‘∑¬“¢Õß·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡„πºŸâªÉ«¬‚√§‡∫“À«“π‡√‘Ë¡®“°°“√∑’Ë

¡’√–¥—∫πÈ”µ“≈„π‡≈◊Õ¥∑’Ë ŸßÕ¬à“ßµàÕ‡π◊ËÕß‡ªìπ‡«≈“π“π‚¥¬∑’Ë‰¡à “¡“√∂§«∫§ÿ¡‰¥â°àÕ„Àâ‡°‘¥

macrovascular, microvascular ·≈– neuropathic complications ´÷Ëß neuropathy

∑’Ë‡°‘¥¢÷ÈπÕ“®‡ªìπ°“√‡°‘¥√à«¡°—π¢Õß∑—Èß peripheral (sensory ·≈– motor) neuropathy

·≈– autonomic neuropathy

°“√ª√“»®“°§«“¡√Ÿâ ÷° (sensory loss) ¢Õß‡∑â“·≈–¢“∑”„Àâ°≈‰°ªÑÕß°—πµ—«‡Õß

¢Õß√à“ß°“¬ Ÿ≠‡ ’¬‰ª ®÷ß∑”„Àâ‡∑â“·≈–¢“¡’§«“¡‡ ’Ë¬ßµàÕ°“√∫“¥‡®Á∫‡π◊ËÕß®“° mechani-

cal, thermal ·≈– chemical trauma ¡“°°«à“„π§πª°µ‘ ·≈–¬—ß àßº≈„Àâ°“√«‘π‘®©—¬

·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡∑’Ë¡’°“√µ‘¥‡™◊ÈÕ‡ªìπ‰ªÕ¬à“ß≈à“™â“ ∑”„Àâ°“√µ‘¥‡™◊ÈÕ√ÿπ·√ß·≈–

≈ÿ°≈“¡‰ª¡“°®π∂÷ß¢—Èπ∑’ËµâÕß‰¥â√—∫°“√√—°…“¥â«¬°“√µ—¥¢“À√◊Õ‡ ’¬™’«‘µ„πºŸâªÉ«¬∫“ß√“¬

Motor neuropathy °àÕ„Àâ‡°‘¥°“√ÕàÕπ·√ß¢Õß°≈â“¡‡π◊ÈÕΩÉ“‡∑â“ ·≈–∑”„Àâ

≈—°…≥–¢ÕßΩÉ“‡∑â“º‘¥√Ÿª ‡™àπ claw toe, cavus foot ·≈– equinovarus deformity

º≈§◊Õ®ÿ¥√—∫πÈ”Àπ—°¢ÕßΩÉ“‡∑â“®–‡ª≈’Ë¬π‰ª®“°®ÿ¥√—∫πÈ”Àπ—°ª°µ‘·≈–°àÕ„Àâ‡°‘¥ neuro-

pathic ulcer ∑’Ë®ÿ¥√—∫πÈ”Àπ—°„À¡à

Autonomic neuropathy ®–≈¥ª√‘¡“≥‡Àß◊ËÕ®π‡∑â“·Àâß·≈–‡°‘¥º‘«Àπ—ß·µ°

·Àâß·≈– „πºŸâªÉ«¬∫“ß√“¬Õ“®¡’ hyperkeratosis ¢Õßº‘«Àπ—ß´÷Ëß¡—°®–µ“¡¡“¥â«¬°“√µ‘¥

‡™◊ÈÕ·≈–‡°‘¥·º≈‰¥â„π‡«≈“µàÕ¡“ πÕ°®“°π’È autonomic neuropathy Õ“®°àÕ„Àâ‡°‘¥
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autosympathectomy affect °≈à“«§◊Õ ‡°‘¥°“√‡æ‘Ë¡‡≈◊Õ¥‰ª‡≈’È¬ß∑’Ë°√–¥Ÿ° ·≈–‡°‘¥ bone

demineralization ®π‡°‘¥ charcot osteoarthropathy

Õ“°“√∑“ß§≈‘π‘°¢Õß·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡ ‰¥â·°à °“√‡°‘¥·º≈‡√◊ÈÕ√—ß∑’Ë‡∑â“´÷Ëß

‡ªìπ®ÿ¥√—∫πÈ”Àπ—° √à«¡°—∫Õ“°“√·≈–Õ“°“√· ¥ß¢Õß peripheral (sensory ·≈– motor)

neuropathy ·≈– autonomic neuropathy ¥—ß∑’Ë‰¥â°≈à“«‰«â·≈â«¢â“ßµâπ ∑—Èßπ’È¬—ß

®”‡ªìπµâÕß«‘π‘®©—¬·¬°‚√§®“°·º≈‡√◊ÈÕ√—ß∑’Ë¢“∑’Ëæ∫∫àÕ¬Õ’° 2 ™π‘¥ §◊Õ ·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß

·≈– ·º≈¢“¥‡≈◊Õ¥ ‚¥¬¡’À≈—°ßà“¬Ê ¥—ß· ¥ß‰«â„πµ“√“ß∑’Ë 2

≈—°…≥–¢Õß classic diabetic neuropathic ulcer ®–æ∫·º≈∫√‘‡«≥„µâ

ΩÉ“‡∑â“¢â“ß∑’Ëª√“»®“°§«“¡√Ÿâ ÷° ·º≈∑’Ë‡°‘¥¢÷Èπ‡ªìπº≈¢Õß°“√‡°‘¥ repetitive stress

·º≈¥—ß°≈à“«®–¡’≈—°…≥–∑’Ë‡√’¬°«à“ çpunch-out lesioné √à«¡°—∫ callus formation ∑’Ë

®–æ∫ pressure necrosis Õ¬Ÿà¢â“ß„µâÀ“°∑”°“√ undermine º‘«Àπ—ß∫√‘‡«≥∑’Ë‡ªìπ callus

(¥—ß√Ÿª∑’Ë 5)

°“√µ√«®‡æ‘Ë¡‡µ‘¡‰¥â·°à °“√µ√«®°“√ Ÿ≠‡ ’¬°“√√—∫√Ÿâ§«“¡√Ÿâ ÷°∑’Ë‡∑â“¥â«¬°“√„™â 10

gram monofilament °“√µ√«®°“√ Ÿ≠‡ ’¬°“√√—∫√Ÿâ°“√ —Ëπ –‡∑◊Õπ¥â«¬ tuning fork

·≈–°“√∂à“¬¿“æ√—ß ’¢Õß‡∑â“‡æ◊ËÕµ√«®À“ charcot’s deformity, fracture ·≈– osteomy-

elitis

µ“√“ß∑’Ë 2 · ¥ß°“√®”·π°™π‘¥¢Õß·º≈‡√◊ÈÕ√—ß∑’Ë¢“∑’Ëæ∫∫àÕ¬25

™π‘¥¢Õß·º≈ µ”·Àπàß Õ“°“√ª«¥·º≈ ≈—°…≥–‡©æ“–¢Õß·º≈

·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß ¢âÕ‡∑â“·≈– µ“µÿà¡ πâÕ¬ - °âπ·º≈¡’ ’·¥ß ¥

(Venous ulcer) - ¢Õ∫·º≈¡’ sloping

·º≈¢“¥‡≈◊Õ¥ ª≈“¬π‘È«‡∑â“ „µâΩÉ“‡∑â“ √ÿπ·√ß - °âπ·º≈¡’ ’¡à«ßÕ¡‡∑“

(Ischemic ulcer)  âπ‡∑â“ µ“µÿà¡¥â“ππÕ° - ·º≈‡ªìπ·∫∫ çpunch-outé

·≈–Àπâ“·¢âß À√◊Õ çsquare-cuté

- §≈”™’æ®√∑’Ë¢âÕ‡∑â“‡∫“≈ß/‰¡à‰¥â

·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡  âπ‡∑â“ ‰¡àª«¥ - °âπ·º≈≈÷° ¢Õ∫·º≈·¢Áß

(Neuropathic ulcer) - §«“¡√Ÿâ ÷°∑’Ë‡∑â“≈¥≈ß
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°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬‚√§·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡ ¡’¥—ßπ’È

1. °“√¥Ÿ·≈·º≈ (wound management) ‰¥â·°à wound debridement,

infection control ·≈– promotion of healing

2. À≈’°‡≈’Ë¬ß°“√°¥∑—∫ (off-load pressure) ·≈–·°â‰¢∑à“‡¥‘π∑’Ëº‘¥ª°µ‘‚¥¬„™â

orthotic modified shoes À√◊Õ prosthesis ·≈– contact cast À√◊Õ removable walk-

ing cast

3.  «¡·µà√Õß‡∑â“∑’Ë‡À¡“– ¡ (proper shoe wear) ·≈–¡’¢π“¥∑’ËæÕ¥’°—∫

√Ÿª∑’Ë 5 · ¥ß·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡ (Neuropathic ulcer) ∫√‘‡«≥∑’Ëæ∫‰¥â∫àÕ¬ ‰¥â·°à ΩÉ“‡∑â“

∫√‘‡«≥„µâ head of metatarsal bone (´â“¬∫π) ∫√‘‡«≥ âπ‡∑â“ (¢«“∫π) ·≈–

∫√‘‡«≥ª≈“¬π‘È«‡∑â“ ( ấ“¬≈à“ß) ·≈–Õ“®æ∫·º≈¢π“¥„À≠à„µâΩÉ“‡∑â“„πºŸâªÉ«¬∑’Ë¡’ se-

vere neuropathy (¢«“≈à“ß)
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¢π“¥¢Õß‡∑â“ ‚¥¬À≈’°‡≈’Ë¬ß°“√ «¡√Õß‡∑â“·µ–∑’Ë‡ªî¥À—«√Õß‡∑â“ ‡æ◊ËÕªÑÕß°—π°“√‡°‘¥·º≈

´È”

4. ∑”°“√µ—¥‡≈Á∫·≈–µ—¥ callus ÕÕ°Õ¬à“ß∂Ÿ°µâÕß·≈– ¡Ë”‡ ¡Õ ‡æ◊ËÕ

ªÑÕß°—π°“√‡°‘¥·º≈´È”

°“√æ¬“°√≥å‚√§ ·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡¡—°®– πÕßµàÕ°“√√—°…“¥â«¬°“√

√—°…“¥â«¬°“√ off-load pressure ‡™àπ‡¥’¬«°—∫·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëßªí≠À“°“√‰¡àÀ“¬

¢Õß·º≈À√◊Õ°“√‡°‘¥·º≈´È”¢Õß·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡¡—°‡ªìπº≈¡“®“°®“°°“√¢“¥

§«“¡√à«¡¡◊Õ (compliance) ®“°ºŸâªÉ«¬ ¥—ßπ—Èπ®÷ß®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–µâÕß„Àâ§«“¡√Ÿâ·≈–

 ÿ¢»÷°…“°—∫ºŸâªÉ«¬‡æ◊ËÕªÑÕß°—π°“√‡°‘¥´È”¢Õß·º≈™π‘¥π’È

·º≈‡√◊ÈÕ√—ß∑’Ë¢“‡ªìπªí≠À“∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß„π‡«™ªØ‘∫—µ‘‡π◊ËÕß®“°‡ªìπªí≠À“∑’Ë

æ∫‰¥â∫àÕ¬ ·º≈‡√◊ÈÕ√—ß∑’Ë¢“∑’Ëæ∫‰¥â∫àÕ¬∑’Ë ÿ¥ 3 ™π‘¥ ‰¥â·°à ·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß‡√◊ÈÕ√—ß

·º≈¢“¥‡≈◊Õ¥ ·≈–·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡ ·º≈‡√◊ÈÕ√—ß∑’Ë¢“∫“ß™π‘¥°àÕ„Àâ‡°‘¥§«“¡‡ ’Ë¬ß

µàÕ°“√ Ÿ≠‡ ’¬¢“À√◊Õ™’«‘µ (·º≈¢“¥‡≈◊Õ¥) ·≈–‡°‘¥´È”‰¥â∫àÕ¬ (·º≈À≈Õ¥‡≈◊Õ¥¥”§—Ëß

·≈–·º≈ª≈“¬ª√– “∑‡ ◊ËÕ¡) ®÷ß¡’§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß∑’ËºŸâ∑’Ë‡°’Ë¬«¢Õß°—∫°“√√—°…“ µâÕß

„Àâ°“√«‘π‘®©—¬ “‡Àµÿ∑’Ë∑”„Àâ‡°‘¥·º≈‰¥â∂Ÿ°µâÕß ‡æ◊ËÕ„Àâ°“√√—°…“·≈–°“√ªÑÕß°—π°“√‡°‘¥´È”

¢Õß·º≈‰¥âÕ¬à“ß‡À¡“– ¡

 √ÿª

»—≈¬·æ∑¬å ·æ∑¬å‡«™ªØ‘∫—µ‘∑—Ë«‰ª æ¬“∫“≈·≈–∫ÿ§≈“°√∑“ß°“√·æ∑¬å ®”‡ªìπµâÕß

¡’§«“¡√Ÿâæ◊Èπ∞“π‡°’Ë¬«°—∫ wound healing ·≈– wound care ‡æ◊ËÕπ”‰ªª√–¬ÿ°µå„™â„π

°“√¥Ÿ·≈√—°…“∫“¥·º≈ (wounds) ·≈–·º≈‡√◊ÈÕ√—ß (chronic ulcers) ‚¥¬°“√®—¥°“√

 ¿“æ·«¥≈âÕ¡„Àâ àß‡ √‘¡°“√À“¬¢Õß·º≈„Àâ‡ªìπ‰ªµ“¡ normal wound healing ·≈–

ªÑÕß°—πªí®®—¬∑’Ë¢—¥¢«“ßÀ√◊Õ àßº≈„Àâ‡°‘¥§«“¡≈à“™â“„π°√–∫«π°“√ wound healing
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25. ™ÿ¡æ≈ «àÕß«“π‘™. °“√¥Ÿ·≈√—°…“·º≈‡√◊ÈÕ√—ß∑’Ë¢“ (Practical Management in Chronic Leg Ulcer).
„π: «‘¡≈≈—°…≥å  π—Ëπ»‘≈ªá, Õ—®©√“  —¡∫ÿ≠≥“ππ∑å, «≥‘™“ ™◊Ëπ°Õß·°â« ·≈–§≥–, ∫√√≥“∏‘°“√.
ª√–™ÿ¡«‘™“°“√»‘√‘√“™ ª√–®”ªï 2550 (§√—Èß∑’Ë 46). °√ÿß‡∑æœ: æ’.‡Õ.≈‘ø«‘Ëß; 2550. Àπâ“ 617-28.
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∫“¥·º≈∑’Ë‡°‘¥¢÷Èπ∑’Ëº‘«Àπ—ß ‡¡◊ËÕ∫“¥·º≈π—ÈπÀ“¬ π‘∑·≈â«®–°≈“¬‡ªìπ·º≈‡ªìπ

·µà„π∫“ß§√—Èß‡°‘¥¡’§«“¡º‘¥ª√°µ‘„π¢—ÈπµÕπ°“√À“¬¢Õß·º≈ ¡’°√–∫«π°“√À“¬∑’Ë¡“°

‡°‘π‰ª‡°‘¥‡ªìπ·º≈‡ªìππŸπ (hypertrophic scars) À√◊Õ ·º≈‡ªìπ§’≈Õ¬¥å (keloid scars)

´÷Ëß·º≈‡ªìπ∑—Èß Õß™π‘¥π—Èπ

πÕ°®“°®–‰¡à «¬ß“¡·≈â« „π∫“ß§√—Èß¬—ß∑”„Àâ‡°‘¥°“√À¥√—Èß¢Õß‡π◊ÈÕ‡¬◊ËÕ (scar

contracture) ∑”„Àâ‡°‘¥§«“¡æ‘°“√º‘¥√Ÿª  Ÿ≠‡ ’¬°“√∑”ß“π¢Õß¢âÕµàÕ ·≈–„π∫“ß√“¬¬—ß

°àÕ„Àâ‡°‘¥Õ“°“√§—πÀ√◊Õ‡®Á∫‰¥âÕ’°¥â«¬ ¥—ßπ—Èπ°“√µ√«®«‘π‘®©—¬·≈–„Àâ°“√√—°…“‰¥â∂Ÿ°µâÕß

®÷ß¡’§«“¡ ”§—≠ πÕ°®“°π’È°“√«‘π‘®©—¬·¬°√–À«à“ß ·º≈‡ªìππŸπ (hypertrophic scars)

°—∫·º≈‡ªìπ§’≈Õ¬¥å (keloid scars) π—Èπ¡’§«“¡ ”§—≠‡π◊ËÕß®“°·º≈‡ªìπ¥—ß°≈à“«¡’

≈—°…≥–·µ°µà“ß°—π∑—Èß„π°“√¥”‡π‘π‚√§·≈–·π«∑“ß°“√√—°…“

Õÿ∫—µ‘°“√≥å
1

Õÿ∫—µ‘°“√≥å∑’Ë·∑â®√‘ß‰¡à‡ªìπ∑’Ë∑√“∫·πà™—¥ ·º≈‡ªìπ∑—Èß 2 ™π‘¥æ∫∫àÕ¬„π§πº‘« ’¥”

‚¥¬∑’ËÕ—µ√“ à«π°“√‡°‘¥·º≈‡ªìπ¥—ß°≈à“«√–À«à“ß§πº‘«¢“«°—∫§πº‘«¥”‡∑à“°—∫ 1:3.5 ∂÷ß 1:15

·º≈‡ªìπ∑—Èß 2 ™π‘¥æ∫‰¥â∑ÿ°™à«ßÕ“¬ÿ ·µàæ∫∫àÕ¬°«à“„π™à«ßÕ“¬ÿ 10-30 ªï ‡æ»‰¡à¡’º≈µàÕ

Õ—µ√“°“√‡°‘¥·º≈‡ªìπ∑—Èß 2 ™π‘¥ ¬—ß‰¡àæ∫≈—°…≥–°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡∑’Ë™—¥‡®π

¡’√“¬ß“π«à“·º≈‡ªìπ∑—Èß 2 ™π‘¥æ∫∫àÕ¬„π™à«ß«—¬√ÿàπ·≈–√–À«à“ßµ—Èß§√√¿å ∑”„Àâ‡™◊ËÕ«à“

 —¡æ—π∏å°—∫ŒÕ√å‚¡π‡æ» ∫√‘‡«≥∑’Ëæ∫·º≈‡ªìππŸπ‰¥â∫àÕ¬§◊Õ ∫√‘‡«≥¢âÕµàÕµà“ßÊ ∫√‘‡«≥∑’Ë

706
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æ∫·º≈‡ªìπ§’≈Õ¬¥å‰¥â∫àÕ¬§◊Õ µ‘ËßÀŸ À—«‰À≈à °≈“ßÕ° ·≈–·ºàπÀ≈—ß ∫√‘‡«≥∑’Ëæ∫·º≈‡ªìπ

§’≈Õ¬¥å‰¥âπâÕ¬§◊Õ ‡ª≈◊Õ°µ“ Õ«—¬«–‡æ» ΩÉ“¡◊Õ ΩÉ“‡∑â“

 “‡Àµÿ·≈–æ¬“∏‘°”‡π‘¥

°≈‰°∑’Ë·∑â®√‘ß∑’Ë∑”„Àâ‡°‘¥·º≈‡ªìππŸπÀ√◊Õ·º≈‡ªìπ§’≈Õ¬¥åπ—Èπ ¬—ß‰¡à∑√“∫·πà™—¥

‡™◊ËÕ«à“‡°‘¥®“°°“√¢“¥§«“¡ ¡¥ÿ≈√–À«à“ß°“√ √â“ß extracellular matrix (ECM) ‚¥¬

‡©æ“–§Õ≈≈“‡®π ·≈–°“√ ≈“¬ extracellular matrix1 ∑”„Àâ¡’°“√‡®√‘≠¡“°‡°‘π‰ª¢Õß

‡π◊ÈÕ‡¬◊ËÕ·º≈‡ªìπ  “‡Àµÿ∑’Ë·∑â®√‘ß°Á¬—ß‰¡à∑√“∫·πà™—¥ ‚¥¬ “‡Àµÿ∑’Ë¡’°“√»÷°…“2 ‰¥â·°à

1) Cytokines, growth factors and inflammatory mediators ‡™àπ

TGF-β, CTGF, PDGF, IGF-1, VEGF, ECGF, PAI-1, PGE2

2) Keloid fibroblast metabolic activity

3) Mechanical strain and focal adhesion complexes

4) Aberrant anabolic wound healing processes

5) Abnormal regulation of apoptosis secondary to gene muta-

tions ‡™àπ p53, p63, p73

6) Keloid epithelial-mesenchymal signaling

πÕ°®“°π’È¬—ß¡’°“√»÷°…“ “‡Àµÿ∑“ß genetic Õ◊ËπÊ ‰¥â·°à °“√‡ª≈’Ë¬π·ª≈ß

¢Õß Expression of Bcl-2, c-jun ·≈– c-fos proto-oncogenes „π‡π◊ÈÕ‡¬◊ËÕ·º≈‡ªìπ3

‡ªìπµâπ

°“√«‘π‘®©—¬·¬°√–À«à“ß·º≈‡ªìππŸπ°—∫·º≈‡ªìπ§’≈Õ¬¥å

§«“¡·µ°µà“ß∑“ß§≈‘π‘°

°“√«‘π‘®©—¬·¬°‚√§∑’Ë ”§—≠∑’Ë ÿ¥§◊Õ≈—°…≥–∑“ß§≈‘π‘° ‚¥¬·º≈‡ªìππŸπ

®–‡°‘¥¢÷Èπ∑’Ë∫“¥·º≈·≈–‰¡à‡®√‘≠ÕÕ°πÕ°¢Õ∫‡¢µ¢Õß·º≈‡¥‘¡ ·µà·º≈‡ªìπ§’≈Õ¬¥å

®–‡°‘¥¢÷Èπ∑’Ë∫“¥·º≈·µà “¡“√∂®–‡®√‘≠ÕÕ°‰ªπÕ°¢Õ∫‡¢µ¢Õß∫“¥·º≈ ‡¢â“‰ª¬—ß

‡π◊ÈÕ‡¬◊ËÕº‘«Àπ—ßª√°µ‘‰¥â πÕ°®“°π’È¬—ß¡’≈—°…≥–∑“ß§≈‘π‘°∑’Ë·µ°µà“ß°—πÕ’° ¥—ß· ¥ß‰«â„π

µ“√“ß∑’Ë 1
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§«“¡·µ°µà“ß∑“ß¥â“π Histology

≈—°…≥–∑“ß histology ∑’Ë‡¥àπ™—¥·≈–®”‡æ“–¢Õß§’≈Õ¬¥å §◊Õ the presence of

large, broad, closely arranged collagen fibers composed of numerous fibrils

(keloidal collagen)4 ·µà≈—°…≥–¥—ß°≈à“«¡’‚Õ°“ æ∫‡æ’¬ß 55%5 ·≈–æ∫¡’°“√‡æ‘Ë¡¢÷Èπ

¢Õß mast cells „π·º≈‡ªìπ∑—Èß 2 ™π‘¥‡¡◊ËÕ‡∑’¬∫°—∫º‘«Àπ—ßª√°µ‘6 πÕ°®“°π’È§«“¡

·µ°µà“ß∑“ß histology Õ◊Ëπ Ê ¢Õß‡π◊ÈÕ‡¬◊ËÕ·º≈‡ªìπ∑—Èß 2 ™π‘¥ ¥—ßµ“√“ß∑’Ë 2

§«“¡·µ°µà“ß∑“ß¥â“π Biochemistry

Andrew Burd ·≈– Lin Huang7 ‰¥â√“¬ß“π§«“¡º‘¥ª√°µ‘¢Õß fibroblast „π

‡π◊ÈÕ‡¬◊ËÕ·º≈‡ªìπ∑—Èß 2 ™π‘¥ ¥—ßµ“√“ß∑’Ë 3

µ“√“ß∑’Ë 1 ≈—°…≥–§«“¡·µ°µà“ß∑“ß§≈‘π‘°√–À«à“ß·º≈‡ªìππŸπ°—∫§’≈Õ¬¥å

Hypertrophic Scars Keloid

Borders Remains within original Grows beyond original wound

wound

Onset Often develops weeks May develop months

after surgery following injury

Contractures Present Absent

Regression Often partial within Infrequent

1-2 years

Pruritis/erythema Present Present

Extent of scar Related to initial depth Can far surpass initial extent

of tissue injury of tissue injury

Response to Surgery Well, especially with Poor, often worsening

adjunctive therapy

¥—¥·ª≈ß®“°: Rahban SR, Garner WL. Fibroproliferative scars. Clin Plast Surg 2003;30(1):77-89.1
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µ“√“ß∑’Ë 2 ≈—°…≥–§«“¡·µ°µà“ß∑“ß Histology √–À«à“ß·º≈‡ªìππŸπ°—∫§’≈Õ¬¥å

Hypertrophic Scars Keloids

Connective tissue Increased Increased

Collagen structure Flatter and less distinct Larger fibers with closely

bundles, fine fibers packed fibrils

Orientation of fibers Wavy, but parallel to epidermis Random to epidermis

Myofibroblast Present

Absent

β- Smooth muscle actin Present Absent

Density of blood vessels Increased Increased

Number of cells Increased Increased

¥—¥·ª≈ß®“°: Rahban SR, Garner WL. Fibroproliferative scars. Clin Plast Surg 2003; 30(1):77-89.1

µ“√“ß∑’Ë 3 §«“¡º‘¥ª√°µ‘¢Õß Fibroblast „π‡π◊ÈÕ‡¬◊ËÕ·º≈‡ªìπ∑—Èß 2 ™π‘¥

Hypertrophic Scar Fibroblast Keloid Scar Fibroblasts

Proliferation rate Normal Increase

MMP-2 Increase Increase

MMP-9 Decrease Decrease

Collagen synthesis Increase Increase

Decorin synthesis Decrease Increase

Versican synthesis Increase Increase

Biglycan synthesis Increase Increase

Elastin synthesis Normal Increase

TGF-β production Increase Increase

¥—¥·ª≈ß®“°: Burd A, Huang L. Hypertrophic Response and Keloid Diathesis: Two Very Different
Forms of Scar. Plast Reconstr Surg 2005;116(7):150e-57e.7
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πÕ°®“°π’È¬—ß¡’°“√µ√«®æ∫§«“¡·µ°µà“ß∑“ß biochemistry Õ◊Ëπ ¥—ß‰¥â· ¥ß

‰«â„πµ“√“ß∑’Ë 4

°“√√—°…“

°“√®”·π°·º≈‡ªìπ∑—Èß 2 ™π‘¥¡’§«“¡ ”§—≠µàÕ°“√√—°…“ ‡π◊ËÕß®“°·º≈‡ªìππŸπ

 à«π„À≠à¥’¢÷Èπ‡Õß·≈–µÕ∫ πÕßµàÕ°“√√—°…“‰¥â¥’ „π¢≥–∑’Ë·º≈‡ªìπ§’≈Õ¬¥åπ—Èπ‰¡à§àÕ¬

µÕ∫ πÕßµàÕ°“√√—°…“ ·≈–¡’‚Õ°“ ‡ªìπ´È” Ÿß ‰¥â®”·π°°“√®—¥°“√‡ªìπ 2  à«π§◊Õ°“√

ªÑÕß°—π·≈–°“√√—°…“

µ“√“ß∑’Ë 4 ≈—°…≥–§«“¡·µ°µà“ß∑“ß Biochemistry √–À«à“ß·º≈‡ªìππŸπ°—∫§’≈Õ¬¥å

Biochemical Alteration Observation

Propyl hydroxylase Activity : Keloid > HTS > Normal

Total collagen Synthesis : Keloid > HTS > Normal

Cross-linking : Normal > Keloid

Collagen Type I Content : Keloid > Normal

Plasminogen activator inhibitor 1 (PAI-1) Levels : Keloid > Normal

Chondroitin-4-sulfate Content : Keloid, HTS > Normal

Glycosaminoglycans Content : HTS > Normal

Fibrinonectin Synthesis : Keloid > Normal

Receptor expression : Keloid > Normal

Elastin Synthesis : Keloid > Normal

Hyaluronic acid Degradation : Normal > HTS

Apoptosis Normal > Keloid

Transforming growth factor-β (TGF-β) Type 1 and 2 : Keloid > Normal

Type 3 : Keloid = Normal

Vascular endothelial growth factor (VEGF) Content : Keloid (keratinocytes) > Normal

¥—¥·ª≈ß®“°: Broughton G, Rohrich RJ. Wounds and Scars. Selected Reading in Plastic Surgery.

2005;10:24-33.8
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°“√ªÑÕß°—π

°“√ªÑÕß°—π‡ªìπ ‘Ëß∑’Ë ”§—≠°«à“°“√√—°…“ ‚¥¬∑’Ë°“√ºà“µ—¥¥â«¬‡∑§π‘§∑’Ë¥’¡’°“√

∫“¥‡®Á∫µàÕ‡π◊ÈÕ‡¬◊ËÕπâÕ¬ ·≈–°“√¥Ÿ·≈·º≈∑’Ë¥’∑”„Àâ·º≈À“¬„π‡«≈“ —Èπ∑’Ë ÿ¥ §◊Õ ‘Ëß ”§—≠

∑’Ë®–∑”„Àâ‡°‘¥·º≈‡ªìππâÕ¬ „π°√≥’°“√ªÑÕß°—π·º≈‡ªìππŸπÀ≈—ßºà“µ—¥„Àâæ‘®“√≥“¥Ÿ«à“

‡ªìπ°≈ÿà¡‡ ’Ë¬ß Ÿß ‡™àπ ‡§¬¡’ª√–«—µ‘·º≈‡ªìππŸπÀ√◊Õ§’≈Õ¬¥å¡“°àÕπ ·º≈ºà“µ—¥Õ¬Ÿà„π

∫√‘‡«≥∑’Ë¡’‚Õ°“ ‡ªìπ§’≈Õ¬¥å Ÿß °≈ÿà¡‡ ’Ë¬ß Ÿß‡À≈à“π’È „Àâæ‘®“√≥“„™â·ºàπ´‘≈‘‚§πªî¥·º≈

™à«¬≈¥°“√‡°‘¥‡ªìπ·º≈‡ªìππŸπ ·µà∂â“‡ªìπ°≈ÿà¡§«“¡‡ ’Ë¬ßπâÕ¬°Á„Àâ¥Ÿ·≈·º≈µ“¡ª√°µ‘

Mustoe ·≈–§≥–9 ‰¥â∑”°“√∑∫∑«π·≈–·π–π”·π«∑“ß°“√ªÑÕß°—π·º≈‡ªìπ‰«â ¥—ß√Ÿª

∑’Ë 1

°“√√—°…“

‡π◊ËÕß®“°°“√√—°…“Õ¬à“ß„¥Õ¬à“ßÀπ÷Ëßπ—Èπ¡—°‰¥âº≈‰¡à¥’ ®÷ß¡—°„™âÀ≈“¬«‘∏’√à«¡°—π

(Multimodal therapy) „π°“√√—°…“ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π·º≈‡ªìπ§’≈Õ¬¥å ‚¥¬¡’«‘∏’

√Ÿª∑’Ë 1 ·π«∑“ß°“√ªÑÕß°—π°“√‡°‘¥·º≈‡ªìππŸπÀ√◊Õ§’≈Õ¬¥å

¥—¥·ª≈ß®“°: Mustoe TA, Cooter RD, Gold MH, Hobbs R, Ramelet A, Shakespeare PG, et al.
International clinical recommendations on scar management. Plast Reconstr Surg
2002;110(2): 560-571.9
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°“√√—°…“µà“ßÊ ¥—ßµ“√“ß∑’Ë 5

°“√ºà“µ—¥ (Surgical Excision)

°“√ºà“µ—¥Õ¬à“ß‡¥’¬«¡’‚Õ°“ ‡ªìπ´È” Ÿß 55-100%2 ®÷ß¡—°„™â√à«¡°—∫«‘∏’Õ◊Ëπ

‡™àπ intralesional steroid injections, radiation, pressure dressings, silicone gel

sheeting °“√ºà“µ—¥¥â«¬«‘∏’ intramarginal scar excision ¬—ß‰¥âº≈‰¡à·πàπÕπ ¥—ßπ—Èπ

®÷ß¬—ß§ß·π–π”ºà“µ—¥·∫∫ complete excision ´÷Ëß “¡“√∂∑”‰¥âÀ≈“¬√Ÿª·∫∫¢÷Èπ°—∫

µ”·Àπàß·≈–¢π“¥

°“√©“¬· ß√—ß ’ (Radiation)

°“√©“¬· ß√—ß ’æ◊Èπº‘«¢π“¥µË”  “¡“√∂„™â‡ªìπ°“√√—°…“‡¥’Ë¬«À√◊Õ„™â√à«¡

°—∫°“√ºà“µ—¥‰¥â °“√©“¬√—ß ’º‘«Àπ—ßÀ≈—ßºà“µ—¥∑”„Àâ‰¥âº≈°“√√—°…“¥’¢÷Èπ ‰¥âº≈ ”‡√Á®

65-99%11 πÕ°®“°π’È¬—ß¡’√“¬ß“π°“√„™â√—ß ’√—°…“„π·∫∫ interstitial radiation, single

fraction radiation, teletherapy radiation ·≈– brachytherapy

µ“√“ß∑’Ë 5 «‘∏’°“√√—°…“ Hypertrophic Scars ·≈– Keloids

1. Surgical Excision

2. Radiation

2.1 Superficial X-rays

2.2 Electron beam therapy

2.3 Interstitial radiotherapy

3. Pressure Garment

4. Intralesional Steroid Injections

5. Cryotherapy

6. Silicone Gel Dressing

7. Laser

¥—¥·ª≈ß®“°: Mutalik S. Treatment of keloids and hypertrophic scars. Indian J Dermatol Venereol
Leprol 2005;71(1):3-7.10
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°“√„™âÕÿª°√≥å Pressure Garment

‡ªìπ«‘∏’∑’Ë„™â∫àÕ¬°—∫·º≈‡ªìππŸπ∑’Ë ‡°‘¥À≈—ß®“°·º≈‰ø‰À¡âπÈ”√âÕπ≈«°

 “¡“√∂≈¥¢π“¥·º≈‡ªìπ‰¥â 60-85%  “¡“√∂„™â√à«¡°—∫°“√ºà“µ—¥∑”„Àâ‰¥âº≈ª√– ∫

§«“¡ ”‡√Á®¡“°¢÷Èπ 90-100%12 °≈‰°∑’ËÕÕ°ƒ∑∏‘Ï‡™◊ËÕ«à“¡’º≈∑”„Àâ‡°‘¥ local tissue hy-

poxia ≈¥ cellular metabolism ∑”„Àâ≈¥°“√‡æ‘Ë¡®”π«π¢Õß fibroblast ·≈–≈¥°“√

 √â“ß§Õ≈≈“‡®π

°“√©’¥¬“ Corticosteroids

Intralesional steroid injections  “¡“√∂„™â‡ªìπ°“√√—°…“À≈—°Õ¬à“ß‡¥’¬«

À√◊Õ„™â√à«¡°—∫°“√√—°…“«‘∏’Õ◊Ëπ °“√©’¥¬“ steroid ‡æ’¬ßÕ¬à“ß‡¥’¬« ¡’‚Õ°“ µÕ∫ πÕß 50-

