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°“√‡¢â“„®À≈—°°“√æ◊Èπ∞“π ”À√—∫°“√ àßμ√«®∑“ß√—ß ’«‘∑¬“´÷Ëßª√–°Õ∫‰ª¥â«¬

°“√ àßμ√«®À≈“°À≈“¬™π‘¥„πªí®®ÿ∫—π ®–∑”„Àâ»—≈¬·æ∑¬å‡≈◊Õ° àßμ√«®·≈–‡μ√’¬¡

ºŸâªÉ«¬‰¥â‡À¡“– ¡°—∫‚√§·≈–æ¬“∏‘ ¿“æ∑’Ë ß —¬ °“√ àßμ√«®∑“ß√—ß ’«‘∑¬“ “¡“√∂·∫àß

‡ªìπ Õß™π‘¥„À≠à‰¥â·°à ·∫∫∑’Ë¡’ ionizing radiation ´÷Ëß‰¥â·°à °“√ àßμ√«® conven-

tional radiograph, fluoroscopy, computed tomography (CT), Positron Emis-

sion Tomography-CT ·≈–angiogram ·≈–·∫∫∑’Ë‰¡à¡’ ionizing radiation ´÷Ëß‰¥â·°à

Õ—≈μ√“´“«¥å (ultrasound) ·≈–‡ÕÁ¡Õ“√å‰Õ (Magnetic Resonance Imaging) ‡ªìπ∑’Ë

∑√“∫¥’«à“°“√μ√«®∑’Ë¡’ ionizing radiation ®–¡’º≈°√–∑∫·≈–Õ—πμ√“¬®“°√—ß ’‡Õ°´å

„π∫∑§«“¡π’È®–°≈à“«∂÷ß

● √—ß ’‰ÕÕÕ‰π´å À√◊Õ ionizing radiation ·≈–√—ß ’‡Õ°´å

● º≈°√–∑∫¢Õß√—ß ’‰ÕÕÕ‰π´åμàÕ¡πÿ…¬å

● ¢âÕ§«√√Ÿâ‡°’Ë¬«°—∫ “√∑÷∫√—ß ’ (contrast agents)

● À≈—°°“√¢Õß°“√μ√«®·≈–‡§√◊ËÕß¡◊Õ„π°“√μ√«®¢Õß·μà≈–™π‘¥ °“√‡μ√’¬¡

ºŸâªÉ«¬°àÕπ∑”°“√μ√«® ¢âÕÀâ“¡·≈–¢âÕ§«√√–«—ß„π°“√μ√«®

√—ß ’‰ÕÕÕ‰π´å À√◊Õ ionizing radiation1-3

§◊Õ √—ß ’∑’Ë¡’ª√‘¡“≥ ŸßæÕ∑’Ë®–∑”„ÀâÕ‘‡≈Á°μ√ÕπÀ≈ÿ¥ÕÕ°®“°Õ–μÕ¡À√◊Õ‚¡‡≈°ÿ≈

°“√∑’ËÕ–μÕ¡ Ÿ≠‡ ’¬Õ‘‡≈Á°μ√Õπ À√◊Õ¡’ª√–®ÿ∫«°‡æ‘Ë¡¢÷Èπ ‡√’¬°«à“°“√‰ÕÕÕ‰π´å (ioniza-

tion) ·≈–‡√’¬°Õ–μÕ¡∑’Ë¡’ª√–®ÿ∫«°‡æ‘Ë¡¢÷Èπ«à“‰ÕÕÕπ (ion) (√Ÿª∑’Ë 1) √—ß ’‰ÕÕÕ‰π´å‰¥â·°à
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√—ß ’·°¡¡“ (Gamma rays), √—ß ’‡Õ°´å (X rays), √—ß ’·Õ≈ø“ (alpha particles), √—ß ’

‡∫μ“ (Beta particles) ·≈–√—ß ’π‘«μ√Õπ (Neutrons) ́ ÷Ëß√—ß ’Õ—≈ø“ √—ß ’‡∫μ“ √—ß ’·°¡¡“

·≈–√—ß ’π‘«μ√Õπ‰¥â¡“®“°°“√·μ°μ—«À√◊Õ ≈“¬μ—«¢Õß “√°—¡¡—πμ√—ß ’  ”À√—∫√—ß ’‡Õ°´å

‡ªìπ√—ß ’§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ (electromagnetic radiation) ∑’Ë‡°‘¥®“°°“√‡√àßÕπÿ¿“§

Õ‘‡≈Á°μ√Õπ„Àâ™π·∑àß‚≈À–„πÀ≈Õ¥ ÿ≠≠“°“» (√Ÿª∑’Ë 2) √—ß ’‡Õ°´å¡’§ÿ≥ ¡∫—μ‘ “¡“√∂

∑–≈ÿºà“π«—μ∂ÿ∑’Ë‰¡àÀπ“‡°‘π‰ª·≈–¡’§«“¡Àπ“·πàππâÕ¬Ê‰¥â ‡™àπ °√–¥“… ‰¡â ‡π◊ÈÕ‡¬◊ËÕ¢Õß

§π·≈– —μ«å ·μà∂â“ºà“π«—μ∂ÿ∑’Ë¡’§«“¡Àπ“·πàπ¡“°‡™àπ °√–¥Ÿ° μ–°—Ë« Õ”π“®∑–≈ÿ∑–≈«ß

°Á®–≈¥≈ß πÕ°®“°π—Èπ√—ß ’‡Õ°´å¬—ß¡’§ÿ≥ ¡∫—μ‘‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’‰¥â ‡¡◊ËÕ‡√“

∂à“¬øî≈å¡ºà“π«—μ∂ÿÀ√◊ÕÕ«—¬«–∑’Ë¡’§«“¡Àπ“·πàππâÕ¬‡™àπªÕ¥ ∑”„Àâ√—ß ’∑–≈ÿ∑–≈«ß‰¥â

¡“°·≈–‰ªμ°≈ß∫π·ºàπøî≈å¡¡“° ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“¡“° ‡¡◊ËÕ∂à“¬øî≈å¡ÕÕ°¡“®÷ß¡’

 ’¥” „π∑“ßμ√ß°—π¢â“¡ °√–¥Ÿ°À√◊Õ‚≈À–´÷Ëß¡’§«“¡Àπ“·πàπ¡“°®–‡ªìπ ’¢“«‡¡◊ËÕ∂à“¬

øî≈å¡ÕÕ°¡“

º≈°√–∑∫¢Õß√—ß ’‰ÕÕÕ‰π´åμàÕ¡πÿ…¬å4-7

º≈∑“ß™’««‘∑¬“¢Õß√—ß ’μàÕ√à“ß°“¬¡πÿ…¬å “¡“√∂®”·π°‰¥â‡ªìπ 2 ·∫∫‰¥â·°à

√Ÿª∑’Ë 1 √—ß ’‰ÕÕÕ‰π´å∑’Ë∑”„ÀâÕ‘‡≈Á°μ√ÕπÀ≈ÿ¥ÕÕ°®“°Õ–μÕ¡ À√◊Õ‚¡‡≈°ÿ≈

√—ß ’‰ÕÕÕ‰π´å Õ‘‡≈Á°μ√ÕπÀ≈ÿ¥ÕÕ°¡“
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1. Deterministic effect ‡°‘¥‡¡◊ËÕ√à“ß°“¬‰¥â√—∫ª√‘¡“≥√—ß ’‡°‘π¢’¥‡ª≈’Ë¬π

(threshold) Õ“°“√·≈–§«“¡√ÿπ·√ß∑’Ë‡°‘¥¢÷Èπ®–‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫ (√Ÿª∑’Ë 3)

‡™àπ ¡’º≈μàÕ√–∫∫‰¢°√–¥Ÿ°‡¡◊ËÕ‰¥â√—∫ª√‘¡“≥√—ß ’¡“°°«à“ 0.7 ‡°√¬å (Gray - Gy) ¡’º≈

μàÕ√–∫∫∑“ß‡¥‘πÕ“À“√‡¡◊ËÕ‰¥â√—∫ª√‘¡“≥√—ß ’¡“°°«à“ 10 ‡°√¬å (Gy) ¡’º≈μàÕ√–∫∫À—«„®

·≈–À≈Õ¥‡≈◊Õ¥ ·≈–√–∫∫ª√– “∑ à«π°≈“ß‡¡◊ËÕ‰¥â√—∫ª√‘¡“≥√—ß ’¡“°°«à“ 50 ‡°√¬å (Gy)

º≈°√–∑∫∑’Ë‡®Õ‰¥â∫àÕ¬§◊Õ º‘«Àπ—ß·¥ß (erythema) ‡¡◊ËÕ‰¥â√—∫ª√‘¡“≥√—ß ’ 3-10 ‡°√¬å (Gy)

´÷ËßÕ“®‡®Õ‰¥âÀ≈—ß°“√∑” angiogram, cardiac catheter À√◊Õ°“√∑” multidetector com-

puted tomography (MDCT) À≈“¬‡ø  ´÷Ëß∑”„ÀâºŸâªÉ«¬‰¥â√—∫√—ß ’ª√‘¡“≥¡“°‰¥â

πÕ°®“°π—Èπ¬—ß¡’¿“«–∑’Ë‡√’¬°«à“ acute radiation syndrome (ARS) ´÷Ëßæ∫‰¥â‡¡◊ËÕ‰¥â√—∫

√—ß ’ª√‘¡“≥ Ÿß¡“°∑—Èßμ—« „π™à«ß‡«≈“ —ÈπÊ ·≈–‡©’¬∫æ≈—π (whole body acute expo-

sure) ¡—°‡°‘¥®“°Õÿ∫—μ‘‡Àμÿ∑“ß√—ß ’ ´÷Ëß·∫àß‰¥â‡ªìπ “¡°≈ÿà¡Õ“°“√μ“¡ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫

‰¥â·°à

● °≈ÿà¡Õ“°“√∑“ß‡≈◊Õ¥ (Hematopoietic syndrome) ‡°‘¥‡¡◊ËÕ‰¥â√—∫√—ß ’

ª√–¡“≥ 2-10 Gy ‚¥¬√—ß ’®–‰ª°¥°“√∑”ß“π¢Õß‰¢°√–¥Ÿ° Õ“®‡ ’¬™’«‘μ¿“¬„π 1-2 ‡¥◊Õπ

● °≈ÿà¡Õ“°“√∑“ß√–∫∫∑“ß‡¥‘πÕ“À“√ (Gastrointestinal syndrome) ‡°‘¥

‡¡◊ËÕ‰¥â√—∫√—ß ’ª√–¡“≥¡“°°«à“ 10 Gy ́ ÷Ëß®–ª√“°ØÕ“°“√∑“ß‡≈◊Õ¥√à«¡°—∫§≈◊Ëπ‰ â Õ“‡®’¬π

·≈–∑âÕß√à«ß ·≈–Õ“®‡ ’¬™’«‘μ¿“¬„π 1-2  —ª¥“Àå

√Ÿª∑’Ë 2 √—ß ’‡Õ°´å∑’Ë‡°‘¥®“°°“√‡√àßÕπÿ¿“§Õ‘‡≈Á°μ√Õπ„Àâ™π·∑àß‚≈À–„πÀ≈Õ¥ ÿ≠≠“°“»
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● ·≈–°≈ÿà¡Õ“°“√∑“ß√–∫∫ª√– “∑ à«π°≈“ß (Central Nervous System

syndrome) ‡°‘¥‡¡◊ËÕ‰¥â√—∫√—ß ’ª√–¡“≥¡“°°«à“ 20 Gy Õ“®‡ ’¬™’«‘μ‰¥â¿“¬„ππ“∑’ À√◊Õ

‡ªìπ«—π

2. Stochastic effect ‡°‘¥®“°°“√‰¥â√—∫ª√‘¡“≥√—ß ’∑ÿ°√–¥—∫‚¥¬‰¡à¡’¢’¥‡ª≈’Ë¬π

(threshold) ‚Õ°“ °“√‡°‘¥º≈®“°√—ß ’‡ªìπ·∫∫ ÿà¡ °≈à“«§◊Õ Õ“®‡°‘¥À√◊Õ‰¡à‡°‘¥°Á‰¥â

‚¥¬‚Õ°“ °“√‡°‘¥®–‡æ‘Ë¡μ“¡ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫ ·μà§«“¡√ÿπ·√ß¢Õßº≈‰¡à¢÷Èπ°—∫

ª√‘¡“≥√—ß ’ (√Ÿª∑’Ë 4) μ—«Õ¬à“ß¢Õßº≈∑“ß√—ß ’·∫∫‡™àππ’È‰¥â·°à °“√‡°‘¥¡–‡√Áß (carcino-

genesis) ·≈–°“√‡ª≈’Ë¬π·ª≈ß∑“ßæ—π∏ÿ°√√¡ (genetic mutation) ´÷Ëß¡–‡√Áß∑’Ëæ∫

®“°°“√‰¥â√—∫√—ß ’ª√‘¡“≥¡“°‰¥â·°à ¡–‡√Áß‡¡Á¥‡≈◊Õ¥ (leukemia) ¡–‡√ÁßμàÕ¡‰∑√Õ¬¥å

¡–‡√Áß°√–¥Ÿ° ·≈–¡–‡√Áßº‘«Àπ—ß4-6 πÕ°®“°π—Èπº≈¢Õß√—ß ’∑”„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß¬’π å

·≈–‚§√‚¡‚´¡ ·≈–¡’º≈∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡ ∑”„Àâ‡°‘¥§«“¡º‘¥ª°μ‘„π√ÿàπ≈Ÿ°À√◊Õ√ÿàπ

À≈“π‰¥â ´÷Ëßº≈∑“ß√—ß ’·∫∫π’È°”≈—ß‡ªìπ∑’Ë‰¥â√—∫§«“¡ π„®·≈–μ◊Ëπμ—«„πªí®®ÿ∫—π ‡π◊ËÕß®“°

¡’°“√„™â°“√ àßμ√«®∑“ß°“√·æ∑¬å‚¥¬‡©æ“–‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡“°

¥—ßπ—Èπ§«√¡’°“√§«∫§ÿ¡°“√„™âª√‘¡“≥√—ß ’∑—Èßª√‘¡“≥√—ß ’∑’ËºŸâªÉ«¬‰¥â√—∫ ·≈–‡®â“

Àπâ“∑’Ë∑“ß°“√·æ∑¬å∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‰¥â√—∫√—ß ’ ‚¥¬„™â„ÀâπâÕ¬∑’Ë ÿ¥ ‡∑à“∑’Ë®”‡ªìπ·≈–‡°‘¥

ª√–‚¬™πå Ÿß ÿ¥μ“¡À≈—°°“√¢Õß As Low As Reasonably Achievable (ALARA)

√Ÿª∑’Ë 3 Deterministic effect ‡°‘¥‡¡◊ËÕ√à“ß°“¬‰¥â√—∫ª√‘¡“≥√—ß ’‡°‘π¢’¥‡ª≈’Ë¬π (threshold)

Õ“°“√·≈–§«“¡√ÿπ·√ß∑’Ë‡°‘¥¢÷Èπ®–‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫
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·≈–§«√√–«—ß„π°√≥’À≠‘ß«—¬‡®√‘≠æ—π∏ÿå∑’Ë¡’‚Õ°“ μ—Èß§√√¿å‡¡◊ËÕ¡“√—∫°“√μ√«®¥â«¬√—ß ’‡Õ°´å