100% ·≈–¡’‚Õ°“ ‡ªìπ´È” 9-50%12

°“√©’¥¬“√à«¡°—∫°“√ºà“µ—¥ ¡’‚Õ°“ ‡ªìπ È́” 0-100% ‚¥¬‡©≈’Ë¬ 50%12 „π·º≈

‡ªìπ∑’Ë‡ªìπ¡“π“π·≈â«¡—°‰¡à§àÕ¬µÕ∫ πÕß §◊Õ‰¡à¬ÿ∫≈ß ·µà∑”„ÀâÕ“°“√§—πÀ√◊Õ‡®Á∫≈¥≈ß‰¥â

°≈‰°°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“¬—ß‰¡à∑√“∫·πà™—¥ ‡™◊ËÕ«à“¡’º≈¬—∫¬—Èß°“√ª≈àÕ¬ mediator µà“ßÊ ¢Õß

macrophage ·≈–≈¥°“√ √â“ß§Õ≈≈“‡®π‰¥â

°“√„™â Cryotherapy

‡ªìπ°“√∑”≈“¬‡π◊ÈÕ·º≈‡ªìπ ·≈–¡’º≈µàÕ·º≈‡ªìπ„π√–¬–µàÕ¡“¥â«¬ ¡’

√“¬ß“π°“√√—°…“‰¥âº≈ 73%2 ∑”„Àâ·º≈‡ªìπ·∫π≈ß‰¥â

°“√„™â Silicone Gel Dressing

∑”„Àâ·º≈‡ªìππŸπ≈¥¢π“¥≈ß·≈–πÿà¡≈ß ‰¥âº≈ 79-90%2 °≈‰°°“√ÕÕ°ƒ∑∏‘Ï

‰¡à∑√“∫·πà™—¥

°“√„™â Laser

¡’À≈“¬™π‘¥∑’Ëπ”¡“√—°…“·º≈‡ªìπ ªí®®ÿ∫—π¡’°“√„™â vascular-specific pulsed

dye laser (585 nm) √—°…“·º≈‡ªìππŸπ‰¥âº≈ 57-83%8

¬“™π‘¥Õ◊Ëπ∑’Ë¡’ºŸâπ”¡“∑¥≈Õß„™â√—°…“·º≈‡ªìππŸπÀ√◊Õ§’≈Õ¬¥å2,11,12 ‰¥â·°à

5-fluorouracil, bleomycin, calcium channel blockers, imiquimod, retinoids ‡ªìπµâπ

´÷Ëß¬—ß¡’√“¬ß“πÕÕ°¡“‰¡à¡“° ·≈–µâÕß°“√»÷°…“‡æ‘Ë¡‡µ‘¡

Mustoe ·≈–§≥–9 ‰¥â∑∫∑«π·≈– √ÿª·π«∑“ß°“√‡≈◊Õ°«‘∏’°“√√—°…“·º≈
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‡ªìπ∑—Èß 2 ™π‘¥ (√Ÿª∑’Ë 2)

·π«∑“ß°“√√—°…“„πÕπ“§µ1

‡π◊ËÕß®“°º≈°“√√—°…“¢â“ßµâπ¬—ß‰¡à‡ªìπ∑’Ëπà“æÕ„® ®÷ß‰¥â¡’°“√æ¬“¬“¡§âπ§«â“

«‘∏’°“√√—°…“„À¡à ∑’Ëπà“ π„®§◊Õ

INFs

æ∫«à“ Interferons À≈“¬µ—«¡’º≈¬—∫¬—Èß°“√‡®√‘≠¢Õß‡π◊ÈÕ·º≈‡ªìπ ¡’À≈“¬

√“¬ß“π‰¥âπ”¡“∑¥≈Õß„™â∑“ß§≈‘π‘°‰¥âº≈‡ªìπ∑’Ëπà“æÕ„®

¥—¥·ª≈ß®“°: Mustoe TA, Cooter RD, Gold MH, Hobbs R, Ramelet A, Shakespeare PG, et al.
International clinical recommendations on scar management. Plast Reconstr Surg
2002;110(2): 560-571.9

√Ÿª∑’Ë 2 ·π«∑“ß°“√‡≈◊Õ°«‘∏’°“√√—°…“·º≈‡ªìππŸπÀ√◊Õ§’≈Õ¬¥å
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TGF-β

TGF-β ¡’º≈µàÕ·º≈‡ªìπ¥—ß°≈à“«¢â“ßµâπ ¥—ßπ—Èπ°“√‡ª≈’Ë¬π·ª≈ß°“√∑”ß“π¢Õß

TGF-β ®÷ß‡ªìπ·π«∑“ß„À¡à∑’Ë°”≈—ß‡ªìπ∑’Ë π„®§âπ§«â“„π°“√√—°…“·º≈‡ªìπ

 √ÿª

·º≈‡ªìπ∑’Ëº‘¥ª√°µ‘¡’ 2 ™π‘¥À≈—° §◊Õ ·º≈‡ªìππŸπ·≈–·º≈‡ªìπ§’≈Õ¬¥å ∑—Èß 2

™π‘¥¡’§«“¡·µ°µà“ß°—π∑—Èß≈—°…≥–∑“ß§≈‘π‘° ·≈– Histochemitry °“√«‘π‘®©—¬·¬°

√–À«à“ß·º≈‡ªìπ∑—Èß 2 ™π‘¥¡’§«“¡ ”§—≠ ¡’º≈µàÕ°“√‡≈◊Õ°«‘∏’°“√√—°…“ ‡æ√“–·º≈‡ªìπ

πŸππ—Èπ “¡“√∂¥’¢÷Èπ‰¥â‡Õß·≈–µÕ∫ πÕßµàÕ°“√√—°…“¥’ „π¢≥–∑’Ë·º≈‡ªìπ§’≈Õ¬¥åπ—Èπ¥◊ÈÕ

µàÕ°“√√—°…“·≈–°≈—∫‡ªìπ´È”‰¥â∫àÕ¬

‡Õ° “√Õâ“ßÕ‘ß

1. Rahban SR, Garner WL. Fibroproliferative scars. Clin Plast Surg 2003; 30:77-89.
2. Butler PD, Longaker MT, Yang GP. Current Progress in Keloid Research and Treatment. J

Am Coll Surg 2008; 206:731-41.
3. Teofolia P, Barduagnia S, Ribuffob M, Campanellac A, De Pitaûa O, Puddua P. Expression

of Bcl-2, p53, c-jun and c-fos protooncogenes in keloids and hypertrophic scars. J Dermatol
Sci 1999; 22:31-37.

4. Ehrlich HP, Desmouliere A, Diegelmann RF, Cohen IK, Compton CC, Garner WL, et al.
Morphological and immunochemical differences between keloid and hypertrophic scar. Am J
Pathol 1994; 145:105-113.

5. Lee JY, Yang C, Chao S, Wong T. Histopathological differential diagnosis of keloid and
hypertrophic scar. Am J Dermatopathol 2004; 26:379-84.

6. Sasaki A, Mueller R, Xi G, Sipe R, Buck D, Hollinger J. Mast cells: an unexpected finding
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®ÿ¥ª√– ß§å

‡æ◊ËÕ„Àâ∑√“∫Àπâ“∑’Ë¢Õß≈”‰ â„À≠à·≈–∑«“√Àπ—° ‚¥¬ —¡æ—π∏å°—∫°“¬«‘¿“§

·≈– √’√«‘∑¬“¢ÕßÕ«—¬«–π’È √«¡∑—Èß§«“¡ —¡æ—π∏å°—∫°“√‡°‘¥‚√§¥â«¬ ‡π◊ËÕß®“°‡ªìπ∑’Ë

∑√“∫°—π¥’«à“°“√‡°‘¥§«“¡º‘¥ª°µ‘®“°°“√¢—∫∂à“¬Õÿ®®“√–∑—Èß∑âÕßºŸ° ∑âÕß‡ ’¬ °≈—Èπ

Õÿ®®“√–‰¡à‰¥â ∂à“¬Õÿ®®“√–‰¡àÕÕ° À√◊Õ‰¡à –¥«° ≈â«π¡’µâπ‡Àµÿ¡“®“°¢Õß‚√§∑“ß

≈”‰ â„À≠à·≈–∑«“√Àπ—° ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‚√§∑“ß∑«“√Àπ—°∑’Ëæ∫∫àÕ¬ ‡™àπ hemorrhoid,

anal fissure, anal abscess ·≈– fistula, rectal prolapse √«¡∑—Èß anorectal cancer

°“√∑√“∫∫∑∫“∑Àπâ“∑’Ë¢Õß≈”‰ â„À≠à·≈–∑«“√Àπ—°∑’Ë‡°’Ë¬«¢âÕß°—∫°“√∂à“¬Õÿ®®“√– °“√

§«∫§ÿ¡°“√¢—∫∂à“¬Õÿ®®“√–¬àÕ¡®–∑”„Àâ‡¢â“„® ·≈–«“ß·ºπ°“√·°â‰¢µâπ‡Àµÿ¢Õß‚√§∑“ß

∑«“√Àπ—°∑’Ëæ∫∫àÕ¬‰¥âÕ¬à“ß∂Ÿ°µâÕß √«¡∑—Èß√—°…“‚√§‡À≈à“π’ÈÕ¬à“ß‰¥âº≈

1. ∫∑∫“∑Àπâ“∑’Ë¢Õß≈”‰ â„À≠à·≈–∑«“√Àπ—°

Colon

≈”‰ â„À≠à¡’Àπâ“∑’Ë¥Ÿ¥´÷¡ “√πÈ”·≈–·√à∏“µÿ¢Õß°“°Õ“À“√∑’Ë‡À≈◊Õ àß‡¢â“¡“®“°

ileum ´÷Ëß®–¡’≈—°…≥–‡ªìπ¢Õß‡À≈«®”π«π¡“° colon ®–∑”Àπâ“∑’Ë absorption ∑”„Àâ

Õÿ®®“√–‡ªìπ°âÕπ·≈– àßµàÕ‰ª¬—ß rectum ‚¥¬ colonic motility (colonic transit) ‡æ◊ËÕ

„Àâ°“√¥Ÿ·≈·≈–¢—∫∂à“¬ÕÕ°‰¥â –¥«°
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Colonic Absorption

‚¥¬∑—Ë«‰ª colon ®–√—∫ intestinal content ®“°≈”‰ â‡≈Á°√“« 1,000-1,500

¡≈.µàÕ«—π ´÷Ëß®–¥Ÿ¥´÷¡πÈ”‡°◊Õ∫À¡¥‚¥¬‡À≈◊Õ¢—∫∂à“¬∑‘Èßæ√âÕ¡Õÿ®®“√–„π√“« 100-150

¡≈.µàÕ«—π ´÷Ëß°“√¥Ÿ¥´÷¡π’ÈÕ“®®–¡“°‰¥â∂÷ß«—π≈– 5 ≈‘µ√  à«π°“√¥Ÿ¥´÷¡·√à∏“µÿ°Á¡’ª√‘¡“≥

¡“°‡™àπ°—π ‚¥¬¥Ÿ¥´÷¡ sodium √“« 400 mEq µàÕ«—π ®“°®”π«π sodium „π ileal

effluent ∑’Ë¡’ 200 mEq/L ®–¥Ÿ¥´÷¡‡À≈◊Õ∑‘Èß‰ª°—∫Õÿ®®“√–√“« 25-50 mEq/L ·µà°“√¥Ÿ¥

´÷¡ sodium π’È‡ªìπ active transport ‚¥¬„™âæ≈—ßß“π¢Õß glutamine, glucose À√◊Õ

ketone body ∑’Ë‰¥â®“°°“√ oxidized n-butyrate ·µà n-butyrate ®–‰¥â®“°°“√¬àÕ¬

 ≈“¬Õ“À“√‚¥¬ bacteria ¥—ßπ—Èπ°“√„Àâ broad spectrum antibiotic ®–∑”≈“¬ bacte-

ria ¡’º≈„Àâ colonic epithelium ¢“¥æ≈—ßß“π ∑”„Àâ¡’º≈µàÕ°“√¥Ÿ¥´÷¡πÈ”·≈– sodium

πâÕ¬≈ß bacteria ‡À≈à“π’È¬—ß ferment Õ“À“√„Àâ short chain fatty acid (SCFA) ´÷Ëß

¡’∫∑∫“∑Àπâ“∑’Ë‡ªìπ·À≈àßæ≈—ßß“πÀ≈—°¢Õß colonic mucosa ·≈–¬—ß™à«¬°√–µÿâπ°“√‰À≈

‡«’¬π¢Õß‡≈◊Õ¥ °“√ √â“ß mucosa „À¡à ·≈–§«∫§ÿ¡ intraluminal pH  ”À√—∫ bacteria

πÕ°®“°π’È bacteria ¬—ß ≈“¬ protein ·≈– urea ‰¥â ammonia ∑’Ë¥Ÿ¥´÷¡‰ª∑’Ëµ—∫ °“√„Àâ

antibiotic À√◊Õ°“√≈¥ pH ( «π¥â«¬ lactulose) ®–≈¥√–¥—∫°“√¥Ÿ¥´÷¡ ammonia

 à«π·√à∏“µÿµ—«Õ◊Ëπ ‰¥â·°à potassium ®–¥Ÿ¥´÷¡¥â«¬°√–∫«π°“√ passive diffusion ·≈–

chloride ®–¥Ÿ¥´÷¡¥â«¬°√–∫«π°“√ active diffusion ¥â«¬°“√·≈°‡ª≈’Ë¬π°—∫ HCO3
-

πÕ°®“°π’È≈”‰ â„À≠à¬—ß™à«¬¥Ÿ¥´÷¡ bile acids ∑’Ë‡À≈◊Õ®“°°“√¥Ÿ¥´÷¡¢Õß ileum

‡ªìπ°“√§«∫§ÿ¡ enterohepatic circulation ∂â“ bile acid ¡’¡“°‡°‘π§«“¡ “¡“√∂∑’Ë

≈”‰ â„À≠à®–¥Ÿ¥´÷¡ bile acid π’È®–∂Ÿ° deconjugate ‚¥¬ colonic bacteria ´÷Ëß

deconjugate bile acid π’È®–‰ª√∫°«π°“√¥Ÿ¥´÷¡πÈ”·≈– sodium ∑”„Àâ‡°‘¥ secretory

À√◊Õ choleretic diarrhea ´÷Ëß®–æ∫‰¥âÀ≈—ß∑”ºà“µ—¥ right half colectomy ·≈–Õ“°“√

®–√ÿπ·√ß¡“°¢÷Èπ ∂â“§«“¡¬“«¢Õß ileum ∂Ÿ°µ—¥¡“°¥â«¬ ª√–°Õ∫°—∫≈”‰ â„À≠à¥â“π¢«“

®–∑”Àπâ“∑’Ë¥Ÿ¥´÷¡¡“°°«à“¥â“π´â“¬1

ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¥Ÿ¥´÷¡ ‰¥â·°à ª√‘¡“≥  à«πª√–°Õ∫ ·≈–Õ—µ√“°“√‰À≈

ºà“π¢Õß°“°Õ“À“√ ´÷Ëßπ”À≈—°°“√π’È¡“„™â„π bowel preparation ¥â«¬ whole gut

irrigation
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Colonic motility

°“√‡§≈◊ËÕπ‰À« peristalsis ¢Õß≈”‰ â„À≠à·µ°µà“ß®“°≈”‰ â‡≈Á°∑’Ë¡’°“√∫’∫µ—«

‡ªìπ®—ßÀ«– ∫’∫„Àâ content ‡§≈◊ËÕπ∑’Ë‰ª‡√◊ËÕ¬Ê ·µà¢Õß≈”‰ â„À≠à°“√∫’∫µ—«‰¡à·πàπÕπ

∫“ß§√—Èß·√ß ∫“ß§√—Èß∂’Ë ·≈–°“√∫’∫„Àâ content ‡§≈◊ËÕπ∑’Ë¬âÕπ‰ª¡“ ‡æ◊ËÕ∑”„Àâ°“√¥Ÿ¥´÷¡πÈ”

·√à∏“µÿ∑”‰¥â¥’¢÷Èπ‡π◊ËÕß®“°‰¡à¡’ villi ∑’Ë‡æ‘Ë¡æ◊Èπ∑’Ëº‘«°“√¥Ÿ¥´÷¡ ∫“ß§√—Èß°“√∫’∫µ—«®–√ÿπ·√ß

´÷Ëß®–‡°’Ë¬«¢âÕß°—∫°“√∂à“¬Õÿ®®“√–

Colonic motility §«∫§ÿ¡¥â«¬ autonomic nervous system (ANS) ‚¥¬

parasymapathetic ºà“π∑“ß vagus nerve  ”À√—∫ right colon, pelvic nerve (S2-4)

 ”À√—∫ left colon, rectum, anus ´÷Ëß nerve fiber ®–®—¥‡√’¬ßµ—«‡ªìπ plexus Õ¬Ÿà„π

™—Èπµà“ßÊ ‰¥â·°à subserosa, myenteric (Auerbach), submucosa (Meissner) ·≈–

mucosal plexuses ´÷Ëß myenteric plexus ¡’°√–®“¬∑—Ë«‰ª ·µà®–Õ¬ŸàÀπ“·πàπ∫√‘‡«≥

tenia coli  à«π sympathetic nerve fibers ¡“®“° superior mesenteric ganglia

(T7-12)  ”À√—∫ right colon ·≈– inferior mesenteric ganglia (L5)  ”À√—∫≈”‰ â

 à«π∑’Ë‡À≈◊Õ ¡“µ“¡ perivascular plexuses ‚¥¬∑’Ë parasympathetic ∑”Àπâ“∑’Ë

‡æ‘Ë¡°“√∫’∫µ—« peristalsis „π¢≥–∑’Ë sympathetic ∑”Àπâ“∑’Ë≈¥ peristalsis ‚¥¬¡’√Ÿª·∫∫

peristalsis Õ¬Ÿà 3 √Ÿª·∫∫§◊Õ

1. Right colon ®–‡ªìπ antiperistaltic À√◊Õ retropulsive °“√∫’∫µ—«¢Õß

colon ¬âÕπ‰ª¬—ß cecum ¡’º≈„Àâ°“°Õ“À“√‡§≈◊ËÕπ∑’Ë‰ª¢â“ßÀπâ“™â“≈ß ‡æ◊ËÕ™à«¬„π°“√¥Ÿ¥

´÷¡

2. Left colon ®–‡ªìπ·∫∫ tonic contraction ·∫∫ segmental peristal-

sis ‡æ◊ËÕ∑”„Àâ°“°Õ“À“√‡ªìπ∑àÕπÊ °“√∫’∫µ—«π’È‡ªìπ “‡Àµÿ¢Õß diverticulosis

3. Mass peristalsis (√Ÿª∑’Ë 1) ¡’≈—°…≥–°“√∫’∫µ—«¢Õß left colon (de-

scending, sigmoid colon) æ√âÕ¡°—π‡ªìπ√–¬–À√◊Õ™à«ß¬“« ‰¥â¬“«∂÷ß 1/3 ¢Õß§«“¡¬“«

colon ∑—ÈßÀ¡¥ (left colon) ‡æ◊ËÕ„Àâ°“°Õ“À“√‰À≈ÕÕ°®“°≈”‰ ấ ’°´â“¬∑—ÈßÀ¡¥„π§√“«‡¥’¬«

‡¢â“ Ÿà rectum ∑”„Àâ rectum ¡’·√ß¥—π∑’Ë ŸßÕ¬à“ß√«¥‡√Á«®π∂÷ß√–¥—∫ threshold ‡°‘¥°“√

ª«¥∑âÕß∂à“¬Õÿ®®“√– ‚¥¬ mass peristalsis π’È®–æ∫„π∫“ß™à«ß‡«≈“ ‚¥¬‡©æ“–À≈—ßµ◊Ëπ

πÕπ·≈–À≈—ßÕ“À“√ ¥—ßπ—Èπ§π®–√Ÿâ ÷°ª«¥∂à“¬Õÿ®®“√–‡¡◊ËÕµ◊ËππÕπ„πµÕπ‡™â“·≈–À≈—ß
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Õ“À“√ °“√∂à“¬Õÿ®®“√–„π™à«ß¥—ß°≈à“«®–‰¡àµâÕßÕÕ°·√ß‡∫àß∂à“¬Õÿ®®“√–¡“° ´÷Ëß mass

peristalsis π’È‡ªìπ°√–∫«π°“√Õ¬à“ßÀπ÷Ëß„π°“√§«∫§ÿ¡·≈–≈¥·√ß¥—π„π™àÕß∑âÕß‡æ◊ËÕ„Àâ

 “¡“√∂°‘πÕ“À“√‰¥â·≈–≈¥Õ“°“√·πàπ‡ ’¬¥∑âÕß°√≥’∑’Ë°‘πÕ“À“√¡“° Colon ®–¡’°“√

‡§≈◊ËÕπ‰À«‡æ‘Ë¡¢÷Èπ„π√–À«à“ßÕ“À“√·≈–®–¡“°ª√–¡“≥ 15 π“∑’À≈—ßÕ“À“√2 ‚¥¬®–¡’°“√

∫’∫µ—«∑’Ë sigmoid colon ·√ß°«à“ transverse colon ´÷ËßªØ‘°‘√‘¬“π’È‡√’¬°«à“  gastrocolic

reflex

Rectum

Rectum §◊Õ à«π∑’ËÕ¬Ÿà√–À«à“ß sigmoid colon °—∫ anus ¡’¢π“¥¬“«ª√–¡“≥

12 -15 ´¡.3 °«â“ß 8-10 ´¡.‚¥¬¡’≈—°…≥–·µ°µà“ß®“° colon §◊Õ‰¡à¡’ tenia coli, epi-

ploic appendices À√◊Õ mesentery ∑’Ë™—¥‡®π ´÷Ëßµ”·Àπàß¢Õß rectum ®–·µ°µà“ß

°—π√–À«à“ß anatomist ·≈– surgeon ‚¥¬∑’Ë»—≈¬·æ∑¬å®–∂◊Õ«à“ rectum ‡√‘Ë¡∑’Ë sacral

promontory ·≈–‰ª ‘Èπ ÿ¥∑’Ë anorectal ring4 (§◊Õµ”·Àπàß∑’Ë puborectalis ¥÷ß rectum

‰ª¥â“πÀπâ“∑”„Àâ‡°‘¥ anorectal angulation) ·µà ”À√—∫ anatomist ∂◊Õ«à“ à«π∫π¢Õß

rectum ®–‡√‘Ë¡∑’Ë sacral segment 3 §◊Õµ”·Àπàß∑’Ë tenia coli ¡“√«¡°—π ·≈– ‘Èπ ÿ¥

√Ÿª∑’Ë 1 ≈—°…≥– Mass peristalsis
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dentate line ‚¥¬∑’Ë rectum ®–¡’ superior rectal artery (superior hemorrhoidal

artery) ®“° inferior mesenteric artery ¡“‡≈’È¬ß‡ªìπ à«π„À≠à ¡’ nerve supply ¥â«¬

sympathetic nerve ®“° inferior mesenteric plexus ∑”„Àâ°≈â“¡‡π◊ÈÕ¢Õß rectum

§≈“¬µ—« ‡°‘¥Õ“°“√∑âÕßºŸ° ·µà parasympathetic nerve ®“° sacral plexus ®–

°√–µÿâπ°“√∫’∫µ—«¢Õß rectum ·≈–√—∫ sensory function ¢Õß stretch receptor ∑’ËÕ¬Ÿà

ºπ—ß rectum ·≈–√Õ∫ rectum (levator ani, pelvic floor muscle) √—∫º‘¥™Õ∫ rectoanal

inhibitory reflex ·¡â∑” proctocolectomy ·≈– ileal pouch anal anastomosis (IPAA)

°Á¬—ß√—∫√Ÿâ§«“¡√Ÿâ ÷°π’È‰¥â  à«π visceral pain ‰ª∑—Èß∑“ß sympathetic ·≈– parasympa-

thetic fiber ∂â“‡ âπª√– “∑π’È‡ ’¬®–√—∫√ŸâπâÕ¬≈ß ‡°‘¥Õ“°“√∑âÕßºŸ°

Rectum ¡’Àπâ“∑’Ë‡ªìπ∑’Ë‡°Á∫Õÿ®®“√–·≈–°”®—¥ÕÕ°‰ª‡¡◊ËÕ¡’ª√‘¡“≥¡“° ‚¥¬

Õ“»—¬§«“¡ “¡“√∂ adaptive compliance (receptive relaxation) ‡æ◊ËÕ‡°Á∫Õÿ®®“√–

„Àâ¡’ª√‘¡“≥¡“°·≈–¡’ stretch receptor ∑’Ëºπ—ß rectum ·≈–‚¥¬√Õ∫∑”„Àâ∑√“∫

ª√‘¡“≥Õÿ®®“√– √«¡∑—Èß∑”„Àâ‡°‘¥ rectoanal inhibition reflex, sampling reflex

∑”„Àâ∑√“∫™π‘¥¢ÕßÕÿ®®“√– ‡æ◊ËÕ«“ß·ºπ°“√°”®—¥ÕÕ°‰ª (stool expulsion) ‚¥¬¡’

ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫°“√¢—∫∂à“¬Õÿ®®“√– ‰¥â·°à

1. Rectal Compliance (Capacity or Tone)

§«“¡®ÿ¢Õß rectum ¡’ª√‘¡“≥¡“°‡π◊ËÕß®“°¢π“¥„À≠à·≈–∑’Ë ”§—≠§◊Õ¡’

receptive relaxation §◊Õ§«“¡ “¡“√∂¢Õß°“√ª√—∫·√ß¥—π„π rectum „Àâ≈¥≈ß·≈–

§ß∑’Ë‡¡◊ËÕ¡’ content ‡¢â“¡“‡æ‘Ë¡¢÷Èπ ‚¥¬Õ“»—¬°≈â“¡‡π◊ÈÕ¢Õß rectum ∑’Ë¡’§«“¡¬◊¥À¬ÿàπ (com-

pliance) π—Ëπ§◊Õ‡¡◊ËÕ¡’ content ‡¢â“¡“„π rectum ®–∑”„Àâ·√ß¥—π„π rectum ampulla

®–‡æ‘Ë¡¢÷Èπ µàÕ¡“°≈â“¡‡π◊ÈÕ¢Õß rectum ampulla ®–‡°‘¥°“√§≈“¬µ—«‚¥¬„™â‡«≈“√“« 1 - 2

π“∑’ ∑”„Àâ·√ß¥—π≈¥≈ß‡∑à“°àÕπ¡’ content ‡¢â“¡“ ‡ªìπ°√–∫«π°“√ª√—∫·√ß¥—π¿“¬„π

rectum ‰¡à„Àâ Ÿß®π‡°‘¥Õ“°“√ª«¥∑âÕß∂à“¬Õÿ®®“√–„π¢≥–∑’Ëª√‘¡“≥Õÿ®®“√–¡’πâÕ¬ ∑”„Àâ

 “¡“√∂‡°Á∫ – ¡Õÿ®®“√–‰¥â¡“° ®π¡’ª√‘¡“≥Õÿ®®“√–¡“°∂÷ß√–¥—∫ threshold ·≈â« stretch

receptor ∑’ËÕ¬Ÿà„π·≈–¥â“ππÕ° rectum ®– àß —≠≠“≥‰ªµ“¡ parasympathetic nerve

„Àâ‡°‘¥°√–∫«π°“√ defecation µàÕ‰ª ‚¥¬√–¥—∫ threshold π’È ®–‡√‘Ë¡√Ÿâ ÷°‡¡◊ËÕ¡’ª√‘¡“≥

11- 68 ml ª√‘¡“≥∑’Ë‡√‘Ë¡√Ÿâ ÷°ª«¥Õ¬Ÿà∑’Ë 200 ml ·≈–ª√‘¡“≥ Ÿß ÿ¥§◊Õ 220 - 510 ml5 ́ ÷Ëß§à“
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mean rectal compliance Õ¬Ÿà√–À«à“ß 4-14 cm H2O  à«π„À≠à·≈â« rectum ®– “¡“√∂

√—∫ª√‘¡“≥‰¥â√“« 300 ml ‚¥¬∑’Ë§«“¡¥—π„π rectum ‡æ‘Ë¡‰¡à¡“° ‰¡à‡°‘¥Õ“°“√ª«¥∑âÕß

∂à“¬Õÿ®®“√– πÕ°®“°π’È·≈â«·√ß¥—π∑’Ë‡°‘¥®“° solid ·≈– gas ®–µà“ß°—π ‚¥¬ gas ®–¡’

·√ß¥—πµË”°«à“ ∑”„Àâ “¡“√∂√—∫√Ÿâ‰¥â«à“‡ªìπ≈¡‡æ◊ËÕ°“√∫√‘À“√®—¥°“√µàÕ‰ª6

2. Rectoanal Inhibitory Reflex (RAIR)

‡ªìπ°√–∫«π°“√‡æ◊ËÕ°“√√—∫√Ÿâ™π‘¥¢ÕßÕÿ®®“√– ‡æ◊ËÕæ‘®“√≥“«à“®–∂à“¬Õÿ®®“√–

À√◊Õ°“√°≈—ÈπÕÿ®®“√–‡æ◊ËÕ – ¡„π rectum ‚¥¬‡¡◊ËÕ¡’Õÿ®®“√–‡¢â“¡“∑”„Àâ rectum ¡’·√ß

¥—π Ÿß¢÷Èπ‡°‘¥ rectal dilatation ®–°√–µÿâπ stretch receptor ∑’Ëºπ—ßÀ√◊Õ‚¥¬√Õ∫ rec-

tum ‡°‘¥°“√ àß°√–· ‰ª¬—ß‡ âπª√– “∑√—∫√Ÿâ ́ ÷Ëß à«πÀπ÷Ëß àß —≠≠“≥‰ª¬—ß ¡Õß„Àâ√—∫√Ÿâ«à“

ª«¥∑âÕß∂à“¬Õÿ®®“√–‚¥¬ ¡Õß à«π∑’Ë√—∫√ŸâÕ“°“√ª«¥∂à“¬Õÿ®®“√–Õ¬Ÿà∑’Ë superior frontal

gyrus ·≈– anterior cingulated gyrus ·≈– —≠≠“≥Õ’° à«πÀπ÷Ëß‰ª∑’Ë sacral plexus

®–‡°‘¥ reflex relaxation (RAIR) §◊Õ —Ëß°“√„Àâ°≈â“¡‡π◊ÈÕ puborectalis, ·≈– internal

anal sphincter „Àâ§≈“¬µ—« ·µà external sphincter ®–À¥√—¥µ—«‡æ◊ËÕªÑÕß°—π‰¡à„Àâ

Õÿ®®“√–ÕÕ°¡“ (√Ÿª∑’Ë 2) ·≈–‡°‘¥ sampling reflex µ“¡¡“ ∑”„Àâ∑√“∫™π‘¥¢ÕßÕÿ®®“√–

‡¡◊ËÕ rectum ‡°‘¥ adaptive compliance ≈¥·√ß¥—π reflex π’È°Á®–À¬ÿ¥ reflex π’È®–

À“¬‰ª∂â“ spinal cord À¬ÿ¥∑”ß“π∑—Èß®“° anesthesia À√◊Õ spinal shock

3. Sampling Reflex

‡ªìπ°√–∫«π°“√√—∫√Ÿâ™π‘¥¢ÕßÕÿ®®“√– ‚¥¬º≈®“° RAIR ®–∑”„Àâ rectal

content ≈ß¡“ —¡º— °—∫ sensory receptor „π upper anal canal ´÷Ëß®–ª√–‡¡‘π«à“

rectal content ‡ªìπÕ¬à“ß‰√ ‡ªìπ≈¡ πÈ”À√◊Õ°âÕπÕÿ®®“√– ‡æ◊ËÕ„Àâ ¡Õß√—∫√Ÿâ®–‰¥â«“ß·ºπ

¥”‡π‘π°“√Õ¬à“ß‰√µàÕ‰ª

4. Stool Expulsion

‡¡◊ËÕ ¡Õß√—∫√Ÿâ«à“¡’ª√‘¡“≥Õÿ®®“√–¡“°À√◊ÕÕÿ®®“√–‡ªìππÈ” ®–‡√‘Ë¡°“√∂à“¬

Õÿ®®“√– (√“¬≈–‡Õ’¬¥„π defecation)

Anus

∑«“√Àπ—°‡ªìπ à«πª≈“¬¢Õß∑“ß‡¥‘πÕ“À“√ ‡ªìπ∑“ßºà“πÕÕ°¢ÕßÕÿ®®“√– ‚¥¬ anal
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orifice ¡’≈—°…≥–‡ªìπ√Ÿ√Ÿª¬“«∑“ß¥â“π antero-posterior  à«π anal canal ®–¡’°≈â“¡

‡π◊ÈÕÀŸ√Ÿ¥·≈– anal cushions ∑”Àπâ“∑’Ë„π°“√§«∫§ÿ¡À√◊Õ°≈—ÈπÕÿ®®“√–‰¡à„ÀâÕÿ®®“√–

‰À≈ÕÕ°‰ª‰¥â °“√§«∫§ÿ¡°√–∫«π°“√∂à“¬Õÿ®®“√–‚¥¬°≈â“¡‡π◊ÈÕ√Õ∫ª“°∑«“√Àπ—°

puborectalis, internal anal sphincter, external anal sphincter ®–¡’°“√À¥

√—¥µ—«À√◊Õ¡’·√ßµ÷ßµ—«µ≈Õ¥‡«≈“‡æ◊ËÕªî¥ª“°∑«“√Àπ—° ∑”„Àâ‡°‘¥ anorectal angulation,

anal canal ¬“«¢÷Èπ anal pressure  Ÿß°«à“„π rectum ·≈–‡ √‘¡°“√ªî¥¥â«¬ anal cush-

ion ∑’Ë‚ªÉß¢¬“¬ ∑”„Àâªî¥‰¥â·πàπÀπ“®π≈¡°Á√—Ë«´÷¡ÕÕ°¡“‰¡à‰¥â ¡’º≈„Àâª√‘¡“≥Õÿ®®“√–

∂Ÿ°¢—ßÕ¬Ÿà„π rectum ‰¥â¡“° ®π‡¡◊ËÕ¡’ª√‘¡“≥¡“°À√◊Õ§«“¡¥—π„π rectum  Ÿß∂÷ß√–¥—∫

√Ÿª∑’Ë 2 ≈—°…≥– maanometry ¢Õß RAIR

°“√µÕ∫ πÕß¢Õß rectoanal inhibitory reflex ª√–°Õ∫¥â«¬

1. rectal muscular contraction ‡æ‘Ë¡·√ß¥—π rectal pressure

2. internal anal sphincter ‡°‘¥ relaxation ≈¥ anal pressure ‡°‘¥√—∫√Ÿâ™π‘¥Õÿ®®“√–

3. external anal sphincter ¡’ contraction ‡æ‘Ë¡

Rectal pressure
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°Á®–‡°‘¥°√–∫«π°“√∂à“¬Õÿ®®“√– °≈â“¡‡π◊ÈÕ‡À≈à“π’È®–§≈“¬µ—«‡ªî¥ anal canal „Àâ

Õÿ®®“√–ÕÕ°¡“ ‚¥¬¡’ external anal sphincter ∑”Àπâ“∑’Ë‡ªìπ à«π∑’ËÀ¥√—¥µ—«À√◊Õ°≈—Èπ

Õÿ®®“√–‡¡◊ËÕ ¿“«–‰¡à‡À¡“– ¡ °“√∑”ß“ππ’ÈÕ¬Ÿà„µâ°“√§«∫§ÿ¡¢Õß®‘µ„®

ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫°“√∂à“¬Õÿ®®“√–

1. Anal Cushion (hemorrhoid cushion) §◊Õ mucosa, submucosa ∫√‘‡«≥

anal canal ∑’Ë®—¥‡√’¬ßµ—«Àπ“¢÷Èπ‡ªìπ cushion ́ ÷Ëß cushion π’È ¡’Õ¬Ÿà„π 3 µ”·Àπàß §◊Õ left

lateral, right anterior, right posterior ‚¥¬∑’Ë cushion ®–ª√–°Õ∫¥â«¬ dilated sub-

mucosal hemorrhoidal venous plexus ·≈– arterial supply Õ¬Ÿà„π stroma ¢Õß

connective tissue ‚¥¬∑’Ë¡’ small multiple arteriovenous anastomosis √–À«à“ß

arterial supply ·≈– venous plexus ´÷Ëß support ‚¥¬ Trietzûs ligament ∂â“‡°‘¥

°“√©’°¢“¥¢Õß ligament π’È®–∑”„Àâ prolapse internal hemorhoid „π√“¬∑’Ë∑âÕßºŸ°

À√◊Õ¡’°“√‡∫àß∂à“¬Õÿ®®“√–¡“°À√◊Õπ“π Õ“®®–∑”„ÀâÀ≈Õ¥‡≈◊Õ¥„π anal cushion ‡°‘¥

°“√©’°¢“¥ ‚¥¬‡≈◊Õ¥∑’ËÕÕ°π’È®–‡ªìπ arterial blood

„π¿“«–ª°µ‘ anal cushions ®–∫“πÀ√◊ÕæÕßÕÕ°‡æ◊ËÕªî¥ anal canal

·≈–®–¬ÿ∫µ—«≈ß‡¡◊ËÕ‡°‘¥°“√∂à“¬Õÿ®®“√– anal cushions °“√∑”ß“π®–∑”„Àâªî¥ anal ca-

nal ‰¥â·πàπ™à«¬‡ √‘¡°“√°≈—Èπ≈¡ (√Ÿª∑’Ë 3) ¥—ßπ—Èπ„π°“√∑”ºà“µ—¥ conventional hemor-

rhoidectomy À≈—ßºà“µ—¥ºŸâªÉ«¬¡—°®–¡’Õ“°“√ gas incontinence

2. Anorectal Angle

‡ªìπ°√–∫«π°“√∑’Ë ”§—≠°√–∫«π°“√Àπ÷Ëß„π°“√§«∫§ÿ¡°“√∂à“¬Õÿ®®“√– (‚¥¬

√Ÿª∑’Ë 3 ≈—°…≥–°“√∑”ß“π¢Õß anal cushion

Anal cushion
Collapse
during defecation
Anal cushion
Collapse
during defecation

Anal cushion
Congest to 
close anal canal
Anal cushion
Congest to 
close anal canal

Anal sphincter



‰æ∫Ÿ≈¬å  ®‘«–‰æ»“≈æß»å 725

‡©æ“– solid stool) °“√‡°‘¥ anorectal angle ‡°‘¥®“° puborectalis ∑’Ë¡’√Ÿª√à“ß‡ªìπ

sling ‡°“–¬÷¥ pubic bone ¥â“πÀ≈—ß·≈â«§≈âÕß∑’Ëµ”·Àπàß anorectal junction ¥÷ß‰ª

¥â“πÀπâ“·≈–¬°¢÷Èπ∫π ®÷ß‡°‘¥‡ªìπ anorectal angle ́ ÷Ëß‡¡◊ËÕπÕπµ–·§ß´â“¬®–∑”¡ÿ¡‡©≈’Ë¬

√“« 102 ± 18 Õß»“ (means ± SD) „π∑à“¬◊π¡ÿ¡®–‡ª≈’Ë¬π‡≈Á°πâÕ¬ ‡¡◊ËÕ≈ÿ°π—Ëß¡ÿ¡®–°«â“ß

ÕÕ°‡ªìπ 119 ± 17 Õß»“ ‡¡◊ËÕ„Àâ°≈â“¡‡π◊ÈÕÀ¥√—¥µ—«√à«¡°—∫°“√‡æ‘Ë¡·√ß¥—π„π∑âÕß (valsava

maneuver) ®–∑”„Àâ¡ÿ¡‡ª≈’Ë¬π‰ªÕ¬Ÿà√–À«à“ß 81 ± 19 ·≈– 87 ± 23 Õß»“,7 „π°“√

∑”ß“πª°µ‘¢Õß puborectalis ®– “¡“√∂°≈—ÈπÕÿ®®“√–∑’Ë‡ªìπ solid stool ‰¥â8 ‡¡◊ËÕ®–∂à“¬

Õÿ®®“√– °“√π—ËßßÕµ–‚æ° 90 Õß»“®–∑”„Àâ¡ÿ¡¢Õß anorectal angle ¡“°°«à“ 110 Õß»“

√à«¡°—∫°“√‡∫àß·≈â«°≈â“¡‡π◊ÈÕ puborectalis ·≈– external anal sphincter ®–§≈“¬µ—«9

Õÿ®®“√–®–ºà“πÕÕ°‰ª‰¥â ‚¥¬∑—Ë«‰ª‡¡◊ËÕÕ¬Ÿà„π¿“«–ª°µ‘ (rest) anorectal angle ®–√“«

92 ± 1.5 Õß»“ ·≈–‡¡◊ËÕ‡∫àß∂à“¬Õÿ®®“√– (straining) angle ®–‡ªìπ 137 ± 1.5 Õß»“10

(√Ÿª∑’Ë 4)

3. Anal Sphincter Muscles

‡ªìπ à«π∑’Ë ”§—≠∑’Ë ÿ¥„π°“√§«∫§ÿ¡À√◊Õ°“√°≈—ÈπÕÿ®®“√– ´÷Ëß¡’°≈â“¡‡π◊ÈÕ

À≈“¬¡—¥‰¥â·°à puborectalis, levator ani, internal anal sphincter, external anal

sphincters (√Ÿª∑’Ë 5)

● Puborectalis Muscle Õ¬Ÿà‡Àπ◊ÕµàÕ deep external anal sphincter

´÷Ëß®–§≈”‰¥â®“°°“√ digital rectal examination ∑’Ëµ”·Àπàß anorectal ring §≈”‰¥â

√Ÿª∑’Ë 4 ≈—°…≥– anorectal angle „π√–À«à“ßæ—° ·≈–‡∫àß∂à“¬Õÿ®®“√–
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‡ªìπ —π¢Õ∫∑“ß¥â“πÀ≈—ß°àÕπ∑’Ë rectum ®–‚§âß‰ª¥â“πÀ≈—ßµ“¡·π«¢Õß sacrum ªí®®ÿ∫—π

∂◊Õ«à“ puborectalis ∑”Àπâ“∑’Ë‡ªìπ°≈â“¡‡π◊ÈÕÀŸ√Ÿ¥ ·µà levator ani ∑”Àπâ“∑’Ë‡ªìπ∑’Ë°—Èπ

Õ«—¬«–¿“¬„π™àÕß‡™‘ß°√“π‰¡à„ÀâÕÕ°¡“ (diaphragm) ‚¥¬∑’Ë°“√À¥√—¥µ—«¢Õß puborectalis

sling ·≈– levator ani ®–¥÷ß„Àâ anorectal ring ‰ª¥â“πÀπâ“·≈–¢÷Èπ¥â“π∫π∑”„Àâ‡°‘¥

anorectal angulation (voluntary control) √«¡∑—Èß∑”„Àâ anal canal ¬“«¢÷Èπ11 ∑”„Àâ

°≈—ÈπÕÿ®®“√–‰¥â¥’ ·≈–„π¢≥–‡¥’¬«°—π®–∑”„Àâ anterior wall ¢Õß rectum ®–ªî¥¥â“π

∫π¢Õß anal canal ‡À¡◊Õπ‡ªìπ flap valve mechanism ´÷Ëß‡¡◊ËÕÕÕ°·√ß‡∫àßÀ√◊Õ¬°

¢Õß12 ·√ß¥—π®–∑”„Àâ anterior rectal wall ªî¥·πàπ¢÷Èπ (√Ÿª∑’Ë 6) ªÑÕß°—πÕÿ®®“√–‰¡à„Àâ

‡≈Á¥ÕÕ°¡“ ·µàªí®®ÿ∫—π‰¡à§àÕ¬°≈à“«∂÷ß‡æ√“–‡™◊ËÕ«à“ continence ‡ªìπº≈®“° anal sphincter

√Ÿª∑’Ë 5 ≈—°…≥– Anatomy ¢Õß anal sphincter muscles

√Ÿª∑’Ë 6 ≈—°…≥– flap valve mechanism

Levator ani

Puborectalis

External anal sphincter

Internal anal sphincter

Anorectal ring

Dentate line

Hilton line 

Levator ani

Puborectalis

External anal sphincter

Internal anal sphincter

Anorectal ring

Dentate line

Hilton line 
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¡“°°«à“‡æ√“–¡’ anal pressure ¡“°°«à“ intra-rectal pressure

● Internal Anal Sphincter (IAS) ‡ªìπ smooth muscle Õ¬Ÿà∑’Ë∫√‘‡«≥

ª“°∑«“√Àπ—° ‡°‘¥®“°°“√Àπ“µ—«¢Õß circular muscle ¢Õß≈”‰ â„À≠à ‚¥¬¡’§«“¡¬“«

√“« 3-4 ´¡. ·≈–Àπ“‡æ’¬ß 0.5 ´¡. ·≈–¢Õ∫≈à“ß ÿ¥Õ¬ŸàÀà“ß®“° dentate line √“« 1-1.5

´¡.4 ´÷Ëß®–§≈”‰¥â¢Õ∫·¬°®“° external anal sphincter ‡√’¬° Hiltonûs line ‡ªìπ

µ”·Àπàß ”§—≠¢Õß°“√∑” internal anal sphincterotomy „π°“√ºà“µ—¥√—°…“ chronic

anal fissure Internal anal sphincter ®–∑”Àπâ“∑’ËÀ¥√—¥µ—«µ≈Õ¥‡«≈“ (involuntary

tonic contraction) ‡æ◊ËÕ„Àâª“°∑«“√ªî¥ ‚¥¬ resting tone π’È®–‡ªìπ¢Õß IAS ‡ªìπ

 à«π„À≠à∂÷ß 85%13 ·≈–®–µÕ∫ πÕßµàÕ rectoanal inhibitory reflex ‡¡◊ËÕ‡°‘¥ rectal

distention ‡æ◊ËÕ„Àâ‰¥â sampling reflex ∑’Ë¡’º≈µàÕ°“√°≈—ÈπÀ√◊Õ§«∫§ÿ¡Õÿ®®“√–

● External Anal Sphincter (EAS) ®–‡ªìπ°≈ÿà¡¢Õß°≈â“¡‡π◊ÈÕ≈“¬ (stri-

ated muscle) ¡’ 3 ¡—¥‰¥â·°à deep, superficial and subcutaneous groups ‚¥¬∑’Ë

deep group ®–‡™◊ËÕ¡µàÕ°—∫ puborectalis ·≈–·¬°®“°°—π‰¡à™—¥‡®π Shafik14 ‡ πÕ«à“

°≈â“¡‡π◊ÈÕ external anal sphincter ®–ª√–°Õ∫‡¢â“‡°‘¥‡ªìπ tri-loop system ‡æ◊ËÕ∑”

Àπâ“∑’Ë„π°“√°≈—ÈπÕÿ®®“√– (√Ÿª∑’Ë 7) ªí®®ÿ∫—π¬—ß‡ªìπ¢âÕ‚µâ·¬âß°—πÕ¬Ÿà

°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕπ’È®–‡ªìπ„π 2 ≈—°…≥– §◊Õ

● voluntary control  —Ëß°“√‰¥â§◊Õ °≈â“¡‡π◊ÈÕ¡—¥π’È ¡Õß “¡“√∂ —Ëß„ÀâÀ¥√—¥µ—«

‡æ◊ËÕ°≈—ÈπÕÿ®®“√–‡¡◊ËÕª«¥∑âÕß∂à“¬Õÿ®®“√–‰¥âπ“π 50 «‘π“∑’15 À≈—ß®“°π—Èπ®– fatique ÕàÕπ

√Ÿª∑’Ë 7 ≈—°…≥– Tri-loop System
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·√ß≈ß®πÕ“®®–°≈—Èπ‰¡à‰¥â

● Involuntary control °≈â“¡‡π◊ÈÕ®–À¥√—¥µ—«‡æ◊ËÕ √â“ß resting tone ªî¥

ª“°∑«“√Àπ—°µ≈Õ¥‡«≈“ (constant tonus) ´÷Ëß‡ªìπ¡—¥Àπ÷Ëß¢Õß°≈â“¡‡π◊ÈÕ≈“¬

(cricopharyngeus, paraspinous muscles, levator ani) ∑’Ë¡’ tone µ≈Õ¥‡«≈“‚¥¬

low sacral reflex ·≈–¡’ à«π√“« 15% ¢Õß anal resting tone ·≈–·√ßµ÷ßµ—«®–≈¥≈ß

„π‡«≈“À≈—∫ ·µà®–¡’°“√À¥√—¥µ—«‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡°‘¥°“√ÕÕ°·√ß‡∫àß ‡™àπ °“√‰Õ16 ‡√’¬°

çanal  reflexé ´÷Ëß‡ªìπ reflex ‡æ◊ËÕªÑÕß°—π°“√∂à“¬Õÿ®®“√–‚¥¬‰¡àµ—Èß„®‡¡◊ËÕ‡°‘¥ perianal

stimulation À√◊Õ°“√‡ª≈’Ë¬π∑à“À√◊Õ¡’·√ß¥—π„π™àÕß∑âÕß‡æ‘Ë¡¢÷Èπ reflex π’È§«∫§ÿ¡‚¥¬

pudendal nerve ‚¥¬®– —Ëß°“√„Àâ external anal sphincter ‡°‘¥°“√À¥√—¥µ—«‡æ‘Ë¡¢÷Èπ

‡¡◊ËÕ¡’°“√°√–µÿâπ¥—ß°≈à“« ·µà∂â“‡∫àß∂à“¬Õÿ®®“√–·≈â« °≈â“¡‡π◊ÈÕπ’È®–‰¡àÀ¥√—¥µ—«

Nerve supply ¢Õß anal canal

Internal anal sphincter motor supply ‚¥¬ sympathetic nerve

(excitatory) ®“° L5 (inferior hypogastric nerves) ‡ªìπ postganglionic fibers

¡“µ“¡ hypogastric nerves ∑—Èß 2 ‡ âπ ·≈– parasympathetic nerve (inhibitory)

®“° S2, S3, S4 ·√ßµ÷ßµ—«À√◊Õ resting tone π’È®–§«∫§ÿ¡∑—Èß sympathetic ·≈– para-

sympathetic nerves ·µà à«π„À≠à®“° sympathetic nerve

°“√§≈“¬µ—«‡°‘¥®“° intramural (intrinsic) reflex ‡√’¬° recto anal

inhibitory reflex ´÷Ëß§«∫§ÿ¡‚¥¬ noncholinergic ·≈– nonadrenergic n. §◊Õ‡¡◊ËÕ

rectum ¡’°“√¬◊¥¢¬“¬ ®–¡’º≈∑”„Àâ internal anal sphincter ¡’°“√§≈“¬µ—« ‡æ◊ËÕ„Àâ¡’

sampling reflex

External anal sphincter motor supply ‚¥¬ inferior rectal branch of

pudendal nerve S2, S3 ·≈– perineal branch S4 ´÷Ëß fiber ‡À≈à“π’È®–¡’ cross over

°—π„π spinal cord ∑”„Àâ°“√µ—¥ pudendal nerve ¢â“ß‡¥’¬«‰¡à¡’º≈µàÕ sphincter

Puborectalis muscle motor supply ¥â«¬ pudendal nerve ®“°¥â“π≈à“ß

·≈– pelvic branch ¢Õß S3, S4

Levator ani  à«π∑’ËÕ¬Ÿà¥â“π pelvic cavity ‡≈’È¬ß¥â«¬ sacral roots ¢Õß S2,

S3, S4  à«π∑“ß¥â“π≈à“ß inferior surface ‡≈’È¬ß¥â«¬ perineal branch ¢Õß pudendal
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nerve

°“√µ—¥ sacral segment 4 ‰¡à¡’º≈µàÕ continence ·µà∂â“µ—¥ sacral

segment 3 °“√°≈—Èπ¬—ß§ßÕ¬Ÿà ·µà°“√§«∫§ÿ¡‰¡à ¡∫Ÿ√≥å ∂â“‰¡àµâÕß°“√„Àâ‡°‘¥ fecal

incontinence µâÕß∑”°“√ «π∑ÿ° 1-2 «—π17

● Sensory Supply

„π à«π¢Õß upper anal canal ®–¡’‡ âπª√– “∑¡“°¡“¬∑—Èß free and orga-

nized sensory nerve endings ‚¥¬ organized nerve endings ª√–°Õ∫¥â«¬

Meissnerûs corpuscles (touch), Krauseûs bulbs (cold), Golgi-Mazzoni bodies

(pressure), ·≈– genital corpuscles (friction) ‚¥¬ àß‰ªµ“¡ inferior rectal branch

¢Õß pudendal nerve ·≈–¡’ à«π ”§—≠„π°“√§«∫§ÿ¡°“√°≈—ÈπÕÿ®®“√–18

2. ∫∑∫“∑¢Õß colon rectum ·≈– anus „π°√–∫«π°“√‡°Á∫·≈–∂à“¬

Õÿ®®“√–√«¡∂÷ß°“√§«∫§ÿ¡À√◊Õ°“√°≈—ÈπÕÿ®®“√–

2.1 Storage function ¢Õß rectum ·≈– anus

®“°°“√∑’Ë¡’ colonic motility π”°“°Õ“À“√‡¢â“¡“¬—ß rectum ∑”„Àâ·√ß¥—π

„π rectum  Ÿß¢÷Èπ‡°‘¥ rectal dilatation ®–‰ª°√–µÿâπ stretch receptor ∑’Ëºπ—ß rectum

√Ÿª∑’Ë 8 ≈—°…≥– pudendal nerve3
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·≈–‚¥¬√Õ∫ rectum ®–°√–µÿâπ anal sphincter ‚¥¬‡©æ“– external anal sphincter

À¥√—¥µ—«‡æ◊ËÕ°≈—Èπ‰¡à„ÀâÕÿ®®“√–‰À≈ÕÕ°¡“ ·≈–¡’°“√√“¬ß“π„Àâ ¡Õß∑√“∫  à«π rectum

®–‡°‘¥ adaptive relaxation ‡æ◊ËÕ‡°Á∫ – ¡Õÿ®®“√– ®π‡¡◊ËÕ rectum §≈“¬µ—«≈¥·√ß

¥—π≈ß‰¥â Õ“°“√ª«¥∂à“¬Õÿ®®“√–°Á®–À“¬‰ª °“√‡°Á∫ – ¡®–¥”‡π‘π‰ª®πª√‘¡“≥Õÿ®®“√–

∑’Ë‡°Á∫ – ¡¡“°®π∂÷ß√–¥—∫∑’ËµâÕß°”®—¥ÕÕ° ·√ß¥—π„π rectum ®– Ÿßµ≈Õ¥‡æ√“–‰¡à‡°‘¥

adaptive relaxation °Á®–‡°‘¥Õ“°“√ª«¥∑âÕß∂à“¬Õÿ®®“√–

2.2 Defecation °√–∫«π°“√∂à“¬Õÿ®®“√– ª√–°Õ∫¥â«¬

1. °“√∑’Ë colon ¢—∫‡§≈◊ËÕπ°“°Õ“À“√‰ª¬—ß rectum ®π¡’ª√‘¡“≥¡“° ‚¥¬

:colonic absorption and secretion, colonic transit / motility, stool content and

volume

2. Rectum ´÷Ëß‡ªìπ∑’Ë‡°Á∫°“°Õ“À“√ ®–¡’°√–¢∫«π°“√√—∫√Ÿâª√‘¡“≥·≈–

™π‘¥¢Õß°“°Õ“À“√ °Á®–¢—∫ÕÕ°‚¥¬ : stretch receptor, rectoanal inhibitory reflex,

sampling reflex

3. Anus ´÷Ëß‡ªìπ∑“ßºà“πÕÕ°¢ÕßÕÿ®®“√–  à«π∑’Ë∑”Àπâ“∑’Ëªî¥ª“°∑«“√Àπ—°

(continence) °Á®–§≈“¬µ—«ÕÕ°„ÀâÕÿ®®“√–‰À≈ÕÕ°‰ª‰¥â‚¥¬ : anal sphincter, anorectal

angle, anal cushions, neural control

Mechanism of Defecation ª√–°Õ∫¥â«¬ 2 °√–∫«π°“√¬àÕ¬ §◊Õ°√–∫«π°“√

√—∫√Ÿâª√‘¡“≥·≈–™π‘¥¢ÕßÕÿ®®“√– ‡æ◊ËÕ«“ß·ºπ«à“®–∂à“¬Õÿ®®“√–À√◊Õ‰¡à ∂â“æ√âÕ¡°Á®–‡°‘¥

°√–∫«π°“√ fecal expulsion

2.2.1 Rectal perception °√–∫«π°“√√—∫√Ÿâ

‡¡◊ËÕ°“°Õ“À“√®“° colonic motility ∂Ÿ° àß‡¢â“¡“¬—ß rectum ‡¡◊ËÕ¡’

ª√‘¡“≥¡“°∂÷ß√–¥—∫∑’ËµâÕß∂à“¬Õÿ®®“√–·≈â« ®–‡°‘¥ rectal dilatation ¡’·√ß¥—π Ÿß¢÷Èπ°√–µÿâπ

stretch receptor ∑’Ëºπ—ß rectum ·≈–√Õ∫¢â“ß√—∫√Ÿâ·≈– àß —≠≠“≥ÕÕ°‰ª¬—ß ¡Õß„Àâ√—∫√Ÿâ«à“

ª«¥∑âÕß∂à“¬Õÿ®®“√– ·≈– —≠≠“≥Õ’° à«πÀπ÷Ëß‰ª∑’Ë sacral plexus ®–‡°‘¥ reflex relax-

ation (rectoanal inhibitory reflex) §◊Õ —Ëß°“√„Àâ°≈â“¡‡π◊ÈÕ puborectalis ·≈– inter-

nal anal sphincter „Àâ§≈“¬µ—« ·µà external sphincter ®–À¥√—¥µ—«‡æ◊ËÕªÑÕß°—π‰¡à„Àâ

Õÿ®®“√–ÕÕ°¡“ º≈®“° reflex π’È®–∑”„Àâ rectal content ≈ß¡“ —¡º— °—∫ sensory re-
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ceptor „π upper anal canal ´÷Ëß®–∑”„Àâ∑√“∫«à“ rectal content ‡ªìπ≈¡ πÈ”À√◊Õ

°âÕπÕÿ®®“√– (sampling reflex) ‡æ◊ËÕ„Àâ ¡Õß∑√“∫®–‰¥â«“ß·ºπ¥”‡π‘π°“√Õ¬à“ß‰√µàÕ‰ª

‚¥¬∂â“Õÿ®®“√–¡’≈—°…≥–

● ¢Õß‡À≈« (liquid stool) ´÷Ëß°“√°≈—Èπ liquid stool ‰¡à¥’π—° ·¡â‰¡à

‰¥â∑âÕß‡ ’¬  ¡Õß®– —Ëß°“√„ÀâµâÕßÀ“ÀâÕß ÿ¢“‡æ◊ËÕ∂à“¬Õÿ®®“√–ÕÕ°‰ª „ÀâÀ¡¥§«“¡°—ß«≈„®

≈¥ªí≠À“Õÿ®®“√–√“¥ (fecal incontinence)

● ≈¡ (gas)  ¡Õß¡—°®– —Ëß°“√„Àâº“¬≈¡ÕÕ°‰ª ‡¡◊ËÕ ∂“π∑’Ë‡À¡“– ¡

°ÁæÕ§◊Õª≈Õ¥®“°§πÀ√◊Õ∑’Ë≈¡‚°√° ·µà∫“ß§√—Èß°“√º“¬≈¡Õ“®®–¡’°“√º“¬≈¡ÕÕ°¡“

‚¥¬‰¡à√Ÿâ ÷°µ—«À√◊Õ¢≥–‡º≈Õ‰¥â ∂â“ ¡Õß¡’‡√◊ËÕßÕ◊Ëπ∑’ËµâÕß§‘¥À√◊Õ„ à„®¡“° ‡π◊ËÕß®“°

√à“ß°“¬∂◊Õ«à“‰¡à„™à‡√◊ËÕß ”§—≠¡“°

● °âÕπ (solid stool)  à«π¡“°®–æÕ∑√“∫‰¥â«à“¡’ª√‘¡“≥¡“°À√◊Õ‰¡à

®“°·√ß¥—π·≈–§«“¡∂’Ë¢Õß rectal contraction ‡¡◊ËÕ√Ÿâ ÷°«à“®–‡ªìπªí≠À“  ¡Õß°Á®– —Ëß

°“√„ÀâÀ“ÀâÕß ÿ¢“‡æ◊ËÕ∂à“¬Õÿ®®“√–ÕÕ°‰ª

2.2.2 Fecal expulsion

‡¡◊ËÕµâÕß°“√∂à“¬Õÿ®®“√– °Á®–‡√‘Ë¡‚¥¬°“√‡¢â“ÀâÕß ÿ¢“ π—Ëß∫π‚∂ â«¡À√◊Õ™—°‚§√°

°“√π—Ëß®–∑”„Àâ·°â¡°âπ∫“πÕÕ° ∑”„Àâ exposed anus ·≈– anorectal angle µ√ß¢÷Èπ

®“°π—Èπ°Á‡√‘Ë¡°“√‡∫àß∂à“¬Õÿ®®“√–‚¥¬¡’°“√ªî¥ glottis ‡°√Áß°≈â“¡‡π◊ÈÕÀπâ“∑âÕß·≈–

diapharagm ®–‡§≈◊ËÕπµË”≈ß‡æ◊ËÕ‡æ‘Ë¡·√ß¥—π„π™àÕß∑âÕß·≈–·√ß¥—π„π rectum ®–∑”„Àâ

‡æ‘Ë¡°“√§≈“¬µ—«¢Õß puborectalis ·≈– internal anal sphincter (rectoanal inhibi-

tory reflex) √à«¡°—∫ ¡Õß —Ëß„Àâ external anal sphincter §≈“¬µ—« ‡¡◊ËÕÕÕ°·√ß‡∫àß‡æ‘Ë¡¢÷Èπ

®–∑”„Àâ puborectalis §≈“¬µ—«¡“°¢÷Èπ anorectal angle µ√ß¡“°¢÷Èπ °≈â“¡‡π◊ÈÕ„π

‡™‘ß°√“π‡°‘¥°“√§≈“¬µ—«∑”„Àâ pelvic floor ‡≈◊ËÕπµË”≈ß ¡’º≈„Àâ≈”‰ â„À≠à rectum ª√—∫

√Ÿª√à“ß‡ªìπ√Ÿª°√«¬¡’·π«µ√ß¡“°¢÷ÈπÕ’° (anorectal angle open) Õÿ®®“√–®–∂Ÿ°¥—π≈ß¡“

·≈–¥—π„Àâ internal anal sphincter, external anal sphincter ¬◊¥ÕÕ° ¡’™àÕß∑“ß„Àâ

Õÿ®®“√–‰À≈ºà“π anus ÕÕ°‰ª °“√∂à“¬Õÿ®®“√–π’È®–„™â‡«≈“π“π¡“°πâÕ¬¢÷Èπ°—∫π‘ —¬°“√

¢—∫∂à“¬‡ªìπ ”§—≠ ∫“ß§π™Õ∫π—Ëß∂à“¬Õÿ®®“√–π“π ·¡â«à“®–∂à“¬Õÿ®®“√–ÕÕ°‰ªÀ¡¥·≈â«

´÷Ëß®–¡’º≈„Àâ‡°‘¥‚√§ ‚¥¬‡©æ“– hemorrhoid ‡æ√“–®–‡°‘¥°“√‡∫àß∂à“¬Õ¬Ÿàπ“π
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‡¡◊ËÕ°“√∂à“¬Õÿ®®“√– ‘Èπ ÿ¥ À¬ÿ¥°“√‡∫àß∂à“¬Õÿ®®“√– anal sphincter °Á®–

À¥√—¥µ—«ªî¥∑«“√Àπ—° ‡°‘¥ anorectal angle °≈â“¡‡π◊ÈÕ∑âÕß§≈“¬µ—«·√ß¥—π„π™àÕß∑âÕß

°≈—∫§◊π Ÿàª°µ‘ pelvic floor muscle contract ‡≈◊ËÕπ°≈—∫§◊π Ÿàµ”·Àπàß‡¥‘¡ ‡°‘¥ anorec-

tal angulation ·≈– ªî¥ rectum ªÑÕß°—πÕÿ®®“√–‡§≈◊ËÕπÕÕ°¡“

„π√“¬∑’Ë‡ªìπ≈¡ (gas) °√–∫«π°“√√–∫“¬≈¡ (º“¬≈¡) ®–·µ°µà“ß®“°

°“√∂à“¬Õÿ®®“√– ‚¥¬°“√√—∫√Ÿâπ’È‡ªìπ∑—Èß conscious ·≈– subconscious √à“ß°“¬°Á®–

¥”‡π‘π°“√ÕÕ°·√ß‡∫àß„Àâ·√ß¥—π„π rectum ·≈– anal canal ‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ë¡’°“√

‡§≈◊ËÕπ∑’Ë¢Õß pelvic floor ¬°µ—«¢÷Èπ anorectal angle ‡ªìπ¡ÿ¡·À≈¡¡“°¢÷Èπ ·≈– exter-

nal sphincter À¥√—¥µ—«‡æ‘Ë¡‡æ◊ËÕªÑÕß°—π‰¡à„ÀâÕÿ®®“√–‰À≈ÕÕ°¡“¥â«¬ °“√√–∫“¬≈¡π’È

Õ“®®–‡°‘¥‚¥¬§«“¡µ—Èß„® √Ÿâµ—«À√◊Õ„π¢≥–∑’Ë‡º≈Õ ·≈–·¡â·µà„π‡«≈“À≈—∫°Á‡°‘¥‰¥â · ¥ß

„Àâ‡ÀÁπ«à“°“√√—∫√Ÿâ™π‘¥¢ÕßÕÿ®®“√–·≈–°“√§«∫§ÿ¡°“√∂à“¬Õÿ®®“√–¡’ à«π∑’Ë‡ªìπ subcon-

scious process ¥â«¬ ·µà à«π„À≠à ¡Õß®–√—∫√Ÿâ·≈– —Ëß°“√‡Õß  à«ππâÕ¬∑’Ë‡º≈Õº“¬≈¡

ÕÕ°¡“‰¡à√Ÿâµ—«

°√≥’∑’Ë‰¡àæ√âÕ¡ À√◊Õ‰¡à‡À¡“– ¡ ´÷Ëß “¡“√∂∑’Ë®–°≈—ÈπÕÿ®®“√–‚¥¬°“√‡°√Áß

°≈â“¡‡π◊ÈÕ external anal sphincter ·≈– puborectalis ‡æ◊ËÕ∑”°“√ªî¥ª“°∑«“√·≈–¥÷ß

perineum ¢÷Èπ∑”„Àâ°“√°≈—Èπ‰¥â¥’¢÷Èπ ∑”„Àâ¡’‡«≈“„π°“√‡¥‘π∑“ß‰ªÀâÕßπÈ” ‚¥¬∂â“ colonic

motility ·≈– rectal peristalsis ‰¡à¡“° ‰¡à∂’Ë Õ“°“√ª«¥°Á®–Àà“ß‡ªìπ™à«ßÊ ¬°‡«âπ„π

°√≥’∑âÕß‡ ’¬®–¡’ peristalsis ¡“°√à«¡°—∫ liquid stool Õ“®®–∑”„Àâ°≈—Èπ‰¡àÕ¬Ÿà‡°‘¥

Õÿ®®“√–√“¥‰¥â

Õπ÷Ëß™π‘¥¢ÕßÕÿ®®“√–¡’º≈µàÕ§«“¡¬“°ßà“¬¢Õß°“√∂à“¬ §◊ÕÕÿ®®“√–∑’Ë‡ªìπ

semisolid ®–¢—∫∂à“¬‰¥âßà“¬°«à“ solid À√◊Õ liquid stool ¥—ßπ—Èπ„π°“√§«∫§ÿ¡ fecal

incontinence ª√–°“√·√°§«√®–µâÕßª√—∫ stool consistency ·≈– volume

À¡“¬‡Àµÿ „Àâ√–«—ß„π∫“ß√“¬∑’Ë°≈—ÈπÕÿ®®“√–‡ªìπª√–®” ®–∑”„Àâ rectal wall

 Ÿ≠‡ ’¬·√ßµ÷ßµ—« (loss tone) ®π Ÿ≠‡ ’¬°“√√—∫√Ÿâ‰ªÀ√◊Õ√—∫√ŸâπâÕ¬≈ß®π¡’Õÿ®®“√–®”π«π

¡“°„π rectum (rectal dyschezia) ∑”„Àâ§ππ—Èπ‰¡à√Ÿâ ÷°ª«¥∂à“¬Õÿ®®“√– ‡ªìπªí≠À“

∑”„Àâ‡°‘¥Õ“°“√∑âÕßºŸ° ‡°‘¥‡ªìπªí≠À“‡√◊ÈÕ√—ßµàÕ‰ª (®÷ß¡—°®–·π–π”‰¡à„Àâ°≈—ÈπÕÿ®®“√–

π“π®πÀ“¬ª«¥∫àÕ¬Ê)
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2.3 Continence (°“√°≈—ÈπÀ√◊Õ§«∫§ÿ¡Õÿ®®“√–)