‚¥¬‡©æ“–∫√‘‡«≥™àÕß∑âÕß·≈–Õÿâß‡™‘ß°√“π

Conventional Radiographs

®“°∑’Ë‰¥â°≈à“«¡“·≈â««à“√—ß ’‡Õ° ǻ ¡’Õ”π“®∑–≈ÿ∑–≈«ßºà“π«—μ∂ÿ∑’Ë¡’§«“¡Àπ“·πàπ

‰¡à‡∑à“°—π ‰¥âμà“ß°—π ‡√“ “¡“√∂·∫àß§«“¡¢“«¥”¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë‡°‘¥®“°°“√∂à“¬øî≈å¡‰¥â 5

·∫∫®“°¢“«¡“°‰ª¥”¡“° ‰¥â·°à‚≈À– À‘πªŸπÀ√◊Õ°√–¥Ÿ° ‡π◊ÈÕ‡¬◊ËÕ ‰¢¡—π ·≈– Õ“°“»

‡∑§π‘§°“√∂à“¬øî≈å¡∑’Ë§«√∑√“∫ ‰¥â·°à8

● ·π«¥â“πÀπâ“ (frontal projection) ‡ªìπ°“√∂à“¬øî≈å¡„Àâ≈”· ß‡Õ°´‡√¬å¢π“π

‰ª°—∫·°π´â“¬-¢«“ (sagittal axis) ‚¥¬∑—Ë«‰ª¡—°∂à“¬·∫∫·π«À≈—ß‰ªÀπâ“ (postero-an-

terior view) °≈à“«§◊Õ ≈”· ß‡Õ°´‡√¬åÕ¬Ÿà∑“ß¥â“πÀ≈—ßºŸâªÉ«¬·≈–·ºàπ√—∫· ßÕ¬Ÿà∑“ß

¥â“πÀπâ“™‘¥°—∫ºπ—ß∑√«ßÕ° À“°∂à“¬·∫∫·π«Àπâ“-À≈—ß (antero-posterior view) ®–

∑”„ÀâÀ—«„®´÷Ëß‡ªìπÕ«—¬«–∑’ËÕ¬Ÿà¥â“πÀπâ“„À≠à°«à“¢π“¥®√‘ß ‡π◊ËÕß®“°‡Õ°´‡√¬å‡ªìπ≈”· ß

·∫∫‡∫πÕÕ° (divergence)

√Ÿª∑’Ë 4 Stochastic effect ‡°‘¥®“°“√‰¥â√—∫ª√‘¡“≥√—ß ’∑ÿ°√–¥—∫‚¥¬‰¡à¡’¢’¥‡ª≈’Ë¬π (thresh-

old) ‚Õ°“ °“√‡°‘¥º≈®“°√—ß ’®–‡æ‘Ë¡μ“¡ª√‘¡“≥√—ß ’∑’Ë‰¥â√—∫ ·μà§«“¡√ÿπ·√ß¢Õßº≈

‰¡à¢÷Èπ°—∫ª√‘¡“≥√—ß ’
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● ·π«¥â“π¢â“ß (lateral projection) ‡ªìπ°“√∂à“¬øî≈å¡„Àâ≈”· ß‡Õ°´‡√¬å¢π“π

‰ª°—∫·°πÀπâ“À≈—ß (coronal axis) ™à«¬∫Õ°μ”·Àπàß¢Õß√Õ¬‚√§À√◊Õæ¬“∏‘ ¿“æ‰¥â

™—¥‡®π¢÷Èπ

● ∑à“πÕπμ–·§ß (decubitus view) ‡ªìπ°“√∂à“¬øî≈å¡‚¥¬„ÀâºŸâªÉ«¬πÕπμ–·§ß

·π∫‰ª°—∫æ◊Èπ√“∫·≈–≈”· ß‡Õ°´‡√¬å‡ªìπ·π«¢«“ßºà“π¥â“π¢â“ß≈”μ—«¢ÕßºŸâªÉ«¬ °“√∂à“¬

øî≈å¡∑à“π’È¡’ª√–‚¬™πå„π°“√ª√–‡¡‘π¿“«–πÈ”„πªÕ¥ (pleural effusion) À√◊Õ¿“«–≈¡√—Ë«

μà“ßÊ ‡™àπ pneumothorax À√◊Õ pneumoperitoneum

● ∑à“À“¬„®ÕÕ° (expiratory view) ¡’ª√–‚¬™πå„π°“√¥Ÿ¿“«–≈¡§â“ß (air trap-

ping) ‡™àπÕ“®‡°‘¥®“°¿“«–¡’°“√Õÿ¥°—Èπ¢Õß ‘Ëß·ª≈°ª≈Õ¡„πÀ≈Õ¥≈¡

ª√‘¡“≥√—ß ’¬—ßº≈ (effective dose) ¢Õß„π°“√μ√«®‡Õ°´‡√¬å„π·μà≈– à«π

‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥√—ß ’∑’Ë¡’μ“¡∏√√¡™“μ‘· ¥ß¥—ßμ“√“ß∑’Ë 1

 “√∑÷∫√—ß ’ (contrast agents)

 “√∑÷∫√—ß ’∑”¢÷Èπ‡æ◊ËÕ„Àâ‡ÀÁπ§«“¡·μ°μà“ß¢Õß§«“¡Àπ“·πàπ¢Õß‡π◊ÈÕ‡¬◊ËÕ‡¡◊ËÕ∑”°“√

μ“√“ß∑’Ë 1 ª√‘¡“≥√—ß ’‡ªìπ effective dose (Àπà«¬‡ªìπ millisievert - mSv)9

ª√‘¡“≥ ª√‘¡“≥√—ß ’ ª√‘¡“≥√—ß ’‡∑’¬∫°—∫

√—ß ’ ‡∑’¬∫°—∫øî≈å¡ √—ß ’∑’Ë¡’μ“¡∏√√¡™“μ‘

(mSv) ‡Õ°´‡√¬åªÕ¥ (natural background

1 „∫ dose)

øî≈å¡‡Õ°´‡√¬åªÕ¥ (∂à“¬·∫∫À≈—ß‰ªÀπâ“) 0.02 1 3 «—π

øî≈å¡‡Õ°´‡√¬å°–‚À≈° 0.07 3.5 11 «—π

øî≈å¡‡Õ°´‡√¬å –‚æ° 0.3 15 7  —ª¥“Àå

øî≈å¡‡Õ°´‡√¬å°√–¥Ÿ° —πÀ≈—ß à«πÕ° 0.7 35 4 ‡¥◊Õπ

øî≈å¡‡Õ°´‡√¬åÕÿâß‡™‘ß°√“π 0.7 35 4 ‡¥◊Õπ

øî≈å¡‡Õ°´‡√¬å™àÕß∑âÕß 1.0 50 6 ‡¥◊Õπ

øî≈å¡‡Õ°´‡√¬å°√–¥Ÿ° —πÀ≈—ß à«π‡Õ« 1.3 65 7 ‡¥◊Õπ
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‡Õ°´‡√¬å ·≈–‰¡à¡’§«“¡·μ°μà“ß¢Õß§«“¡Àπ“·πàπ¢Õß‡π◊ÈÕ‡¬◊ËÕμ“¡∏√√¡™“μ‘ ‡™àπ ™à«¬

„Àâ‡ÀÁπ‡ âπ‡≈◊Õ¥ ∑’ËÕ¬Ÿà„πÕ«—¬«–μà“ßÊ ‰¥â10 ‡√“ “¡“√∂·∫àß “√∑÷∫√—ß ’‡ªìπ Õßª√–‡¿∑„À≠à

‰¥â·°à  “√∑÷∫√—ß ’·∫∫∑÷∫ (positive contrast agents) ‡™àπ‰Õ‚Õ¥’πÀ√◊Õ·∫‡√’¬¡  “√

∑÷∫√—ß ’®”æ«°π’È¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ Ÿß ·≈–Õ’°ª√–‡¿∑ §◊Õ “√∑÷∫√—ß ’·∫∫„  (negative

contrast agents) ´÷Ëß¡’πÈ”Àπ—°‚¡‡≈°ÿ≈μË” ‡™àπ Õ“°“» °ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO2)

 ”À√—∫‰Õ‚Õ¥’πÀ√◊Õ·∫‡√’¬¡®–∑”°“√¥Ÿ¥°≈◊π· ß‡Õ°´‡√¬å‰«â ∑”„Àâª√“°Ø‡ªìπ ’¢“«„πøî≈å¡

¢≥–∑’ËÕ“°“» À√◊Õ°ä“´®–ª√“°Ø‡ªìπ ’¥”„πøî≈å¡ ∫“ß§√—Èß‡√“ “¡“√∂π” “√∑÷∫√—ß ’∑—Èß

 Õß™π‘¥¡“„™â√à«¡°—π ‡√’¬° double contrast study ‡™àπ°“√ «π·ªÑß·∫‡√’¬¡„πºŸâ„À≠à

(double contrast barium enema) „™â∑—Èß≈¡·≈–·ªÑß·∫‡√’¬¡ ‡æ◊ËÕ¥Ÿ√“¬≈–‡Õ’¬¥¢Õß

ºπ—ß≈”‰ â„À≠à‰¥â™—¥‡®π¢÷Èπ ´÷Ëß®–‰¥â°≈à“«μàÕ‰ª

Negative contrast agents

Õ“°“» (Air) ¥—ß‰¥â°≈à“«¡“·≈â« §◊Õ„™â‡ªìπ à«πÀπ÷Ëß„π°“√∑” double contrast

study √à«¡°—∫·∫‡√’¬¡ ´÷Ëß‡ªìπ°“√μ√«®∑“ß√–∫∫∑“ß‡¥‘πÕ“À“√ ‡™àπ °√–‡æ“–Õ“À“√

≈”‰ â‡≈Á° à«πμâπ ·≈–≈”‰ â„À≠à πÕ°®“°π—Èπ„πªí®®ÿ∫—π¬—ß„™â„π°“√μ√«®æ‘‡»…∫“ßÕ¬à“ß‡™àπ

°“√μ√«®≈”‰ â„À≠à¥â«¬‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å (CT colonoscopy) ´÷ËßμâÕß‡ªÉ“≈¡

ºà“π∑“ß∑«“√Àπ—°‡¢â“‰ª∑“ß≈”‰ â„À≠à ∑”„Àâ‡ÀÁπæ¬“∏‘ ¿“æ¢Õßºπ—ß≈”‰ â¥â“π„π‰¥â

™—¥‡®π¢÷Èπ

°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å (Carbon dioxide) „™â‡ªìπ à«πÀπ÷Ëß„π°“√∑” double

contrast study ‡™àπ°—π ·μà‡ªìπ°“√μ√«®∑“ß‡¥‘πÕ“À“√ à«π∫π ¡—°¡“„π√Ÿª¢ÕßºßøŸÉ (ef-

fervescent granules) ´÷Ëß·μ°μ—«‡ªìπøÕß‰¥â‡¡◊ËÕ°≈◊π≈ß‰ª À√◊Õ∫“ß§√—Èß„™â°“√¥◊Ë¡πÈ”

Õ—¥≈¡·∑π‰¥â‡™àπ°—π πÕ°®“°π—Èπ°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å¬—ß„™â„π°“√μ√«®‡ âπ‡≈◊Õ¥„π

°√≥’‡¡◊ËÕºŸâªÉ«¬¡’¢âÕÀâ“¡„π°“√„™â “√∑÷∫√—ß ’™π‘¥‰Õ‚Õ¥’π ´÷Ëß “¡“√∂„™âμ√«®‰¥â∑—ÈßÀ≈Õ¥

‡≈◊Õ¥·¥ß·≈–À≈Õ¥‡≈◊Õ¥¥” (carbon dioxide angiogram/ venogram) ∑—Èß·∫∫

„Àâ°“√«‘π‘®©—¬·≈–√—°…“ ¢âÕ¥’§◊Õ°ä“´™π‘¥π’È‰¡à¡’ ’ ‰¡à¡’°≈‘Ëπ ‰¡à°àÕ„Àâ‡°‘¥Õ“°“√·æâ ‰¡à¡’

æ‘…μàÕ‰μ·≈–μ—∫ ¢âÕ§«√√–«—ß§◊Õ‰¡à„™â ”À√—∫°“√μ√«®‡ âπ‡≈◊Õ¥∑’ËÕ¬Ÿà‡Àπ◊Õ°–∫—ß≈¡

‡π◊ËÕß®“°¡’‚Õ°“ ‡°‘¥¿“«–Õ“°“»°ä“´Õÿ¥μ—π„π‡ âπ‡≈◊Õ¥ (air embolism) ∫√‘‡«≥‰¢ —πÀ≈—ß
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À≈Õ¥‡≈◊Õ¥·¥ßÀ—«„® ·≈–À≈Õ¥‡≈◊Õ¥·¥ß§“√å‚√μ‘¥ ·≈–§«√√–«—ß„πºŸâªÉ«¬∑’Ë¿“«–§«“¡

¥—πÀ≈Õ¥‡≈◊Õ¥‡≈◊Õ¥·¥ß∑’ËªÕ¥ Ÿß (pulmonary hypertension) ºŸâªÉ«¬∑’Ë¡’√Õ¬√—Ë«∑’Ëºπ—ß

°—ÈπÀâÕßÀ—«„® ·≈–ºŸâªÉ«¬∑’Ë¡’§«“¡º‘¥ª°μ‘¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ß·≈–À≈Õ¥‡≈◊Õ¥¥”∑’ËªÕ¥

·μà°”‡π‘¥ (pulmonary arteriovenous malformation)11-14

Positive contrast agents

·ªÑß·∫‡√’¬¡ (Barium agents) „™â®”‡æ“–°—∫°“√μ√«®√–∫∫∑“ß‡¥‘πÕ“À“√ ́ ÷Ëß

∂Ÿ°‡μ√’¬¡„π√Ÿª¢Õß “√·¢«π≈Õ¬„π¢Õß‡À≈« (barium sulphate suspension) ·ªÑß

·∫‡√’¬¡´—≈‡øμ¡’§ÿ≥ ¡∫—μ‘‡§≈◊Õ∫·≈–‡°“–μ—«‡ªìπ™—Èπ∫“ßÊ ∫π‡¬◊ËÕ∫ÿº‘«≈”‰ â¥â“π„π

∑”„Àâ‰¥â¿“æ∑’Ë¥’¡“°„π°“√μ√«®·∫∫ double contrast study √à«¡°—∫≈¡À√◊Õ°ä“´

§“√å∫Õπ‰¥ÕÕ°‰´¥å  ”À√—∫°“√μ√«®‚¥¬„™â·∫‡√’¬¡Õ¬à“ß‡¥’¬«À√◊Õ‡√’¬°«à“ single con-

trast study „™â„π°√≥’ ß —¬¿“«–≈”‰ âÕÿ¥μ—π (obstruction) À√◊Õμ√«®∑“ß‡¥‘πÕ“À“√

„π‡¥Á°Õ“¬ÿπâÕ¬°«à“ 7 ªï °“√‡μ√’¬¡ºŸâªÉ«¬ ”À√—∫°“√μ√«®¥â«¬·∫‡√’¬¡ À“°‡ªìπ°“√

μ√«®≈”‰ â„À≠à§«√‡μ√’¬¡≈”‰ â„Àâ –Õ“¥ À“°‡ªìπ°“√μ√«®∑“ß‡¥‘πÕ“À“√ à«π∫π §«√

ß¥πÈ”ß¥Õ“À“√Õ¬à“ßπâÕ¬ 6 ™—Ë«‚¡ß10

¢âÕ§«√√–«—ß ‰¡à§«√„™â·ªÑß‡∫‡√’¬¡„π°√≥’∑’Ë ß —¬≈”‰ â∑–≈ÿ ‡π◊ËÕß®“°‡¡◊ËÕ

·∫‡√’¬¡‡¢â“™àÕß∑âÕß ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√Õ—°‡ ∫ Õ“®‡°‘¥‡ªìπº—ßº◊¥ granulomatous

reaction À√◊ÕÕ—πμ√“¬∂÷ß·°à™’«‘μ‰¥â

 “√∑÷∫√—ß ’·∫∫≈–≈“¬πÈ”‰¥â (water soluble contrast media)