Mechanism of Continence

„π¿“«–ª°µ‘ °≈â“¡‡π◊ÈÕÀŸ√Ÿ¥∑—Èß puborectalis, internal anal sphincter

·≈– external anal sphincter ®–¡’·√ßµ÷ßµ—«∑”„Àâ‡°‘¥°“√À¥√—¥·≈–ªî¥ª“°∑«“√Àπ—°

√à«¡°—∫ anal cushions ¢¬“¬„À≠à¢÷Èπ‡æ◊ËÕ„Àâªî¥ª“°∑«“√Àπ—°‰¥â π‘∑‰¡à„ÀâπÈ” ≈¡À√◊Õ

°âÕπÕÿ®®“√–‰À≈ÕÕ°¡“ ́ ÷Ëß®–∑”ß“πµ≈Õ¥‡«≈“∑—Èß„π¿“«–µ◊Ëπ √Ÿâ ÷°µ—«·≈–¿“«–∑’Ë‡º≈Õ‰¡à√Ÿâµ—«

·≈–„π¢≥–À≈—∫ ∑”„Àâ “¡“√∂Õ¬Ÿà„π —ß§¡‰¥â ‰¡à¡’Õÿ®®“√–‰À≈‡ª√Õ–‡ªóôÕπ19 ‚¥¬∑’Ë

puborectalis ®–∑”„Àâ‡°‘¥ anorectal angulation °≈—ÈπÕÿ®®“√–∑’Ë‡ªìπ°âÕπ‰¥â¥’ ·≈–¡’ anal

sphincter ∑—Èß internal ·≈– external sphincter ®–¡’·√ßµ÷ßµ—« (resting pressure)

 √â“ß·√ß¥—π anal pressure ‰¥â 90 cm H2O À√◊Õ 40-80 mmHg20  Ÿß°«à“ intra-rectal

pressure (6 cm H2O)21 Õÿ®®“√–®–‰¡à‰À≈ÕÕ°¡“ ´÷Ëß·√ßµ÷ßµ—«π’È®–‡ªìπº≈ à«π„À≠à®“°

IAS 75-80% ∑’Ë‡À≈◊Õ‡ªìπ EAS ‚¥¬¡’·√ßµ÷ßµ—«√«¡°—π Ÿß ÿ¥ 90 cmH2O
22 ·≈– Ÿß∑’Ë ÿ¥∑’Ë

√–¬– 1-2 ´¡. (1.5 cm) ‡Àπ◊Õ anal verge (√Ÿª∑’Ë 9) ´÷Ëß‡ªìπµ”·Àπàß∑’Ë‡°‘¥ anal fissure

„π√“¬∑’Ë¡’ hypertonia ¢Õß internal anal sphincter ·≈–°“√À¥√—¥¢Õß anal sphinc-

ter ®–∑”„Àâ anal canal ¡’§«“¡¬“«¡“°¢÷Èπ™à«¬„π°“√§«∫§ÿ¡Õÿ®®“√–¥â«¬ (maximum

resting anal pressure „π‡æ»™“¬ 70-120 cm H2O ·≈–„π‡æ»À≠‘ß 60-100 cm H2O
23)

‡¡◊ËÕ colonic motility ∫’∫µ—«π” content ‡¢â“¡“„π rectum ¡“° ®π rectal

dilatation ·≈–‡æ‘Ë¡ rectal pressure ®–°√–µÿâπ stretch receptor ∑”„Àâ ¡Õß√—∫√Ÿâ°“√

ª«¥∑âÕß∂à“¬Õÿ®®“√–√à«¡°—∫°“√‡°‘¥ rectoanal inhibitory reflex, sampling reflex

∑”„Àâ√—∫∑√“∫™π‘¥¢ÕßÕÿ®®“√–¥â«¬ ‡¡◊ËÕ ¿“«–‰¡àæ√âÕ¡ °≈â“¡‡π◊ÈÕ anal sphincter ∑—Èß 2

¡—¥®–∑”°“√¢¡‘∫ ‰¥â squeeze pressure ∑’Ë Ÿß ·≈– Ÿß‰¥âπ“π√“« 3 π“∑’ ·µà√–¥—∫·√ß

¥—π∑’Ë¡“° ÿ¥ (maximum squeeze pressure) ®–‰¡àπ“π‡°‘π 1 π“∑’ ‡π◊ËÕß®“° EAS ®–

ÕàÕπ·√ß (fatigue) ´÷ËßÀ¥√—¥µ—«‰¥â√“« 50 «‘π“∑’π—Ëπ§◊Õ°≈—Èπ‰¥âπ“π‰¡à‡°‘π 1 π“∑’ ∂â“ rec-

tal content ‰¡à¡“°®–‡°‘¥ accommodation ≈¥·√ß¥—π∑”„ÀâÀ“¬ª«¥ ·µà∂â“ rectal con-

tent ¡“°·≈–‰¡à¡’°“√‡æ‘Ë¡ rectal content Õ’°ª√–°Õ∫°—∫‡ªìπ solid stool °Á®–°≈—Èπ‰¥â

π“πæÕ‰ªÀâÕß ÿ¢“‰¥â ·µà∂â“‡ªìπ liquid stool À√◊Õ¡’ content ‡æ‘Ë¡‡√Á«Õ¬à“ß„π√“¬∑âÕß‡ ’¬

°“√°≈—ÈπÕ“®®–‰¥â‡æ’¬ß‡∑à“∑’Ë external anal sphincter À¥√—¥‰¥â (50 «‘π“∑’) ®“°π—Èπ∂â“
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¬—ß‡¢â“ÀâÕß ÿ¢“‰¡à∑—π°ÁÕ“®®–‡°‘¥Õÿ®®“√–√“¥‰¥â ‚¥¬∑’Ë·√ß¥—π squeeze pressure „π

‡æ»™“¬®– Ÿß°«à“‡æ»À≠‘ß §◊Õ 183 µàÕ 102 mmHg ·µà maximal basal pressure

„°≈â‡§’¬ß°—π§◊Õ 68 µàÕ 63 mmHg

ªí®®—¬∑’Ë¡’º≈µàÕ°“√§«∫§ÿ¡À√◊Õ°≈—ÈπÕÿ®®“√–

°“√§«∫§ÿ¡À√◊Õ°“√°≈—ÈπÕÿ®®“√– (continence) µâÕßÕ“»—¬À≈“¬ªí®®—¬∑—Èß¢Õß

colon, rectum, anus ‡æ◊ËÕ„Àâ “¡“√∂∑”Àπâ“∑’Ë‰¥â¥’ ‚¥¬

1. Colon ¡’ colonic transit ∑’Ëª°µ‘ ¡’ absorption ∑’Ëª°µ‘∑”„Àâ stool volume

and consistency ‡ªìπ°âÕπ ‰¡à‡À≈«·≈–¡’ª√‘¡“≥¡“°

2. Rectum ¡’ compliance ∑’Ë¥’ ¡’ adaptive compliance  “¡“√∂√—∫

ª√‘¡“≥Õÿ®®“√–‰¥â¡“°√à«¡°—∫°“√∑”ß“π¢Õß rectoanal inhibitory reflex, sampling

reflex ª°µ‘

3. Anus ¡’ nerve supply ∑’Ë¥’ ¡’ anal sphincter ∑’Ë¡’ resting tone ª°µ‘

anal canal ∑’Ë¬“«¢÷Èπ puborectalis ∑”„Àâ‡°‘¥ anal angulation ·≈–ªî¥∑â“¬¥â«¬ anal

cushions ∑’ËæÕßµ—«ªî¥ª≈“¬ª“°∑«“√

4. Neurosensory ·≈– neuromotor impulses ∑’Ë¥’

∑—ÈßÀ¡¥π’È®–∑”„Àâ “¡“√∂∑”°“√§«∫§ÿ¡°“√°≈—ÈπÕÿ®®“√–‰¥â ∑”„Àâ§π “¡“√∂

¥”√ß™’æ„π —ß§¡‰¥âÕ¬à“ß –¥«° ¡’§«“¡ ÿ¢ ∑—Èß„π‡«≈“√Ÿâµ—«·≈–‰¡à√Ÿâµ—« ∂â“‡°‘¥¡’§«“¡º‘¥

ª°µ‘„πªí®®—¬µà“ßÊ ‡À≈à“π’È ¬àÕ¡¡’º≈ incontinence ‰¥â·°à

√Ÿª∑’Ë 9 ≈—°…≥– maanometry ¢Õß anal canal3
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● Colon „π√“¬∑’Ë∑âÕß‡ ’¬®–¡’ colonic transit ∑’Ë —Èπ colon ®–¥Ÿ¥´÷¡‰¡à∑—π

∑”„ÀâÕÿ®®“√–‡À≈«‡ªìππÈ”·≈–∫’∫µ—«∫àÕ¬ ‡§≈◊ËÕπ‡¢â“ rectum ∫àÕ¬ ∑”„Àâ·√ß¥—π Ÿß∂’Ë ®÷ß

‡°‘¥ª«¥∑âÕß∂à“¬Õÿ®®“√–∫àÕ¬ √à«¡°—∫Õÿ®®“√–‡À≈«®–∑”„Àâ‡°‘¥ fecal incontinence

● Rectum „π√“¬∑’Ë‰¥â√—∫ radiation ®–∑”„Àâ rectal compliance ‡ ’¬

§«“¡®ÿµË” content ‡À≈« ·≈–‡ âπª√– “∑Õ“®®–‰¥â√—∫§«“¡‡ ’¬À“¬®“°°“√ºà“µ—¥À√◊Õ

°“√©“¬√—ß ’ ∑”„Àâ∂à“¬Õÿ®®“√–∫àÕ¬·≈–¡—°®–‡À≈«∑”„Àâ‡°‘¥ fecal incontinence

● Anus ·≈– nerve supply ∂â“°≈â“¡‡π◊ÈÕÀŸ√Ÿ¥À√◊Õ‡ âπª√– “∑‡ ’¬À“¬∑—Èß

®“°‚√§ °“√ºà“µ—¥ °“√©“¬√—ß ’ ¬àÕ¡∑”„Àâ°“√°≈—ÈπÕÿ®®“√–∑”‰¡à‰¥â ‡°‘¥ fecal inconti-

nence

 √ÿª

°√–∫«π°“√∂à“¬Õÿ®®“√–·≈–°“√§«∫§ÿ¡À√◊Õ°“√°≈—Èπ°“√∂à“¬Õÿ®®“√–π’È‡ªìπ

∫∑∫“∑Àπâ“∑’Ë¢Õß colon, rectum ·≈– anus ´÷Ëß®–µâÕßÕ“»—¬°“√∑”ß“π¢Õß∑ÿ° à«π

‡æ◊ËÕ„Àâ “¡“√∂§«∫§ÿ¡°“√∂à“¬Õÿ®®“√–‰¥â ´÷Ëßª√–°Õ∫¥â«¬ colonic transit §«“¡®ÿ¢Õß

rectum °√–∫«π°“√ªî¥ª“°∑«“√∑—Èß®“°°“√À¥√—¥µ—«¢Õß°≈â“¡‡π◊ÈÕª“°∑«“√ ®“°

puborectalis ∑”„Àâ‡°‘¥ anorectal angle ®“° resting tone ¢Õß internal ·≈– exter-

nal anal sphincter √–∫∫ª√– “∑∑’Ë§«∫§ÿ¡‚¥¬‡©æ“– pelvic plexus ·≈– reflex

µà“ßÊ °“√æÕßµ—«¢Õß anal cushions √«¡∑—Èß®”π«π·≈–™π‘¥¢ÕßÕÿ®®“√– ®–¡’ à«π

∑”„Àâ “¡“√∂§«∫§ÿ¡°“√∂à“¬Õÿ®®“√–„ÀâÕ¬Ÿà„π —ß§¡‰¥âÕ¬à“ß¡’§«“¡ ÿ¢ ‡¡◊ËÕ‡°‘¥§«“¡

º‘¥ª°µ‘„πªí®®—¬µà“ßÊ ¥—ß°≈à“« ®–‡°‘¥ªí≠À“ fecal incontinence ·≈– common anal

diseases
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¡πÿ…¬å¡’§«“¡æ¬“¬“¡„π°“√∑’Ë®–√–ß—∫§«“¡√Ÿâ ÷°®“°§«“¡‡®Á∫ª«¥¡“‡ªìπ‡«≈“

π“πµ—Èß·µà§√—ÈßÕ¥’µ°“≈‡æ◊ËÕ≈¥§«“¡∑ÿ°¢å∑√¡“π·≈–∑”„Àâ§«“¡‡ªìπÕ¬Ÿà¥’¢÷Èπ °“√æ—≤π“

ß“π°“√√–ß—∫§«“¡√Ÿâ ÷°„π√–¬–·√°®÷ß¡ÿàß‡πâπ°“√≈¥§«“¡‡®Á∫ª«¥∑√¡“π‡ªìπ ”§—≠ „π

√–¬–µàÕ¡“®÷ßæ—≤π“‰ª Ÿà°“√∑”„ÀâÀ¡¥ µ‘ °“√Õ”π«¬§«“¡ –¥«°„π°“√ºà“µ—¥‚¥¬°“√

∑”„Àâ°≈â“¡‡π◊ÈÕÀ¬àÕπµ—«∑’Ë‡√’¬°«à“ balanced anesthesia ´÷Ëß‡ªìπ‡∑§π‘§∑’Ë„™â¬“À≈“¬

™π‘¥√à«¡°—π ‡æ◊ËÕ„Àâ‡°‘¥°“√À¡¥ µ‘ ‰¡à‡®Á∫ª«¥ °≈â“¡‡π◊ÈÕÀ¬àÕπµ—« ·≈–≈¥√’‡ø≈Á°´å∑’Ë‰¡à

æ÷ßª√– ß§å∫“ßÕ¬à“ß π—∫‡ªìπ‡∑§π‘§∑’Ë‡ªìπ∑’Ëπ‘¬¡·æ√àÀ≈“¬∑’Ë ÿ¥„πªí®®ÿ∫—π

°“√æ—≤π“ß“π°“√√–ß—∫§«“¡√Ÿâ ÷°Õ¬à“ß‡ªìπ∑“ß°“√‡√‘Ë¡µ—Èß·µà §.». 1846 ‡¡◊ËÕ

William Thomas Green Morton ∑—πµ·æ∑¬å™“«Õ‡¡√‘°—π ‰¥â “∏‘µ°“√„™â¬“¥¡ ≈∫ ether

„π°“√√–ß—∫§«“¡√Ÿâ ÷°„Àâ·°à Edward Gibert Abbott ºŸâªÉ«¬∑’Ë¡’ Venous malforma-

tion ∫√‘‡«≥≈”§Õ ‡æ◊ËÕ∑”°“√ºà“µ—¥ºŸ°À≈Õ¥‡≈◊Õ¥∑’Ë Massachusetts General Hospi-

tal ‰¥â ”‡√Á®1 π—∫‡ªìπ°“√ “∏‘µÕ¬à“ß‡ªìπ∑“ß°“√∑’Ë ”‡√Á®‡ªìπ§√—Èß·√°¢Õß‚≈° §”«à“ anes-

thesia ¡’√“°»—æ∑å¡“®“¿“…“°√’°§”«à“ an ·≈– aesthesia ¡’§«“¡À¡“¬«à“ °“√À¡¥

§«“¡√Ÿâ ÷° (without feeling) ºŸâ„Àâ§”π‘¬“¡§◊Õ Oliver Wendell Holmes2

Types of Anesthesia

°“√√–ß—∫§«“¡√Ÿâ ÷° ·∫àß‰¥â‡ªìπ 3 √–¥—∫„À≠àÊ ¥â«¬°—π ‰¥â·°à

1. General Anesthesia À¡“¬∂÷ß °“√√–ß—∫§«“¡√Ÿâ ÷°‚¥¬∑’ËºŸâªÉ«¬À¡¥ µ‘ (re-

versible state of unconsciousness) ·≈–‰¡àµÕ∫ πÕßµàÕ°“√°√–µÿâπ®“°¿“¬πÕ°
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‚¥¬¡’°“√ Ÿ≠‡ ’¬°“√§«∫§ÿ¡√’‡ø≈Á°´å‰ª∫“ß à«πÀ√◊Õ∑—ÈßÀ¡¥ „π¿“«–π’ÈºŸâªÉ«¬¡—°‡ ’¬

°≈‰°„π°“√§«∫§ÿ¡°“√‡ªî¥‚≈àß¢Õß∑“ß‡¥‘πÀ“¬„®·≈–¡—°¡’ªí≠À“ upper airway obstruc-

tion ∑’ËµâÕß°“√°“√¥Ÿ·≈‚¥¬°“√‡ªî¥∑“ß‡¥‘πÀ“¬„®√à«¡¥â«¬

2. Regional Anesthesia À¡“¬∂÷ß °“√„Àâ°“√√–ß—∫§«“¡√Ÿâ ÷°‡©æ“–∫“ß à«π

‚¥¬∑’Ë‰¡à¡’º≈µàÕ√–¥—∫§«“¡√Ÿâ ÷°µ—«¢ÕßºŸâªÉ«¬‰¥â epidural anesthesia, spinal anesthesia,

caudal anesthesia, brachial plexus block, topical anesthesia ‡ªìπµâπ

3. Monitored Anesthesia Care (MAC) À¡“¬∂÷ß °“√„Àâ°“√¥Ÿ·≈ºŸâªÉ«¬

∑’Ë¡“√—∫°“√∑”À—µ∂°“√∑’Ë°àÕ„Àâ‡°‘¥§«“¡‡®Á∫ª«¥ À√◊Õ§«“¡°≈—«·≈–§«“¡«‘µ°°—ß«≈ ‚¥¬

¡’√–¥—∫°“√„Àâ∫√‘°“√µ—Èß·µà°“√‰¡à„™â¬“ ·≈–ºŸâªÉ«¬¡’¿“«–§«“¡√Ÿâ ÷°µ—«ª°µ‘ À√◊Õ≈¥≈ß‡≈Á°

πâÕ¬ (conscious sedation) ‰ª®π∂÷ß¿“«–∑’ËÀ¡¥ µ‘ (deep sedation) „π¿“«–π’È

∫ÿ§≈“°√∑“ß«‘ —≠≠’ ¡’Àπâ“∑’Ë„π°“√‡ΩÑ“√–«—ß vital signs ‡ªî¥∑“ß‡¥‘πÀ“¬„®„Àâ‚≈àß „Àâ¬“

·°âª«¥ ¬“≈¥§«“¡«‘µ°°—ß«≈ ·≈–„Àâ°“√¥Ÿ·≈∑—Ë«‰ªµ“¡§«“¡‡À¡“– ¡

¬“∑’Ë„™â ”À√—∫°“√√–ß—∫§«“¡√Ÿâ ÷°

¬“∑’Ë„™â„π°“√√–ß—∫§«“¡√Ÿâ ÷°Õ“®·∫àß‰¥âµ“¡°≈‰°°“√ÕÕ°ƒ∑∏‘Ï·≈–°“√∫√‘À“√¬“

ÕÕ°‡ªìπ

1. ¬“¥¡ ≈∫ (Inhalation Agents) ‡ªìπ¬“∑’ËÕÕ°ƒ∑∏‘Ï∑”„ÀâÀ¡¥ µ‘‚¥¬°“√

 Ÿ¥¥¡ ÕÕ°ƒ∑∏‘Ï∑’Ë√–∫∫ª√– “∑ à«π°≈“ß ·∫àßÕÕ°‡ªìπ¬“¥¡ ≈∫∑’Ë‡ªìπ gas ‰¥â·°à

‰πµ√— ÕÕ°‰´¥å·≈–¬“¥¡ ≈∫∑’Ë‡ªìπ‰Õ√–‡À¬ (vapor) ∑’Ë¡’„™âÕ¬Ÿà„πªí®®ÿ∫—π‰¥â·°à halothane,

isoflurane, sevoflurane, desflurane ‡π◊ËÕß®“°‰πµ√— ÕÕ°‰´¥å‡ªìπ¬“¥¡ ≈∫∑’Ë¡’ƒ∑∏‘ÏÕàÕπ

®÷ßπ‘¬¡„™â√à«¡°—∫¬“¥¡ ≈∫™π‘¥‰Õ√–‡À¬ °“√‡≈◊Õ°„™â¬“¥¡ ≈∫¢÷ÈπÕ¬Ÿà°—∫§ÿ≥ ¡∫—µ‘„π

°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“¥—ßµ“√“ß∑’Ë 1

°“√‡ª√’¬∫‡∑’¬∫§«“¡·√ß¢Õß¬“¥¡ ≈∫¥Ÿ‰¥â®“°§à“§«“¡‡¢â¡¢âπ¢Õß¬“∑’ËµË”∑’Ë ÿ¥

„π∂ÿß≈¡∑’Ë∑”„Àâ√âÕ¬≈– 50 ¢ÕßºŸâªÉ«¬‰¡àµÕ∫ πÕßµàÕ°“√°√–µÿâπ¥â«¬§«“¡‡®Á∫ª«¥ (Mini-

mum Alveolar Concentration, MAC) ¬“¥¡ ≈∫∑’Ë¡’§à“ MAC µË”®–¡’§«“¡·√ß„π

°“√ÕÕ°ƒ∑∏‘Ï Ÿß §à“ MAC ¢Õß¬“¥¡ ≈∫· ¥ß¥—ßµ“√“ß∑’Ë 2 §«“¡‡√Á«„π°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“

(onset) ¢÷Èπ°—∫§à“ —¡ª√– ‘∑∏‘Ï„π°“√≈–≈“¬¢Õß¬“„π‡≈◊Õ¥‡¡◊ËÕ‡∑’¬∫°—∫„π∂ÿß≈¡ (blood/gas
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partition coefficient) ‚¥¬¬“¥¡ ≈∫∑’Ë¡’§à“ —¡ª√– ‘∑∏‘Ï„π°“√≈–≈“¬¢Õß¬“„π‡≈◊Õ¥‡¡◊ËÕ

‡∑’¬∫°—∫„π∂ÿß≈¡µË” ®–‡¢â“ Ÿà¿“«– ¡¥ÿ≈‰¥â‡√Á«·≈–∑”„ÀâºŸâªÉ«¬À≈—∫‰¥â‡√Á«

1.1 ‰πµ√— ÕÕ°‰´¥å (N2O) ‡ªìπ¬“¥¡ ≈∫∑’Ë‡ªìπ gas „πÕÿ≥À¿Ÿ¡‘ÀâÕß ¡’§à“

 —¡ª√– ‘∑∏‘Ï„π°“√≈–≈“¬¢Õß¬“„π‡≈◊Õ¥‡¡◊ËÕ‡∑’¬∫°—∫„π∂ÿß≈¡µË”‡æ’¬ß 0.46 ®÷ßÕÕ°ƒ∑∏‘Ï‰¥â‡√Á«

·µà¡’§à“ MAC 105% ®÷ß‡ªìπ¬“¥¡ ≈∫∑’Ë¡’ƒ∑∏‘ÏÕàÕπ ¡—°µâÕß„™â√à«¡°—∫¬“¥¡ ≈∫™π‘¥‰Õ

√–‡À¬ N2O ∑”„Àâ¡’°“√‡æ‘Ë¡§«“¡¥—π¢ÕßÕ“°“»„π∑’Ëªî¥ (closed space effect) ‡™àπ Õ“°“»

„π cuff ¢Õß∑àÕ™à«¬À“¬„® Õ“°“»„πÀŸ™—Èπ°≈“ß Õ—π‡π◊ËÕß¡“®“°°“√∑’Ë N2O ≈–≈“¬„π‡≈◊Õ¥

¡“°°«à“‰π‚µ√‡®π 34 ‡∑à“ ®÷ß§«√À≈’°‡≈’Ë¬ß°“√„™â„π°√≥’∑’Ë‰¡àµâÕß°“√„Àâ¡’°“√¢¬“¬

¢π“¥¢ÕßÕ“°“» ‡™àπ „π°“√ºà“µ—¥¿“«–≈”‰ âÕÿ¥µ—π °“√ºà“µ—¥ tympanoplasty πÕ°

®“°π’È N2O ¬—ß∑”„Àâ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡¥—π„π°–‚À≈°»’√…– ®÷ß§«√À≈’°‡≈’Ë¬ß°“√„™â„π

µ“√“ß∑’Ë 1 ¬“¥¡ ≈∫ (Inhalation agents)

Charateristics Nitrous oxide Halothane Isoflurane Sevoflurane Desflurane

1. Onset Quick Slow Moderate Quick Quick

2. Pungency No No Yes No Yes

3. Suitable for Yes Yes No Yes No

induction

4. BP - ↓↓ ↓↓ ↓ ↓

5. HR - ↓ ↑ -/↑ -

6. Cardiac - ↓↓ - - -

contractility

7. Cerebral blood ↑ ↑↑ ↑ ↑ ↑

flow/ICP

8. Hepatitis No Yes No No No

9. Renal toxicity No No No ? No

10. Potency Very low High Moderate Low Low

11. Cost Low Low Moderate High High



Õ√«√√≥  æß»å√«’«√√≥ 741

ºŸâªÉ«¬∑’Ë¡’§«“¡¥—π„π°–‚À≈°»’√…–‡æ‘Ë¡¢÷ÈπÕ¬Ÿà·≈â« N2O ¡’ƒ∑∏‘Ï°¥°“√À“¬„®‡æ’¬ß

‡≈Á°πâÕ¬

1.2 Halothane ‡ªìπ¬“¥¡ ≈∫‰Õ√–‡À¬∑’ËÕ¬Ÿà„π ∂“π–¢Õß‡À≈«·≈–°ä“´„π

Õÿ≥À¿Ÿ¡‘ÀâÕß ¡’§à“ MAC 0.75% ‰¡à√–§“¬∑“ß‡¥‘πÀ“¬„®®÷ß‡À¡“– ”À√—∫„™â∑”„ÀâÀ≈—∫

‚¥¬°“√ Ÿ¥¥¡ ¬“¡’ƒ∑∏‘Ï°¥°“√∑”ß“π¢ÕßÀ—«„®·≈–∑”„Àâ‡°‘¥¿“«–À—«„®‡µâπº‘¥®—ßÀ«–

¡’ƒ∑∏‘Ï∑”„Àâ¡’°“√‡æ‘Ë¡§«“¡¥—π„π°–‚À≈°»’√…– πÕ°®“°π’È¬—ß∑”„Àâ‡°‘¥¿“«–µ—∫Õ—°‡ ∫∑’Ë

‡√’¬°«à“ halothane hepatitis ªí®®ÿ∫—π®÷ßπ‘¬¡„™â¬“µ—«π’È≈¥≈ß‡√◊ËÕ¬Ê

1.3 Isoflurane ‡ªìπ¬“¥¡ ≈∫‰Õ√–‡À¬ ∑’Ëπ‘¬¡„™â¡“°„πªí®®ÿ∫—π‡π◊ËÕß®“°

¬“¡’ƒ∑∏‘ÏµàÕ√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥πâÕ¬ ·≈–‰¡à∑”„Àâ‡°‘¥¿“«–µ—∫Õ—°‡ ∫ ·µà¬“∑”„Àâ

¡’Õ“°“√‰Õ¢≥–π” ≈∫·≈–√–§“¬∑“ß‡¥‘πÀ“¬„®®÷ß‰¡à§«√„™â ”À√—∫∑”„ÀâÀ≈—∫‚¥¬°“√ Ÿ¥¥¡

¬“¡’ƒ∑∏‘Ï∑”„Àâ¡’°“√‡æ‘Ë¡§«“¡¥—π„π°–‚À≈°»’√…–πâÕ¬°«à“ halothane

1.4 Sevoflurane ‡ªìπ¬“¥¡ ≈∫‰Õ√–‡À¬∑’Ë¡’§à“§à“ —¡ª√– ‘∑∏‘Ï„π°“√

≈–≈“¬¢Õß¬“„π‡≈◊Õ¥‡¡◊ËÕ‡∑’¬∫°—∫„π∂ÿß≈¡‡æ’¬ß 0.6 ∑”„ÀâºŸâªÉ«¬À≈—∫‡√Á« ·≈–‰¡à√–§“¬

∑“ß‡¥‘πÀ“¬„®®÷ß‡À¡“– ”À√—∫„™â∑”„ÀâÀ≈—∫‚¥¬°“√ Ÿ¥¥¡ ¬“¡’ƒ∑∏‘ÏµàÕ√–∫∫À—«„®·≈–

À≈Õ¥‡≈◊Õ¥πâÕ¬ ·≈–‰¡à∑”„Àâ‡°‘¥¿“«–µ—∫Õ—°‡ ∫ ·µà¬“Õ“®∑”ªØ‘°‘√‘¬“°—∫ soda lime

„π¿“«–∑’Ë¡’ flow ¢Õß°ä“´µË” ·≈–Õÿ≥À¿Ÿ¡‘ Ÿß ∑”„Àâ‡°‘¥ compound A ´÷Ëß¡’æ‘…µàÕ‰µ

1.5 Desflurane ‡ªìπ¬“¥¡ ≈∫‰Õ√–‡À¬∑’Ë¡’§à“ —¡ª√– ‘∑∏‘Ï„π°“√≈–≈“¬

µ“√“ß∑’Ë 2 Physical characteristics ¢Õß¬“¥¡ ≈∫™π‘¥ Ÿ¥¥¡

Blood/gas partition Oil/gas partition MAC MAC
Agent

coefficient coefficient (in 100% O2) (in 70% N2O)

N2O 0.47 1.4 105 -

Halothane 2.4 220 0.75 0.29

Isoflurane 1.4 97 1.15 0.50

Sevoflurane 0.6 53 2.1 0.6

Desflurane 0.42 18.7 6.1 2.83
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¢Õß¬“„π‡≈◊Õ¥‡¡◊ËÕ‡∑’¬∫°—∫„π∂ÿß≈¡‡æ’¬ß 0.42 ®÷ßÕÕ°ƒ∑∏‘Ï‰¥â‡√Á« ·µà¬“∑”„Àâ¡’Õ“°“√‰Õ

¢≥–π” ≈∫·≈–√–§“¬∑“ß‡¥‘πÀ“¬„®®÷ß‰¡à§«√„™â ”À√—∫∑”„ÀâÀ≈—∫‚¥¬°“√ Ÿ¥¥¡ ¬“

≈–≈“¬„π‰¢¡—ππâÕ¬ ®÷ß∑”„ÀâºŸâªÉ«¬µ◊Ëπ‰¥â‡√Á«°«à“¬“¥¡ ≈∫™π‘¥Õ◊Ëπ

2. ¬“π” ≈∫™π‘¥∑’Ë∫√‘À“√‚¥¬°“√©’¥‡¢â“À≈Õ¥‡≈◊Õ¥¥” (Intravenous Induc-

tion Agents) ‡ªìπ¬“∑’Ë¡’ƒ∑∏‘Ï∑”„ÀâÀ≈—∫ ‚¥¬ÕÕ°ƒ∑∏‘ÏµàÕ√–∫∫ª√– “∑ à«π°≈“ß ¬“π”

 ≈∫∑’Ë¥’§«√ÕÕ°ƒ∑∏‘Ï‰¥â‡√Á« ‰¡à√–§“¬µàÕÀ≈Õ¥‡≈◊Õ¥¢≥–∫√‘À“√¬“·≈–§«√À¡¥ƒ∑∏‘Ï‰¥â

‡√Á«√à«¡°—∫‰¡à – ¡„π√à“ß°“¬ ‡æ◊ËÕ„Àâßà“¬µàÕ°“√∫√‘À“√¬“ ¬“∑’Ë„™â„πªí®®ÿ∫—π ‰¥â·°à thio-

pental, propofol, etomidate, ketamine, midazolam ¡’§ÿ≥ ¡∫—µ‘„π°“√ÕÕ°ƒ∑∏‘Ï

¢Õß¬“¥—ßµ“√“ß∑’Ë 3

2.1 Thiopental ‡ªìπ¬“°≈ÿà¡ barbiturate ∑’ËÕÕ°ƒ∑∏‘Ï‰¥â‡√Á« ·≈–À¡¥ƒ∑∏‘Ï

‡√Á«®“°°“√∑’Ë¬“¡’°“√°√–®“¬‰ª Ÿà à«πÕ◊ËπÊ ¢Õß√à“ß°“¬∑”„Àâ√–¥—∫¬“„π ¡Õß≈¥≈ß (redis-

tribution) ºŸâªÉ«¬®÷ßøóôπ®“°“√ ≈∫ ¬“‰¡à¡’ƒ∑∏‘Ï√–§“¬À≈Õ¥‡≈◊Õ¥∫√‘‡«≥∑’Ë©’¥·µàÀ“°

©’¥ÕÕ°πÕ°À≈Õ¥‡≈◊Õ¥Õ“®∑”„Àâ¡’°“√µ“¬¢Õß‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥π—Èπ‰¥â ¬“¡’ƒ∑∏‘Ï≈¥§«“¡

¥—π„π°–‚À≈°»’√…– ‚¥¬≈¥ metabolism ¢Õß ¡Õß√à«¡°—∫∑”„Àâ¡’°“√À¥µ—«¢ÕßÀ≈Õ¥

‡≈◊Õ¥„π ¡Õß·≈–√–ß—∫™—°‰¥â¥’®÷ß‡À¡“–∑’Ë®–„™â„πºŸâªÉ«¬∑’Ë¡“√—∫°“√ºà“µ—¥ ¡Õß ¬“¡’ƒ∑∏‘Ï

≈¥§«“¡¥—π‡≈◊Õ¥‡≈Á°πâÕ¬

2.2 Propofol ‡ªìπ¬“°≈ÿà¡ phenol ‰¡à≈–≈“¬„ππÈ”·µà≈–≈“¬„π‰¢¡—π®÷ßÕ¬Ÿà

„π√Ÿª¢Õß¬“∑’Ë≈–≈“¬„π soya bean oil ·≈– glycerol ¬“§àÕπ¢â“ß√–§“¬·≈–∑”„Àâ‡®Á∫

∫√‘‡«≥À≈Õ¥‡≈◊Õ¥∑’Ë©’¥ ´÷Ëß “¡“√∂≈¥‰¥â‚¥¬°“√©’¥¬“ lidocaine π”‰ª°àÕπ‡≈Á°πâÕ¬

¬“¡’ƒ∑∏‘Ï°¥°“√∑”ß“π¢Õß√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥∑”„Àâ§«“¡¥—π‚≈À‘µ≈¥≈ß‰¥â¡“°

¬“∂Ÿ°°”®—¥‰¥â‡√Á«„π√à“ß°“¬®÷ß∑”„ÀâºŸâªÉ«¬µ◊Ëπ‰¥â‡√Á«·≈–‰¡à¡÷πßß ‡À¡“– ”À√—∫„™â„πºŸâªÉ«¬