 “√∑÷∫√—ß ’ª√–‡¿∑π’Èª√–°Õ∫¥â«¬∏“μÿ‰Õ‚Õ¥’π ´÷Ëß¡’‡≈¢Õ–μÕ¡∑’Ë Ÿß  “¡“√∂¥Ÿ¥

°≈◊π· ß‡Õ°´‡√¬å ·≈–ª√“°Ø‡ªìπ ’¢“«À√◊Õ∑÷∫· ß (radio-opacity) „πøî≈å¡ ªí®®ÿ∫—π

‡√“·∫àß “√∑÷∫√—ß ’‰Õ‚Õ¥’π‰¥â ’Ëª√–¿∑μ“¡‚§√ß √â“ß∑“ß‡§¡’æ◊Èπ∞“π ‚¥¬∑ÿ°ª√–‡¿∑®–

ª√–°Õ∫¥â«¬«ß·À«π‡∫π´’π (benzene ring) ∑’Ë¡’Õ–μÕ¡¢Õß‰Õ‚Õ¥’π∑’Ëμ”·Àπàß 2,4,6

À“°¡’«ß·À«π‡∫π´’πÀπ÷ËßÕ—π‡√’¬° monomer (√Ÿª∑’Ë 5) À“°¡’«ß·À«π‡∫π´’πμàÕ°—π Õß

Õ—π„πÀπ÷Ëß‚¡‡≈°ÿ≈´÷Ëß®–¡’‰Õ‚Õ¥’π∑—ÈßÀ¡¥ 6 Õ–μÕ¡‡√’¬°«à“ dimer (√Ÿª∑’Ë 6) ‡¡◊ËÕ©’¥ “√

∑÷∫√—ß ’‡¢â“‡ âπ‡≈◊Õ¥ ®–¡’°“√·æ√à°√–®“¬μ—«Õ¬à“ß√«¥‡√Á« ‡π◊ËÕß®“°¡’§«“¡ “¡“√∂ Ÿß„π

°“√´÷¡ºà“π‡ âπ‡≈◊Õ¥ΩÕ¬ÕÕ°πÕ°‡ âπ‡≈◊Õ¥·≈–‡´≈≈å (extravascular, extracellular
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space) ·≈–¢—∫ÕÕ°∑“ß‰μ¡“°°«à“√âÕ¬≈– 90

‡√“ “¡“√∂·∫àß “√∑÷∫√—ß ’∑’Ë¡’‰Õ‚Õ¥’π‡ªìπ à«πª√–°Õ∫‰¥â¥—ßπ’È15

1. Ionic monomers (High osmolar contrast media - HOCM) ª√–°Õ∫

¥â«¬‡°≈◊Õ‚´‡¥’¬¡À√◊Õ·¡°°≈Ÿ¡’π (meglumine) ´÷Ëß‰¡à∑÷∫√—ß ’·≈–ªìπª√–®ÿ∫«° ·≈–

 à«π¢Õß‰Õ‚Õ¥’π “¡Õ–μÕ¡„π«ß·À«π‡∫π´‘π´÷Ëß∑÷∫√—ß ’·≈–‡ªìπª√–®ÿ≈∫  “√∑÷∫√—ß ’

ª√–‡¿∑π’È “¡“√∂·μ°μ—«·≈–≈–≈“¬„ππÈ”‰¥â ÕÕ°‡ªìπ Õßª√–®ÿ ∑”„Àâ‰¥â —¥ à«π¢Õß

‰Õ‚Õ¥’πμàÕ “√·μ°μ—«‡ªìπ “¡μàÕ Õß (3:2) À√◊Õ (1.5:1) (√Ÿª∑’Ë 7) ¢âÕ‡ ’¬§◊Õ¡’§à“ osmo-

larity ∑’Ë Ÿß°≈à“«§◊Õ 1500-1700 mosmols/kg water μàÕ 300 mg iodine/ml ‡¡◊ËÕ

‡∑’¬∫°—∫§à“ osmolarity „π‡≈◊Õ¥´÷Ëß°—∫ 300 mosmols/kg water

2. Non-ionic monomers (Low osmolar contrast media - LOCM) ¡’

§ÿ≥ ¡∫—μ‘∑’Ë‰¡à≈–≈“¬πÈ” ∑”„Àâ —¥ à«π¢Õß‰Õ‚Õ¥’πμàÕ “√·μ°μ—«‡ªìπ “¡μàÕÀπ÷Ëß (3:1) (√Ÿª∑’Ë

8) ·≈– osmolarity ≈¥≈ß°«à“™π‘¥·√°¡“°°«à“§√÷ËßÀπ÷Ëß °≈à“«§◊Õ¡’ osmolarity ª√–¡“≥

600-700 mosmols/kg water μàÕ 300 mg iodine/ml ´÷Ëß‡¡◊ËÕ§à“ osmolarity πâÕ¬≈ß

√Ÿª∑’Ë 5  “√∑÷∫√—ß ’‰Õ‚Õ¥’π·∫∫ monomer ª√–°Õ∫¥â«¬

«ß·À«π‡∫π ’́π (benzene ring) Àπ÷ËßÕ—π¡’

Õ–μÕ¡¢Õß‰Õ‚Õ¥’π∑’Ëμ”·Àπàß 2,4,6

√Ÿª∑’Ë 6  “√∑÷∫√—ß ’‰Õ‚Õ¥’π·∫∫ dimer

ª√–°Õ∫¥â«¬ «ß·À«π‡∫π ’́π

(benzene ring)  ÕßÕ—π¡’

‰Õ‚Õ¥’π∑—ÈßÀ¡¥ 6 Õ–μÕ¡
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®–æ∫º≈¢â“ß‡§’¬ß®“° “√∑÷∫√—ß ’πâÕ¬°«à“

3. Ionic dimers (Low osmolar contrast media - LOCM) ‡ªìπ°“√

ª√–°Õ∫°—π¢Õß‡°≈◊Õ‚´‡¥’¬¡À√◊Õ·¡°°≈Ÿ¡’π (meglumine) ·≈–«ß·À«π‡∫π´‘π ÕßÕ—π

‡¡◊ËÕ≈–≈“¬πÈ”®–·μ°μ—«‰¥â‰ÕÕÕπ∫«°¢Õß‡°≈◊Õ‚´‡¥’¬¡À√◊Õ·¡°°≈Ÿ¡’π 1 ª√–®ÿ ·≈–

‰ÕÕÕπ≈∫¢Õß‰Õ‚Õ¥’πÀ°Õ—π ∑”„Àâ‰¥â —¥ à«π¢Õß‰Õ‚Õ¥’πμàÕ “√·μ°μ—«‡ªìπÀ°μàÕ Õß (6:2)

À√◊Õ “¡μàÕÀπ÷Ëß (3:1) (√Ÿª∑’Ë 9)  “√∑÷∫√—ß ’ª√–‡¿∑π’È¡’ osmolarity „°≈â‡§’¬ß°—∫™π‘¥∑’Ë

 Õß ° à“«§◊Õ 560 mosmols/kg water μàÕ 300 mg iodine/ml

4. Non-ionic dimers (Low osmolar contrast media - LOCM) ª√–°Õ∫

¥â«¬«ß·À«π‡∫π´‘π ÕßÕ—πμàÕ°—π ·≈–‰¡à≈–≈“¬πÈ” ∑”„Àâ‰¥â —¥ à«π¢Õß‰Õ‚Õ¥’πμàÕ “√

·μ°μ—«‡ªìπÀ°μàÕÀπ÷Ëß (6:1) (√Ÿª∑’Ë 10) ´÷Ëß “√∑÷∫√—ß ’ª√–‡¿∑π’È¡’ osmolarity „°≈â

‡§’¬ßÀ√◊Õ‡∑à“°—∫‡≈◊Õ¥¡“°∑’Ë ÿ¥ ° à“«§◊Õ 300 mosmols/kg water μàÕ 300 mg iodine/

√Ÿª∑’Ë 7  “√∑÷∫√—ß ’‰Õ‚Õ¥’π·∫∫ ionic monomers  —¥ à«π

¢Õß‰Õ‚Õ¥’πμàÕ “√·μ°μ—«‡ªìπ “¡μàÕ Õß (3:2)

À√◊Õ (1.5:1)

√Ÿª∑’Ë 8  “√∑÷∫√—ß ’‰Õ‚Õ¥’π·∫∫ non-ionic monomers

 —¥ à«π¢Õß‰Õ‚Õ¥’πμàÕ “√·μ°μ—«‡ªìπ “¡μàÕÀπ÷Ëß

(3:1)
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ml Õ¬à“ß‰√°Áμ“¡Àπ÷Ëß„π “√∑÷∫√—ß ’ª√–‡¿∑π’È∑’Ë¡’™◊ËÕ«à“ Iotrolan ‰¥â∂Ÿ°¬°‡≈‘°°“√„™â‡π◊ËÕß®“°

‡°‘¥ªØ‘°‘√‘¬“°“√·æâ·∫∫ delayed reactions ‰¥â∫àÕ¬‚¥¬‡©æ“–∑“ßº‘«Àπ—ß ªí®®ÿ∫—π¡’‡æ’¬ß

 “√∑÷∫√—ß ’∑’Ë™◊ËÕ Iodixanol ∑’Ë®—¥Õ¬Ÿà„πª√–‡¿∑π’È ·≈–¡’√“¬ß“π«à“¡’º≈‡ªìπæ‘…μàÕ‰μπâÕ¬

°«à“°≈ÿà¡ non-ionic monomers

 Ÿμ√∑“ß‡§¡’  —¥ à«π¢Õß‰Õ‚Õ¥’πμàÕ “√·μ°μ—« ·≈– osmolarity ¢Õß “√∑÷∫

√—ß ’·∫∫≈–≈“¬πÈ”‰¥â∑—Èß ’Ë™π‘¥‰¥â √ÿª‰«â¥—ßμ“√“ß∑’Ë 2

¢âÕ∫àß™’È„π°“√„™â “√∑÷∫√—ß ’·∫∫¡’‰Õ‚Õ¥’π(16)

1) ©’¥‡¢â“À≈Õ¥‡≈◊Õ¥

● À≈Õ¥‡≈◊Õ¥¥”

- ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å

- Intravenous urography

- Venography (phlebography)

● À≈Õ¥‡≈◊Õ¥·¥ß

- Angiocardiography

√Ÿª∑’Ë 9 · ¥ß “√∑÷∫√—ß ’‰Õ‚Õ¥’π·∫∫ ionic dimers

 —¥ à«π¢Õß‰Õ‚Õ¥’πμàÕ “√·μ°μ—«‡ªìπÀ°

μàÕ Õß (6:2) À√◊Õ “¡μàÕÀπ÷Ëß (3:1)

√Ÿª∑’Ë 10  “√∑÷∫√—ß ’‰Õ‚Õ¥’π·∫∫ non-

ionic dimers  —¥ à«π¢Õß

‰Õ‚Õ¥’πμàÕ “√·μ°μ—«‡ªìπÀ°μàÕ

Àπ÷Ëß (6:1)
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- ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å

- Coronary and pulmonary angiography

- Aortography

- Visceral and peripheral angiography

- Digital subtraction angiography

- Cervical nervous system (cerebral, vertebral ·≈– spinal

angiography)

2) ©’¥‡¢â“‰¢ —πÀ≈—ß

● Myelography

● Cisternography

μ“√“ß∑’Ë 2  Ÿμ√∑“ß‡§¡’  —¥ à«π¢Õß‰Õ‚Õ¥’πμàÕ “√·μ°μ—« ·≈– osmolarity ¢Õß “√∑÷∫√—ß ’·∫∫

≈–≈“¬πÈ”

™π‘¥¢Õß “√∑÷∫√—ß ’  Ÿμ√∑“ß‡§¡’ Iodine atom: Osmolarity

∑’Ë¡’‰Õ‚Õ¥’π ¢Õß “√∑÷∫√—ß ’ particle Osmols/kgs H2O

280 mg I2/ml

Ionic monomer (HOCM) 3:2 1500

(√Ÿª∑’Ë 7)

Nonionic monomer (LOCM) 3:1 600

(√Ÿª∑’Ë 8)

Ionic dimer (LOCM) 6:2 560

(√Ÿª∑’Ë 9)

Nonionic dimer (LOCM) 6:1 300

(√Ÿª∑’Ë 10)
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3) Õ◊ËπÊ

● Oral, rectal À√◊Õ ostomy μà“ßÊ ¢Õß√–∫∫∑“ß‡¥‘πÕ“À“√ ‰¥â·°à °“√

μ√«®ø≈ŸÕÕ‚√ ‚§ªï (fluoroscopy)

● Body cavities ‰¥â·°à herniography, peritoneography,

vaginography

● Hysterosalpingography

● Arthrography

● Endoscopic retrograde cholangiopancreatography (ERCP)

● Cholangiography

● Nephrostography

● Pyelography - antegrade, retrograde

● Urethrography - voiding, retrograde

● Cystography

● Sialography

● Ductography (μ√«®¥Ÿ∑àÕπÈ”π¡)

● Õ◊ËπÊ ‡™àπ¥Ÿ sinus tract μà“ßÊ À√◊Õ∫Õ°μ”·Àπàß¢Õß “¬ «πμà“ßÊ

ª√–‡¿∑¢ÕßÕ“°“√‰¡àæ÷ßª√– ß§å (adverse reaction) ®“°°“√©’¥ “√∑÷∫√—ß ’

·∫∫¡’‰Õ‚Õ¥’π15,16

1. Idiosyncratic anaphylactoid reactions  à«π¡“°¡—°‡°‘¥√–À«à“ßÀ√◊Õ

À≈—ß®“°©’¥ “√∑÷∫√—ß ’‡¢â“√à“ß°“¬‰ª·≈â«∑—π∑’ °“√‡°‘¥Õ“°“√‰¡àæ÷ßª√– ß§å‰¡à¢÷Èπ°—∫

ª√‘¡“≥¢Õß “√∑÷∫√—ß ’ ·≈–‰¡à®”‡ªìπμâÕß‡§¬√—∫ “√∑÷∫√—ß ’¡“°àÕπ°Á·æâ‰¥â ·≈–∂÷ß·¡â®–

‡§¬·æâ¡“°àÕπ°ÁÕ“®®–‰¡à‡°‘¥¢÷ÈπÕ’°°Á‰¥â Õ“°“√∑’Ë‡°‘¥¢÷Èπ®–§≈â“¬°—∫ anaphylactic À√◊Õ

allergic reactions ‡æ’¬ß·μà‰¡àæ∫ Ig E antibody

2. Non-idiosyncratic reactions °“√‡°‘¥Õ“°“√‰¡àæ÷ßª√– ß§å¢÷Èπ°—∫ª√‘¡“≥

¢Õß “√∑÷∫√—ß ’ ¥—ßπ—Èπ®÷ß¢÷Èπ°—∫‚§√ß √â“ß∑“ß‡§¡’·≈–§ÿ≥ ¡∫—μ‘¢Õß “√∑÷∫√—ß ’ √«¡∂÷ß

Õ—μ√“°“√©’¥ ·≈–°“√‰¥â√—∫ “√∑÷∫√—ß ’À≈“¬Ê §√—Èß ´÷ËßÕ“°“√„π°≈ÿà¡π’È®–¡’º≈μàÕÀ≈“¬

√–∫∫„π√à“ß°“¬‰¥â·°à √–∫∫À—«„® ∑”„Àâ‡°‘¥Õ“°“√À—«„®‡μâπº‘¥®—ßÀ«– (cardiac
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arrhythmias) πÈ”∑à«¡ªÕ¥ (pulmonary edema) ¡—°‡°‘¥„πºŸâªÉ«¬∑’Ë¡’‚√§À—«„®º‘¥ª°μ‘Õ¬Ÿà

°àÕπ À√◊ÕÕ“®¡’º≈μàÕ√–∫∫ª√– “∑‡°‘¥ vasomotor collapse À√◊Õ vasovagal reac-

tion æ∫Õ“°“√§«“¡¥—πμË” ·≈–À—«„®‡μâπ™â“°«à“ª°μ‘‰¥â

3. Delayed adverse reactions ‡ªìπ‰¥â∑—Èß·∫∫ allergic-like ·≈– non-

allergic-like Õ“°“√‡°‘¥‰¥âμ—Èß 30-60 π“∑’ À√◊Õ 1  —ª¥“Àå À≈—ß©’¥ “√∑÷∫√—ß ’ æ∫‰¥â

ª√–¡“≥√âÕ¬≈– 0.5 ∂÷ß 14 ·≈–¡—°‡ªìπÕ“°“√∑“ßº‘«Àπ—ß ‡®Õ„π “√∑÷∫√—ß ’°≈ÿà¡ non-

ionic dimer ¡“°°«à“ non-ionic monomer

§«“¡√ÿπ·√ß¢ÕßÕ“°“√‰¡àæ÷ßª√– ß§å (adverse reaction)15,16

● √ÿπ·√ßπâÕ¬ (mild reactions) ‰¥â·°à §≈◊Ëπ‰ â Õ“‡®’¬π √Ÿâ ÷°Õÿàπ √âÕπ«Ÿ∫«“∫

(flushing) ‡®Á∫∫√‘‡«≥ âπ‡≈◊Õ¥∑’Ë©’¥´÷ËßÕ“°“√‡À≈à“π’È‡ªìπ°“√μÕ∫ πÕß∑“ß √’√«‘∑¬“ (physi-

ologic response) ‰¡à∂◊Õ‡ªìπ°“√·æâ “√∑÷∫√—ß ’·μàÕ¬à“ß„¥ ‡®Õ‰¥â√âÕ¬≈– 10 ¢Õß “√

∑÷∫√—ß ’™π‘¥ HOCM ·≈–πâÕ¬°«à“√âÕ¬≈– 1 ¢Õß “√∑÷∫√—ß ’™π‘¥ LOCM πÕ°®“°π—Èπ

¬—ßæ∫Õ“°“√º◊Ëπ≈¡æ‘… (allergic like reaction) ‰¥â Õ“°“√‡À≈à“π’È à«π¡“°¡—°‰¡à√ÿπ·√ß

§«√√—∫μ—«‰«â√Õ —ß‡°μÕ“°“√ 20-30 π“∑’ À√◊ÕÕ“®„Àâ¬“°≈ÿà¡ antihistamine ‡æ◊ËÕ√—°…“

Õ“°“√º◊Ëπ‰¥â

● √ÿπ·√ßª“π°≈“ß (moderate reactions) ‡ªìπ°≈ÿà¡Õ“°“√¢Õß allergic like

reactions ‰¥â·°à À≈Õ¥≈¡À¥μ—« (bronchospasm) ª“°À√◊Õ≈‘Èπ∫«¡ §«“¡¥—π‚≈À‘μ

μË”·≈–À—«„®‡μâπ‡√Á« ·≈–°≈à¡Õ“°“√ non allergic like reactions‰¥â·°à vagovagal re-

action ·∫∫√ÿπ·√ß Õ“°“√„π°≈ÿà¡π’È‡®Õ‰¥â √âÕ¬≈– 0.5-2 ¢Õß “√∑÷∫√—ß ’™π‘¥ HOCM

·≈–πâÕ¬°«à“√âÕ¬≈– 0.25 ¢Õß “√∑÷∫√—ß ’™π‘¥ LOCM À“°ºŸâªÉ«¬¡’Õ“°“√„π°≈ÿà¡π’È§«√

‰¥â√—∫°“√√—°…“∑—π∑’

● √ÿπ·√ß¡“° (severe reaction) ¡—°‡ªìπ allergic like reactions ·≈–Õ“®

‡ªìπÕ—πμ√“¬∂÷ß·°à™’«‘μ‰¥â·°à À≈Õ¥≈¡À¥μ—«·∫∫√ÿπ·√ß °≈àÕß‡ ’¬ß∫«¡ πÈ”∑à«¡ªÕ¥

§«“¡¥—π‚≈À‘μμË”¡“° À—«„®‡μâπº‘¥®—ßÀ«– À√◊ÕÀ—«„®À¬ÿ¥‡μâπ πÕ°®“°π—ÈπÕ“®æ∫Õ“°“√

™—°‰¥â´÷Ëß‡ªìπ°≈ÿà¡Õ“°“√ non allergic like reactions À“°ºŸâªÉ«¬¡’Õ“°“√„π°≈ÿà¡π’È§«√

‰¥â√—∫°“√√—°…“Õ¬à“ß‡√àß¥à«π ¬“∑’Ë„™â√—°…“Õ“°“√„π°≈ÿà¡π’È‡ªìπ¬“„π°≈ÿà¡ epinephrine

°≈ÿà¡ºŸâªÉ«¬∑’Ë¡’Õ“°“√‡ ’Ë¬ßμàÕ°“√‡°‘¥ acute allergic like reactions
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- ¡’ª√–«—μ‘·æâ “√∑÷∫√—ß ’¡“°àÕπ (∑—Èßπ’È‰¡à√«¡°≈ÿà¡Õ“°“√§≈◊Ëπ‰ â·≈–

Àπâ“·¥ß)

- ¿Ÿ¡‘·æâ (allergic ·≈– atopy) √«¡∂÷ß°“√·æâÕ“À“√∑–‡≈

- ÀÕ∫À◊¥ (asthma)

ºŸâªÉ«¬°≈ÿà¡π’È§«√‰¥â√—∫°“√‡μ’¬¡μ—«‚¥¬„Àâ¬“¥—ßμàÕ‰ªπ’È ‡æ◊ËÕ≈¥Õ“°“√‰¡àæ÷ßª√– ß§å

´÷Ëß®“°√“¬ß“πæ∫«à“°“√„Àâ¬“≈à«ßÀπâ“®–≈¥Õ“°“√‰¡àæ÷ßª√– ß§å™π‘¥√ÿπ·√ßπâÕ¬ ¬—ß‰¡à¡’

√“¬ß“π«à“ “¡“√∂ªÑÕß°—π°“√‡°‘¥Õ“°“√‰¡àæ÷ßª√– ß§å™π‘¥√ÿπ·√ß¡“°‰¥â °“√‡μ√’¬¡

μ—«ºŸâªÉ«¬‚¥¬°“√„Àâ¬“¡’¥—ßπ’Èμ“¡§”·π–π”¢Õß ACR Manual on contrast media

version 8 ‚¥¬ ACR Committee16

°“√‡μ√’¬¡ºŸâªÉ«¬≈à«ßÀπâ“ (Elective Premedication)

¡’ Ÿμ√„Àâ‡≈◊Õ° 2 ·∫∫

1. Prednisolone ¢π“¥ 50 ¡‘≈≈‘°√—¡ ∑“ßª“° °àÕπ©’¥ “√∑÷∫√—ß ’∑’Ë 13,7 ·≈–

1 ™—Ë«‚¡ß ·≈– Diphenhydramine (Benadryl®) 50 ¢π“¥ 50 ¡‘≈≈‘°√—¡ ©’¥‡¢â“∑“ß

À≈Õ¥‡≈◊Õ¥À√◊Õ‡¢â“°≈â“¡‡π◊ÈÕ À√◊Õ°‘π∑“ßª“° 1 ™—Ë«‚¡ß°àÕπ©’¥ “√∑÷∫√—ß ’

2. Methylprednisolone (Medrol®) ¢π“¥ 32 ¡‘≈≈‘°√—¡ ∑“ßª“° °àÕπ©’¥

 “√∑÷∫√—ß ’∑’Ë 12 ·≈– 2 ™—Ë«‚¡ß √à«¡°—∫¬“°≈ÿà¡ antihistamine À“°ºŸâªÉ«¬‰¡à “¡“√∂

°‘π¬“°≈ÿà¡ prednisolone ∑“ßª“°‰¥â „Àâ‡ª≈’Ë¬π‡ªìπ hydrocortisone ¢π“¥ 200 ¡‘≈≈‘°√—¡

©’¥‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥·∑π‰¥â

°“√‡μ√’¬¡ºŸâªÉ«¬°√≥’©ÿ°‡©‘π (Emergency Premedication)

1. Methyl prednisolone sodium succinate (Solu-Medrol®) ¢π“¥ 40

¡‘≈≈‘°√—¡ À√◊Õ hydrocortisone sodium succinate (Solu-Cortel®) ¢π“¥ 200 ¡‘≈≈‘°√—¡

©’¥‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥∑ÿ° 4 ™—Ë«‚¡ß ®π°√–∑—Ëß©’¥ “√∑÷∫√—ß ’ √à«¡°—∫ Diphenhydramine

(Benadryl®) ¢π“¥ 50 ¡‘≈≈‘°√—¡ ©’¥‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥ 1 ™—Ë«‚¡ß°àÕπ©’¥ “√∑÷∫√—ß ’

2. Dexamethasone sodium sulfate (Decadron®) ¢π“¥ 7.5 ¡‘≈≈‘°√—¡ À√◊Õ

betamethasone ¢π“¥ 6¡‘≈≈‘°√—¡ ©’¥‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥∑ÿ° 4 ™—Ë«‚¡ß ®π°√–∑—Ëß©’¥
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 “√∑÷∫√—ß ’ „™â·∑π„π°√≥’∑’ËºŸâªÉ«¬¡’ª√–«—μ‘·æâ methylprednisolone, aspirin À√◊Õ¬“°≈ÿà¡

non-steroid anti-inflammatory drugs √à«¡°—∫ Diphenhydramine ¢π“¥ 50 ¡‘≈≈‘°√—¡

©’¥‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥ 1 ™—Ë«‚¡ß°àÕπ©’¥ “√∑÷∫√—ß ’

3. ≈–‡«âπ¬“°≈ÿà¡ steroid „Àâ·μà‡æ’¬ß Diphenhydramine ¢π“¥ 50 ¡‘≈≈‘°√—¡

©’¥‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥

À¡“¬‡Àμÿ ¡’√“¬ß“π«à“¬“°≈ÿà¡ steroid ©’¥‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥‰¡à “¡“√∂≈¥

Õ“°“√‰¡àæ÷ßª√– ß§å‰¥â À“°©’¥‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥πâÕ¬°«à“ 4-6 ™—Ë«‚¡ß°àÕπ©’¥ “√∑÷∫

√—ß ’

πÕ°®“°π—Èπ¡’ºŸâªÉ«¬°≈ÿà¡Õ◊ËπÊ ¥—ßμàÕ‰ªπ’È∑’Ë¡’§«“¡‡ ’Ë¬ßμàÕ°“√‡°‘¥Õ“°“√‰¡àæ÷ß

ª√– ß§å®“°°“√©’¥ “√∑÷∫√—ß ’·∫∫‰Õ‚Õ¥’π·≈–·π–π”„Àâ‡≈◊Õ°„™â “√∑÷∫√—ß ’°≈ÿà¡ LOCM

- ºŸâªÉ«¬‚√§À—«„® ‰¥â·°à ºŸâªÉ«¬∑’Ë¡’¿“«–À—«„®≈â¡‡À≈« ºŸâªÉ«¬≈‘ÈπÀ—«„®

‡ÕÕÕ√åμ‘°μ’∫ ºŸâªÉ«¬§«“¡¥—πÀ≈Õ¥‡≈◊Õ¥·¥ß„πªÕ¥ Ÿß ºŸâªÉ«¬ cardiomyopathy ·∫∫

√ÿπ·√ß

- ºŸâªÉ«¬‰μ«“¬

- ºŸâªÉ«¬°≈ÿà¡ paraproteinemia ‡™àπ multiple myeloma

- ∑“√°·≈–ºŸâ ŸßÕ“¬ÿ

- Pheochromocytoma

- Hyperthyroidism

- ºŸâªÉ«¬‡∫“À«“π∑’Ë°“√∑”ß“π¢Õß‰μ‰¡à¥’ ·≈–‰¥â√—∫¬“ metformin

‡π◊ËÕß®“°∑”„Àâ‡°‘¥¿“«–¡’°√¥·≈°μ‘°§—Ëß„π‡≈◊Õ¥‰¥â (lactic acidosis) ·π–π”„ÀâÀ¬ÿ¥¬“

„π™à«ß∑’Ë‰¥â√—∫ “√∑÷∫√—ß ’·≈–‡«âπ‰ªÕ’°Õ¬à“ßπâÕ¬ 48 ™—Ë«‚¡ß

¿“«–‰μ‡ªìπæ‘…®“°°“√©’¥ “√∑÷∫√—ß ’·∫∫‰Õ‚Õ¥’π (contrast induced neph-

rotoxicity - CIN)

‡ªìπ¿“«–∑’Ë°“√∑”ß“π¢Õß‰μ·¬à≈ßÕ¬à“ß©—∫æ≈—πÀ≈—ß°“√©’¥ “√∑÷∫√—ß ’·∫∫

‰Õ‚Õ¥’π ‡™◊ËÕ«à“‡°‘¥®“°‡ âπ‡≈◊Õ¥∑’Ë‰μÀ¥μ—« (vasoconstriction) ·≈–∑àÕ‰μ‡ªìπæ‘… (tu-

bular toxicity) ‡°≥±å„π°“√«‘π‘®©—¬¿“«–π’È§◊Õ§à“ creatinine „π‡≈◊Õ¥‡æ‘Ë¡¢÷Èπ 0.5

¡‘≈≈‘°√—¡μàÕ‡¥´‘≈‘μ√ À√◊Õ‡æ‘Ë¡¢÷Èπ√âÕ¬≈– 25-50 ®“°§à“‡¥‘¡ ‚¥¬∑—Ë«‰ª§à“ creatinine „π
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‡≈◊Õ¥®–‡æ‘Ë¡¢÷Èπ 24 ™—Ë«‚¡ßÀ≈—ß©’¥ “√∑÷∫√—ß ’ ·≈–‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥‡¡◊ËÕ 4 «—π À≈—ß®“°π—Èπ®–