∑’Ë‡ªìπ day case ¬“‰¡à¡’ƒ∑∏‘Ï – ¡„π√à“ß°“¬·≈– “¡“√∂„™â‚¥¬°“√À¬¥‡¢â“À≈Õ¥‡≈◊Õ¥

‡æ◊ËÕ§«∫§ÿ¡°“√À≈—∫ (total intravenous anesthesia, TIVA) ·∑π¬“¥¡ ≈∫‰¥â

2.3 Etomidate ‡ªìπ¬“∑’Ë°¥°“√∑”ß“π¢Õß√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥πâÕ¬

®÷ß‰¡à∑”„Àâ§«“¡¥—π‚≈À‘µ≈¥≈ßÀ≈—ß©’¥¬“ ‡À¡“–∑’Ë®–„™â„πºŸâªÉ«¬∑’Ë¡’ªí≠À“‚√§À—«„® ¬“¡’

ƒ∑∏‘Ï°¥°“√ √â“ß steroid ®÷ß‰¡à·π–π”„Àâ„™â¬“µ‘¥µàÕ°—π‡ªìπ‡«≈“π“π

2.4 Ketamine ‡ªìπ¬“°≈ÿà¡ phencyclidine ¡’§ÿ≥ ¡∫—µ‘µà“ß®“°¬“µ—«Õ◊Ëπ
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∑’Ë¡’ƒ∑∏‘Ï‡æ‘Ë¡§«“¡¥—π‚≈À‘µ ·≈–∑”„ÀâÀ—«„®‡µâπ‡√Á« ¬“¬—ß¡’ƒ∑∏‘Ï°√–µÿâπ°“√∑”ß“π¢Õß

 ¡Õß∫“ß à«π∑”„ÀâºŸâªÉ«¬¡’°“√‡§≈◊ËÕπ‰À«¢≥–À≈—∫  àß‡ ’¬ß√âÕß ¡’ nystagmus ·≈–Ωíπ

√â“¬ ¬“¡’ƒ∑∏‘Ï¢¬“¬À≈Õ¥≈¡ ·≈–‡æ‘Ë¡§«“¡¥—π„π°–‚À≈°»’√…– Õ“°“√Ωíπ√â“¬Õ“®

ªÑÕß°—π‰¥â∫“ß à«π‚¥¬°“√„Àâ¬“°≈ÿà¡ benzodiazepine À√◊Õ opioid π”‰ª°àÕπ ¬“¬—ß¡’

ƒ∑∏‘Ï√–ß—∫ª«¥·≈– “¡“√∂π”¡“„™â©’¥‡¢â“™àÕß‡Àπ◊Õ‰¢ —πÀ≈—ß‡æ◊ËÕ™à«¬√–ß—∫ª«¥‰¥â3,4

2.5 Midazolam ‡ªìπ¬“°≈ÿà¡ benzodiazepine ∑’Ë≈–≈“¬πÈ”‰¥â ∑”„ÀâÀ≈—∫

·≈–™à«¬≈¥Õ“°“√«‘µ°°—ß«≈‰¥â¥’ ¡’ƒ∑∏‘Ï∑”„Àâ¡’ amnesia ®÷ßπ‘¬¡π”¡“„™â‡ªìπ¬“ premedi-

cation ·≈–™à«¬„ÀâÀ≈—∫¢≥–√–ß—∫§«“¡√Ÿâ ÷°·∫∫‡©æ“– à«π¡“°°«à“π”¡“„™âπ” ≈∫

‡π◊ËÕß®“°¬“¡’ƒ∑∏‘Ï¬“«‡¡◊ËÕ‡∑’¬∫°—∫¬“ induction agent µ—«Õ◊Ëπ

3. ¬“°≈ÿà¡Õπÿæ—π∏å¢ÕßΩîòπ (Opioids) ¡’ƒ∑∏‘ÏÀ≈—°„π°“√√–ß—∫ª«¥ ‚¥¬ÕÕ°ƒ∑∏‘Ï

∑’Ë opioid receptor ∫√‘‡«≥ dorsal horn ¢Õß‰¢ —πÀ≈—ß ·≈–∫√‘‡«≥ periaqueductal

gray ¢Õß ¡Õß à«π°≈“ß °“√∫√‘À“√¬“°≈ÿà¡π’È∑”‰¥â∑—Èß°“√©’¥‡¢â“À≈Õ¥‡≈◊Õ¥ ©’¥‡¢â“

µ“√“ß∑’Ë 3 Intravenous induction Agents

Characteristics Thiopental Propofol Etomidate Ketamine Midazolam

1. Dose (mg/kg) 3-6 1.5-2.5 0.2-0.3 1-2 0.2-0.4

2. Onset (sec) <30 15-45 15-45 45-60 30-90

3. Duration (min) 5-10 5-10 3-12 10-20 10-30

4. HR ↑ 0/( 0 ↑↑ 0

5. BP ↓ ↓ 0 ↑↑ 0/↓

6. Respiratory ↓↓↓ ↓↓↓ ↓↓ ↓ ↓↓

Depression

7. ICP ↓↓↓ ↓↓↓ ↓↓↓ ↓↓↓ ↓

8. Hallucination - - - + -

9. Clinical use Induction Induction Induction Induction Induction

Sedation Maintenance Sedation Maintenance

Sedation Sedation
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°≈â“¡‡π◊ÈÕ ©’¥‡¢â“™àÕß‡Àπ◊Õ‰¢ —πÀ≈—ß ·≈–©’¥‡¢â“™àÕßπÈ”‰¢ —πÀ≈—ß ¬“„π°≈ÿà¡π’È ‰¥â·°à

morphine, pethidine, fentanyl ¡’§ÿ≥ ¡∫—µ‘„π°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“¥—ßµ“√“ß∑’Ë 4

4. ¬“À¬àÕπ°≈â“¡‡π◊ÈÕ (Muscle Relaxants) ÕÕ°ƒ∑∏‘Ï∫√‘‡«≥ acetylcholine

receptor ∑’Ë∫√‘‡«≥ neuromuscular junction ∑”„Àâ¡’°“√À¬àÕπµ—«¢Õß°≈â“¡‡π◊ÈÕ≈“¬

ª√–°Õ∫¥â«¬¬“°≈ÿà¡ depolarizing ‰¥â·°à succinylcholine ·≈–¬“°≈ÿà¡ nondepolarizing

‰¥â·°à pancuronium, vecuronium, atracurium, cisatracurium, rocuronium

§ÿ≥ ¡∫—µ‘„π°“√ÕÕ°ƒ∑∏‘Ï¢Õß¬“ ¥—ßµ“√“ß∑’Ë 5

Standard Monitoring

„πªï §.». 1986 The American Society of Anesthesiologists (ASA)5 ‰¥â

µ“√“ß∑’Ë 4 Opioids

Characteristics Morphine Pethidine Fentanyl

1. Duration of analgesic effect 1-2 hr 1-2 hr 30-50 min

2. Route of administration PO, SC, PO, SC, IV

IM, IV, IM, IV Epidural, Spinal

Epidural Transdermal

3. Equivalent potency 1 0.1 75-125

4. Metabolite Active Active Inactive

5. Cardiovascular effects Hypotension Hypotension Bradycardia

Vasodilatation Bradycardia Tachycardia

6. Histamine release Marked Slight None

7. Depression of Dose Dose Dose

ventilation dependence dependence dependence

8. Side effects

- Constriction of ++ + +

Sphincter of Oddi

- Rigidity of muscle - - -
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«“ß‡°≥±å¡“µ√∞“π°“√‡ΩÑ“√–«—ßºŸâªÉ«¬√–À«à“ß‰¥â√—∫¬“√–ß—∫§«“¡√Ÿâ ÷° ‚¥¬¡“µ√∞“ππ’È„™â

°—∫°“√„Àâ¬“√–ß—∫§«“¡√Ÿâ ÷°∑ÿ°™π‘¥ (general anesthesia, regional anesthesia ·≈–

monitored anesthesia care) ·µà‡π◊ËÕß®“°Õÿª°√≥å·≈–‡§√◊ËÕß¡◊Õ ”À√—∫‡ΩÑ“√–«—ßºŸâªÉ«¬

‰¥â√—∫¬“√–ß—∫§«“¡√Ÿâ ÷°¡—°¡’√“§“·æß ‡°≥±å¡“µ√∞“π¢â“ßµâπ ®÷ß§«√¡’°“√ª√—∫‡ª≈’Ë¬π„Àâ

‡À¡“– ¡°—∫‡»√…∞“π–¢Õß‚√ßæ¬“∫“≈µà“ßÊ °“√‡ΩÑ“√–«—ßª√–°Õ∫¥â«¬

1. °“√«—¥§«“¡¥—π‡≈◊Õ¥ ·∫àß‡ªìπ

1.1 Non-invasive (À√◊Õ indirect) blood pressure monitoring

1.2 Invasive (À√◊Õ direct) blood pressure monitoring

1.1 Non-Invasive Blood Pressure Monitoring (NIBP)

·∫àß‡ªìπ™π‘¥∑’ËºŸâ„™â«—¥·≈–Õà“π§à“‡Õß (manual) ‚¥¬°“√„™â stethoscope

·≈– sphygmomanometer ¥—ß∑’Ë√Ÿâ®—°∑—Ë«‰ª ·≈–™π‘¥∑’Ë‡§√◊ËÕß«—¥§«“¡¥—π‡≈◊Õ¥¥â«¬

√–∫∫Õ—µ‚π¡—µ‘ (automatic) ´÷Ëß®–Õ∏‘∫“¬∂÷ß√“¬≈–‡Õ’¬¥¥—ßπ’È

µ“√“ß∑’Ë 5 Muscle relaxants

Characteristics Succinyl- Atracu- Cisatracu- Pancuro- Vecuro- Rocuro-

choline nium nium nium nium nium

1. Group Depolarizing Non- Non- Non- Non- Non-

depolarizing depolarizing depolarizing depolarizing depolarizing

2. Rapid onset ++++ + + + ++ +++

3. Duration + ++ ++ ++++ +++ +++

4. Histamine Rare + 0 0 0 0

Release

5. Elimination Pseudocho- Hoffman Hoffman Renal (80%) Hepatic (20%) Hepatic (20%)

linesterase Hepatic (20%) Renal (80%) Renal (80%)

6. HR - - - ++ 0 +

7. Cost Low Moderate High Low Moderate High
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µ“√“ß∑’Ë 6 ‡°≥±å¡“µ√∞“π°“√‡ΩÑ“√–«—ßºŸâªÉ«¬√–À«à“ß°“√ºà“µ—¥¢Õß The American Soci-
ety of Anesthesiologists (ASA)

Standard I µâÕß¡’«‘ —≠≠’·æ∑¬åÀ√◊Õ«‘ —≠≠’æ¬“∫“≈Õ¬Ÿà„πÀâÕßºà“µ—¥°—∫ºŸâªÉ«¬µ≈Õ¥‡«≈“¢Õß
°“√„Àâ¬“√–ß—∫§«“¡√Ÿâ ÷°‰¡à«à“®–„™â‡∑§π‘§Õ–‰√°Áµ“¡

Standard II √–À«à“ß°“√„Àâ¬“√–ß—∫§«“¡√Ÿâ ÷° §«√ª√–‡¡‘π ‘ËßµàÕ‰ªπ’Èµ≈Õ¥‡«≈“ À√◊Õ‡ªìπ
√–¬–Õ¬à“ß ¡Ë”‡ ¡Õ

1) Oxygenation ‡æ◊ËÕ„Àâ¡—Ëπ„®«à“¡’§«“¡‡¢â¡¢âπ¢ÕßÕÕ°´‘‡®π„π°ä“´∑’ËÀ“¬„®
‡¢â“·≈–„π‡≈◊Õ¥‡æ’¬ßæÕ ®–µâÕßµ√«® Õ∫

§«“¡‡¢â¡¢âπ¢ÕßÕÕ° ‘́‡®π¢Õß≈¡À“¬„®‡¢â“„π°√≥’∑’Ë„™â‡§√◊ËÕß¬“ ≈∫·≈–
¡’ —≠≠“≥‡µ◊Õπ¿—¬‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢ÕßÕÕ° ‘́‡®π≈¥µË”°«à“∑’Ë°”Àπ¥

§«“¡‡¢â¡¢âπ¢ÕßÕÕ°´‘‡®π„π‡≈◊Õ¥‚¥¬„™â pulse oximetry ·≈–„πÀâÕß
ºà“µ—¥§«√¡’· ß «à“ß‡æ’¬ßæÕ∑’Ë®– —ß‡°µ ’º‘«ºŸâªÉ«¬

2) Ventilation ‡æ◊ËÕ„Àâ¡—Ëπ„®«à“°“√À“¬„®‡æ’¬ßæÕ„π√–À«à“ß°“√„Àâ¬“√–ß—∫§«“¡
√Ÿâ ÷° ®–µâÕßµ√«® Õ∫
2.1 °“√µ√«®∑“ß§≈‘π‘§ ‚¥¬ —ß‡°µ°“√‡§≈◊ËÕπ‰À«¢Õß∑√«ßÕ° °“√øíß‡ ’¬ß

À“¬„®  —ß‡°µ°“√≥å‡§≈◊ËÕπ‰À«¢Õß reservoir breathing bag √«¡∑—Èß
§«√«—¥ª√‘¡“µ√·≈–√–¥—∫§“√å∫Õπ‰¥ÕÕ°‰´¥å¢Õß≈¡À“¬„®ÕÕ°

2.2 °√≥’∑’Ë„ à∑àÕÀ“¬„®„Àâµ√«®µ”·Àπàß∑àÕÀ“¬„®∑“ß§≈‘π‘° ·≈–§«√«—¥
§“√å∫Õπ‰¥ÕÕ°‰´¥å„π≈¡À“¬„®ÕÕ°‡æ◊ËÕ‡ªìπ°“√µ√«® Õ∫„Àâ·πà„®
«à“∑àÕÀ“¬„®Õ¬Ÿà„πÀ≈Õ¥§Õ‰¡à„™â„πÀ≈Õ¥Õ“À“√

2.3 °√≥’„™â‡§√◊ËÕß™à«¬À“¬„® §«√¡’ —≠≠“≥‡µ◊Õπ‡¡◊ËÕ¡’°“√À≈ÿ¥À√◊Õ√—Ë«‡°‘¥
¢÷Èπ (disconnection alarm)

3) Circulation ‡æ◊ËÕ„Àâ¡—Ëπ„®«à“¡’‡≈◊Õ¥‰ª‡≈’È¬ß√à“ß°“¬‡æ’¬ßæÕ ®–µâÕßµ√«® Õ∫
µ√«®§≈◊Ëπ‰øøÑ“À—«„®µ≈Õ¥‡«≈“
«—¥Õ—µ√“‡µâπÀ—«„®À√◊Õ™’æ®π ·≈–§«“¡¥—π‡≈◊Õ¥ Õ¬à“ßπâÕ¬∑ÿ° 5 π“∑’
µ√«®√–∫∫‰À≈‡«’¬πµ≈Õ¥‡«≈“¥â«¬«‘∏’°“√Õ¬à“ß„¥Õ¬à“ßÀπ÷ËßµàÕ‰ªπ’È

- §≈”™’æ®√
- øíß‡ ’¬ßÀ—«„®
- ·√ß¥—π‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥·¥ß (intraarterial pressure)
- Ultrasound peripheral pulse monitoring
- Pulse plethysmography À√◊Õ oximetry

4) Õÿ≥À¿Ÿ¡‘°“¬ ‡æ◊ËÕ√—°…“√–¥—∫Õÿ≥À¿Ÿ¡‘°“¬„Àâ‡À¡“– ¡ §«√¡’‡§√◊ËÕß¡◊Õ∑’Ëæ√âÕ¡
∑”°“√«—¥Õÿ≥À¿Ÿ¡‘°“¬ ‡¡◊ËÕ§“¥«à“À√◊Õ ß —¬«à“®–¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß
Õÿ≥À¿Ÿ¡‘°“¬‡°‘¥¢÷Èπ
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«‘∏’°“√·≈–À≈—°°“√ æ—π cuff ´÷Ëß¡’ “¬µàÕ‡¢â“°—∫µ—«‡§√◊ËÕß´÷Ëß∑”ß“π‚¥¬‡ªÉ“≈¡

‡¢â“‰ª‡æ‘Ë¡·√ß¥—π„π cuff Õ“»—¬À≈—°°“√¢Õß çoscillometryé (°“√ —Ëπ –‡∑◊Õπ) ´÷Ëß‡°‘¥¢÷Èπ

‡¡◊ËÕ¡’°“√‰À≈¢Õß‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥·¥ß ‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ß·√ß¥—π¿“¬„π cuff

∑’Ë§àÕ¬Ê ª≈àÕ¬„Àâ≈¥≈ß‚¥¬Õ—µ‚π¡—µ‘‡√‘Ë¡Õà“π§à“ systolic pressure ‡¡◊ËÕ‡√‘Ë¡¡’°“√ —Ëπ mean

arterial pressure µ√ßµ”·Àπàß∑’Ë¡’°“√ —Ëπ¡“°∑’Ë ÿ¥ ·≈– diastolic pressure ‡¡◊ËÕ°“√

 —ËπÀ¬ÿ¥≈ß

¢âÕ¥’

1.  “¡“√∂µ—Èß§à“‡µ◊Õπ‡¡◊ËÕ§à“§«“¡¥—π‡≈◊Õ¥Õà“π Ÿß À√◊ÕµË”‡°‘π°«à“∑’Ë°”Àπ¥

2.  –¥«° ßà“¬µàÕ°“√„™â ∑”„Àâ∫ÿ§≈“°√∑“ß«‘ —≠≠’‰¡àµâÕßæ–«ß°—∫°“√«—¥

§«“¡¥—π‡≈◊Õ¥ ·≈– “¡“√∂∑”°“√¥Ÿ·≈ºŸâªÉ«¬Õ¬à“ßÕ◊Ëπ‰¥â

3. ‡∑’Ë¬ßµ√ß°«à“°“√«—¥™π‘¥ manual ‡π◊ËÕß®“° Korotkoff sound ∑’Ëøíß‰¥â

¡—°¡’§«“¡·µ°µà“ß°—π¡“°√–À«à“ßºŸâøíß·µà≈–§π

¢âÕ®”°—¥

1. ‰¡à‡ªìπ°“√«—¥Õ¬à“ßµàÕ‡π◊ËÕß „π°√≥’∑’ËµâÕß°“√‡ΩÑ“√–«—ß§«“¡¥—π‡≈◊Õ¥

ºŸâªÉ«¬µ≈Õ¥‡«≈“§«√„™â invasive blood pressure monitoring

2. ¢π“¥¢Õß cuff ∑’Ë‡≈Á°‡°‘π‰ª ∑”„ÀâÕà“π§à“§«“¡¥—π‡≈◊Õ¥ Ÿß‡°‘π§«“¡®√‘ß

·≈– cuff ∑’Ë„À≠à‡°‘π‰ª∑”„Àâ‡°‘¥º≈µ√ß°—π¢â“¡ cuff §«√¡’¢π“¥°«â“ß ª√–¡“≥ 1/3

(À√◊Õ 30-40%) ¢Õß‡ âπ√Õ∫«ß·¢π‚¥¬ à«π air bag À√◊Õ∂ÿß≈¡¿“¬„π cuff §«√

 “¡“√∂æ—π‰¥âª√–¡“≥ 2 „π 3  à«π¢Õß‡ âπ√Õ∫«ß·¢π°“√æ—π cuff ∑’Ëµâπ·¢π§«√æ—π

‡Àπ◊Õ antecubital fossa ª√–¡“≥ 2-5 ´¡. ·≈–∂â“„™âµ‘¥µàÕ°—ππ“πÀ√◊Õ«—¥∫àÕ¬ §«√

æ—π√Õ∫·¢π¥â«¬ ”≈’¡â«π‡æ◊ËÕ≈¥·√ß°¥‚¥¬µ√ß∑’Ëº‘«Àπ—ß ´÷ËßÕ“®∑”„Àâ‡°‘¥®ÿ¥‡≈◊Õ¥ÕÕ°∑’Ë

º‘«Àπ—ß‰¥â

3. ºŸâªÉ«¬¡’ arrhythmia  —Ëπ À√◊Õ¢¬—∫Õ“®∑”„ÀâÕà“π§à“º‘¥‰¥â

1.2 Invasive Blood Pressure Monitoring (IBP)

‡ªìπ°“√«—¥§«“¡¥—π‡≈◊Õ¥‚¥¬µ√ß®“°À≈Õ¥‡≈◊Õ¥·¥ß

«‘∏’°“√·≈–À≈—°°“√ „ à‡¢Á¡ Õ¥‰«â„πÀ≈Õ¥‡≈◊Õ¥·¥ß (arterial catheterization)

·≈–µàÕ “¬‡¢â“°—∫ transducer ́ ÷Ëß‡ªìπµ—«·ª≈æ≈—ßß“π°≈®“°·√ß¥—π‡≈◊Õ¥‡ªìπæ≈—ßß“π‰øøÑ“
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 àßºà“π‡¢â“Õÿª°√≥åÕà“π§à“ÕÕ°¡“‡ªìπµ—«‡≈¢√«¡∑—Èß¡’ waveform ¥â«¬ ∑”„Àâ«—¥§«“¡¥—π

‡≈◊Õ¥‰¥âµ≈Õ¥‡«≈“ ·≈–‰¥â§à“∑’Ë∂Ÿ°µâÕßÀ≈Õ¥‡≈◊Õ¥·¥ß∑’Ëπ‘¬¡„™â¡“°∑’Ë ÿ¥§◊Õ radial artery

‡π◊ËÕß®“°‡ªìπµ”·Àπàß∑’Ë Õ¥‡¢Á¡‰¥âßà“¬ ·≈–¡’ collateral flow ®“° ulnar artery À≈Õ¥

‡≈◊Õ¥·¥ß brachial, femoral ·≈– dorsalis pedis ‡ªìπµ”·Àπàß∑’Ë‰¥â√—∫§«“¡π‘¬¡√Õß

≈ß¡“

¢âÕ∫àß™’È¢Õß Arterial Catheterization

1. °√≥’∑’ËµâÕß°“√‡®“– arterial blood gas ∫àÕ¬Ê ‡™àπ ºŸâªÉ«¬∑’Ë¡’¿“«–°“√

À“¬„®≈â¡‡À≈«

2. °√≥’∑’ËµâÕß°“√‡ΩÑ“√–«—ß§«“¡¥—π‡≈◊Õ¥Õ¬à“ßµàÕ‡π◊ËÕß ‰¥â·°à

- °“√ºà“µ—¥„À≠à∑’ËÕ“®¡’°“√‡ ’¬‡≈◊Õ¥¡“° À√◊Õ¡’‚Õ°“ ‡°‘¥ hemody-

namic instability ‰¥â ‡™àπ °“√ºà“µ—¥À≈Õ¥‡≈◊Õ¥„À≠à °“√ºà“µ—¥ ¡Õß °“√ºà“µ—¥À—«„®

·≈–ªÕ¥

- ºŸâªÉ«¬«‘°ƒµ ·≈– Shock

- „π°√≥’∑’Ë„™â‡∑§π‘§ induced hypotension ‡æ◊ËÕ≈¥°“√‡ ’¬‡≈◊Õ¥

√–À«à“ßºà“µ—¥„À≠à ‡™àπ °“√ºà“µ—¥·°â‰¢ scoliosis

3. ‰¡à “¡“√∂«—¥§«“¡¥—π‡≈◊Õ¥‚¥¬«‘∏’ non-invasive ‰¥â ‡™àπ ºŸâªÉ«¬∑’ËÕâ«π

¡“° ºŸâªÉ«¬ severe burn

¿“«–·∑√°´âÕπ

1. °“√¢“¥‡≈◊Õ¥‡π◊ËÕß®“° arterial wall damage ·≈– arterial thrombo-

sis

2. Embolism

3. Disconnection ·≈– hemorrhage

4. °“√µ‘¥‡™◊ÈÕ

¢âÕ®”°—¥

1. °“√«—¥„Àâ‰¥â§à“∑’Ë∂Ÿ°µâÕß §«√ª√—∫„Àâ transducer Õ¬Ÿà„π·π«√–¥—∫§«“¡

 Ÿß‡¥’¬«°—∫ left ventricle (∑’Ë√–¥—∫ midaxillary line ¢≥–∑’ËºŸâªÉ«¬πÕπ√“∫) ∂â“√–¥—∫¢Õß

transducer µË”°«à“À—«„®§«“¡¥—π∑’Ë«—¥‰¥â®– Ÿß°«à“§«“¡‡ªìπ®√‘ß·≈–„π∑“ßµ√ß°—π¢â“¡
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∂â“√–¥—∫¢Õß transducer Õ¬Ÿà Ÿß°«à“À—«„® §«“¡¥—π∑’Ë«—¥‰¥â®–µË”°«à“§«“¡‡ªìπ®√‘ß

2. ∂â“¡’øÕßÕ“°“»À√◊Õ°âÕπ‡≈◊Õ¥Õ¬Ÿà„π “¬À√◊Õ„π transducer À√◊Õ¡’°“√

À≈«¡¢Õß®ÿ¥‡™◊ËÕ¡µà“ßÊ ®–∑”„Àâ§«“¡¥—π‡≈◊Õ¥∑’Ë«—¥‰¥âµË”°«à“§«“¡‡ªìπ®√‘ß

2. Central Venous Pressure (CVP)6,7

‡ªìπ°“√«—¥§«“¡¥—π¢ÕßÀ≈Õ¥‡≈◊Õ¥¥” à«π°≈“ß ´÷Ëß‰¥â·°à superior vena

cava (SVC), inferior vena cave (IVC) À√◊Õ right atrium (RA)

«‘∏’°“√·≈–À≈—°°“√  Õ¥‡¢Á¡‰«â„πÀ≈Õ¥‡≈◊Õ¥¥”„À≠à ‡™àπ internal jugular

vein, subclavian vein, femoral vein À√◊Õ Õ¥ “¬∑’ËÀ≈Õ¥‡≈◊Õ¥¥”„À≠à„Àâª≈“¬ “¬

Õ¬Ÿà∑’Ë SVC, IVC À√◊Õ RA µàÕ “¬‡¢â“°—∫ transducer Õà“π§à“‡ªìπµ—«‡≈¢ ‚¥¬„™âÀ≈—°°“√

¢Õß direct pressure monitoring ‡™àπ‡¥’¬«°—∫ invasive blood pressure monitor-

ing µ”·Àπàß∑’Ëπ‘¬¡„ à ‰¥â·°à internal jugular vein ‡π◊ËÕß®“°„ à‰¥âßà“¬ ·≈–·π«¢Õß

À≈Õ¥‡≈◊Õ¥µ√ß‡¢â“∑’Ë SVC ·≈– right subclavian vein ·≈– femoral vein ‡ªìπ

µ”·Àπàß∑’Ëπ‘¬¡√Õß≈ß¡“

¢âÕ∫àß™’È

°“√«—¥ CVP ¡—°¡’®ÿ¥ª√– ß§å‡æ◊ËÕ°“√ª√–‡¡‘π intravascular volume

‡π◊ËÕß®“°ª√‘¡“≥‡≈◊Õ¥ à«π„À≠à®–Õ¬Ÿà„π venous system ‚¥¬§à“π’È®–· ¥ß∂÷ß prelood

¢Õß right ventricle

°“√ Õ¥ “¬‡¢â“À≈Õ¥‡≈◊Õ¥¥”„À≠à (central venous catheterization)

πÕ°®“°®–¡’®ÿ¥ª√– ß§å‡æ◊ËÕ«—¥ CVP ·≈â«¬—ß¡’¢âÕ∫àß™’ÈÕ◊Ëπ¥â«¬ ‰¥â·°à

1. ‡ªìπ∑“ß„Àâ “√πÈ”·≈–‡≈◊Õ¥Õ¬à“ß√«¥‡√Á« „π°√≥’‰¡à “¡“√∂‡ªî¥À≈Õ¥

‡≈◊Õ¥∑’ËÀ≈Õ¥‡≈◊Õ¥¥” à«πª≈“¬‰¥â

2. ‡ªìπ∑“ß„Àâ “√Õ“À“√ total parenteral nutrition À√◊Õ¬“∫“ßÕ¬à“ß∑’Ë

∑”„Àâ‡°‘¥ pheblitis ‰¥âßà“¬ ‡¡◊ËÕ„Àâ∑“ßÀ≈Õ¥‡≈◊Õ¥¥” à«πª≈“¬

3.  ”À√—∫°“√∑” plasmaphoresis À√◊Õ hemodialysis

4. ‡ªìπ∑“ß ”À√—∫„ à pulmonary artery catheter ·≈– pacing wire

5. ‡ªìπ∑“ß ”À√—∫¥Ÿ¥øÕßÕ“°“»„π°√≥’∑’Ë‡°‘¥ air embolism ¢≥–ºà“µ—¥

¥â«¬∑à“π—Ëß
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¢âÕÀâ“¡

1. ¿“«–µ‘¥‡™◊ÈÕ∫√‘‡«≥∑’Ë Õ¥‡¢Á¡À√◊Õ “¬

2. ¡’§«“¡º‘¥ª°µ‘¢Õß°“√·¢Áßµ—«¢Õß‡≈◊Õ¥Õ¬à“ß¡“°

¿“«–·∑√°´âÕπ

1. Pneumothorax ·≈– hemothorax

2. Air embolism

3. Hemorrhage

4. Infection

5. Venous thrombosis

6. Dysrhythmias

7. Injury µàÕ‡ âπª√– “∑·≈–À≈Õ¥‡≈◊Õ¥·¥ß„°≈â‡§’¬ß

¢âÕ®”°—¥

CVP ¡’§«“¡ —¡æ—π∏å‚¥¬µ√ß°—∫§«“¡¥—π„π right atrium ·≈– right ven-

tricular end diastolic pressure (RVEDP) ‡™àπ ∂â“ CVP ¡’§à“µË”· ¥ß«à“√à“ß°“¬Õ¬Ÿà

„π¿“«–æ√àÕßπÈ” ·≈–∂â“ CVP  Ÿß∫Õ°‰¥â«à“À—«„®´’°¢«“«“¬À√◊Õ¡’¿“«–πÈ”‡°‘π „π§πª°µ‘

∑’Ë‰¡à¡’‚√§ªÕ¥·≈–‚√§À—«„® §à“ RVEDP  —¡æ—π∏å‚¥¬µ√ß°—∫ left ventricular end dias-

tolic pressure (LVEDP) ·µà„πºŸâªÉ«¬∑’Ë¡’‚√§ªÕ¥·≈–‚√§À—«„®§«“¡ —¡æ—π∏å¥—ß°≈à“«

®–À“¬‰ª ¥—ßπ—Èπ §à“ CVP ®÷ß‰¡à “¡“√∂∫àß∂÷ß preload ¢ÕßÀ—«„®¢â“ß´â“¬À√◊Õ LVEDP ‰¥â

„πºŸâªÉ«¬°≈ÿà¡π’ÈÕ“®®–µâÕß„ à pulmonary artery catheter (Swan-Ganz catheter)

‡æ◊ËÕ«—¥§à“§«“¡¥—π¢ÕßÀ—«„®¢â“ß´â“¬·∑π

3. Pulse Oximetry6,8-10

‡ªìπ°“√«—¥ hemoglobin oxygen saturation (SpO2) ¢Õß‡≈◊Õ¥·¥ß ´÷Ëß§◊Õ

§à“ percent ¢Õß oxyhemoglobin/oxyhemoglobin+deoxyhemoglobin

«‘∏’°“√·≈–À≈—°°“√„™â probe ´÷Ëß¡’ “¬µàÕ°—∫µ—«‡§√◊ËÕßÀπ’∫∑’Ëª≈“¬π‘È« (π‘¬¡

¡“°∑’Ë ÿ¥) µ‘ËßÀŸ À√◊Õª≈“¬®¡Ÿ° ®Õ¿“æ¢Õß‡§√◊ËÕßÕà“πº≈‡ªìπ‡ªÕ√å‡´Áπµå ·≈– à«π„À≠à®–

¡’ waveform ¢Õß pulse flow (‡√’¬°«à“ plethysmograph) ·≈–µ—«‡≈¢· ¥ßÕ—µ√“™’æ®√

‡§√◊ËÕß pulse flow „™âÀ≈—°°“√¢Õß°“√¥Ÿ¥´—∫· ß∑’Ëµà“ß°—π¢Õß oxyhemoglobin ·≈–
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deoxyhemoglobin ‚¥¬„™â· ß∑’Ë¡’§«“¡¬“«§≈◊Ëπ 2 ™à«ß §◊Õ  ’·¥ß (§«“¡¬“«§≈◊Ëπ 660

nm) ·≈– infrared (§«“¡¬“«§≈◊Ëπ 940 nm)  àÕßÕÕ°®“° probe ¥â“πÀπ÷Ëßºà“π‡π◊ÈÕ‡¬◊ËÕ

∑’Ë¡’°“√‰À≈¢Õß‡≈◊Õ¥ probe Õ’°¥â“πÀπ÷Ëß∑”Àπâ“∑’Ë‡ªìπ detector «—¥°“√¥Ÿ¥´—∫„π™à«ß∑’Ë¡’

pulsatile flow ¢Õß‡≈◊Õ¥·¥ß (systole) ‡∑’¬∫°—∫™à«ß∑’Ë‰¡à¡’ pulsatile flow (diastole)

·≈â«·ª≈ß —≠≠“≥‡ªìπ§≈◊Ëπ‰øøÑ“· ¥ßÕÕ°¡“‡ªìπ°√“ø ·≈–µ—«‡≈¢

¢âÕ¥’

1. „™âßà“¬  –¥«° ·≈– non-invasive

2. · ¥ß§à“‰¥â√«¥‡√Á«·≈–µàÕ‡π◊ËÕß

3. §«“¡º‘¥æ≈“¥¡’πâÕ¬

4.  “¡“√∂„™â‰¥â∑—Èß„πÀâÕßºà“µ—¥ ÀâÕßæ—°øóôπ ÀÕÕ¿‘∫“≈ ·≈–√–À«à“ß¬â“¬

ºŸâªÉ«¬

¢âÕ®”°—¥

§à“ O2 saturation ∑’ËÕà“π‰¥âÕ“®§≈“¥‡§≈◊ËÕπ‰¥â®“°ªí®®—¬À≈“¬ª√–°“√ ‰¥â·°à

1. ¡’ hemoglobin ™π‘¥Õ◊Ëπ ‡™àπ carboxyhemoglobin, methemoglobin

´÷Ëß®–¡’°“√¥Ÿ¥´—∫· ß„°≈â‡§’¬ß°—∫ oxyhemoglobin ‡§√◊ËÕß®÷ßÕà“π§à“ÕÕ°¡“º‘¥®“°§«“¡

‡ªìπ®√‘ß

2. ¿“«– poor peripheral perfusion ‡™àπ ¿“«– hypovolemia, low car-

diac output

3. ¿“«– vasoconstriction ‡™àπ hypothermia ¢≥–‰¥â√—∫¬“ vasocon-

strictor ¢π“¥ Ÿß

4. ºŸâªÉ«¬¡’‚√§¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ß ‡™àπ ¿“«– vasculitis