§àÕ¬Ê ≈¥≈ß Ÿà√–¥—∫ª°μ‘¿“¬„π 7-10 «—π ºŸâªÉ«¬°≈ÿà¡∑’Ë§«√μ√«®§—¥°√Õß‡®“–‡≈◊Õ¥‡æ◊ËÕ

À“§à“ creatinine „π‡≈◊Õ¥°àÕπ‰¥â√—∫°“√©’¥ “√∑÷∫√—ß ’·∫∫‰Õ‚Õ¥’π‰¥â·°à16

- Õ“¬ÿ¡“°°«à“ 60 ªï

- ª√–«—μ‘‡ªìπ‚√μ‰μ ‰¥â·°à ‰¥â√—∫°“√≈â“ß‰μÀ√◊ÕøÕ°‡≈◊Õ¥Õ¬Ÿà ‰¥â√—∫°“√ª≈Ÿ°

∂à“¬‰μ ¡’‰μ¢â“ß‡¥’¬« ¡’ª√–«—μ‘°“√ºà“μ—¥‰μ

- ª√–«—μ‘‡ªìπ§«“¡¥—π‚≈À‘μ Ÿß·≈–‰¥â√—∫¬“≈¥§«“¡¥—π

- ª√–«—μ‘‡ªìπ‡∫“À«“π

«‘∏’°“√ªÑÕß°—π¿“«–‰μ‡ªìπæ‘…®“°°“√©’¥ “√∑÷∫√—ß ’‰¥â·°à À≈’°‡≈’Ë¬ß°“√„™â “√

∑÷∫√—ß ’·∫∫‰Õ‚Õ¥’πÕ“®‡≈’Ë¬ß‰ªμ√«®‚¥¬Õ—≈μ√“´“«¥å À√◊Õ‡ÕÁ¡Õ“√å‰Õ (Magnetic Reso-

nance Imaging - MRI) ´÷ËßμâÕß√–«—ß°“√©’¥ “√∑÷∫√—ß ’ ”À√—∫‡ÕÁ¡Õ“√å‰Õ‡™àπ°—π (®–‰¥â

°≈à“«μàÕ‰ª) ‡≈◊Õ°„™â “√∑÷∫√—ß ’°≈ÿà¡ LOCM ´÷Ëßæ∫«à“‡ªìπæ‘…μàÕ‰μπâÕ¬°«à“ °“√„Àâ “√

πÈ”Õ¬à“ß‡æ’¬ßæÕ Õ“®„Àâ‡ªìπ 0.9% NSS ‡¢â“∑“ß‡ âπ‡≈◊Õ¥Õ—μ√“ 100 ¡‘≈≈‘≈‘μ√μàÕ™—Ë«‚¡ß

°àÕπ©’¥ “√∑÷∫√—ß ’ 6-12 ™—Ë«‚¡ß ·≈–„ÀâμàÕ‰ª®π 4-12 ™—Ë«‚¡ßÀ≈—ß©’¥ “√∑÷∫√—ß ’

¿“«– “√∑÷∫√—ß ’√—Ë«ÕÕ°πÕ°‡ âπ‡≈◊Õ¥ (extravasation of contrast media)

¿“«–π’È “¡“√∂‡°‘¥‰¥â∑—Èß°“√©’¥ “√∑÷∫√—ß ’‚¥¬„™â¡◊Õ À√◊Õ„™â‡§√◊ËÕß©’¥ (power

injection) Õÿ∫—μ‘°“√≥å°“√‡°‘¥¿“«– “√∑÷∫√—ß ’√—Ë«‚¥¬„™â‡§√◊ËÕß©’¥æ∫‰¥â√âÕ¬≈– 0.1 ∂÷ß 0.9

·≈–∑—Èßπ’Èæ∫«à“ —¡æ—π∏å°—∫ª√‘¡“≥ “√∑÷∫√—ß ’∑’Ë©’¥ ‰¡à‰¥â —¡æ—π∏å°—∫Õ—μ√“°“√©’¥ Õ“°“√∑’Ë

æ∫‰¥â·°à ∫«¡ μ÷ß ·¥ß √–§“¬‡§◊Õß·≈–ª«¥· ∫ª«¥√âÕπ∫√‘‡«≥∑’Ë©’¥ “√∑÷∫√—ß ’16

‡¡◊ËÕ “√∑÷∫√—ß ’√—Ë«ÕÕ°πÕ°‡ âπ‡≈◊Õ¥®–‡°‘¥ªØ‘°‘√‘¬“°“√Õ—°‡ ∫‡©æ“–∑’Ë ·≈– à«π

¡“°®”°—¥Õ¬Ÿàμ√ß‡π◊ÈÕ‡¬◊ËÕ¢â“ß‡§’¬ß ·≈–¡—°‰¡àæ∫°“√∫“¥‡®Á∫·∫∫∂“«√ °“√∫“¥‡®Á∫μàÕ

‡π◊ÈÕ‡¬◊ËÕ¢â“ß§’¬ß¡—° —¡æ—π∏å°—∫ “√∑÷∫√—ß ’™π‘¥ HOCM ·μàÕ¬à“ß‰√°Á¥’ “¡“√∂æ∫°“√

∫“¥‡®Á∫·∫∫√ÿπ·√ß·¡â«à“„™â “√∑÷∫√—ß·∫∫ LOCM Õ—π‰¥â·°à ¿“«– compartment syn-

drome ¿“«–·º≈æÿæÕß (ulceration) À√◊Õ ¿“«–º‘«Àπ—ßμ“¬ (skin necrosis) ´÷Ëß

∫√‘‡«≥∑’Ë‡°‘¥§«“¡‡ ’Ë¬ß‰¥â·°à ¥â“πÀ≈—ß¡◊Õ À≈—ß‡∑â“ À√◊Õ∫√‘‡«≥¢âÕ‡∑â“ πÕ°®“°π—Èπ¬—ßæ∫

„πºŸâªÉ«¬∑’Ë¡’¿“«–¢“¥‡≈◊Õ¥·¥ß (arterial insufficiency) À√◊Õ¡’°“√√∫°«π°“√‰À≈

‡«’¬π°≈—∫¢ÕßÀ≈Õ¥‡≈◊Õ¥¥”À√◊Õ√–∫∫πÈ”‡À≈◊Õß
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À“°‡°‘¥¿“«– “√∑÷∫√—ß ’√—Ë«ÕÕ°πÕ°‡ âπ‡≈◊Õ¥·∫∫√ÿπ·√ßμâÕßª√÷°…“»—≈¬·æ∑¬å

‡æ◊ËÕ‡μ√’¬¡æ√âÕ¡ ”À√—∫°“√√—°…“·∫∫ºà“μ—¥

®πªí®®ÿ∫—π¬—ß‰¡à¡’¢âÕ √ÿª∑’Ë™—¥‡®π ”À√—∫°“√√—°…“¿“«– “√∑÷∫√—ß ’√—Ë«ÕÕ°πÕ°

‡ âπ‡≈◊Õ¥ ¡’§”·π–π”„Àâ¬°·¢π À√◊Õ¢“ „Àâ Ÿß°«à“√–¥—∫À—«„®‡æ◊ËÕ∑’Ë®–≈¥·√ß¥—π¿“¬„π

À≈Õ¥‡≈◊Õ¥ΩÕ¬ (hydrostatic pressure) ·≈–‡æ‘Ë¡°“√¥Ÿ¥´÷¡°≈—∫¢Õß “√∑÷∫√—ß ’

 ”À√—∫°“√ª√–§∫√âÕπÀ√◊Õ‡¬Áππ—Èπ°Á¬—ß¡’ Õß§«“¡‡™◊ËÕ«à“ °“√ª√–§∫‡¬Áπ®–™à«¬≈¥

Õ“°“√‡®Á∫ª«¥ ·≈–°“√ª√–§∫√âÕπ‡æ‘Ë¡°“√‰À≈‡«’¬π¢Õß‚≈À‘μ‰ª¬—ß√–¬“ß§å à«πª≈“¬

·≈–¬—ß™à«¬‡æ‘Ë¡°“√¥Ÿ¥´÷¡°≈—∫¢Õß “√∑÷∫√—ß ’ Õ¬à“ß‰√°Áμ“¡¬—ß‰¡à¡’§”·π–π”„Àâ„™â‡¢Á¡

‡®“–¥Ÿ¥ “√∑÷∫√—ß ’∑’Ë√—Ë«ÕÕ°¡“16

À“°æ∫¿“«–π’È „π°√≥’‡ªìπºŸâªÉ«¬πÕ°„Àâ√—∫μ—«‰«â —ß‡°μÕ“°“√°àÕπª√–¡“≥ 2-

3 ™—Ë«‚¡ß ·≈–Õπÿ≠“μ„Àâ°≈—∫∫â“π‰¥â‡¡◊ËÕÕ“°“√¥’¢÷Èπ À√◊ÕÕ“°“√§ß∑’Ë‰¡à‡ªìπ¡“°¢÷Èπ æ√âÕ¡

∑—Èß„Àâ§”·π–π”«à“ À“°¡’Õ“°“√∑’Ë∫«¡μ÷ß¡“°¢÷Èπ ¡’·º≈æÿæÕß ‡ªìπμÿà¡πÈ” ª«¥À√◊Õ¡’Õ“°“√™“

„Àâ√’∫¡“‚√ßæ¬“∫“≈

À≈—°°“√¢Õß°“√μ√«®ø≈ŸÕÕ‚√ ‚§ª

‡ªìπ°“√μ√«®∑’Ë„™â‡§√◊ËÕßμ√«®∑’Ë‡√’¬°«à“‡§√◊ËÕßø≈ŸÕÕ‚√ ‚§ª ́ ÷Ëß®–„Àâ¿“æ ≥ ¢≥–

π—Èπ „π¢≥–∑’ËÕ«—¬«–À√◊ÕºŸâªÉ«¬¡’°“√‡§≈◊ËÕπ‰À« À≈Õ¥‡Õ°´‡√¬åÕ¬Ÿà„μâ‡μ’¬ßª≈àÕ¬· ß

ºà“πμ—«ºŸâªÉ«¬∑’ËπÕπÕ¬Ÿà∫π‡μ’¬ß ·≈–‡Àπ◊Õμ—«ºŸâªÉ«¬¡’ image intensifier ‡æ◊ËÕ√—∫ input

®“°À≈Õ¥‡Õ°´‡√¬å ·≈–‡ª≈’Ë¬π≈”· ß‡Õ°´‡√¬å‡ªìπ¿“æ∑’Ë “¡“√∂¡Õß‡ÀÁπ‰¥â·≈–¡’· ß «à“ß

‚¥¬Õ“»—¬°“√‡ª≈’Ë¬π‡ªìπÕ‘‡≈Á°μ√Õπ·≈–∂Ÿ°‡√àßÕ¬Ÿà„πÀ≈Õ¥ ÿ≠≠“°“»·≈–Õ“»—¬ output

phosphor ‡æ◊ËÕ∑’Ë®–‡ª≈’Ë¬πμàÕ‡ªìπ‚øμÕπ·≈–∂Ÿ° àßºà“π‰ª¬—ß optical coupling ‚¥¬

output window ¢Õß image intensifier ·≈–∂Ÿ° àßμàÕ‰ª¬—ß°≈âÕß∑’ËÕ—¥«‘¥’‚Õ (video

camera) ¿“æ∑’Ë‡°‘¥¢÷Èπ®“° video camera ®–∂Ÿ°‡ª≈’Ë¬π„Àâ¡Õß‰¥â®“°®Õ∑’«’ (√Ÿª∑’Ë 11)

°“√μ√«®‚¥¬„™â‡§√◊ËÕßø≈ŸÕÕ‚√ ‚§ª®–„™â “√∑÷∫√—ß ’¡“™à«¬‡æ◊ËÕ„Àâ‡ÀÁπÕ«—¬«–¿“¬„π‰¥â

™—¥‡®π¢÷Èπ17 „π∑’Ëπ’È®–°≈à“«∂÷ß°“√μ√«® Õß™π‘¥∑’Ë„™â‡§√◊ËÕßø≈ŸÕÕ‚√ ‚§ª ·≈–„™â∫àÕ¬„π

ºŸâªÉ«¬»—≈¬°√√¡‰¥â·°à °“√°≈◊π·ªÑß (esophagogram ·≈– upper gastrointestinal

study) ·≈–°“√ «π·ªÑß (barium enema)
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°“√μ√«®À≈Õ¥Õ“À“√·≈–∑“ß‡¥‘πÕ“À“√ à«π∫π (Esophagogram ·≈–
Upper Gastrointestinal Study)

À≈—°°“√¢Õß°“√μ√«®√–∫∫∑“ß‡¥‘πÕ“À“√‚¥¬∑—Ë«‰ª §◊Õμ√«®·∫∫ single À√◊Õ

double contrast study §«“¡·μ°μà“ß§◊Õ single contrast study „™â “√∑÷∫√—ß ’

‡æ’¬ßÀπ÷Ëß™π‘¥¡—°‡ªìπ positive contrast agents ‡æ◊ËÕª√–‡¡‘π≈—°…≥–·≈–™àÕß¿“¬„π

∑“ß‡¥‘πÕ“À“√  ”À√—∫ double contrast study π—Èπ„™â “√∑÷∫√—ß ’√«¡°—π Õß™π‘¥¡—°‡ªìπ

positive ·≈– negative contrast agents ‡æ◊ËÕ‡πâπ°“√ª√–‡¡‘π√“¬≈–‡Õ’¬¥¢Õß‡¬◊ËÕ

∫ÿº‘«¥â“π„π (mucosa) ‡ªìπÀ≈—° ·≈–°“√ª√–‡¡‘π≈—°…≥–·≈–™àÕß¿“¬„π∑“ß‡¥‘π

Õ“À“√ ”§—≠√Õß≈ß¡“  à«π¡“°„πºŸâªÉ«¬‡¥Á°∑’ËπâÕ¬°«à“ 7 ªï‰¥â√—∫°“√μ√«®·∫∫ single

contrast study ·≈–ºŸâªÉ«¬‡¥Á°∑’ËÕ“¬ÿ¡“° 7 ªï·≈–ºŸâ„À≠à‰¥â√—∫°“√μ√«®·∫∫ double

contrast study ‚¥¬Õ“»—¬‡§√◊ËÕßø≈ŸÕÕ‚√ ‚§ª „π°“√μ√«®ºŸâªÉ«¬‡§≈◊ËÕπμ—« πÕπμ–·§ß

πÕπ§«Ë” „π∑à“μà“ßÊ ‰¥â¢÷Èπ°—∫μ”·Àπàß¢ÕßÕ«—¬«–∑’Ë∑”°“√μ√«®·≈–√Õ¬æ¬“∏‘ ¿“æ¢Õß

‚√§∑’Ë‡ªìπ ·≈–∂à“¬¿“æ‰«â„π∑à“μà“ßÊ À“°μ”·Àπàßπ—Èπ¡’√Õ¬‚√§Õ¬Ÿà®√‘ß§«√ª√“°Ø„π∑ÿ°

¿“æ18

√Ÿª∑’Ë 11  à«πª√–°Õ∫¢Õß‡§√◊ËÕßø≈ŸÕÕ‚√ ‚§ª
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¢âÕ∫àß™’È ”À√—∫°“√μ√«®À≈Õ¥Õ“À“√ (esophagogram)19

1. ¡’Õ“°“√¥—ßπ’È ‡®Á∫Àπâ“Õ°∑’Ë‰¡à‡°‘¥®“°‚√§À—«„® Õ“°“√∑’Ë ß —¬¿“«–°√¥‰À≈

¬âÕπ (gastroesophageal reflux) °≈◊π≈”∫“° (dysphagia) ·≈–°≈◊π‡®Á∫ (odynophagia)

2. ‡æ◊ËÕª√–‡¡‘π‡¡◊ËÕ ß —¬¿“«–‡À≈à“π’È ¿“«–°“√∫’∫μ—«‰¡à¥’ (motility disor-

ders) À≈Õ¥Õ“À“√Õ—°‡ ∫ À≈Õ¥Õ“À“√μ’∫ ¡’‡ âπ‡≈◊Õ¥¥”‚ªÉßæÕß (varices) ‡π◊ÈÕßÕ°

À≈Õ¥Õ“À“√ ¿“«–À≈Õ¥Õ“À“√Õÿ¥μ—π ·≈–ª√–‡¡‘πÀ≈—ß°“√ºà“μ—¥À≈Õ¥Õ“À“√

¢âÕ∫àß™’È ”À√—∫°“√μ√«®∑“ß‡¥‘πÕ“À“√ à«π∫π (Upper Gastrointestinal

Study)19

1. ¡’Õ“°“√¥—ßπ’È ª«¥∑âÕß  ß —¬¿“«–°√¥‰À≈¬âÕπ (gastroesophageal re-

flux) ª«¥®ÿ°∫√‘‡«≥≈‘Èπªïò dyspepsia §≈◊Ëπ‰ â Õ“‡®’¬π Õ“°“√·≈–Õ“°“√· ¥ß¢Õß¡’

‡≈◊Õ¥ÕÕ°„π∑“ß‡¥‘πÕ“À“√ à«π∫π ´’¥ πÈ”Àπ—°≈¥ ·≈–§≈”°âÕπ‰¥â„π∑âÕß

2.  ß —¬¿“«–°√–‡æ“–Õ“À“√Õ—°‡ ∫ (gastritis À√◊Õ duodenitis) ¡’·º≈

„π°√–‡æ“–Õ“À“√ (peptic ulcer disease) hiatal hernia ¿“«–¡’‡ âπ‡≈◊Õ¥¥”‚ªÉßæÕß

(varices) ‡π◊ÈÕßÕ°∑’Ë°√–‡æ“–Õ“À“√ ¿“«–°√–‡æ“–Õ“À“√Õÿ¥μ—π ·≈–ª√–‡¡‘πÀ≈—ß°“√

ºà“μ—¥°√–‡æ“–Õ“À“√

πÕ°®“°π’È¬—ß¡’¢âÕ∫àß™’È„π°√≥’∑’Ëª√–‡¡‘πÀ≈—ß°“√ºà“μ—¥À√◊ÕÀ≈—ß°“√∫“¥‡®Á∫ ‡æ◊ËÕ

¥Ÿ√Õ¬√—Ë«∫√‘‡«≥À≈Õ¥Õ“À“√ °√–‡æ“–Õ“À“√·≈–≈”‰ â‡≈Á° à«πμâπ ´÷ËßÀ“° ß —¬¿“«–√—Ë«

À√◊Õ¡’°“√∑–≈ÿ¢ÕßÕ«—¬«–‡À≈à“π’È„Àâ„™â “√∑÷∫√—ß ’·∫∫ water - soluble „π°“√ª√–‡¡‘π

‡∫◊ÈÕßμâπÀ“°‰¡àæ∫√Õ¬√—Ë«„Àâ°≈◊π´È”¥â«¬·ªÑß·∫‡√’¬¡ À√◊ÕÀ“° ß —¬¿“«– esophageal-

tracheal fistula À√◊Õ bronchial fistula À√◊Õ¡’Õ“°“√ ”≈—°„Àâ„™â “√∑÷∫√—ß ’·∫‡√’¬¡ À√◊Õ

iso-osmolar À√◊Õ low-osmolar contrast media

°“√‡μ√’¬¡ºŸâªÉ«¬

ß¥πÈ”·≈–Õ“À“√ 2 ™—Ë«‚¡ß°àÕπ°“√μ√«®À≈Õ¥Õ“À“√ ·≈–ß¥πÈ”·≈–Õ“À“√À≈—ß

‡∑’Ë¬ß§◊π°àÕπ∑”°“√μ√«®∑“ß‡¥‘πÕ“À“√ à«π∫π

¢—ÈπμÕπ°“√μ√«® ”À√—∫ Esophagogram19

● Single contrast esophagogram „ÀâºŸâªÉ«¬°≈◊π·ªÑß·∫‡√’¬¡™π‘¥ “√
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·¢«π≈Õ¬§«“¡‡¢â¡¢âπμË” (60% weight/volume) °“√μ√«®·∫∫π’È‡πâπ‡æ◊ËÕ¥Ÿ°“¬«‘¿“§

≈—°…≥– ·≈–°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀ≈Õ¥Õ“À“√ °“√μ√«®®–ª√–‡¡‘π∑—Èß™à«ß∑’ËÀ≈Õ¥Õ“À“√

¢¬“¬μ—«‡μÁ¡∑’Ë ·≈–™à«ß∑’ËÀ≈Õ¥Õ“À“√·ø∫À√◊Õ‡√’¬°«à“™à«ß mucosal relief ºŸâªÉ«¬®–

°≈◊π·ªÑß„π∑à“πÕπÀß“¬ πÕπ§«Ë”À√◊Õ°÷Ëß§«Ë”·∫∫ right anterior oblique πÕ°®“°

π—Èπ§«√ª√–‡¡‘π¥â«¬«à“¡’¿“«–¿“«–°√¥‰À≈¬âÕπÀ√◊Õ‰¡à (√Ÿª∑’Ë 12)

● Double contrast esophagogram „ÀâºŸâªÉ«¬°≈◊π·ªÑß·∫‡√’¬¡™π‘¥ “√

·¢«π≈Õ¬§«“¡‡¢â¡¢âπ Ÿß (210%-250% weight/volume) „π∑à“ upright position

À√◊Õ°≈◊π√à«¡°—∫ºßøŸÉ (effervescent agents) ‡æ◊ËÕ·μ°μ—«‡ªìπ°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å

∑”„Àâ°√–‡æ“–Õ“À“√¢¬“¬μ—«‰¥â¥’¬‘Ëß¢÷Èπ °“√μ√«®·≈–∂à“¬¿“æ‡À¡◊Õπ°—∫·∫∫ single con-

trast esophagogram ‡æ’¬ß·μà√«¡∂÷ß°“√ª√–‡¡‘π∫√‘‡«≥ gastric fundus ·≈– gas-

tric cardia ¥â«¬ (√Ÿª∑’Ë 13)

√Ÿª∑’Ë 12 À≈Õ¥Õ“À“√®“°°“√∑” single con-

trast esophagogram ‡æ◊ËÕª√–‡¡‘π

≈—°…≥–¢ÕßÀ≈Õ¥Õ“À“√

√Ÿª∑’Ë 13 · ¥ßÀ≈Õ¥Õ“À“√®“°°“√∑” double contrast

esophagogram ‡æ◊ËÕª√–‡¡‘π√“¬≈–‡Õ’¬¥¢Õß

‡¬◊ËÕ∫ÿº‘«¥â“π„π (mucosa)
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¢—ÈπμÕπ°“√μ√«® ”À√—∫ Upper Gastrointestinal Study19,20

● Single contrast upper gastrointestinal study ‡À¡◊Õπ°—∫°“√μ√«®

À≈Õ¥Õ“À“√°≈à“«§◊Õ ¥Ÿ™à«ß∑’ËÀ≈Õ¥Õ“À“√¢¬“¬μ—«‡μÁ¡∑’Ë ·≈–™à«ß∑’ËÀ≈Õ¥Õ“À“√·ø∫

·≈–‡æ‘Ë¡°“√μ√«®°√–‡æ“–Õ“À“√·≈–≈”‰ â‡≈Á° à«πμâπ„π∑à“ compression view (√Ÿª∑’Ë

14)

● Double contrast upper gastrointestinal study Õ“®„Àâ¬“ hypoto-

nia agents ‡™àπ °≈Ÿ§“°Õπ¢π“¥ 0.1 ¡‘≈≈‘°√—¡‡æ◊ËÕ„Àâ‡ÀÁπª√–‡¡‘π°√–‡æ“–Õ“À“√ à«π

body ·≈– antrum ‰¥â™—¥‡®π¢÷Èπ ‚¥¬°≈Ÿ§“°Õπ∑”„Àâ pylorus À¥μ—«·≈– gastric emp-

tying time π“π¢÷Èπ ¢—ÈπμÕπ°“√∑” „ÀâºŸâªÉ«¬°≈◊π·ªÑß·∫‡√’¬¡™π‘¥ “√·¢«π≈Õ¬√à«¡

°—∫ºßøŸÉ (effervescent agents) ∑”„Àâ°√–‡æ“–Õ“À“√¢¬“¬μ—«‰¥â¥’¬‘Ëß¢÷Èπ μ√«®·≈–

∂à“¬¿“æ∫√‘‡«≥À≈Õ¥Õ“À“√ °√–‡æ“–Õ“À“√·≈–≈”‰ â‡≈Á° à«πμâπ ·≈–Õ“®‡æ‘Ë¡°“√∂à“¬∑à“

compression view ‡æ◊ËÕ„Àâ‡ÀÁπæ¬“∏‘ ¿“æ‰¥â™—¥‡®π¢÷Èπ (√Ÿª∑’Ë 15)

√Ÿª∑’Ë 14 °√–‡æ“–Õ“À“√·≈–≈”‰ â‡≈Á° à«π

μâπ®“°°“√∑” single contrast up-

per gastrointestinal study

≈Ÿ°»√∑÷∫™’È duodenum  à«π∑’Ë1≈Ÿ°

»√‚ª√àß™’È duodenum  à«π∑’Ë 2

√Ÿª∑’Ë 15 · ¥ß°√–‡æ“–Õ“À“√·≈–≈”‰ â‡≈Á° à«π

μâπ®“°°“√∑” double contrast upper

gastrointestinal study(*)¥Õ°

®—π∑√å· ¥ß à«π°√–‡æ“–Õ“À“√ ≈Ÿ°»√

∑÷∫™’È duodenum  à«π∑’Ë1≈Ÿ°»√‚ª√àß™’È

duodenum  à«π∑’Ë 2
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·¡â«à“ªí®®ÿ∫—π°“√ àÕß°≈âÕß∑“ß‡¥‘πÕ“À“√‡¢â“¡“¡’∫∑∫“∑„π°“√ª√–‡¡‘π√Õ¬

‚√§¢ÕßÀ≈Õ¥Õ“À“√·≈–∑“ß‡¥‘πÕ“À“√ à«πμâπ ¡’°“√»÷°…“æ∫«à“ double contrast study

¡’§«“¡‰«„π°“√«‘π‘®©—¬¡–‡√ÁßÀ≈Õ¥Õ“À“√·≈–°√–‡æ“–Õ“À“√∂÷ß√âÕ¬≈– 95 ¥—ßπ—Èπ°“√

 àÕß°≈âÕßÕ“®°√–∑”„πºŸâªÉ«¬∑’Ë‰¡à·πà„®„πº≈°“√μ√«® double contrast study À√◊Õ

æ∫§«“¡º‘¥ª°μ‘·≈–μâÕß°“√º≈™‘Èπ‡π◊ÈÕ21

°“√ «π·ªÑß (Barium enema)

°“√ «π·ªÑß‡ªìπ°“√μ√«®≈”‰ â„À≠à´÷Ëß·∫àß‡ªìπ single contrast study ·≈–

double contrast study ‚¥¬„™âÀ≈—°°“√‡¥’¬«°—∫°“√μ√«®À≈Õ¥Õ“À“√·≈–∑“ß‡¥‘π

Õ“À“√ à«π∫π °≈à“«§◊Õ single contrast study ¡’∑’Ë„™â„π°√≥’ ß —¬¿“«– high-grade

colonic obstruction, colonic fistula, Hirschsprungûs disease À√◊Õ distal small

bowel obstruction

¢âÕ∫àß™’È ”À√—∫°“√ «π·ªÑß22

1. Diverticular disease, Inflammatory bowel disease ·≈–μ√«®§—¥

°√Õß¡–‡√Áß≈”‰ â„À≠à

2. ¡’Õ“°“√¥—ßπ’È ª«¥∑âÕß ∂à“¬‡À≈« ∑âÕßºŸ° ‡≈◊Õ¥ÕÕ°„π∑“ß‡¥‘πÕ“À“√ ́ ’¥

¡’°âÕπ„π∑âÕß πÈ”Àπ—°≈¥ ¡’ª√–«—μ‘μ‘Ëß‡π◊ÈÕÀ√◊Õ¡–‡√Áß≈”‰ â„À≠à æ¬“∏‘ ¿“æ∑’Ë≈”‰ â„À≠à∑’Ë

∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡

¢âÕÀâ“¡ ”À√—∫°“√ «π·ªÑß22

1. °√≥’∑’Ë ß —¬¿“«–≈”‰ â„À≠à∑–≈ÿ (colonic perforation) „Àâ„™â water

soluble contrast media ·∑π

2. ¿“«– toxic megacolon

3. À≈—ß°“√∑”°“√ àÕß°≈âÕßμ√«®≈”‰ â„À≠à·≈–¡’°“√μ—¥™‘Èπ‡π◊ÈÕ (colonic bi-

opsy) À√◊Õμ—¥μ‘Ëß‡π◊ÈÕ (polypectomy) §«√‡«âπ√–¬–‰ªÕ’° 6 «—π‡ªìπÕ¬à“ßπâÕ¬

°“√‡μ√’¬¡ºŸâªÉ«¬22,23

°“√‡μ√’¬¡ºŸâªÉ«¬‡æ◊ËÕ°“√ «π·ªÑßμ√«®≈”‰ â„À≠à μâÕß‡μ√’¬¡ ”‰ â„À≠à„Àâ –Õ“¥
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´÷Ëß‡ªìπ ‘Ëß ”§—≠·≈–¡’º≈μàÕ°“√μ√«®  Ÿμ√¡’À≈“°À≈“¬·μ°μà“ß°—π¢÷Èπ°—∫·μà≈– ∂“∫—π

À≈—°°“√§◊Õ¡’°“√®”°—¥Õ“À“√ Õ“®‡ªìπÕ“À“√‡À≈«„  1 «—π°àÕπ°“√μ√«® √à«¡°—∫°“√„Àâ

¬“√–∫“¬™π‘¥ osmotic laxatives, contact laxatives ·≈– cleansing enemas ™à«ß

√–À«à“ßπ’ÈμâÕß√–«—ß¿“«–°“√¢“¥πÈ”¥â«¬ ·≈–ß¥πÈ”·≈–Õ“À“√À≈—ß‡∑’Ë¬ß§◊π°àÕπ°“√μ√«®

¢—ÈπμÕπ°“√μ√«® «π·ªÑß·∫∫ double contrast study

● „ à “√·¢«π≈Õ¬·ªÑß·∫‡√’¬¡§«“¡‡¢â¡¢âπ Ÿß (80% weight/volume) ∑“ß

 “¬ «π μ“¡¥â«¬‡ªÉ“≈¡‡æ◊ËÕ∑’Ë®–„Àâ≈”‰ â„À≠à‚ªÉßÕÕ°·≈–·ªÑß‡§≈◊Õ∫‡¬◊ËÕ∫ÿº‘«≈”‰ â„À≠à

● ∂à“¬¿“æ‡®“–®ß∫√‘‡«≥‰ âμ√ß (rectum), sigmoid colon, splenic flex-

ures, hepatic flexure ·≈– cecum

● ∂à“¬¿“æ„À≠à∑—ÈßÀ¡¥‡æ◊ËÕ· ¥ß≈”‰ â„À≠à„π∑à“πÕπÀß“¬ πÕπ§«Ë” πÕπ

μ–·§ß¢«“ πÕπμ–·§ß´â“¬ (√Ÿª∑’Ë 16)

● ∂à“¬¿“æ¥â“π¢â“ß¢Õß‰ âμ√ß ‚¥¬‡Õ“∑àÕ «πÀ√◊Õ∫Õ≈≈ŸπÕÕ°

● ∂à“¬¿“æÀ≈—ß∂à“¬·ªÑßÕÕ° (post evacuation image)