5. °“√¢¬—∫À√◊Õ‡§≈◊ËÕπ‰À«

6. °“√√∫°«π®“°°“√„™â‡§√◊ËÕß®’È‰øøÑ“ (electrocautery)

7. ºŸâªÉ«¬¡’¿“«–°“√‡µâπ¢Õß™’æ®√º‘¥ª°µ‘ ‡™àπ ¿“«– arrhythmia

8. ¬“∑“‡≈Á∫‚¥¬‡©æ“– ’¡à«ß

9. Intravenous dye ‡™àπ methylene blue, indocyanine green,

isosulphan blue
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10. °“√√∫°«π®“°· ß «à“ß√Õ∫πÕ° probe ∑’Ë¡“°‡°‘π‰ª

11. §≈◊Ëπ π“¡·¡à‡À≈Á° ‡™àπ √–À«à“ßµ√«® MRI (magnetic resonance

imaging)

4. Capnograph8-11

‡ªìπ°“√«—¥§«“¡¥—π¢Õß§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO2) „π≈¡À“¬„® ∑’Ë

‡ª≈’Ë¬π·ª≈ßµ“¡®—ßÀ«–°“√À“¬„® · ¥ß‡ªìπ°√“ø (capnogram) ·≈–· ¥ßµ—«‡≈¢

§«“¡¥—π¢Õß CO2 ‡¡◊ËÕ ‘Èπ ÿ¥°“√À“¬„®ÕÕ° (end-tidal CO2, ETCO2)

«‘∏’°“√·≈–À≈—°°“√: µàÕ connector æ‘‡»…®“°‡§√◊ËÕß capnograph ‡¢â“∑’Ë

√–À«à“ß∑àÕ™à«¬À“¬„®°—∫ breathing system ®“° connector π—Èπ®–¡’ “¬¥Ÿ¥°ä“´

(ª√–¡“≥ 100 ¡≈./π“∑’) ‰ª∑’Ë‡§√◊ËÕß‡æ◊ËÕ«—¥§à“§«“¡¥—π¢Õß CO2 Õ¬à“ßµàÕ‡π◊ËÕß (™π‘¥ side

stream) À√◊Õ ‡§√◊ËÕß “¡“√∂«—¥§à“§«“¡¥—π¢Õß CO2 ‰¥â‚¥¬µ√ß‡¡◊ËÕ≈¡À“¬„®ºà“π con-

nector ‚¥¬‰¡àµâÕß¥Ÿ¥°ä“´‰ª∑’Ëµ—«‡§√◊ËÕß (™π‘¥ mainstream) ∑—Èß Õß™π‘¥∑”ß“π‚¥¬

Õ“»—¬À≈—°°“√µ√«®«—¥§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫· ß infrared ¢Õß CO2 „π·µà≈– 1 √Õ∫

¢Õß°“√À“¬„®‚¥¬„π™à«ßÀ“¬„®‡¢â“°√“ø®–Õ¬Ÿà∑’Ë»Ÿπ¬å ‡π◊ËÕß®“°‰¡à¡’ CO2 „π≈¡À“¬„®‡¢â“

≈¡À“¬„®ÕÕ°„π™à«ß·√°®–µ√«®‰¡àæ∫ CO2 ‡æ√“–‡ªìπÕ“°“»®“°∫√‘‡«≥ dead space

µàÕ¡“®–µ√«®‰¥â CO2 ‡æ‘Ë¡ Ÿß¢÷Èπ∑—π∑’ ·≈–§ßÕ¬Ÿà‡ªìπ plateau ™—π¢÷Èπ‡≈Á°πâÕ¬·≈– Ÿß ÿ¥

‡¡◊ÈÕ ‘Èπ ÿ¥°“√À“¬„®ÕÕ° ´÷Ëß‡ªìπ§à“ ETCO2 À≈—ß®“°π—Èπ°√“ø®–°≈—∫‡ªìπ»Ÿπ¬å„À¡à ‡¡◊ËÕ

∂÷ß®—ßÀ«–°“√À“¬„®‡¢â“§√—ÈßµàÕ‰ª

ª√–‚¬™πå

1. „™âª√–¡“≥§à“ arterial CO2 (PaCO2) ‚¥¬§à“ ETCO2 · ¥ß∂÷ß§à“ alveolar

CO2 (PACO2) ´÷Ëß¡—°®–„°≈â‡§’¬ß°—∫ PACO2 ‚¥¬∑—Ë«‰ª§à“ ETCO2 ®–πâÕ¬°«à“ PACO2

ª√–¡“≥ 3-5 ¡¡.ª√Õ∑ ‚¥¬§«“¡·µ°µà“ßπ’ÈÕ“®¡“°¢÷Èπ ∂â“µ”·Àπàß∑’Ë«—¥Õ¬ŸàÀà“ß®“°

ºŸâªÉ«¬¡“° ¡’¿“«– ventilation /perfusion (V/Q) mismatch ¡“° ‡™àπ ¿“«– low car-

diac output, chronic obstructive pulmonary disease (COPD) À√◊Õ pulmonary

embolism °“√«—¥§à“ ETCO2 ‡æ◊ËÕª√–‡¡‘π§à“ PaCO2 ‚¥¬„™â‡§√◊ËÕß capnograph ¡’¢âÕ¥’

°«à“°“√«—¥§à“ PaCO2 ®“°°“√‡®“– arterial blood gas ‡π◊ËÕß®“° non-invasive ‰¥âº≈
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√«¥‡√Á«∑—π∑’  “¡“√∂∑”‰¥âÕ¬à“ßµàÕ‡π◊ËÕß

2. „™â· ¥ß«à“∑àÕÀ“¬„®Õ¬Ÿà„πÀ≈Õ¥§Õ ‚¥¬®–¡’ CO2 ÕÕ°¡“®“°∑àÕÀ“¬„®„π

®—ßÀ«–°“√À“¬„®ÕÕ° ·µà∂â“∑àÕÀ“¬„®Õ¬Ÿà„πÀ≈Õ¥Õ“À“√ (esophageal intubation) ®–

‰¡à¡’ CO2 ÕÕ°¡“ ª√–‚¬™πåÕ—ππ’È¡’§«“¡ ”§—≠Õ¬à“ß¡“°‡π◊ËÕß®“° esophageal intuba-

tion ‡ªìπ “‡Àµÿ ”§—≠¢Õß°“√µ“¬À√◊Õ¿“«– ¡Õßµ“¬∑’Ë‡°‘¥®“°°“√„Àâ¬“√–ß—∫§«“¡√Ÿâ ÷°

3. ≈—°…≥–∑’Ëº‘¥ª°µ‘¢Õß capnograph · ¥ß∂÷ß¿“«–º‘¥ª°µ‘µà“ßÊ ‰¥â ‡™àπ

§«“¡º‘¥ª°µ‘¢Õß breathing circuit °“√À¡¥Õ“¬ÿ¢Õß soda lime °“√ disconnect

¢Õß∑àÕÀ“¬„®

4. „™â„π°“√µ√«® Õ∫¿“«– air embolism √–À«à“ßºŸâªÉ«¬‰¥√—∫°“√ºà“µ—¥‚¥¬

„™â∑à“π—Ëß ‚¥¬§à“ CO2 ®–≈¥≈ß∑—π∑’‡¡◊ËÕ‡°‘¥¿“«–·∑√°´âÕππ’È¢÷Èπ

¢âÕ®”°—¥

1. ∂â“Õ—µ√“À“¬„®‡√Á«°«à“ 30 §√—Èß/π“∑’ §à“ ETCO2 ∑’ËÕà“π‰¥â®–µË”°«à“∑’Ë§«√

‡ªìπ

2. ºŸâªÉ«¬∑’Ë¡’ C/Q mismatch ¡“°Ê ¥—ß°≈à“«¢â“ßµâπ

3. ºŸâªÉ«¬∑’ËÕ¬Ÿà„π¿“«– cardiac arrest À√◊Õ severe bronchospasm

‚¥¬®–‰¡à¡’ CO2 ÕÕ°¡“®“°∑àÕÀ“¬„®·¡â«à“∑àÕÀ“¬„®®–Õ¬Ÿà„πÀ≈Õ¥§ÕÕ¬à“ß‡À¡“– ¡

5. °“√‡ΩÑ“√–«—ßÕ◊ËπÊ8,9

Õÿ≥À¿Ÿ¡‘°“¬ : √–À«à“ßºà“µ—¥·≈–‰¥â√—∫¬“√–ß—∫§«“¡√Ÿâ ÷°Õÿ≥À¿Ÿ¡‘°“¬¢Õß

ºŸâªÉ«¬¡—°≈¥≈ß‡π◊ËÕß®“°°“√ Ÿ≠‡ ’¬§«“¡√âÕπ®“°À≈“¬ªí®®—¬ °àÕ„Àâ‡°‘¥¿“«– hypother-

mia ‰¥â °“√«—¥Õÿ≥À¿Ÿ¡‘°“¬®÷ß¡’§«“¡ ”§—≠·≈– “¡“√∂∑”‰¥â‚¥¬°“√„™â thermister À√◊Õ

thermocouple «—¥∑’Ëµ”·Àπàßµà“ßÊ ¢Õß√à“ß°“¬ °“√«—¥ core temperature (tympanic

membrane, pulmonary artery, distal esophagus ·≈– nasopharynx) ¡’®ÿ¥

ª√– ß§å‡æ◊ËÕµ√«® Õ∫¿“«–Õÿ≥À¿Ÿ¡‘°“¬µË”√–À«à“ßºà“µ—¥ ªÑÕß°—π°“√„Àâ§«“¡Õ∫Õÿàπ

·°àºŸâªÉ«¬¡“°‡°‘π‰ª (overheating) ·≈–‡æ◊ËÕµ√«® Õ∫«à“‡°‘¥¿“«– malignant hyper-

thermia À√◊Õ‰¡à °“√«—¥Õÿ≥À¿Ÿ¡‘¢Õßº‘«Àπ—ß™à«¬„π°“√ª√–‡¡‘π vasomotor tone ¢Õß

À≈Õ¥‡≈◊Õ¥·¥ß à«πª≈“¬‚¥¬ºŸâªÉ«¬∑’Ë¡’¿“«– vasoconstriction ®–¡’Õÿ≥À¿Ÿ¡‘¢Õß

º‘«Àπ—ßµË”°«à“ core temperature ¡“°



Principles of Anesthesia754

Neuromuscular function : „π°√≥’∑’Ë„™â¬“À¬àÕπ°≈â“¡‡π◊ÈÕ√–À«à“ß„Àâ¬“√–ß—∫

§«“¡√Ÿâ ÷° §«√„™â peripheral nerve stimulator ‡æ◊ËÕª√–‡¡‘π√–¥—∫§«“¡À¬àÕπ°≈â“¡‡π◊ÈÕ

Renal function : °“√‡ΩÑ“√–«—ßª√‘¡“≥·≈–≈—°…≥–¢Õßªí  “«–¡’ª√–‚¬™πå„π

°“√ª√–‡¡‘πª√‘¡“≥‡≈◊Õ¥‰À≈‡«’¬π °“√∑”ß“π¢Õß‰µ ·≈–°“√µ√«®æ∫¿“«–º‘¥ª°µ‘Õ◊ËπÊ

‡™àπ hemoglobinuria

 √ÿª

»—≈¬·æ∑¬å®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–µâÕß¡’§«“¡√Ÿâ§«“¡‡¢â“„®„πÀ≈—°°“√√–ß—∫

§«“¡√Ÿâ ÷°·≈–§«“¡‡®Á∫ª«¥√–À«à“ß°“√ºà“µ—¥ ∑—Èßπ’È‡æ◊ËÕ°àÕ„Àâ‡°‘¥§«“¡‡¢â“„®Õ—π¥’ ·≈–

°“√√à«¡¡◊Õ°—πÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ√–À«à“ß«‘ —≠≠’·æ∑¬å·≈–»—≈¬·æ∑¬åÕ—π®–°àÕ‡°‘¥

ª√–‚¬™πå Ÿß ÿ¥·°àºŸâªÉ«¬µàÕ‰ª
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«—µ∂ÿª√– ß§å¢ÕßÀ≈—° Ÿµ√ (Curriculum Objectives)

1. The development of a sense of responsibility to patients, staff and
community

2. The understanding of basic sciences relevant to the practice of
surgery as in the current syllabus or as redefined from time to time

3. The application of these basic sciences to clinical surgery
4. The acquisition of appropriate basic surgical skills
5. The development of appropriate interpersonal and communica-

tion skills
6. Competency in clinical assessment and the use of diagnostic mo-

dalities
7. Sufficient maturity to enter Advanced Surgical Training

≈—°…≥–·≈–Õß§åª√–°Õ∫¢ÕßÀ≈—° Ÿµ√

·∫àßÕÕ°‡ªìπ 5 modules ¥—ßµàÕ‰ªπ’È
1. Emergency surgery
2. Anatomy and pathology
3. Physiologic change and patient assessment
4. Surgical immunology, transplantation and oncology
5. General considerations

„π·µà≈– module · ¥ß√“¬≈–‡Õ’¬¥µ“¡ categories, objectives, content,
references, learning techniques, evaluation
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MODULE 1

Emergency Surgery

1.1  Principle Management of Trauma

Contents
1. Pathophysiology of shock and cardiovascular system
2. Hypothermia and heat exhaustion
3. Pathogenesis and physiology of compartment syndrome
4. Mechanism and pattern of injuries
5. Cellular response to radiation injuries
6. Immunization related to trauma
7. Metabolic response to injuries
8. Neuropathology and neurophysiology of CNS injuries
9. Pathogenesis of rhabdomyolysis

10. Pathophysiology of tension pneumothorax
11. Pathophysiology of cardiac tamponade
12. Near drowning; Respiratory pathophysiology
Objectives
1. Describe the anatomy, and physiology of all body systems af-

fected by trauma, including the initial functional evaluation of the:
a. Central nervous system
b. Cardiovascular system
c. Pulmonary system
d. Gastrointestinal system
e. Genitourinary system
f. Extremity function
g. Nutritional status

2. Review the anatomy, physiology, and pathology applicable to the
general management of trauma patients, including:

a. Central nervous system
b. Musculoskeletal system
c. Hand and forearm
d. Ear, nose, and throat
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e. Ophthalmology
3. Outline the basic techniques of evaluation and resuscitation of

trauma patients using the American College of Surgeons (ACS) Advanced
Trauma Life Support (ATLS) protocol.

4. Specify the trauma services needed for initial evaluation and re-
suscitation in the hospital setting.  Categorize appropriate pre-hospital or
emergency medicine system levels of care.

5. Discuss wound care management in the emergency department
and other settings. Outline the management of the following drains and
tubes:  nasogastric tube (NGT), urinary bladder catheter, chest tube (CT),
central venous line (CVL), arterial line (AL).

6. Explain the characteristics of basic surgical skill, including:
a. Sterile technique
b. Incisions
c. Wound closures
d. Knot tying
e. Handling of tissues
f. Selection and use of operating instruments
g. Universal precautions

7. Discuss the management of trauma involving the musculoskeletal
system, including the need for casts, splints, and traction.

8. Summarize basic critical care management principles.
9. Analyze pharmacological support for trauma, resuscitation, and

intensive care unit patients.
10. Identify the management principles for a trauma patient in the

intensive care unit.
11. Outline the factors associated with rehabilitation as they apply to

initial and early patient care.
12. Discuss the indications for, and the provision of, nutritional sup-

port for elderly patients sustaining trauma.
13. Outline the indications for such basic surgical procedures as:

a. Laparotomy
b. Debridement of injured tissues
c. Ultrasound
d. Medical antishock trousers  (MAST)
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e. HARE traction splint
f. Splinting
g. Diagnostic peritoneal lavage
h. Thoracotomy and thoracostomy
i. Hemorrhage control

14. Discuss the primary causes and mechanisms of injury in the fol-
lowing list that contribute to making trauma the fifth leading cause of death
in those aged 65 and older:

a. Falls
b. Motor vehicle crashes
c. Pedestrian injuries
d. Burns
e. Domestic abuse
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1.2 Initial Management of Thermal Injuries

Contents
1. Inhalation effect
2. Physiologic change from Fluid loss
3. Cardiologic effect from electrical burn
4. Metabolic assessment and energy expenditure calculation
Objectives
1. Review the epidemiology, prevention, and socioeconomic and

psychologic effects of burns.
2. Describe the histologic and functional anatomy of the skin, adn-

exa, and subcutaneous tissues.
3. Outline the physics and dynamics of thermal injury and the pro-

gression of tissue damage.
4. Assess the appearance of the burn wound in relation to its depth,

bacteriologic condition, healing potential, and requirement for intervention.
5. Review the criteria for adequate evaluation of a burned patient,

including historical aspects of the type of burn and subjective physical find-
ings.

6. Discuss an initial treatment plan for stabilization and fluid resus-
citation of a burned patient based on the above evaluation.

7. Describe the clinical factors necessitating immediate interven-
tion to preserve life, limb, and function (PS of compartment syndrome).

8. Outline the principles of burn shock, immunologic alteration, and
bacteriologic pathology of burned skin.

9. Define the çRule of Ninesé as it relates to total body surface area
of the burn.

10. Describe the relationship between burn depth and the degree of
the burn.
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11. Review the basic principles and controversies concerning the
management of the burn wound, and describe a clinical plan for its care.

12. Analyze the principles of systemic and local antibacterial agents
in the burn wound.

13. Explain the special circumstances created by electrical, chemi-
cal, and inhalation burn injury, and apply their relation to the management.

14. Describe the pathology and management of inhalation injury, not-
ing its relation to mortality, morbidity, and time course of patient recovery.

15. Explain the etiology and treatment of carbon monoxide poison-
ing.

16. Discuss the physics and pathology of the electrical burn and its
relation to associated organ injury, including:

a. Current
b. Entrance and exit wounds
c. Deep tissue involvement
d. Neurological injury
e. Vascular problems
f. Rhabdomyolysis

17. Review the indications for and contributions of physical and oc-
cupational therapy.

18. Describe the anatomy of the hand in relation to the specialized
requirements of management and rehabilitation of the burned hand.

19. Describe the indications, techniques for harvest, application, im-
mobilization, and care of split- and full- thickness skin grafts.

20. Explain the principles of wound contracture, and report desirable
and harmful effects of contracture on:

a. Initial management of the burn victim
b. Closure of the burn wound
c. Rehabilitation of the burn patient

21. Describe and explain the following terms:
a. Compartment syndromes
b. Burn eschar contraction
c. Fasciotomy and escharotomy incisions and techniques

22. Summarize the treatment of chemical burns to include pathol-
ogy, sources, decontamination, and management.
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23. Review and analyze the special circumstances, management, and
rehabilitation of burns in the pediatric patient.

24. Describe the indications for, and basic techniques of, plastic and
reconstructive intervention in the burn wound to alleviate:

 a. Scar contracture
 b. Underlying joint contracture
 c. Hypertrophic scar
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review in general surgery. In: OûLeary JP (ed). The Physiologic Basis of
Surgery (2nd ed). Baltimore: Williams and Wilkins, 1996;561-580.
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Oldham KT, Zelenock GB, Lillemoe KD (eds), Surgery: Scientific Prin-
ciples and Practice (2nd ed). Philadelphia: Lippincott-Raven, 1997;422-
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1.3 Shock: Differential Diagnosis and Resuscitation Management

Contents
1. Pathophysiology of shock
2. Type of shock
3. Molecular and cellular response to shock
4. Immunologic change (Innate and acquired)
5. Leucocyte endothelials interaction
6. Free radical formation
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7. Endocrine response
8. Bacterial translocation
9. Innovation in shock therapy

10. Fluid resuscitation
Objectives
1. Define shock, categorize it based upon type, explain the etiology

and pathophysiology of each type of shock:
a. Cardiogenic
b. Hypovolemic
c. Distributive (septic, anaphylactic, neurogenic, and adrenal in-

sufficiency mediated)
d. Obstructive (cardiac tamponade, tension pneumothorax, pul-

monary embolus)
2. Summarize the clinical presentation and hemodynamic param-

eters associated with each type of shock using clinical terms, such as heart
rate, respiratory rate, and blood pressure and filling pressures.

3. Propose an algorithm for diagnosing and initiating treatment for
each shock type.

a. Cardiogenic
b. Hypovolemic
c. Distributive (septic, anaphylactic, neurogenic, and adrenal in-

sufficiency mediated)
d. Obstructive (cardiac tamponade, tension pneumothorax, pul-

monary embolus)
4. Discuss the pathophysiology, including the mechanism of arrest,

for each of the following situations:
a. Acute myocardial infarction
b. Acute dysrhythmia
c. Congestive heart failure
d. Hypovolemic shock (blood loss, dehydration)
e. Burns
f. Hemorrhagic shock (non-traumatic)
g. Septic shock
h. Anaphylactic shock (envenomation, drug related)
i. Acute adrenal insufficiency
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j. Penetrating or blunt trauma
(1) Tension pneumothorax
(2) Pericardial tamponade
(3) Hemorrhagic shock

k. Hypothermia
l. Substance abuse
m. Electrical injury
n. Suffocation
o. Acute stroke

5. Explain the indications for and the pharmacokinetics of each of
the following drugs:

a. Lidocaine
b. Digoxin
c. Metoprolol
d. Diltiazem
e. Pronestyl
f. Amiodarone
g. Dopamine
h. Dobutamine
i. Adenosine (Adenocard)
j. Vasopressin
k. Nitroglycerin
l. Amrinone
m. Milrinone
n. Levophed
o. Phenylephrine
p. Epinephrine

6. Summarize the indication and appropriate technique for cardiac
support, pressors, and Circulatory Assist Devices (IABP, LVAD, RVAD).

7. Outline the signs and symptoms of acute airway obstruction and
define the appropriate intervention in adult and pediatric patients.

8. Outline the surgical housestaff role on the çcode team.é
9. Explain the physiological impact of mechanically assisted venti-

lation on the cardiovascular/respiratory system.
10. Analyze methods for initiating and maintaining ventilator/ wean-
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ing support.
11. Describe the indications and potential complications for the fol-

lowing surgical interventions:
a. Bag mask ventilation, endotracheal intubation (oral and nasal)
b. Cricothyrotomy
c. Thoracostomy tube
d. Central venous catheter
e. Peripheral vein cutdown
f. Arterial line
g. Pulmonary artery catheter
h. Diagnostic peritoneal lavage (DPL)
i. Resuscitative thoracotomy
j. Pericardiocentesis
k. Thoracentesis
l. Ultrasound
m. Wound exploration

12. Review the importance of serial physical examinations, hemody-
namic monitoring, and serial laboratory evaluations, including urine output
and lactic acidosis, in assessing patient response to specific resuscitation
treatment.

13. Outline the clinical and laboratory indications for transfusion of
the following blood products:

a. Packed red cells
b. Fresh frozen plasma
c. Platelets
d. Cryoprecipitate
e. Whole blood
f. Specific clotting factor concentrates (VIII, IX, XII)
g. Recombinant erythropoietin

14. Analyze the potential complications from use of the above prod-
ucts.

15. Older patients represent a special population, presenting key dif-
ferences in emergency situations.  Analyze and use examples to describe the
significance of the following characteristics that are more frequent in the
older patient:
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a. Vague, imprecise symptoms
b. Atypical disease presentation
c. Co-morbidity
d. Polypharmacy (multiple organ specific physician input)
e. Possibility of cognitive impairment
f. Diagnostic tests with different normal values (age adjustments

for normal values)
g. Likelihood of decreased functional reserve
h. Inadequate social support systems

16. Describe the role and indications (if any) for the following prod-
ucts in acute resuscitation:

a. Recombinant activated protein C
b. Hespan and similar products
c. Albumin

17. Assess the indications, guidelines, and potential complications
of the following cardiovascular drugs:

a. Dopamine
b. Dobutamine
c. Phenylephrine
d. Vasopressin
e. Epinephrine
f. Norepinephrine
g. Amrinone
h. Nitroglycerine
i. Esmolol
j. Nipride
k. Diltiazem

18. Analyze and explain factors involved in blood pressure overesti-
mation in the older patient (pseudohypertension, arteriosclerosis, arm size
cuff discrepancies).
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1.4 Acute Respiratory Failure

Contents
1. Definition
2. Cause and pathophysiology
3. Blood gas interpretation
4. Mechanical ventilator setting
5. Pathogenesis and physiology of ARDS
Objectives
1. To define acute respiratory failure condition by clinical assess-

ment and arterial blood gas interpretation.
2. To describe and differentiate cause of respiratory failure (Hypox-

emia and hypercarbia)  with pathophysiological approach.
3. To interpret and differentiate cause of respiratory failure by the

blood gas result with the use of the alveolar arterial (A-a)PO2 gradient, re-
sponse to a fraction of O2 in inspired air of 100% and other tools such as
nuclear scanning and echocardiography and echocardiography.

4. To be able to set the mechanical ventilator properly and choose
the appropriate mode, PEEP, Inspiratory to expiratory ratio and FiO2.

5. To detect and mange the patient with respiratory complication
from mechanical ventilator.

6. To define cause and manage properly of perioperative life threat-
ening respiratory problems.

7. To define definition, etiology, pathology, pathogenesis of acute
respiratory distress syndrome and pulmonary edema.
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Section VI Peri-operative Life Threatening Conditions.
Section XIV. Mechanical Ventilator; the Basics
Section XV. Complicated problems in Mechanical Ventilation.

Acute Cardiopulmonary Resuscitation

Contents
1. Pathophysiology of cardiac and pulmonary arrest
2. Pharmacologic properties of common drug used in CPR
3. CPR guideline
4. Physiologic change after cardiopulmonary resuscitation
5. EKG interpretation during CPR
Objectives
1. To describe the cardiac and pulmonary arrest and the chain of

survival (Part 3 in CPR 2005)
2. To describe and perform adult basic life support (Part 4 in CPR

2005)
3. To describe and perform Electrical therapies properly in cardiop-

ulmonary arrest patient (Part 5 in CPR 2005)
3.1 Automated external defibrillators
3.2 Defibrillation by monophasic or biphasic machine
3.3 Cardioversion
3.4 Pacing

4. To understand and describe the proper adjuncts for airway con-
trol and ventilation (Part 7.1 in CPR 2005)

4.1 Bag mask ventilation
4.2 Airway adjuncts
4.3 Advance airways and monitoring

5. To understand and perform advance cardiac life support properly
(Part 7.2 in CPR 2005)
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6. To describe the monitoring and medications before, during and
after arrest (Part 7.4 in CPR 2005)

6.1 Assessment of hemodynamics
6.2 Assessment of respiratory gases
6.3 Medications for cardiovascular support : epinephrine, vaso-

pressin, norepinephrine, dopamine, dobutamine, Inodilators (Inamrinone and
Milrinone), calcium, digitalis, nitroglycerin, sodium nitroprusside, sodium bi-
carbonate, diuretic)

7. To describe and perform proper postresuscitation support (Part
7.5 in CPR 2005)

8. Interpretation of malignant arrhythmia during cardiopulmonary
resuscitation and management properly. (Part 7.2 in CPR 2005)

8.1 Ventricular fibrillation/ Pulseless ventricular tachycardia
8.2 Asystole and pulseless electrical activity (PEA)

Reference
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ª√–‡∑»‰∑¬  Best Practice in Critical Care. Section V CPR: A practical
Way to the Best Practice.
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MODULE 2

Anatomy and Pathology

Categories
2.1 Skin and Adnexal Structures
2.2 Musculoskeletal system
2.3 Peripheral nervous system
2.4 Central nervous system
2.5 Urinary system
2.6 Reproductive system
2.7 Respiratory system
2.8 Cardiovascular system
2.9 Arterial Venous and Lymphatic system
2.10 Gastrointestinal
2.11 Hepatobiliary and pancreas
2.12 Endocrine
2.13 Hematopoietic system
Contents
1.1 Appreciate the location and relations of the component struc-

tures of the human body of general significance to the practice of Surgery.
1.2 Be able to recognise the appearance under light microscopy of

the tissues and organs of the human body, for the purpose of distinguishing
normal from pathological structure.

1.3 Appreciate how at the cellular and tissue level individual tissues
and organs are designed to subserve their physiological functions.

1.4 Appreciate how the structure of viscera is designed to subserve
their physiological functions.

1.5 Appreciate the function of the bones, muscles, joints, nerves and
vessels of the human body.

1.6 Appreciate how the anatomy of structures in the human body
relates to the pathology of those structures and their relations with respect to
the production of clinical signs and symptoms.

1.7 Understand the embryological basis of developmental abnormali-
ties of surgical importance, namely:
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a. The abnormal shape and location of organs,
b. The ectopic location of functioning tissues,
c. The aberrant course of vessels or other structure that may

give rise to clinical signs and symptoms or that may:
d. Constitute a hazard in the conduct of surgery,
e. Surgically reparable congenital abnormalities.

1.8 State, identify (in patients and in dissected specimens and in
photographs, radiographs and other facsimiles thereof), and distinguish cor-
rect from incorrect descriptions of the surface anatomy, morphology, rela-
tions, cellular and intra-cellular structure of the following structure or systems
and their components:

a. The eye
b. The inner ear
c. The middle ear
d. The external auditory meatus
e. The respiratory tract and lungs
f. The gastrointestinal tract including the mouth, salivary glands,

liver, biliary system and pancreas
g. The reticulo-endothelial system
h. The urinary tract
i. The male and female reproductive tracts and their associated

glands
j. The heart and pericardium
k. The pituitary, thyroid, parathyroid, and adrenal glands.
l. Explicitly excluded from this objective are the cartilages of

the nose and pinna, and the structure of teeth.
1.9 For each of the structures and systems listed in Specific Objec-

tive 1.8, state, explain and recognise, and distinguish correct from incorrect
descriptions of, how their morphological features are related to or subserve
their functions, and how their morphological features are related to manifes-
tations of disorders and diseases of those structures or systems.

1.10 State, identify (in patients and in dissected specimens and in
photographs, radiographs and other facsimiles thereof), and distinguish cor-
rect from incorrect descriptions of the course, surface anatomy, relations and
distribution of:
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a. The primary, secondary, tertiary and quaternary branches of
the aorta,

b. The primary branches of the cervical, brachial, lumbar and
lumbosacral plexuses,

c. The intercostal nerves and vessels,
d. The inferior and superior venae cavae and their primary, sec-

ondary, tertiary and quaternary tributaries,
e. The thoracic duct
f. The ophthalmic artery,
g. The cranial nerves,
h. The sympathetic trunk (including its segmental distribution).

1.11 For each of the structures listed under Specific Objective A10,
state and explain, recognise and distinguish correct from incorrect descrip-
tions of, how their morphological features relate to the manifestations of
diseases or disorders that may involve these structures, and how their fea-
tures relate to the practice of surgery on and around these structures.

1.12 State, recognise and distinguish correct from incorrect descrip-
tions of what can be demonstrated by electron microscopy and light micros-
copy of tissues and cells of the human body.

1.13 State, recognise in photomicrographs and facsimiles thereof,
and distinguish correct from incorrect descriptions of, the electron micro-
scopic appearance and morphology of the following components of an
archetypical human cell: the membrane, the nucleus and nuclear envelope,
and cytoplasmic organelles.

1.14 For each of the structures listed in Specific Objective 1.13, state
and distinguish correct from incorrect descriptions of the functions of each of
these structures.

1.15 State, identify in patients and in dissected specimens and in
photographs or other facsimiles thereof, and distinguish correct from incor-
rect descriptions of, plus state, recognise in photomicrographs and facsimiles
thereof, and distinguish correct from incorrect descriptions of, the character-
istic and distinguishing features, as seen by electron microscopy or light
microscopy, of the following tissues:

a. Bone,
b. Fibrous connective tissue,
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c. Fibrocartilage, elastic and hyaline cartilage,
d. Synovium, peritoneum, pleura and pericardium,
e. Blood cells and haemopoietic tissues,
f. Cardiac, smooth and skeletal muscle,
g. Peripheral nerves and their ganglia,
h. Adipose tissue,
i. Skin,
j. Blood vessels and lymphatics,

1.16 For all cells and tissues listed under Specific Objective A15,
state and distinguish correct from incorrect descriptions of how their micro-
scopic structure relates to or subserves their function.

1.17 State, identify in patients and in dissected specimens and in
photographs and other facsimiles thereof, and distinguish correct from incor-
rect descriptions of the components, location and clinical significance of
arterial anastomoses of the orbit, shoulder, elbow, thigh, knee, hand, foot,
chest wall and thoracic cavity, abdominal wall, thigh, pelvis, perineum and
gastro-intestinal tract.

1.18 State, identify in patients and in dissected specimens and in
photographs and other facsimiles thereof, and distinguish correct from incor-
rect descriptions of the components, location and clinical significance of
portal-systemic anastomoses and venous anastomoses that circumvent the
internal jugular vein, the superior vena cava and the inferior vena cava.

1.19 State, identify in specimens and in photographs, radiographs
and other facsimiles thereof, and distinguish correct from incorrect descrip-
tions of the bones of the skull, their named parts, their articulations, the
foramina, canals and other spaces they contain, and the structures that pass
through those foramina, canals and spaces.

1.20 State, identify in patients and in dissected specimens and in
photographs, radiographs and other facsimiles thereof, and distinguish cor-
rect from incorrect descriptions of the location, attachment, relations, actions
and functions of the skeletal muscles of the human body.

1.21 State, identify in patients and in dissected specimens and in
photographs, radiographs and other facsimiles thereof, and distinguish cor-
rect from incorrect descriptions of

a. The bones of the human body and their named features, in-
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cluding epiphyses,
b. The ossification of the hip, femur and elbow,
c. The shape and components of the joints of the human body,
d. The primary attachments, disposition and relations of the

named ligaments of the axial and appendicular skeletons and
jaw, (as named in the latest edition of the Nomina Anatomica),

e. The component parts of the ligaments of the knee, elbow and
ankle,

f. The disposition and attachments of the deep fasciae of the
arm, forearm, hand, thigh, leg, back and neck,

g. The location and attachments of the retinacula of the limbs,
h. The location and extent of the most common patterns of the

synovial sheaths of the wrist, hand ankle and foot.
Explicitly excluded from this objective are:

a. The ossification of bones other than those specified,
b. The component parts of the ligaments of the shoulder, wrist,

hand and foot,
c. The detailed structure of the intra-articular, capsular and re-

lated components of the interphalangeal, metacarpophalangeal,
metatarsophalangeal, carpometacarpal, tarsometatarsal, inter-
carpal and intertarsal joints,

d. The structure and disposition of the pulleys of the fibrous
flexor sheaths,

e. The fascial compartments of the foot.
1.22 For each of the structures listed under Specific Objective 1.21,

state and explain, recognise and distinguish correct from incorrect descrip-
tions of, how their structure subserves their functions and how it relates to
the manifestations of diseases and disorders involving these structures.8

1.23 State and distinguish correct from incorrect descriptions of the
three primary germinal layers of the embryonic disc and their ultimate de-
rivatives.