∂÷ß·¡â«à“ªí®®ÿ∫—π CT colonography (CTC) ¡’∑’Ë„™â°—π¡“°¢÷Èπ·≈–¡’§«“¡‰«„π

°“√μ√«®§—¥°√Õßμ‘Ëß‡π◊ÈÕ¢π“¥¡“°°«à“ 1 ‡´πμ‘‡¡μ√¡“°°«à“ double contrast barium

enema (DCBE) ·μà DCBE ¬—ß§ß¡’§«“¡®”‡æ“–¡“°°«à“CTC24

√Ÿª∑’Ë 16 ≈”‰ â„À≠à®“°°°“√∑” double contrast barium enema · ¥ß≈”‰ â„À≠à„π∑à“πÕπ

μ–·§ß´â“¬
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À≈—°°“√¢Õß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å
‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å‡§√◊ËÕß·√°∂Ÿ°ª√–¥‘…∞å¢÷Èπ‚¥¬ Sir Godfrey

Hounsfield „πªï §.». 1972 ‚¥¬À≈—°°“√§◊Õ„ÀâÀ≈Õ¥‡Õ°´‡√¬å (x-ray tube) °—∫μ—«√—∫

· ß (detector) Õ¬Ÿàμ√ß°—π¢â“¡°—π À≈—ß®“°π—Èπ„π ‘∫ªïμàÕ¡“¡’°“√æ—≤π“„Àâ≈”· ß‡Õ°´‡√¬å

‡ªìπ·∫∫æ—¥À√◊Õ fan beam ∑”„ÀâÀ¡ÿπ‰¥âÕß»“¡“°°«à“‡¥‘¡ ®π°√–∑—Ëß¡’°“√æ—≤π“®πÀ≈Õ¥

‡Õ°´‡√¬å°—∫μ—«√—∫· ßÀ¡ÿπ‰ªæ√âÕ¡Ê °—π√Õ∫μ—«ºŸâªÉ«¬ ·≈–æ√âÕ¡∑—Èß‡°Á∫¢âÕ¡Ÿ≈‰ªÕ¬à“ßμàÕ

‡π◊ËÕß ·≈–¿“æ∑’Ë‡°‘¥¢÷ÈπÕ“»—¬°√–∫«π°“√¢Õß filtered backprojection ‡§√◊ËÕß„™â‡«≈“

„π°“√μ√«®‰¥â‡√Á«¢÷Èπ ‡√’¬°‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å√ÿàππ’È‡ªìπ√ÿàπ∑’Ë “¡ À√◊Õ third gen-

eration scanners ‚¥¬‡¡◊ËÕÀ≈Õ¥‡Õ°´‡√¬å°—∫μ—«√—∫· ßÀ¡ÿπ ‡μ’¬ß®–‡≈◊ËÕπ¥â«¬„π·π«

∑‘»∑“ß»’√…–·≈–‡∑â“·≈–À¬ÿ¥°≈—∫‰ª‡√‘Ë¡μâπ„À¡à ‡√“‡√’¬°‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å·∫∫π’È«à“

conventional axial computed tomography À≈—ß®“°π—Èπ¡’°“√æ—≤π“„ÀâÀ≈Õ¥‡Õ°´‡√¬å

°—∫μ—«√—∫· ß·≈–‡μ’¬ß‡§≈◊ËÕπμàÕ‡π◊ËÕß‰ª‡√◊ËÕ¬Ê ∑”„Àâ≈”· ß‡Õ°´‡√¬å¡’°“√‡§≈◊ËÕπ∑’Ë·∫∫‡ªìπ

‡°≈’¬« ‡√“®÷ß‡√’¬°‡§√◊ËÕß‡Õ°´‡√¬å∑’Ëº≈‘μ„π√ÿàππ’È«à“ spiral À√◊Õ helical computed to-

mography ´÷Ëßª√– ∫§«“¡ ”‡√Á®·≈–„™â‰¥â„πªï§.».1990-1999 (√Ÿª∑’Ë 17) À≈—ß®“°π—Èπ¡’

°“√æ—≤π“‚¥¬‡æ‘Ë¡®”π«π·≈–≈¥¢π“¥¢Õßμ—«√—∫· ß‡æ◊ËÕ∑’Ë®–„Àâ‡§√◊ËÕßμ—¥‰¥â√–¬–¡“°¢÷ÈπμàÕ

√Ÿª∑’Ë 17 ‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å·∫∫Àπ÷Ëß ‰≈´å(√Ÿª¥â“π´â“¬¡◊Õ) ·≈–·∫∫ multi-detec-

tor computed tomography ´÷Ëß‡æ‘Ë¡®”π«πμ—«√—∫· ß¡“°¢÷Èπ„π·π«∑‘»∑“ß»’√…–·≈–

‡∑â“
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°“√À¡ÿπÀπ÷Ëß√Õ∫ ·≈–„™â‡«≈“„π°“√μ√«®πâÕ¬≈ß·≈–‰¥â§«“¡Àπ“μàÕÀπ÷Ëß ‰≈ ǻ‰¥â∫“ß¢÷Èπ

‡√’¬°«à“ multi-detector computed tomography °“√‡æ‘Ë¡®”π«πμ—«√—∫· ß¡“°¢÷Èπ

π—Èπ‡√’¬ßμ“¡§«“¡ Ÿß¢ÕßºŸâªÉ«¬À√◊Õ„π·π«∑‘»∑“ß»’√…–·≈–‡∑â“π—Ëπ‡Õß (√Ÿª∑’Ë 17) ‡™àπ ¡’

μ—«√—∫· ß‡æ‘Ë¡¢÷Èπ ’Ë·∂« ‡¡◊ËÕ∑”°“√μ—¥·≈–À¡ÿπÀπ÷Ëß√Õ∫®–‰¥â¢âÕ¡Ÿ≈„π°“√ √â“ß¿“æ®”π«π

4 ™àÕß (channels) À√◊Õ 4  ‰≈ ǻ „™â‡«≈“„π°“√μ√«® 12 «‘π“∑’ ªí®®ÿ∫—π¡’°“√‡æ‘Ë¡®”π«πμ—«

√—∫· ß¡“°∂÷ß 320 ·∂« À√◊Õ 320 detector rows ∑”„Àâμ√«®‰¥â§«“¡¬“« 16 ‡´πμ‘‡¡μ√μàÕ

°“√À¡ÿπÀπ÷Ëß§√—Èß ·≈– “¡“√∂≈¥‡«≈“„π°“√μ√«®·≈–À¡ÿπÀπ÷Ëß√Õ∫≈ßπâÕ¬°«à“ 0.3

«‘π“∑’25-28

§«“¡Àπ“·πàπ¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ëª√“°Ø„π‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å· ¥ßÕÕ°„πÀπà«¬∑’Ë

‡√’¬°«à“ Hounsfield Units (HU) À√◊Õ‡√’¬°«à“ CT number ´÷Ëß¡’§à“μ—Èß·μà +3,000 ∂÷ß -

1,000 πÈ”¡’§à“‡ªìπ»Ÿπ¬å À“°μ—«‡≈¢¡’§à“¬‘Ëß Ÿßæ∫„π‡π◊ÈÕ‡¬◊ËÕ∑’ËÀπ“‡πàπ¡“°‡™àπ°√–¥Ÿ°·≈–

‡ÀÁπ‡ªìπ ’¢“« ¬‘Ëßμ—«‡≈¢¡’§à“πâÕ¬≈ßÀ√◊Õμ‘¥≈∫®–‡ÀÁπ‡ªìπ ’¥” ¥—ß· ¥ß„πμ“√“ß∑’Ë 3

°“√π”‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å ‰ª„™â„π∑“ß§≈‘π‘°

ªí®®ÿ∫—π‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å™à«¬„π°“√«‘π‘®©—¬‚√§·≈–¡’ª√–‚¬™πå∑—Èß°“√

«“ß·ºπ‡æ◊ËÕºà“μ—¥ °“√μ‘¥μ“¡À≈—ß°“√√—°…“ μàÕ‰ª®–°≈à“«∂÷ß∫∑∫“∑¢Õß‡Õ°´‡√¬å

μ“√“ß∑’Ë 3 §«“¡Àπ“·πàπ¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ëª√“°Ø„π‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å26

‡π◊ÈÕ‡¬◊ËÕ CT numbers (Hounsfield Units)

°√–¥Ÿ° 1,000-3,000

°≈â“¡‡π◊ÈÕ 10-40

πÈ” 0

‰¢¡—π -50 ∂÷ß-100

Õ“°“» -1000

‡π◊ÈÕ ¡Õß à«π white matter 20 ∂÷ß 30

‡π◊ÈÕ ¡Õß à«π grey matter 35 ∂÷ß 45

‡≈◊Õ¥ 40
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§Õ¡æ‘«‡μÕ√å‡©æ“–∫“ß à«π∑’Ë„™â∫àÕ¬„π∑“ß»—≈¬°√√¡Õ¬à“ß —ß‡¢ª ‰¥â·°à ‡Õ°´‡√¬å

§Õ¡æ‘«‡μÕ√å√–∫∫ª√– “∑ À≈Õ¥‡≈◊Õ¥·¥ß„À≠à‡ÕÕ√åμâ“·≈–À≈Õ¥‡≈◊Õ¥·¥ß à«π√–¬“ß§å

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å„πºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿ ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å à«π≈”‰ â·≈–™àÕß∑âÕß

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å∑√«ßÕ°·≈–À—«„®

√–∫∫ª√– “∑

∂÷ß·¡â«à“„πªí®®ÿ∫—π‡ÕÁ¡Õ“√å‰Õ (Magnetic Resonance Imaging) ‡¢â“¡“¡’∫∑∫“∑

„π°“√ª√–‡¡‘π‚√§∑“ß√–∫∫ª√– “∑‡π◊ËÕß®“°§«“¡ “¡“√∂„π°“√®”·π°‡π◊ÈÕ‡¬◊ËÕ¥’°«à“

·μàÕ¬à“ß‰√°Á¥’‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å¬—ß§ß‡ªìπ°“√μ√«®∑“ß¿“æ∂à“¬Õ—π¥—∫·√°„πºŸâªÉ«¬

Õÿ∫—μ‘‡Àμÿ À√◊ÕºŸâªÉ«¬∑’Ë¡’Õ“°“√∑“ß§≈‘π‘°¢Õß√–∫∫ª√– “∑Õ¬à“ß‡©’¬∫æ≈—π ´÷Ëß “¡“√∂¥Ÿ

¿“«–‡≈◊Õ¥ÕÕ°„π ¡Õß ¿“«–‡π◊ÈÕ ¡Õß∫«¡ ·≈–°–‚À≈°»’√…–·μ° πÕ°®“°π—Èπ¬—ß

 “¡“√∂„™âª√–‡¡‘π·≈–μ‘¥μ“¡‡π◊ÈÕßÕ°„π ¡Õß∫“ß™π‘¥‰¥â25,29

‡¡◊ËÕ¡’‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å√ÿàπ„À¡à·∫∫ MDCT ∑”„Àâ “¡“√∂¥Ÿ√“¬≈–‡Õ’¬¥¢Õß

À≈Õ¥‡≈◊Õ¥‰¥â ‡√’¬°‡∑§π‘§°“√μ√«®π’È«à“ computed tomographic angiography (CTA)

‚¥¬¡’§«“¡‰«·≈–§«“¡®”‡æ“–¢Õß°“√«‘π‘®©—¬¿“«–‡ âπ‡≈◊Õ¥‚ªÉßæÕß (aneurysm)

¡“°∂÷ß√âÕ¬≈– 96 ·≈– 100 μ“¡≈”¥—∫ ‡∑’¬∫‡∑à“°—∫°“√©’¥ ’¥Ÿ‡ âπ‡≈◊Õ¥ À√◊Õ Digital sub-

traction angiography (DSA) ∂÷ß·¡â‡ âπ‡≈◊Õ¥‚ªÉßæÕß¡’¢π“¥‡≈Á°°«à“ 3 ¡‘≈≈‘‡¡μ√

§«“¡‰«¢Õß°“√«‘π‘®©—¬¿“«–π’È¬—ß§ß Ÿß∂÷ß√âÕ¬≈– 9025 πÕ°®“°π—Èπ “¡“√∂¥Ÿª√‘¡“≥‡≈◊Õ¥

∑’Ë‰ª‡≈’È¬ß ¡Õß‰¥â‡√’¬°«à“ computed tomography perfusion (CTP) ‚¥¬°“√μ—¥´È”∑’Ë

‡¥‘¡À√◊Õ‡√’¬°«à“ cine imaging ·≈â«π”¿“æ∑’Ë‰¥â¡“§”π«≥À“§à“Õ—μ√“°“√‰À≈¢Õß‡≈◊Õ¥

(cerebral blood flow - CBF) ª√‘¡“μ√‡≈◊Õ¥ (cerebral blood volume - CBV) ·≈–

§à“‡©≈’Ë¬¢Õß°“√‰À≈ºà“π¢Õß‡≈◊Õ¥ ≥ ∫√‘‡«≥∑’Ë π„® (mean transit time - MTT) π”

§à“∑’Ë‰¥â¡“·ª≈º≈‡æ◊ËÕ«“ß·π«∑“ß„π°“√√—°…“‚√§μàÕ‰ª (√Ÿª∑’Ë 18) ¢âÕ§«√§”π÷ß°“√∑” CTP

 à«π ¡Õß‰¥â·°à ¡’ª√–‚¬™πå„πºŸâªÉ«¬∑’Ë¡’Õ“°“√¢Õß‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß (stroke) ·∫∫

Õÿ¥μ—π‡æ◊ËÕ√—∫°“√√—°…“‚¥¬„Àâ¬“≈–≈“¬≈‘Ë¡‡≈◊Õ¥ (thrombolytic agent) ´÷Ëß‡«≈“∑’Ë

 “¡“√∂°Õ∫°Ÿâ‡π◊ÈÕ ¡Õß§◊π‰¥â§◊Õ ‰¡à§«√‡°‘π 3-6 ™—Ë«‚¡ß ·≈–‰¡à∑”„π°√≥’§π‰¢â¡’‡≈◊Õ¥

ÕÕ°30 ¢âÕ¥’·≈–¢âÕ‡ ’¬¢Õß CTP ‡ª√’¬∫‡∑’¬∫°—∫‡ÕÁ¡Õ“√å‰Õ·∫∫ Perfusion weighted
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√Ÿª∑’Ë 18 °“√μ√«® computed tomography perfusion (CTP) ¢ÕßºŸâªÉ«¬™“¬Õ“¬ÿ 70 ªïÀ≈—ß®“°

¡’ acute thromboemboli∑’Ë internal carotid artery ¥â“π¢«“ à«πª≈“¬·≈–‰¥â√—∫°“√

∑” cerebral angiogram ·≈–thrombectomyÀ≈—ß¡’Õ“°“√hemiparesis ‡°√¥»Ÿπ¬å

¡“ “¡™—Ë«‚¡ß ®“° CTP ·ª≈º≈«à“¡’ focal oligemia∑’Ë right basal ganglia ·≈–¡’

reperfusion state ¢Õß right MCA territory

μ“√“ß∑’Ë 4 ¢âÕ¥’·≈–¢âÕ‡ ’¬¢Õß CTP ‡ª√’¬∫‡∑’¬∫°—∫‡ÕÁ¡Õ“√å‰Õ·∫∫ Perfusion weighted im-

aging (PWI)*

¢âÕ‰¥â‡ª√’¬∫ ¢âÕ‡ ’¬‡ª√’¬∫

● ‡¢â“∂÷ß‰¥âßà“¬·≈–√“§“∂Ÿ° ● ºŸâªÉ«¬‰¥â√—∫ª√‘¡“≥√—ß ’∑’Ë Ÿß

● ∑”‰¥â√«¥‡√Á«°«à“ ● ¡’§«“¡‡ ’Ë¬ßμàÕ “√∑÷∫√—ß ’