1.24 State, explain, recognise in patients and in dissected speci-
mens and in photographs, radiographs and in facsimiles thereof, and distin-
guish correct from incorrect descriptions of the following conditions and their
embryological basis:
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a. The ectopic location of glandular organs and tissues,
b. The malposition of viscera,
c. The duplication of viscera,
d. Anomalies of the aorta and its primary branches,
e. Aberrant arteries of the kidney and liver,
f. Atresia of the gastrointestinal tract,
g. Imperforate anus,
h. Tracheo-oesophageal fistula,
i. Fistulae between the alimentary, urinary and genital tracts,
j. Meckelûs diverticulum,
k. Cysts of the mesonephric and paramesonephric ducts and

their remnants,
l. Spina bifida and cystic defects of the spinal cord and dural

sac,
m. Cleft lip and cleft palate,
n. Hypospadias,
o. Septal defects of the heart,
p. Transposition of the great vessels,
q. Exomphalos,
r. Normal and abnormal channels in the diaphragm,
s. Abnormal size or shape of the genitalia.

Explicitly excluded from these objectives are:
a. The histogenesis of the central nervous system and special

sense organs - the ear, eye and nose,
b. The development of the limbs and their bones, joints, muscles

nerves and vessels,
c. Intra-uterine growth of the embryo and foetus,
d. The structure of the placenta,
e. The formation of the blastocyst and implantation,
f. The development of the neurocranium and viscerocranium,
g. The embryonic and post-natal development of teeth.

1.25 Describe, identify in dissected specimens and in photographs,
radiographs and facsimiles thereof, and distinguish correct from incorrect
descriptions of:

a. The topographical features of the brainstem and spinal cord,
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b. The lobes of the cerebral hemispheres,
c. The central sulcus, precentral and postcentral gyri, the parieto-

occipital sulcus and calcarine sulcus,
d. The cortical areas responsible for motor control, sensation,

vision, hearing and eye movements,
e. The light microscope appearance of typical neocortex,
f. The macrostructure and relations of the basal ganglia,
g. The topographical anatomy of the thalamus, metathalamus,

hypothalamus and epithalamus,
h. The topographical anatomy of the limbic system,
i. The location and functions of the nuclei and central connec-

tions of the cranial nerves,
j. The course and distribution of the anterior, middle and poste-

rior cerebral, basilar and vertebral arteries and their primary
branches,

k. The structure, disposition and connections of the dural venous
sinuses,

l. Explicitly excluded from this objective is the internal venous
drainage of the central nervous system.

1.26 In terms of the nuclei, tracts and nerves involved, state and
distinguish correct from incorrect descriptions of, and apply to the solution of
clinical problems, the neural pathways and connections responsible for

a. Vision
b. Hearing
c. Balance
d. Taste
e. Salivation
f. Nociception
g. Touch
h. Vibration
i. Proprioception
j. The blink reflex
k. The gag reflex
l. Head-turning
m. Conjugate gaze
n. Optokinetic pursuit
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Explicitly excluded from this objective are
a. The neural networks of the retina
b. The inner ear and the central connections of the vestibular

and cochlear nerves
c. The olfactory tract

1.27 State, distinguish correct from incorrect descriptions of, and
apply to the solution of clinical problems, the origin, disposition and connec-
tions of

a. The pyramidal tract
b. The medial, lateral and dorsal reticulospinal tracts
c. The lateral and medial vestibulospinal tracts
d. The tectospinal tract

1.28 State, distinguish correct from incorrect descriptions of, and
apply to the solution of clinical problems, the connections, pathways and
functions of the cortical, spinal and vestibular loops of the cerebellum.

1.29 State, distinguish correct from incorrect descriptions of, and
identify in dissected specimens and in photographs and facsimiles of speci-
mens, the microscopic and macroscopic structure, attachments, relations,
blood supply and nerve supply of the meninges of the skull and spinal cord.

2.1. Extrapolate from normal structure and function, together with a
knowledge of hereditary and environmental influences, how the body is af-
fected by these with the production of any combination of consequences
which are essentially:

a. Passive and degenerative and/or
b. Reactive and/or
c. Neoplastic;

2.2. Understand the molecular biological bases and the structural/
functional manifestations of these processes in general and in particular in
common disease processes; understand the principles of statistical analysis
in biology

Objectives by Categories
2.1 Skin and Adnexal Structures

1. To know Normal anatomy, histopathology and physiology of
skin

2. To know Physiology of sweat gland and other skin appendage
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3. To know Skin crease pattern
4. To understand Blood supply of skin

2.2 Musculoskeletal system
1. To know Surface anatomy related to skin incision
2. To know Physiology of Bone formation and metabolism
3. To know Physiology of muscle

2.3 Peripheral nervous system
1. To classify Degree of nerve injuries
2. To know Nerve regeneration
3. To know Anatomy and physiology of peripheral nerve ending

2.4 Central nervous system
1. To understand Pathophysiology of intracranial pressure
2. To understand Motor and sensory control
3. To understand Autonomous nervous system
4. Can explain CSF Physiology and pathway
5. To understand Brain function related to vital organ

2.5 Urinary system
1. To explain Excretory function and physiology
2. To understand Endocrine function (renin- angiotensin)
3. Can explain the Normal urination system

2.6 Reproductive system
1. To understand Normal cycle of menstruation
2. To know Embryology of urogenital system
3. To know Anatomy of urethra

2.7 Respiratory system
1. To understand Respiratory mechanism
2. To know Anatomy of respiratory system
3. Can explain Ventilation and perfusion physiology

2.8 Cardiovascular system
1. To know Anatomy of heart chamber and valve
2. To know Cardiac function
3. Can interpret Basic EKG
4. To explain Physiologic AV shunt

2.9 Arterial Venous and Lymphatic system
1. To explain Arterial supply and venous drainage
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2. To know Normal lymphatic drainage and composition
2.10 Gastrointestinal

1. Can classify Abdominal cavity fluid
2. To know Composition of GI secretion
3. To understand Physiology of GI absorption
4. To understand Physiology of GI digestion
5. To understand Physiology of excretion
6. To know GI tract hormone

2.11 Hepatobiliary and pancreas
1. To understand Liver function
2. To understand Pancreatic function
3. To explain Enterohepatic circulation (portal system, hepatic

system)
4. To know biliary system (intra and extrahepatic)

2.12 Endocrine
1. To understand Stress hormone and its function
2. To know Carbohydrate and lipid metabolism and control
3. To understand Pituitary and adrenal axis

2.13 Hematopoietic system
1. To understand Physiology and anatomy of spleen
2. To understand Physiology of hematopoietic system

Reference

1. Skandalakisû Surgical Anatomy 2004
2. Schwartz 8th edition
3. Gray Anatomy
4. Robbins: Pathologic Basis of Disease 5th ed. (WB Saunders).
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MODULE 3

Physiologic Change and Patient Assessment

Categories
1. Wound Healing
2. The bodyûs response to surgery
3. Fluid electrolyte and acid-base homeostasis
4. Nutritional support
5. Hemostasis and transfusion therapy

3.1 Wound Healing

Objectives
1. Understanding tissue injury  and response.
2.  To describe wound healing phases
3.  To describe abnormal wound healing
4.  Differentiate hypertrophic scars and keloids
Contents
1. To describe and understanding tissue injury and response of body

to these insult as well as differentiate among of primary, secondary and
tertiary repair.

2. To describe of four phase of wound healing phases
a. To understand the role of immuno-inflammatory response (PMN,

Macrophages and lymphocyte) and cytokine in inflammatory  phase of wound
healing.

b. To describe the processes of angiogenesis, fibroplasias, epi-
thelization and extracellular matrix formation including collagen structure,
elastic fiber, glycoaminoglycans and proteoglycans in proliferative phase as
well as the important role of cytokines response in each stage.

c. To describe the important role and pathogenesis of wound
contraction in maturational phase.

3. To describe abnormal wound healing and factors that inhibit wound
healing and chronic nonhealing wound.

4. To differentiate between hypertrpphic scars and keloids.



¿“§ºπ«°782

Reference

1. Sabiston Textbook of Surgery, The Biological Basis of Modern Surgi-
cal Pracitce. 17th edition. Chapter 8 Wound Healing.

3.2 The Bodyûs Response to Surgery

1. Demonstrate an understanding of the metabolic basis of substrate
utilization and the disease states caused by specific alterations in intermedi-
ary metabolism.

2. Demonstrate the ability to apply this understanding of meta-
bolism by integrating it with direct application to the management of pa-
tients.

Section 1:  Energy
1. Describe the principles of energy conversion to mechanical

work and the efficiency of energy conversion and thermal balance.
2. Define basic energy units such as the calorie and the kilocalo-

rie.
3. Discuss the routes of heat loss and their relationship to energy

balance.
4. Relate oxygen consumption and carbon dioxide production to

thermogenesis, energy production, and measurement of energy balance by
indirect calorimetry.

5. Explain the respiratory quotient, its usefulness in determining
substrate utilization patterns, and its relationship to respiratory function.

6. Define basal and resting metabolic rates and their relationship
to body weight, size, age, and sex.

7. Predict daily energy requirements using metabolic rate equa-
tions.

8. Discuss the effects of ambient temperature, injury, burn, infec-
tion, pain, fear, anxiety, and starvation on energy requirements.

9. Integrate the above knowledge with prediction equations to
estimate metabolic demands of critically-ill patients (e.g., the Harris-Benedict
Equation).

10. Discuss how different substrates (carbohydrates, fats, and pro-
teins) contribute to specific disease processes.
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Section 2:  Temperature and Fuel Homeostasis
1. Describe how the brain controls body temperature and alters

temperature set point in response to stress and other factors.
2. Describe the mediators that influence temperature set point

and the febrile response; explain their relation to changes in oxygen con-
sumption.

3. Explain the differences between endogenous, exogenous, and
bacterial pyrogens. Summarize their relation to post-traumatic fever and other
disease processes resulting in fever.

Section 3:  Hormonal Control of Body Fuels
1. Identify the hormones responsible for storage and mobilization

of energy. Describe their effects.
2. Explain the metabolic effects of glucagon and insulin on pro-

tein, fat, and carbohydrate metabolism.
3. Explain the effects of catecholamine release during stress and

the results of these effects on metabolism of glucose, fat, and protein as well
as heat production.

4. Summarize the causes of negative nitrogen balance following
injury, and explain the role of glucocorticoids on protein metabolism.

5. Discuss the systemic effects of corticosteroids on the bodyûs
response to injury and infection.

6. Describe the function of growth hormone and thyroid hormone
as anabolic or catabolic mediators.

Section 4:  Intermediary Metabolism
1. Explain the processes involved in carbohydrate metabolism,

including glycogen synthesis and degradation, glycolysis, and gluconeogen-
esis.

2. Summarize the following metabolic processes:
a. Protein synthesis and degradation
b. Role of alanine and glutamate in deamination
c. Urea cycle

3. Explain the metabolism of lipids, including:
a. Synthesis
b. Catabolism
c. Formation of ketone bodies
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d. Role of the tricarboxylic acid cycle
4. Describe the role of macrophages and cytokines in response to

stress and metabolism.
5. Summarize the metabolic responses to short-term starvation

that maintain euglycemia.
6. Identify the changes in fuel oxidation and substrate utilization

that occur during fasting.
7. Describe the alanine and Cori cycles, and relate them to alter-

ations in renal, hepatic, and cardiopulmonary function during adaptation to
long-term starvation.

8. Explain the routes of nitrogen loss during starvation, injury
and infection. Describe the effects of glucose, fat, and protein on nitrogen
metabolism in these situations.

9. Describe the changes in body composition that occur with:
a. Bed rest
b. Complicated and uncomplicated operations
c. Trauma
d. Sepsis

10. Explain how protein metabolism is affected by hormonal regu-
lators. Summarize its relationship to oxygen consumption, temperature regu-
lation, and energy balance.

11. Summarize the hormonal regulation of gluconeogenesis after
trauma and during critical illness.

12. Describe the caloric contribution of endogenous substrates,
and analyze the association between tissue loss and weight loss.

13. Compare the differences between the alterations in interme-
diary metabolism occurring with hypothermia and intense exercise with those
in trauma, infection, and prolonged critical illness.

Section 5:  Implications for the Elderly Patient
1. Describe the changes in calorie requirements, basal metabolic

rate, and fat stores in elderly patients.
2. Discuss impaired glucose tolerance and renal excretion in the

elderly patient.
3. Name specific vitamin and mineral deficiencies in older people

and their causes and effects.
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4. Describe the problem with decreased total body water and its
impact in the elderly patient.

5. What is the prevalence and cause of protein-calorie malnutri-
tion in the geriatric population; what is the impact on abdominal surgery?

6. How does the temperature set point differ in elderly patients,
and how does the presentation of peritonitis differ?

Reference

1. Amaral JF, Caldwell MD. Metabolic response to starvation, stress, and
sepsis. In: Miller TA (ed), Modern Surgical Care: Physiologic Founda-
tions and Clinical Applications (2nd ed). St. Louis: Quality Medical
Publishing, Inc., 1998;1-37.

2. Civetta JM, Taylor RW, Kirby RR. Critical Care (3rd ed). Philadelphia:
Lippincott-Raven Co., 1997.

3. Rosenthal RA, Andersen DK. Physiologic considerations in the elderly
surgical patient. In: Miller TA (ed), Modern Surgical Care: Physiologic
Foundations and Clinical Applications (2nd ed). St. Louis: Quality
Medical Publishing, Inc., 1998;1362-1384.

4. Souba WW, Austen WG, Jr., Nutrition and metabolism. In: Greenfield
LJ, Mulholland M, Oldham KT, Zelenock GB, Lillemoe KD (eds), Sur-
gery: Scientific Principles and Practice (2nd ed). Philadelphia:
Lippincott-Raven, 1997;42-66.

3.3 Fluid Electrolyte and Acid-Base Homeostasis

Fluid and Electrolyte Homeostasis
1. Demonstrate an understanding of normal fluid and electrolyte

homeostasis.
2.  Demonstrate the ability to maintain homeostasis by recogniz-

ing and correcting fluid and electrolyte derangements.
Acid- Base Homeostasis

1. Demonstrate an understanding of the biochemistry and physi-
ology of acid-base homeostasis.

2. Demonstrate the ability to diagnose and effectively treat com-
plex disorders of acid-base balance.
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Fluid and Electrolyte Homeostasis
1. Describe body water volumes and distribution.
2. Indicate the normal electrolyte distribution of cell water and

extracellular fluid to include the following:
a. Sodium e. Calcium
b. Potassium f. Magnesium
c. Chloride g. Phosphate
d. Bicarbonate

3. Outline the normal electrolyte content of body fluids such as
blood, extracellular fluid (ECF), urine, saliva, gastric juice, bile, and pancre-
atic fluid.

4. Identify water and electrolyte changes in response to various
stress situations such as:

a. Diseases, including trauma and burns
b. Operative therapy
c. Non-operative therapy

5. Analyze water and electrolyte disorders affecting the hospital-
ized elderly by discussing the etiology and treatment of such conditions as:

a. Water overload
b. Plasma volume depletion
c. Changes in serum sodium levels
d. Changes in serum potassium levels

6. Describe the role of the following hormones in fluid and elec-
trolyte homeostasis:

a. Vasopressin (ADH) e. Steroids
b. Renin f. Adrenocorticotrophic hormone
c. Angiotensin  (ACTH)
d. Aldosterone

7. Apply the physiology of water and sodium imbalance to the
following:

a. Salt and water depletion (depletion of extracellular fluid vol-
ume [ECFV])

b. Salt and water excess (expansion of ECFV)
c. Hyponatremia (hypo-osmolarity)
d. Hypernatremia (hyperosmolarity)
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8. Explain the treatment for water and sodium imbalance, in-
cluding the use of and complications from diuretics and fluid restrictions.

9. Summarize normal potassium physiology, the causes and con-
sequences of depletion and excess, and the treatment for potassium imbal-
ance.

10. Discuss the complexities of calcium, phosphorus, and magne-
sium excesses and deficiencies in such situations as:

a. Metastatic breast cancer
b. Hepatic failure
c. Hyperparathyroidism
d. Milk-alkali syndrome
e. Eclampsia

11. Illustrate treatments for high or low calcium, phosphorus, and
magnesium in the instances listed directly above.

12. Discuss the changes that affect water and sodium regulation,
related to patient age and renal maturity, to include:

a. Concentrating ability
b. ADH secretion
c. Ability to conserve sodium
d. Secretion of atrial natriuretic peptide

13. Outline the pathophysiology of fluid and electrolyte problems
in cardiac, aortic, and peripheral revascularization, including reperfusion in-
jury.

Acid- Base Homeostasis
1. Explain hydrogen ion biochemistry and physiology to include:

a. The Henderson-Hasselbalch equation
(1) Ventilatory component (pCO2)
(2) Renal component (HCO3-)

b. Hydrogen ion production and disposal
c. Buffering systems

(1) Acute (bicarbonate)
(2) Chronic (bone, renal, and pulmonary)

2. Relate the biochemistry of membrane gas exchange using the
example of gases exchanging over the alveolar/capillary interface.

3. Explain the physiology of hydrogen ion production and renal ex-
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cretion of hydrogen ions.
4. Describe renal bicarbonate reabsorption and regeneration.
5. Summarize the contributions of the skeleton, kidneys, and lungs

in maintaining a normal pH.
6. Classify metabolic acidosis, including çanion gapé and

hyperchloremic acidosis.
7. Identify specific causes of metabolic acidosis.
8. Given values for pH, pCO2, and HCO3-, distinguish between com-

pensated and uncompensated metabolic acidosis, respiratory acidosis, meta-
bolic alkalosis, respiratory alkalosis, and mixed abnormalities; derive a differ-
ential diagnosis for each.

9. Explain age-associated changes that may occur in certain respi-
ratory and renal regulatory processes that are known to maintain normal pH.
How does aging affect:

a. Ability to hyperventilate in response to acute metabolic acido-
sis

b. The kidneyûs response to an acid load (Describe recovery of
the blood pH.)

10. List disorders, common in elderly patients, that contribute to
acid-base disturbances.  Explain the mechanisms that can lead to acid-base
disturbances associated with:

a. Heart failure
b. Anemia
c. Sepsis
d. Renal disease
e. Pulmonary disease
f. Diabetes mellitus

11. Identify specific acid-base disturbances in elderly patients caused
by such frequently used drugs as:

a. Salicylates
b. Diuretics
c. Laxatives

12. Relate metabolic alkalosis to the following:
a. Chloride-responsive alkalosis
b. Chloride-resistant alkalosis
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c. Paradoxic aciduria
13. Predict the importance of primary diseases and their complica-

tions to the evaluation of patient risk for:
a. Shock
b. Bowel obstruction
c. Sepsis

14. Analyze the acid-base problem and its cause in specific clinical
situations, and determine an appropriate course of therapy for the following
conditions:

a. çMedicalé problems such as:
(1) Diabetic ketoacidosis (4) Renal insufficiency
(2) Lactic acidosis (5) Respiratory failure
(3) Renal tubular acidosis

b. çSurgicalé problems such as:
(1) Pyloric stenosis
(2) Gastric outlet obstruction
(3) Fistulas
(4) Ureteroileal conduit
(5) Shock

15. Why are disturbances of acid-base balance common in elderly
patients? Explain by discussing the implications of:

a. Impaired homeostatic mechanisms
b. High prevalence of drug use and disease

16. Summarize the adverse effects of acid-base disturbances on the
following body systems:

a. Central nervous system / intracranial pressure
b. Renal physiology
c. Pulmonary physiology

Reference

1. Brandt MM, Bessey PQ. Electrolyte disorders. In: Cameron JL (ed),
Current Surgical Therapy (6th ed). St. Louis: Mosby, 1998;1115-1121.

2. Fabri PJ. Fluid and electrolyte physiology and pathophysiology. In:
Miller TA (ed), Modern Surgical Care: Physiologic Foundations and
Clinical Applications (2nd ed). St. Louis: Quality Medical Publishing,
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Inc., 1998;38-53.
3. Fenves AZ, Emmett M. Fluids and electrolytes. In: OûLeary JP (ed),

The Physiologic Basis of Surgery (2nd ed). Baltimore: Williams and
Wilkins, 1996;75-83.

4. Glynn L, Meyer A. Fluid and electrolyte therapy. In: Cameron JL (ed),
Current Surg Therap (6th ed). St. Louis:Mosby, 1998;1057-1062.

5. Wait R, Kahng KU, Dresner LS. Fluids and electrolytes and acid-base
balance. In: Greenfield LJ, Mulholland M, Oldham KT, Zelenock GB,
Lillemoe KD (eds), Surgery: Scientific Principles and Practice (2nd ed).
Philadelphia: Lippincott-Raven, 1997.

3.4 Nutritional Support

Objectives
1. Demonstrate a working knowledge of the methods of nutritional

assessment and routes of nutritional support.
2. Demonstrate an understanding of the metabolic consequences of

surgical disease and the need for nutritional support.
3. Demonstrate an understanding of the unique nutritional concerns

for specific clinical conditions.
Contents
1. Discuss risk factors contributing to malnutrition in the hospital-

ized patient, including:
a. Low nutritional reserve
b. Extensive preoperative studies
c. Lack of oral (PO) intake secondary to underlying disease
d. High stress conditions

2. Summarize the characteristics of the indicators for nutritional as-
sessment, including:

a. Weight loss greater than 10% of body weight
b. Serum albumin less than 3.4 gm/dl
c. Impaired immunologic response: anergic response and total

lymphocyte count (TLC) less than 1,500/cc
d. Specific physical signs

3. Analyze methods of nutritional assessment using:
a. Pertinent history
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b. Anthropomorphic measurements
c. Laboratory measurements
d. Immunologic measurements

4. Analyze and be prepared to explain potential problems associated
with primary nutritional problems affecting older people, including:

a. Protein-energy undernutrition
b. Vitamin deficiencies
c. Trace mineral deficiencies
d. Obesity

5. Explain methods of calculating energy requirements, including:
a. Simple estimate (resting: 20 kcal/kg-d; moderate stress: 30 kcal/

kg-d; severe stress: 40 kcal/kg-d)
b. Harris-Benedict Equation
c. Nitrogen balance
d. Basal metabolic cart

6. Analyze the metabolic responses to starvation and stress/trauma.
7. Provide general guidelines for determining nutritional composi-

tion:
a. Non-protein calorie to protein ratio
b. Protein requirements
c. Carbohydrate/fat balance
d. Ventilation issues (effect on respiratory quotient)

8. Summarize factors that can lead to problems in elderly patients,
resulting from effects of mild vitamin deficiencies, especially in those institu-
tionalized elderly patients that are associated with:

a. Cognitive impairment
b. Poor wound healing
c. Anemia
d. Bruising
e. Increased risk of infections
f. Increased risk of developing certain cancers

9. Discuss the indications, contraindications, and benefits of enteral
feedings:  describe sites of delivery and potential complications and their
treatment.

10. Discuss the indications, contraindications, and disadvantages of
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parenteral feeding; describe the details of initiating total parenteral nutrition
(TPN), monitoring delivery, and managing potential complications.

11. Summarize content and rationale for special formulations used in
patients with:

a. Congestive heart failure d. Respiratory failure
b. Liver failure e. Glucose intolerance
c. Renal failure

12. Explain recent advances in surgical nutrition, including:
a. Role of glutamine c. Growth factors
b. Role of arginine d. Omega-3 fatty acids

13. Analyze the potential implications of nutritional deficiencies in
certain disease states, and define the role of nutritional components in pre-
venting acquired and malignant disease.

14. The following examples are conditions that can result from pro-
tein-energy undernutrition.  Discuss the significance of each to the elderly
surgical patient:

a. Cognitive dysfunction c. Pressure sores
b. Decreased muscle strength d. Altered thyroid function

Reference

1. Bower RH. Nutrition support in the surgical patient. In: Cameron JL
(ed), Current Surgical Therapy (6th ed). St. Louis: Mosby, 1998;1062-
1067.

2. Buechter KJ, Byers PM. Nutrition and metabolism. In: OûLeary JP (ed),
The Physiologic Basis of Surgery (2nd ed). Baltimore: Williams and
Wilkins, 1996;100-117.

3. Goldstein R. Nutrition and aging. In: Adkins RB, Jr., Scott HW, Jr.
(eds), Surgical Care for the Elderly (2nd ed). Philadelphia: Lippincott-
Raven Publishers, 1998;117-130.

4. Sax HC. Nutrition support in the critically ill. In: Cameron JL (ed),
Current Surgical Therapy (6th ed). St. Louis: Mosby, 1998;1143-1045.

5. Souba WW, Austen WG, Jr., Nutrition and metabolism. In: Greenfield
LJ, Mulholland M, Oldham KT, Zelenock GB, Lillemoe KD (eds), Sur-
gery: Scientific Principles and Practice
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3.5 Hemostasis and Transfusion Therapy

Objectives
1.  Demonstrate knowledge of the physiology of hematopoiesis and

the cellular constituents of blood.
2.  Demonstrate an understanding of how common hematologic dis-

orders affect the surgical patient.
3.  Demonstrate an understanding of the normal and abnormal mecha-

nisms of hemostasis, coagulation, and fibrinolysis.
4.  Demonstrate a familiarity with hypercoagulable states and their

implications for care of surgical patients.
5.  Demonstrate an understanding of transfusion therapy, its indica-

tions, and potential complications.
Contents
Section One:  Blood Physiology
1. Describe the fundamental components of hematopoiesis, includ-

ing the development of lymphocytes and hematopoietic cells from multipotent
cells.

2. Discuss the structure, function, production, and degradation of
hemoglobin.

3. Discuss the structure, function, lifespan, metabolic activity, and
degradation of red blood cells (RBCûs).

4. Outline and compare the common congenital and acquired ane-
mias, such as those associated with:

a. Decreased RBC production
b. Excessive RBC destruction, including hemoglobinopathies

5. Briefly discuss polycythemia and implications for surgical patients.
6. Describe hemoglobin S disease (sickle cell disease), and under-

stand the implications of this and related disorders for surgical management.
7. Discuss the fundamental roles of the following in inflammation,

immune response, and infection:
a. Granulocytes (polymorphonuclear leukocytes [PMNûs], basophils,

eosinophils)
b. Lymphocytes
c. Monocytes
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8. Discuss platelet production and physiology, and relate these to
common problems such as autoimmune thrombocytopenia (ITP).

9. Discuss the effect of common drugs on hemostasis.
Section Two:  Hemostasis, Coagulation, and Fibrinolysis
1. Discuss the phases of normal hemostasis, including:

a. Primary hemostasis (vasoconstriction and platelet aggregation/
activation)

b. Secondary hemostasis (activation of the coagulation cascade
and formation of a fibrin clot).

2. Categorize the fundamental cellular and molecular events involved
in platelet activation.

3. Identify and describe the endogenous procoagulants and antico-
agulants in blood.

4. Diagram the intrinsic, extrinsic, and common coagulation path-
ways and their sites of activation.

5. Describe and explain the delicate interaction of the following forces
in the control of coagulation:

a. Blood flow c. Thrombomodulin
b. Endothelium d. Fibrinolysis

6. Discuss indications for and methods of conducting common tests
of coagulation and hemostasis, such as:

a. Partial-thromboplastin time (APTT)
b. Prothrombin time (INR)
c. Thrombin time
d. Bleeding time
e. Platelet aggregation studies

7. Indicate the mode of action and site of action for the following
common drugs affecting blood clotting:

a. Heparin
b. Coumadin
c. Aspirin and other non-steroidal anti-inflammatory drugs

(NSAIDûs)
8. Identify congenital coagulopathies and summarize considerations

made in the diagnosis and management in patients with these disorders
undergoing elective surgery.



(©∫—∫√à“ß) À≈—° Ÿµ√«‘∑¬“»“ µ√åæ◊Èπ∞“π∑“ß»—≈¬»“ µ√å √“™«‘∑¬“≈—¬»—≈¬·æ∑¬å·Ààßª√–‡∑»‰∑¬ 795

9. Identify and discuss pathophysiology and the management of com-
mon acquired disorders of coagulation (coagulopathies) associated with stress,
trauma, surgery, and co-morbid disease, including:

a. Disseminated intravascular coagulation (DIC)
b. Dilutional thrombocytopenia
c. Mechanical circulation
d. Vitamin K deficiency
e. Uremia
f. Liver failure
g. Hypothermia

10. Differentiate between the features, diagnosis, and management
of the known hypercoagulable states, including:

a. Protein C deficiency
b. Protein S deficiency
c. Antithrombin III deficiency
d. Antiplatelet antibody production
e. Factor V Leiden

11. Discuss various aspects of pharmacologic therapy to modify he-
mostasis, including:

a. Agents which affect platelet function
b. Heparin
c. Coumarin-type drugs
d. Hirudin
e. Epsilon aminocaproic acid and other antifibrinolytic agents

12. Describe methods to reverse or modify the activities of heparin
and coumarin-type drugs.

13. Discuss management of the anticoagulated patient referred for
elective surgery.

14. Discuss fibrinolytic therapy, indications and complications.
Section Three:  Transfusion Therapy
1. Discuss the clinical and economic rationale for blood component

transfusion therapy.
2. Briefly describe the method of preparing, handling, and use of

additives for the following blood components:
a. RBCûs d. Cryoprecipitate
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b. Platelets (PLTûs) e. Granulocytes
c. Fresh frozen plasma (FFP) f. Factor concentrates

3. Point out the indications for blood component transfusion at your
hospital consistent with.

1. Understand the elements of informed consent for blood trans-
fusion.

2. Discuss factors that influence the decision to transfuse.
4. Explain the principles of blood typing and transfusion therapy,

including indications and complications to include the following:
a. Major and minor blood group antigens and their laboratory

evaluation
b. Blood components and indications for transfusion
c. Risks of transfusion, diagnosis, and therapy of transfusion com-

plications
d. Indications for and methods of autotransfusion and autologous

blood donation
e. Complications resulting from blood transfusion, including rela-

tive risk of viral infections
5. Explain the significance of the following:

a. Major and minor blood group antigens
b. Role of autoantibodies
c. Difference between blood screening, typing, and compatibility

testing
6. Discuss cardinal features of the following immediate transfusion

reactions, including their diagnosis and management:
a. Febrile
b. Allergic
c. Hemolytic

7. Assess the incidence and risk of transfusion-related infections
such as:

a. Acquired Immune Deficiency Syndrome (AIDS)
b. Cytomegalovirus (CMV)
c. Hepatitis

8. Define the methods, indications, and benefits of autologous blood
donation.

9. Illustrate the application of erythropoietin, granulocyte-colony stimu-
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lating factor, and similar agents to the surgical patient with co-morbid dis-
ease.

10. Explain the mechanics, application, and limitations of intraopera-
tive autotransfusion.

11. Describe indications for DDAVP in patients with coagulation dis-
orders.

Reference

1. Bell WR, Braverman PE. Abnormal operative and postoperative bleed-
ing. In: Cameron JL (ed), Current Surgical Therapy (6th ed). St. Louis:
Mosby, 1998;1086-1091.

2. Colman RW, Hirsh J, Marder VJ, et al. (eds). Hemostasis and Throm-
bosis: Basic Principles and Clinical Practice (4th ed). Philadelphia:
Lippincott Williams & Wilkins, 2001.

3. Jackson MR, Clagett GP. Hemostasis and thrombosis in the surgical
patient. In: Miller TA (ed), Modern Surgical Care: Physiologic Founda-
tions and Clinical Applications (2nd ed). St. Louis: Quality Medical
Publishing, Inc., 1998;173-196.

4. Scott-Conner CEH, Rock WA, Jr, Spence R, et al. Hemostasis, throm-
bosis, hematopoiesis, and blood transfusion. In: OûLeary JP, Capote
LR (eds). The Physiologic Basis of Surgery (3rd ed). Philadelphia:
Lippincott Williams and Wilkins, 2002.
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MODULE 4

Surgical Immunology, Organ Transplantation

and Oncology

Categories
4.1 Surgical immunology
4.2 Organ transplantation
4.3 Oncology

4.1 Surgical Immunology

Objectives
1. Understanding of general immunological principles and their ap-

plication to surgical practice.
2. Understanding of the principles of care for patients with abnormal

immune function who are undergoing general surgery procedures.
3. Understanding of the emerging field of molecular biology and the

novel immune therapies having potential application to clinical surgery.
Contents
Section One:  General Immunologic Principles
1. Describe the basic concepts of the human immune system, in-

cluding:
a. Cells involved in host defense
b. Central roles of lymphocytes and macrophages
c. Their derivation from pluripotent stem cells

2. Summarize the major activities of the macrophage, its products of
secretion, and its role as the antigen-presenting cell (APC).

3. Describe the ontogeny, function, and role in cellular immunity
and graft rejection of the T-lymphocyte; demonstrate understanding of the T-
cell receptor and its interaction with the human leukocyte antigen (HLA)
complex.

4. Summarize the events in T-cell activation, including the roles of
CD4+ and CD8+ cells and the release of involved interleukins.

5. Explain the development, differentiation, and function of B-lym-
phocytes in the formation of  antibodies; outline and describe the functional
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anatomy of an immunoglobulin molecule.
6. Describe the immune functions of the spleen, liver, thymus, and

bone marrow; summarize the impact of their manipulation on the immune
system.

7. Describe immunological changes which occur in the elderly pa-
tient compared to a younger patient.

Section Two:  Defenses Against Infection
1. Describe the resident flora, mechanical barriers, local hormones,

and chemicals of the epithelium in the following tracts involved in the bodyûs
defenses against infection:

a. Gastrointestinal
b. Respiratory
c. Genitourinary

2. Describe the bodyûs response to infection when:
a. There has been no prior antigenic contact
b. There has been prior contact

(1) Passive and active immunization
(2) T-cell memory activation

3. Explain the therapeutic and prophylactic roles of intravenous im-
munoglobulin and viral vaccines.

4. Distinguish between several known congenital and acquired im-
munodeficiency states, including sepsis and severe burns.

5. Describe tests of cellular immune integrity, including skin and
laboratory tests of lymphocyte function.

Section Three:  Clinical Immunology
1. Describe the mechanism of action and potential side effects of

current immunosuppressive agents; state the rationale for their use and tim-
ing in transplantation and in other medical applications:

a. Prednisone
b. Cyclosporine
c. Azathioprine
d. Tacrolimus (FK5O6)
e. Mycophenolatemofetil (RS6144)
f. Monoclonal antibody (Moab) use for induction

2. Differentiate between agents used to treat acute transplant rejec-
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tion:
a. Steroids
b. Radiation therapy
c. Poly- and mono- clonal antibodies

3. Summarize the role and preparation of monoclonal antibodies in
the treatment of neoplastic lesions.  Describe their application to clinical
pathology and diagnostic and therapeutic oncology. Describe side effects
and their treatment.

4. Explain the preparation, quality control, and application of polyclonal
antibodies. Describe side effects and their treatment.

5. Outline an approach to the management of infection in
immunocompromised patients resulting from:

a. Iatrogenic immunosuppression secondary to drugs
b. Natural immune deficiency states
c. Impaired immunity secondary to cancer

6. Formulate a plan for management of immunosuppression in pa-
tients with severe surgical morbidity or complications.

Section Four:  Trends in Immunology and Molecular Biology
1. Recognize new and investigational immunosuppressive drugs used

for nontransplant medical conditions.
2. Summarize the current rationale and clinical status of novel onco-

logic treatments using biologic modifiers and immunomodulation; analyze
their potential limitations and side effects.

3. Explain the manipulation of gene transplantation and describe
several clinical applications currently being investigated.

4. Discuss the growing importance of molecular biology and the
basic techniques of recombinant DNA technology to investigate problems in
immunology, oncology, and pathology.

5. Explain the significance of transgenic animals, their creation, and
potential application to experimental and clinical transplantation.

Reference

1. Ivan Roitt. Immunology 5th ed.London:Mosby, January 1998 G.Sir
Nossal, Andrew P.Zbar et al. Immunology for Surgeons. 1st ed. Lon-
don; Springer, March 2002
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2. Janeway CA, Travers P, Walport M, Shlomchik M. Immunobiology.
6th ed.  New York: Garland Science, June 2004 . Ivan Roitt. Immunol-
ogy 5th ed.London:Mosby, January 1998

3. Darla K Granger, Michele A Domenick. Transplantation Immunology
and Immunosuppression. In: R Daniel Beauchamp BME, Kennth L
Mattox, ed. Sabiston textbook of surgery. 17th ed. Philadelphia: Elsevier
Saunders 2004:665-98.

4. Jonathan S Bromberg and John C Magee. Transplant Immunology. In:
Michael W Mulholland KDL, Gerard M Doherty, Ronald V Maier, Gil-
bert R Upchurch, ed. Greenfieldûs Surgery scientific principles and
practice. 4th ed. Philadelphia: Lippincott Willians and Wilkins 2006:531-
62.

4.2 Organ Transplantation

Objectives
1. Understanding of the history of clinical transplantation and inter-

pret the guidelines for preparing patients for organ transplantation.
2. Understanding of the fundamental immunologic principles gov-

erning organ transplantation and immunosuppression.
3. Understanding of the potential metabolic, physiologic, and malig-

nant side effects of immunosuppressants.
Contents
Section One:  Background/Preparation
1. Demonstrate a working knowledge of the history and evolution of

clinical transplantation, including:
a. Early vascular surgery
b. Concept of tolerance
c. First successful organ transplants
d. Introduction of immunosuppressive agents

2. Describe the anatomic and biologic terms associated with organ
transplantation, donor and recipient relationships, and grafting between spe-
cies.

3. Explain the human leukocyte antigen (HLA) complex, including
its genetic location and composition, pattern of inheritance, and the differ-
ence between Class I and II antigens of the major histocompatability com-
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plex (MHC).  Consider these aspects:
a. Serological determination HLA
b. Molecular methods of HLA
c. Crossmatching

4. Discuss the role of tissue typing in the identification and prepara-
tion of patients for organ transplantation to include:

a. Natural, pre-formed antibodies
b. Acquired antibodies
c. The role of panel reactive antibody (PRA)(sensitization)
d. The effect of tissue typing compatibility on graft survival

7. Define the criteria for organ and tissue donation; apply these cri-
teria to critically ill patients.

8. Explain the clinical definition of brain death, including a discus-
sion of the available laboratory and radiologic studies to support the clinical
criteria.

Section Two:  Clinical Transplantation
1. Discuss the current method for the allocation of organs for trans-

plantation, including consideration of the need, availability, and philosophi-
cal biases surrounding organ donation. (Be prepared to utilize the algorithm
for assigning organs based on the results of HLA typing, PRA, blood type,
age, and time-waiting.)

2. Analyze and outline the indications for kidney, pancreas, heart,
and lung transplant; relate the relative frequency of these operations as well
as rates of patient and graft survival.

3. Describe the mechanism of action and side effects of the follow-
ing immunosuppressive drugs:

a. Azathioprine
b. Prednisone
c. Anti-lymphocyte globulin
d. Cyclosporine
e. Anti-T3 monoclonal antibody
f. Tacrolimus (FK506)
g. Anti IL-2R Moab
h. Mycophenolate mofetil
i. Rapamycin
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4. Analyze the short- and long- term risks of chronic immunosup-
pression:

a. Opportunistic infections
b. Cardiovascular problems
c. Autoimmune diseases
d. Lymphoproliferative disease
e. Rejection

5. Evaluate the diagnostic maneuvers to detect hyperacute, acute,
and chronic organ rejection.

Reference

1. Darla K Granger, Michele A Domenick. Transplantation Immunology
and Immunosuppression. In: R Daniel Beauchamp BME, Kennth L
Mattox, ed. Sabiston textbook of surgery. 17th ed. Philadelphia: Elsevier
Saunders 2004:665-98.

2. James F Markmann, Kenneth L Brayman. Transplantation of Abdomi-
nal Organs. In: R Daniel Beauchamp BME, Kennth L Mattox, ed.
Sabiston textbook of surgery. 17th ed. Philadelphia: Elsevier Saunders
2004:699-758.

3. Abhinav Humar and David Dunn. Transplantation. In: F Charles
Brunicardi. DKA, Timothy R  Billar., David L Dunn., John G Hunter.,
Raphael E Pollock., ed. Schwartzûs principles of surgery. 8th ed. New
York: McGraw Hill 2005:295-333.

4. Jonathan S Bromberg and John C Magee. Transplant Immunology. In:
Michael W Mulholland KDL, Gerard M Doherty, Ronald V Maier, Gil-
bert R Upchurch, ed. Greenfieldûs Surgery scientific principles and
practice. 4th ed. Philadelphia: Lippincott Willians and Wilkins 2006:531-
62.

4.3 Surgical Oncology

Objectives
1. Understanding of the biology, pathology, diagnosis, treatment,

and prognosis of neoplastic diseases.
2. Demonstrate proficiency in diagnosis, preparation, operative treat-
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ment, and total management of the cancer patient, including long-term fol-
low-up care.

3. Understand surgical options of curative and palliative care for
cancer patients.

4. Understand the network of community resources and their func-
tions, available to patients at end of life.

Contents
1. Discuss frequency/death rates of the top five benign and malig-

nant neoplasms in men, women, and children.
2. Describe trends of increasing, decreasing, and high incidence for

certain solid neoplasms.
3. Explain the implications of the heterogeneous cellular makeup of

most solid neoplasms with reference to clinical behavior and response to
adjuvant treatment.

4. Discuss the mechanisms of cellular apoptosis and the potential
feasibility for therapeutic applications.

5. Identify genetic factors associated with neoplastic disease in re-
gard to known proto-oncogenes.

6. Define current theories of carcinogenesis.
7. Summarize the tenets of tumor biology, including the biochemi-

cal events of invasion and metastasis; describe the natural history of these
lesions.

8. Identify and differentiate between the diagnostic features of be-
nign versus malignant neoplasms (gross and microscopic).

9. Predict patterns of presentation of malignant neoplasms.
10. Describe the characteristics of the various staging systems and

explain their use in evaluating malignant neoplasms.
11. Outline the appropriate usage of tumor markers, tumor excretory

metabolites, and diagnostic cytologic techniques.
12. Describe the principles of surgical technique for operative proce-

dures designed for cure of malignant diseases and their application to endo-
scopic operative techniques.

13. Summarize the nutritional requirements for cancer patients, and
describe how they differ from those recommended for a healthy patient.

14. Describe indications for curative versus palliative treatment, and
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formulate therapeutic plans for each approach.
15. Outline the status of the current predominant investigative work

in cancer immunotherapy.
16. Explain the rationale for the use of heat shock proteins in con-

junction with immunology.
17. Summarize current techniques of genetic screening for cancer.
18. Describe the biologic rationale, mechanisms, and current status

of gene therapy for malignancy.
19. Describe the enzymatic determinants of prognosis for epithelial

derived cancers and their biologic sources.
20. Apply clinical screening for common malignancies. Recognize

typical presentations and clinical manifestations for different types of neo-
plasms.

21. Describe the stimuli for and the biologic events in angiogenesis
and the potential therapeutic implications thereof.

22. Discuss the known facts relative to tumor suppressive genes and
the implications of mutations.

23. Compare each applicable treatment modality to the prognosis for
tumors within the scope of general surgery.

24. Apply post-treatment screening/surveillance for common malig-
nancies.

25. Discuss the known facts relative to tumor recurrence after local
resection of a primary lesion of the breast and colon with regard to survival.

26. Identify margins of resection and how this relates to local recur-
rence.

27. Explain the fundamental principles of radiation oncology and de-
tail its application as a primary therapy for the treatment of selected benign
and malignant lesions.

28. Summarize the indications and appropriate modalities for adju-
vant therapy within the scope of general surgery, including chemotherapy,
radiation therapy, immunotherapy, and gene therapy.

Reference

1. Peter S. Goedegebuure. Tumour Biology and Tumour Markers. In: R
Daniel Beauchamp BME, Kennth L Mattox, ed. Sabiston textbook of
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surgery. 17th ed. Philadelphia: Elsevier Saunders 2004:759-80.
2. Funda Meric.Bernstam and Raphael E.Pollock. Oncology. In: F Charles

Brunicardi. DKA, Timothy R  Billar., David L Dunn., John G Hunter.,
Raphael E Pollock., ed. Schwartzûs principles of surgery. 8th ed. New
York: McGraw Hill 2005:249-95.

3. Steven K.Libutti. Cancer. In: Michael W Mulholland KDL, Gerard M
Doherty, Ronald V Maier, Gilbert R Upchurch, ed. Greenfieldûs Sur-
gery scientific principles and practice. 4th ed. Philadelphia: Lippincott
Willians and Wilkins 2006:292-317.

4. Girgis A, Sanson-Fisher W. Breaking bad news: consensus guidelines
for medical practitioners. J Clin Oncol 1997;13:2449-56.

5. Baile W, Lenzi R, Kudelka A, et al. Communicating bad news: out-
come of a workshop for oncologists. J Cancer Educ 1997;12:166-73.

6. Web reference:
http://www.cancer.gov/cancer_information
http://www.cancer.org
http://www.surgonc.org
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MODULE 5

General Consideration

Categories
5.1 Principal of Perioperative  Management
5.2 Suture and suture materials
5.3 Surgical Complications
5.4 Surgical infection and antibiotics
5.5 Surgical access: incisions, and the management of wounds
5.6 Operating theatres and equipment
5.7 Minimal access surgery
5.8 Statistical concepts: a tool for evidence-based practice and lit-

erature appraisals

5.1 Principal of Perioperative  Management

Objectives
1. known  principal of specific organ system assessment
2. known of classification of American society of Anesthesiologist
3. known of preoperative cardiac risk  (Goldmanûs criteria)
4. known of  Metabolic equivalents METs
5. known of Child-Pugh Scoring system
6. known of guideline in Red blood cell transfusion for acute blood

loss
7. known of classification risk in surgical patient for  thromboembo-

lism prophylaxis
8. known of recommendation for perioperative  anti-coagulantion

in patients taking oral anticoagulants
9. known wounds classification
10. known of pre operative concern and recommendation for eight

herbal medicine
11. known of potential causes of intraoperative instability and man-

agement
12. known principal of hemostasis and wound closure
13. known of basic principal of surgical device and energy source
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14. known of basic principal of pain and pain control
Contents
1. ASA classification
2. Cardiac risk index (Goldmanûs criteria)  and classification risk
3. Mean in each of metabolic equivalents
4. Child Pugh classification
5. Indication for red blood cell transfusion for acute blood loss
6. Definition of risk level of thromboembolism and preventive strat-

egy
7. Wound classification
8. Potential causes of intraoperative instability and management
9. Principal of hemostatis and wound closure
10. Basic principal of pain and pain control

Reference

1. Sabiston Textbook of Surgery, The Biological Basis of Modern
Surgical Pracitce. 17th edition. Chapter 10 Principal of preoperative and op-
erative surgery.

5.2 Suture and Suturing Material

Objectives
1. To know the difference between absorbable and non-absorbable

suture
2. To describe the principle of suture selection.
3. Type of wound closures.
Contents
1. To define the difference between absorbable and non-absorbable

suture, monofilament and multifilament  by The United States Pharmacopeia
(USP) classification and standardization of suture material.

2. To describe the raw material, property and tensile strength of
frequently used suture.

3. To describe the principle of suture selection by considering the
anatomic site of suturing.

4. To describe the type of wound closures and gastrointestinal su-
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turing.

Reference

1. Shackelfordûs Surgery of the Alimentary Tract. Fifth edition; Volume 2,
Chapter 24 and 25.

5.3 Surgical Complications

Objectives
Prompt and accurarte diagnosis, as well as effective treatment of

surgical complications is one of the most important elements of surgical
practice, general surgical complications are the pathologic processes that
affect patients after a surgical procedure, may not be related to the disease
for which the surgery was done, and they may or may not be direct results
the surgery. Overview of general surgical complication includes discussion of
etiology, pathology, diagnosis(clinical, laboratory, investigations, imaging),
disease management (conservative, surgical), prevention, outcome, auditing,
medico-legal implications and ethical problems. As Professor Owen
Wangensteen, one of the greatest academic surgeons of the 20th century
said ç Your are a true surgeon from the moment you are able to deal with your
complicationé but it is certain that the best a approach to surgical complica-
tion is to prevent it from occuring.

Contents
These so called general surgical complications are divided into 3

categories:
Local Complications

Haematoma, wound
Haemorrhage, wound/anatamosis
Persistent drainage from wound

Surgical Site Infection
Wound dehiscence/ evisceration
Urinary tract infection
Systemic Complications
Arrhythmia
Embolus
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Thrombosis, venous
Myocardial infarction
Atelectasis/ Pneumonia
Ileus
Malnutrition
Renal failure

Miscellaneous Complications
Drug reaction
Transfusion reaction
Mental status changes

References

Quatation by ».πæ. ∏πæ≈ ‰À¡·æß

5.4 Surgical Infection and Antibiotics

Objectives
1. Understand the pathogenesis and laboratory aspects of microbial

infections, as related to the practice of surgery in general.
2. Understand the principles behind the scientific use of selected

antimicrobial agents as relates to the prevention (prophylaxis) and treatment
of surgically related microbial diseases.

Contents
1. Demonstrate an understanding of:

a. The bodyûs normal microbial flora including situations which
may influence its composition and number, and its potential role in disease.

b. The role and importance of the bodyûs normal defence mecha-
nisms (mucocutaneous surfaces, humoral and cellular) in the prevention, con-
tainment and resolution of microbial diseases.

c. Microbe(s) commonly associated with infections of relevance
to surgery.

d. Microbial virulence as this relates to the pathogenesis of infec-
tions caused by bacteria, fungi, viruses and parasites important in the prac-
tice of surgery. The significant microbes are:

(a) Bacteria :
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Staphylococcus aureus, S. epidermidis;
Streptococcus pyogenes, St. pneumoniae, ùSt. milleriû (St.

anginosus);
Enterococcus faecalis, Ent. faecium;
Escherichia coli and related coliforms;
Pseudomonas aeruginosa;
Compylobacter jejuni;
Helicobacter pylori,
Mycobacterium tuberculosis, M. avium intracellulare;
Bacteroides fragilis and non-fragilis species of this group,
Clostridium perfringens, Cl. difficile, Cl. tetani.
Peptostreptococci

(b) Fungi :
Candida albicans and related species;
Aspergillus fumigatus;
Pneumocystis carinii.

(c) Viruses
Human immunodeficiency virus (HIV);
Hepatitis B and C viruses;
The herpes group;
Papilloma viruses.

e. The principles behind blood culture, direct microscopy and
antibiotic sensitivity testing techniques.

f. The principles and methods of sterilisation, and the practical
use of disinfectants.

2. Demonstrate an understanding of:
a. The mode of action and mechanisms (including genetic basis)

of resistance to antibacterial agents
b. The properties and uses in surgery of the following antibiotics

or groups of antibacterial agents - beta-lactams; aminoglycosides; quinolones;
metronidazole, clindamycin and other anti-anaerobe agents; vancomycin;
fusidic acid; and rifampicin.

c. The rationale behind, and uses of antimicrobials in surgical
prophylaxis.

d. Antifungal agents (amphotericin B and its various formula-
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tions, fluconazole, flucytosine) and their use in the treatment and prophylaxis
of candida infections

e. Prophylactic regimens directed towards the prevention of viral
diseases (eg. AIDS, hepatitis) following accidental exposure to blood and/or
blood products.
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5.5 Surgical Access: Incisions, and the Management of Wounds

Objectives
1. Satisfactorily select the appropriate position of patients related to

surgical procedures.
2. Satisfactorily select the appropriate skin incision.
3. Satisfactorily manage and close surgical wounds (skin, subcuta-

neous tissue, fascia, wound irrigation and debridement, simple wound drain-
age).

4. Select and use surgical instruments appropriately.

Contents
1. Describe the physiological process of normal wound healing, in-

cluding the healing relationship to basic science in terms of anatomy, micro-
biology, physiology, immunology, molecular  biology and biochemistry.

2. Explain the process of wound healing affected by the following
factors:

a. Nutrition
b. Pathologic metabolic states (i.e. diabetes mellitus)
c. Hematologic status
d. Radiation
e. Immune response
f. Growth factors
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g. Super oxide radical formation
h. Pharmacologic manipulation
i. Infection/sepsis
j. Chemotherapy
k. Trauma

3. Describe the phases of normal wound healing, including:
a. Inflammation
b. Proliferation
c. Remodeling
d. Epithelialization
e. Contracture/contraction

4. Discuss the pathophysiology of delayed wound healing due to
infection, tissue damage, and host defenses.

5. Differentiate between the pathophysiology and consequences of
thermal, chemical, and electrical burns.

6. Discuss the principles of aseptic technique in uncomplicated cases
related to the following procedures:

a. Incision making
b. Debridement
c. Wound closures
d. Dressings, splints, and casts

7. Describe the common chemical agents which are classically dis-
cussed in relation to burns and their antidotes.

8. Explain the principles of wound care as they relate to:
a. Debridement
b. Traumatic wounds
c. Burn wounds
d. Chronic wounds
e. High-pressure injection injury
f. Medication infiltration

9. Summarize the principles of wound protection and subsequent
healing using:

a. Dressings
(1) Occlusive (3) Alginates
(2) Non-occlusive (4) Casting
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b. Other wound dressing materials
(1) Collodium (5) Dakinûs solution
(2) Petroleum gauze (6) Acetic acid solution
(3) Xeroform (7) Silvadene, sulfamylon
(4) Scarlet Red (8) Iodine, Bacitracin

c. The concept of çmoist wound healingé
d. Adjunctive therapies: hyperbaric oxygen, electrical stimula-

tion, vacuum assisted wound management, pulse irrigation
10. Discuss potential problems in complicated wound healing, in-

cluding such challenges as snake, animal, insect, and human bites; electric
burns; deep space infections of the hand; penetrating wounds; and radiation.

11. Define and describe the causes of postoperative wound compli-
cations such as:

a. Dehiscence
b. Evisceration
c. Fasciitis and abscess formation

12. Discuss the concept of the reconstructive ladder.
13. Describe the microbiology of gangrene and necrotizing fasciitis.
14. Explain the principles associated with the selection of appropri-

ate incisions applying surgical anatomy to include:
a. Blood supply
b. Lines of tension
c. Access
d. Strength
e. Cosmesis/aesthetics

15. Describe the rationale for selection of appropriate wound closure
and reconstruction as it relates to wound healing in:

a. Primary and delayed primary closure
b. Secondary healing
c. Skin graft, split and full thickness
d. Local flaps
e. Regional flaps
f. Microvascular flaps
g. Composite grafts

16. Assess the properties and uses of different types of suture mate-
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rial, including those that are absorbable and non-absorbable.
17. Analyze the therapeutic options for treatment of abnormal or de-

layed wound healing because of:
a. Host resistance
b. Infection
c. Diabetes mellitus
d. Radiation
e. Ischemia

18. Discuss treatment choices for the following wound healing prob-
lems:

a. Dehiscence
b. Infection
c. Hernia

19. Identify the resources needed to assist with wound healing out-
side the hospital and outline methods for resource acquisition to include
home health care and equipment rental.

20. Describe the use of pressure relief devices and beds to prevent
pressure ulcerations.

21. Differentiate between fetal wound healing and adult wound heal-
ing.

22. Discuss the possible applications of fetal wound healing.
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5.6 Operating Theatre and Equipment

Objectives
1. To understand and set-up surgical equipments for operating the-

atre.
2. To understand ventilation, operating room management and re-
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lated issues.
3. To use simple instruments appropriately.
Contents
1. Equipments for surgery (i.e. lighting, retractors, tissue and vessel

sealing instruments)
2. Basic operating room management
3. Infection control in operating room
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5.7 Minimal Access Surgery

Objectives
1. To understand and set-up equipment stack for minimally invasive

surgery.
2. To use simple laparoscopic instruments appropriately. (i.e. video

camera, ports, gas, tissue and vessel sealing instruments).
3. To understand basic laparoscopic instrument control (i.e. dexter-

ity, loss of tactile sensation, paradoxical movement).
4. To recognize standard laparoscopic procedures.
Contents
Section One:  Overview
1. Differentiate between conventional open and scope-assisted sur-

gery, including:
a. Anesthetic considerations
b. Effects of pneumoperitoneum
c. Cardiovascular stability
d. Need for team participation
e. Differences in patient outcome

2. Discuss the physical limitations imposed on the user participat-
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ing in minimal access surgery, including:
a. Surgeon fatigue and diminished proficiency over time
b. Two-dimensional perspective
c. Visual limitations of scope and monitoring equipment
d. Crucial importance of patient position and cannula position for

optimum exposure
3. Understand strategies to offset the difficulties suggested in #2

above, including:
a. Proper alignment of eye-camera-instrument axes
b. Efficient biomechanics
c. Effective use of assistants
d. Appropriate use of other advanced technologies such as endo-

scopic ultrasound
4. Analyze the factors affecting the decision to select a minimal

access approach (as opposed to an open surgical approach) for a particular
clinical problem.

5. Explain the concept of the learning curve, and discuss the need
for quality control in the education and evaluation of surgical housestaff in
developing proficiency in minimal access surgery.

6. Explain the mechanics and principles for safe and effective use of
the following equipment/procedures:

a. Cautery (monopolar and bipolar)
b. Ultrasonic shears
c. Laser
d. Telescopic direction (straight and angled laparoscope)
e. Insulation technique and hazards
f. Maintaining visualization of operative field
g. Dissecting and knot tying

7. Discuss appropriate anesthetic management for minimal access
(MA) techniques for surgery involving the abdomen, thorax, and joints and
soft tissue spaces.

8. Summarize areas of current investigation in MIS, including:
a. Virtual reality
b. Use of robots/robotics
c. Three-dimensional imaging systems
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d. Dissection techniques for soft tissues
9. Summarize protocols for appropriate cleaning, sterilization, main-

tenance, and handling of MA equipment.
10. Discuss the potential economic impact of increased utilization of

operating room time, advanced equipment, and disposable instruments on
health care costs.

Section Two:  Basic Laparoscopic Skills
1. Discuss techniques for gaining access to the abdomen, including:

a. Veress needle
b. Open (Hassan cannula)
c. Direct visualization trocars

2. Describe the sequence of steps involved in establishing a pneu-
moperitoneum, including:

a. Selection of first puncture site
b. Initial entry via Veress needle or Hassan cannula
c. Tests to confirm entry into peritoneum
d. Initial insufflation
e. Initial exploration of abdomen
f. Placement of additional trocars

3. Discuss indications for and limitations of diagnostic laparoscopy,
as well as pros and cons of this diagnostic technique compared with other
diagnostic modalities such as CT scan or ultrasound.

4. Discuss recognition and management of complications, including
major vascular injury, massive Carbon dioxide embolus, or visceral injury.

5. List contraindications for laparoscopic surgery, and be able to
explain why these conditions are considered relative or absolute
contraindications.
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5.8 Statistical Concepts: a Tool for Evidence-Based Practice and

Literature Appraisals

Objectives
1. To understand basic statistical concepts
2. To understand evidence-based surgical practice
3. To understand literature searching and appraisals
Contents
1. Basic statistical concepts
2. Evidence-based medicine in surgical practice
3. Literature searching, database and appraisals
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Absorption 718
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Adulterants 427
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Anti-sense 495, 536
Antithrombin deficiency 455
Anus 722
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Arterial thrombosis 452
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Atherosclerotic plaque 453
Autograft 661
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B
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Bacterial contamination 483
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Barium enema 594
Biologic dressing 416
Biological debridement 689
Biomarker 504
Blast injury 424, 425, 426, 430
Blast wave 429
Blast wind 429
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Bleeding time 440
Blisters 402, 403
Blunt abdomen 434
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BRCA 490
BRCA1 576
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Bronchoscope 408
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Colon 717
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Continence 733
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(CPAP) 436
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Corticosteroids 713
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Cowden disease 581, 582
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Cryotherapy 713
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Cytokines 677, 707
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D
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Deep vein thrombosis 453
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Deflagration 428, 435
Delayed hemolytic reaction 486
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Dendritic cell 547, 553, 560
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Dermis 393
Desflurane 740
Desmopressin acetate 637
Diabetes insipidus 636
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DNA sequencing 542
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Domino liver transplantation 651
Double strand RNA 522
Doxorubicin 566
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E

Effective resuscitation 469
Elastin 710
Electrical burn 409, 410
Electroencephalography 626
Electrogencephalogram 625
Electromagnetic radiation 612
Electron 614
Electrophoresis 504, 508, 538
Electroporation 505, 518
Elongation factors 500
Enzymatic debridement 688
Epidermis 393
Eschar 404
Etomidate 743
Exon 535
Exons 496
Explosive incident 439
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External anal sphincter 727
Extracellular matrix 676
Extrinsic pathway 448

F

Familial adenomatous polyposis 578
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Fentanyl 744
Fibrin degradation product 449
Fibrinolysis 447, 448, 451
Fibrinonectin 710
Fibroblast 709
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Flail chest 388
Flaps 683
Foams 690
Fractionation 613, 616
Frameshift mutation 495
Free flap 683
Fresh frozen plasma 476
Fresh whole blood 471
Fume poisoning 435

G

Gaiter area 694
Gene expression 496
Gene knockout 518, 520
Gene therapy 563
Gene 533
General anesthesia 738
Genes 574, 575
Genetic fingerprint 510
Genomics 503
Glomerular filtration rate 641
Glycosaminoglycans 710
Graft 660, 661
Gravitational reflux 693
Growth factors 394, 707
Guanine 493
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Halothane 740
Helix 503
Hematochezia 434
Hemodialysis 641
Hemoptysis 436, 446, 676
Heparin 456
Hepatocyte transplantation 652
HER-2 563
HER2/cerbB2 553
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Hereditary cancers 573
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cancer 579
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Hiltonûs line 727
HLA human leukocyte antigen 660
HLA mismatch 644
HLA antigens 643
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Hospital emergency incident
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Human genome project 490, 503, 505
Human leukocyte antigen 474
Hyaluronic acid 710
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Hydrocolloids 690
Hydrofibers 692
Hydrogels 692
Hydrogen cyanide 407
Hyperacute rejection 663
Hyperbaric oxygen 438
Hypercoagulable state 454, 455
Hypergranulation 684
Hypertrophic scar 684, 706, 708, 712

I

Image guide radiation therapy 622
Immune evasion 554

Immunotherapy 556
Immunoblot 514
Immunoprecipitation 514, 515
Immunosuppression 668
Immunotherapy 557, 565
Implantation 613
Imuran 649
In situ hybridisation 542
Induction agents 742
Inflammatory mediators 707
Inhalation agents 739, 740
Inhalation injury 407
Innate immune system 546
INR-internation normalized ratio 451
Integra 416, 417
Interferons 714
Internal anal sphincter 727
Intrinsic pathway 448
Intron 496, 535
Invasive blood pressure monitoring 747
Isoflurane 740
Isograft 661

J

Jacksonûs classification 399

K

Keloid 685, 706, 708, 712
Ketamine 743
Kidney transplantation 641

L

Lactulose 718
Laser 713
Leukocyte-reduced red blood cell

concentrates 471
Levator ani 726, 728
LHA (human leucoocyte antigen) 662
Liver transplantation 649
Low-order explosive 425, 426, 435
Lymphatic mapping 608
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Lymphoid infiltrates 550
Lymphoplasmacytic infiltration 552
Lynch syndrome 579

M

Macrophages 679
Maggot therapy 689
Major histocompatibility complex 660
Makesif 427
Mammogram 590
Mass casualty 439
Massive hemothorax 389
Maturation 678, 681
Mechanical debridement 688
Medullary thyroid carcinoma 581
Melanoma 600
Mepiform 416
Methylation 502
MHC (major histocompatibility

complex) 662
Microarray 515, 516, 504, 543
Microsatellite instability 580
Midazolam 743
Missense mutation 495
Mitosis 494
MMAC1 581
Model of end stage liver disease

(MELD) Score 652
Monitored anesthesia care 739
Morphine 744
Mould therapy 613
MUC1 563, 564
Mucopolysaccharide 457
Multidisciplinary approach 604
Multiple endocrine nepolasia 581
Muscle relaxants 744
Mutation 535, 573
Mycophenolate mofetil 649

N

Neodermis 418

Neuropathic ulcer 700
Neurosensory 393
Nitrocellulose 508
Nitrous oxide 740
Non-invasive blood pressure

monitoring 745
Nonsense mutation 495
Northern blot hybridization 510
Northern blot 541
Nucleotides 492

O

Oculocephalic reflex 628
Oliguria 402
Oncogenes 573, 589
Oncogenic viruses 587
Open pneumothorax 388
Opioids 743
Organ donor 635
Overtriage 384

P

Packed red cell 471
Paclitaxel 566
Pancreas transplantation 655
Panel reactive antibodies 643
Parathyroid adenoma 581
Parkland formula 401
Pedicle flap 683
Pentose 493
Peristalsis 719
Peritoneal dialysis 641
Pethidine 744
Pheochromocytoma 581
Phenotype 520
Phosphodiesterase 493
Phospholipid 448
Phosphoric acid 493
Phosphorylation 502
Photon 614
Physical carcinogens 584
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Pinprick test 397
Plasma 476
Plasmid 504
Plasminogen activator inhibitor 710
Plasminogen activator inhibitor-1 466
Plasminogen 449
Plastelet concentrates 472
Platelet adhesion 447
Platelet aggregation 447
Platelet refractoriness 473
Platelet 472
Point mutation 495
Polymerase chain reaction

(PCR) 490, 510, 541
Polymorphism 536
Polypeptide 497
Pooled-leukocyte poor platelet

concentrate 473
Positive-pressure ventilation 436
Postate-specific antigen 604
Poststorage filter 472
Post-transfusion purpura 486
Pressure garment 416, 713
Prestorage filter 471
Primary intention 682
Primer 511
Promoter 499
Propofol 743
Propyl hydroxylase 710
Prostacyclin 448
Protein C deficiency 454
Protein C 456
Protein S 456
Proteomics 504, 543
Prothrombin time (PT) 450
PTEN 580, 581
Puborectalis 720, 725, 728
Pulmonary edema 407
Pulse oximetry 750
Purine 493
Purpura fulminans 456

Pyrimidine 493

R

Radiation 586, 712
Radiobiology 613
Rahabilitation 387
Rapamycin 672
Reading frame 500
Reassortment 616
Receptor 496
Recombinant DNA 490, 504, 518
Rectal compliance 721
Rectoanal inhibitory reflex 722
Rectum 720
Red cell 471
Reflexes 625
Regional anesthesia 739
Regional lymph node basin 607
Regulatory cytokines 550
Rejection 663
Remodeling 678, 681
Renaturation 506
Repopulation 616
Repressors 503
Restriction endonucleases 535
Restriction fragment length

polymorphism (RFLP) 510, 537, 542
Resuscitation 387
RET gene 581
Retroperitoneal hematoma 433
Retroviruses 589
Ribonucleic acid 493, 529, 531
Ribose 493
Ribosomes 502
RNA interference 522
RNA splicing 499
Rule of nines 399

S

Sacral promontory 720
Scar contracture 395, 396
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Scar 415
Secondary degree burn 394
Secondary intention 682
Segmental arterial pressure 697, 699
Sense 495, 536
Sentinel lymph node 608
Septic shock 483
Severe combined immunodefficiency

syndrome 616
Sevoflurane 740
Sharp debridement 687
Short chain fatty acid 718
Shrapnel 427
Sigma factors 499
Sigmoidoscopy 594
Silver sulfadiazine 403
Single donor platelet concentrate

(SDP) 473
Single nucleotide polymorphisms 503
Skin graft 397, 682
Skin substitutes 416
Small interfering RNA (siRNA) 523
Smoke inhalation 401
SNPs 503
Sodium dodecyle sulfate-polyacrylamide

(SDS-PAGE) 515
Southern blot hybridization 508, 541
Split liver transplantation 651
Sporadic 530
Statin 453
Steroid 646, 670
Streptokinase 465, 466

T

T cell receptor (TCR) 550
Tacrolimus 648, 672
Tanscription 498
TATA boxes 502
Teletherapy 613
Telomerase 562
Tension pneumothorax 388, 430

Tertiary intention 682
TGF-β 715
Thermoregulation 393
Thiopental 743
Third degree burn 396
Thoracostomy 436, 465
Thrombin inhibitors 462
Thrombosis 451, 452
Thrombotic thrombocytopenic

purpura 476
Thromboxane A2 448
Thrombus 447
Thymine 493
Tissue typing 643
TNM staging 598
Total intravenous anesthesia 742
Transcription factors 503
Transcription 496, 499, 630
Transfectio 518
Transformation 505
Transforming growth factor-TGF-β 710
Transfusion reactions 479
Transfusion-associated graft-versus-host

disease (TA-GVHD) 487
Transfusion-associated lung injury 484
Transfusion-transmissible infections 469
Transgenic mice 518, 519, 520
Translation 499, 500, 530, 534
Transtuzumab 565
Triage 384
Tubigrip 416
Tumor marker 599
Tumor suppressor genes 573
Tumor-associated antigens 549
Tumor-infiltrating lymphocytes 553
Tumour associated antigen 559, 562
Tumour immunotherapy 561
Tumour vaccine 557, 563, 564

U

Ubiquitination 502
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Unfractionated heparin (UFH) 457
Union Internationale Contre Cancer 597
Urgotul 403, 406

V

Vascular endothelial growth factor 710
Vasopressin 637
Vector 504, 539
Viral carcinogens 587
Virchowûs traid 451
Viroid 493

W

Warfarin 460
Western blot 541
White butterfly sign 432

X

Xenograft 661, 682
Xenotransplantation 651
Xeroderma pigmentosum 616