● ßà“¬μàÕ°“√‡ΩÑ“√–«—ß·≈–μ‘¥μ“¡„πºŸâªÉ«¬«‘°ƒμ ● ®”°—¥„π§«“¡¬“«À√◊Õæ◊Èπ∑’Ë∑’Ë§√Õ∫§≈ÿ¡

¢Õß°“√ ·°π

● ¡’§«“¡≈–‡Õ’¬¥·≈–§«“¡§¡™—¥°«à“ ● °√–∫«π°“√À≈—ß°“√∑” (post processing)

´—∫´âÕπ°«à“

●  “¡“√∂∑”‰¥â„πºŸâªÉ«¬∑’Ë‡§√◊ËÕß°√–μÿâπÀ—«„®

À√◊Õ¡’¢âÕÀâ“¡Õ◊ËπÊ „π°“√∑”‡ÕÁ¡Õ“√å‰Õ

*¥—¥·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë 30
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imaging (PWI) · ¥ß„πμ“√“ß∑’Ë 4

À≈Õ¥‡≈◊Õ¥·¥ß„À≠à‡ÕÕ√åμâ“·≈–À≈Õ¥‡≈◊Õ¥·¥ß à«π√–¬“ß§å

‡π◊ËÕß¥â«¬«‘«—≤π“°“√¢Õß MDCT ¥—ß‰¥â°≈à“«¡“·≈â«¢â“ßμâπ∑”„Àâ‰¥â‡§√◊ËÕß∑’Ë¡’

§ÿ≥¿“æ  ·°π‰¥â‡√Á« ‰¥â™à«ß∑’Ë¬“«¢÷Èπ„π™à«ß√–¬–‡«≈“‡ªìπ«‘π“∑’ ¥—ßπ—Èπ‡√“®÷ß “¡“√∂

∑”°“√μ√«®√–∫∫À≈Õ¥‡≈◊Õ¥‰¥â¡’§ÿ≥¿“æ·≈–√“¬≈–‡Õ’¬¥∑’Ë¥’¢÷Èπ √Ÿª¿“æ∑’Ë‰¥â “¡“√∂π”

¡“ √â“ß‡ªìπ·π«√–π“∫μà“ßÊ ·≈– √â“ß‡ªìπ “¡¡‘μ‘‰¥â °“√π”‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å¡“„™â

∑’Ëπ‘¬¡¡“°§◊Õ °“√ª√–‡¡‘π¿“«–‡ âπ‡≈◊Õ¥‚ªÉßæÕßÀ√◊Õ aortic aneurysm ∑—Èß°àÕπ°“√

√—°…“·≈–μ‘¥μ“¡º≈À≈—ß°“√√—°…“ ´÷Ëß°“√μ√«®¥â«¬ MDCT ∂◊Õ‡ªìπ°“√μ√«®∑’Ë‡ªìπ

¡“μ√∞“π∑’Ë ÿ¥À≈—ß®“°°“√√—°…“¥â«¬ Endovascular aneurysm repair (EVAR) °“√

∑”π—Èππ‘¬¡∑” Õß‡ø §◊Õ25

1. °àÕπ©’¥ “√∑÷∫√—ß ’ À√◊Õ‡√’¬°«à“ plain À√◊Õ unenhanced study ™à«ß°àÕπ

©’¥ “√∑÷∫√—ß ’¡’ª√–‚¬™πå§◊Õ °.) ™à«¬μ√«®æ∫‡≈◊Õ¥„π™—Èπºπ—ßÀ≈Õ¥‡≈◊Õ¥ (intramural

hematoma) „πºŸâªÉ«¬∑’Ë¡’Õ“°“√©—∫æ≈—π ¢.) ™à«¬·¬°√–À«à“ßÀ‘πªŸπ·≈–¿“«–∑’Ë°“√

‰À≈¢Õß‡≈◊Õ¥ÕÕ°®“° endograft ‡¢â“ Ÿà aneurysmal sac À√◊Õ‡√’¬°«à“¿“«– endoleak

·≈– §.) ¥Ÿ°“√·μ°À—°À√◊ÕßÕ¢Õß stent graft (√Ÿª∑’Ë 19)

√Ÿª∑’Ë 19 CTA  à«π abdominal aorta

· ¥ß¿“«– endoleak type II

®“° lumbar artery ·≈– in-

ferior mesenteric artery

‡¢â“ Ÿà aneurysmal sac (≈Ÿ°

»√) À≈—ß®“°°“√√—°…“¥â«¬

endovascular aneurysm re-

pair (EVAR)



»ÿ¿‘°“  °ƒ…≥’‰æ∫Ÿ≈¬å 359

2. ™à«ß©’¥ “√∑÷∫√—ß ’„π™à«ß∑’Ë “√∑÷∫√—ß ’Õ¬Ÿà„πÀ≈Õ¥‡≈◊Õ¥·¥ß À√◊Õ‡√’¬°«à“ ar-

terial phase  ”À√—∫™à«ß arterial phase ‰«âª√–‡¡‘π °.) ¢π“¥·≈–μ”·Àπàß¢Õß

‡ âπ‡≈◊Õ¥‚ªÉßæÕß ¢.) ¿“«– endoleak ·≈– §.) ¿“«–°“√¢“¥‡≈◊Õ¥¢ÕßÕ«—¬«–¿“¬„π (√Ÿª∑’Ë

19)

πÕ°®“°¿“«–‡ âπ‡≈◊Õ¥·¥ß„À≠à‡Õ‡ÕÕ√åμâ“‚ªÉßæÕß·≈â«¿“«–Õ◊ËπÊ ∑’Ë‡Õ°´‡√¬å

§Õ¡æ‘«‡μÕ√å‡¢â“¡“¡’∫∑∫“∑∑“ß§≈‘π‘°‰¥â·°à ¿“«– aortic dissection, ¿“«–§«“¡º‘¥

ª°μ‘·μà°”‡π‘¥ ‡™àπ coarctation of aorta, vascular rings, pulmonary sequestra-

tion31

¢âÕ¥’¢Õß°“√π”‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å¡“„™âª√–‡¡‘π‚√§‡ âπ‡≈◊Õ¥·¥ß∫√‘‡«≥

√–¬“ß§å§◊Õ‰¡à§ÿ°§“¡ºŸâªÉ«¬ ·≈– “¡“√∂∫Õ°μ”·Àπàß°√–¥Ÿ°´÷Ëß‡ªìπ®ÿ¥ ”§—≠∑’Ë™à«¬„π

°“√«“ß·ºπ°“√√—°…“ Õ¬à“ß‰√°Áμ“¡‡∑§π‘§„π°“√∑”¡’§«“¡¬“°·≈–§«“¡´—∫´âÕπ

‡π◊ËÕß®“°Õ—μ√“°“√‰À≈¢Õß “√∑÷∫√—ß ’‰ª¬—ß à«π√–¬“ß§å∑’Ë‡ âπ‡≈◊Õ¥ª°μ‘ ·≈–‡ âπ‡≈◊Õ¥∑’Ë

¡’¿“«– atherosclerotic change π—Èπ·μ°μà“ß°—π¡“° ¥—ßπ—ÈπμâÕßÕ“»—¬ª√– ∫°“√≥å

·≈–§«“¡™”π“≠„π°“√ ·°πºŸâªÉ«¬ ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å¢Õß‡ âπ‡≈◊Õ¥·¥ß∫√‘‡«≥ √–¬“ß§å

¡’§«“¡‰«·≈–§«“¡®”‡æ“–√âÕ¬≈– 88-10032 „π°“√«‘π‘®©—¬Õ“°“√‡ âπ‡≈◊Õ¥·¥ßÕÿ¥μ—π

Õ“°“√∑“ß§≈‘π‘°∑’Ë¡’¢âÕ∫àß™’È„π°“√∑”‰¥â·°à intermittent claudication, chronic limb-

threatening ischemia, acute ischemia, ¿“«–‡ âπ‡≈◊Õ¥‚ªÉßæÕßμ‘¥μ“¡°“√√—°…“À≈—ß

°“√μàÕ‡ âπ‡≈◊Õ¥ (percutaneous À√◊Õ surgical revascularization), °“√∫“¥‡®Á∫μàÕ

‡ âπ‡≈◊Õ¥ ‡™àπ¡’¿“«–°√–¥Ÿ°À—°√à«¡¥â«¬ (√Ÿª∑’Ë 20), §«“¡º‘¥ª°μ‘·μà°”‡π‘¥¢Õß‡ âπ‡≈◊Õ¥

(vascular malformations) ·≈–¿“«–°“√Õ—°‡ ∫À√◊Õμ‘¥‡™◊ÈÕ¢Õß‡π◊ÈÕ‡¬◊ËÕÀ√◊Õ°√–¥Ÿ°∑’ËÕ¬Ÿà

¢â“ß‡§’¬ß‡ âπ‡≈◊Õ¥

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å„πºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿ

°“√ª√–‡¡‘π°“√∫“¥‡®Á∫¢Õß°√–¥Ÿ° —πÀ≈—ß à«π§Õ„πºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿ∂◊Õ‡ªìπ ‘Ëß∑’Ë

 ”§—≠ ‡π◊ËÕß®“°À“°æ≈“¥°“√«‘π‘®©—¬°“√∫“¥‡®Á∫∑’Ë ”§—≠¡’∑”„ÀâÕ—πμ√“¬∂÷ß™’«‘μ‰¥â ∂÷ß

·¡â«à“øî≈å¡‡Õ°´‡√¬å°√–¥Ÿ°μâπ§Õ™à«¬„π°“√«‘π‘®©—¬¿“«–π’È·μà¡’¢âÕ®”°—¥À≈“¬ª√–°“√‡™àπ

‡∑§π‘§°“√∂à“¬ ¿“æ‡Õ°´‡√¬å∑’Ë‰¡à§√Õ∫§≈ÿ¡∂÷ß°√–¥Ÿ°μâπ§ÕÕ—π∑’Ë 7 À√◊Õ°“√·ª≈º≈∑’Ë
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º‘¥æ≈“¥ ¡’°“√»÷°…“‡ª√’¬∫‡∑’¬∫√–À«à“ßøî≈å¡‡Õ°´‡√¬å°—∫‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å à«π°√–¥Ÿ°

μâπ§Õ‡æ◊ËÕμ√«®§—¥°√Õß°“√∫“¥‡®Á∫¢Õß°√–¥Ÿ° —πÀ≈—ß à«π§Õ„πºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿæ∫«à“

øî≈å¡‡Õ°´‡√¬å¡’§«“¡‰«√âÕ¬≈– 45-52 ·≈–¡’§«“¡®”‡æ“–√âÕ¬≈– 97 „π¢≥–∑’Ë‡Õ°´‡√¬å

§Õ¡æ‘«‡μÕ√å à«π°√–¥Ÿ°μâπ§Õ¡’§«“¡‰«√âÕ¬≈– 98-100 ·≈–¡’§«“¡®”‡æ“–√âÕ¬≈– 99.5

Õ¬à“ß‰√°Áμ“¡·π–π”„Àâ„™â‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å ”À√—∫μ√«®§—¥°√Õß°“√∫“¥‡®Á∫¢Õß

°√–¥Ÿ° —πÀ≈—ß à«π§Õ„πºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿ∑’Ë√–¥—∫§«“¡√Ÿâ ÷°μ—«≈¥≈ß33,34

øî≈å¡‡Õ°´‡√¬åªÕ¥∂◊Õ‡ªìπ°“√μ√«®§—¥°√Õß∑’Ë¥’∑’Ë ÿ¥ ”À√—∫°“√∫“¥‡®Á∫·∫∫

°√–·∑°¢Õß∑√«ßÕ° (blunt chest trauma)  “¡“√∂ª√–‡¡‘π¿“«–‡√àß¥à«π∫“ßª√–°“√

‰¥â ‡™àπ ¿“«–≈¡√—Ë«À√◊Õ‡≈◊Õ¥ÕÕ°„π™àÕßÕ° (pneumothorax À√◊Õ hemothorax)

ª√–‡¡‘πμ”·Àπàß¢Õß∑àÕ™à«¬À“¬„® ·≈– “¬√–∫“¬μà“ßÊ Õ¬à“ß‰√°Áμ“¡√âÕ¬≈– 50 ¢ÕßºŸâ

ªÉ«¬∑’Ëøî≈å¡‡Õ°´‡√¬åªÕ¥ª°μ‘π—Èπ¡’°“√∫“¥‡®Á∫Õ◊ËπÊ ¢Õß™àÕßÕ°√à«¡¥â«¬ ¥—ßπ—Èπ‡Õ°´‡√¬å

§Õ¡æ‘«‡μÕ√å‡¢â“¡“¡’∫∑∫“∑™à«¬ª√–‡¡‘π°“√∫“¥‡®Á∫„π°√≥’∑’ËºŸâªÉ«¬ —≠≠“π™’æ§ß∑’Ë

·≈–¡’°≈‰°°“√∫“¥‡®Á∫∑’Ë√ÿπ·√ß ‡∑§π‘§°“√∑”§◊Õ ·°π„π™à«ß arterial phase ‡æ◊ËÕ

 “¡“√∂ª√–‡¡‘π°“√∫“¥‡®Á∫¢ÕßÀ≈Õ¥‡≈◊Õ¥·¥ß„À≠à‡ÕÕÕ√åμâ“∑’ËªÕ¥ (thoracic aorta)

´÷Ëßμ”·Àπàß∑’Ëæ∫§◊Õ∫√‘‡«≥ aortic isthmus „μâμàÕ®ÿ¥°”‡π‘¥¢Õß left subclavian ar-

tery Õ“®‡ÀÁπ‡ªìπ internal flap À√◊Õ pseudoaneurysm §«“¡º‘¥ª°μ‘Õ◊ËπÊ ∑’Ë “¡“√∂

æ∫‰¥â®“°‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å‰¥â·°à §«“¡º‘¥ª°μ‘¢Õß‡π◊ÈÕªÕ¥ (pulmonary lacera-

√Ÿª∑’Ë 20 CTA  à«π√–¬“ß§å· ¥ß°“√ traumatic oc-

clusion ¢Õß‡ âπ‡≈◊Õ¥ popliteal artery

¥â“π ấ“¬ (≈Ÿ°»√) √à«¡°—∫comminuted

fractures ¢Õß°√–¥Ÿ° tibia
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tion, pulmonary contusion) (√Ÿª∑’Ë 21) §«“¡º‘¥ª°μ‘¢Õß∑“ß‡¥‘πÀ“¬„® (bronchial

À√◊Õ tracheal laceration) §«“¡º‘¥ª°μ‘¢ÕßÀ≈Õ¥Õ“À“√ °–∫—ß≈¡ ·≈–°√–¥Ÿ°¢Õß

ºπ—ß∑√«ßÕ°À—°25,35,36

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å¡’∫∑∫“∑„π°“√ª√–‡¡‘πºŸâªÉ«¬∫“¥‡®Á∫™àÕß∑âÕß·∫∫°√–·∑°

(blunt abdominal injury) „π°√≥’∑’ËºŸâªÉ«¬ —≠≠“π™’æ§ß∑’Ë·≈–‰¡à‰¥â√—∫°“√ºà“μ—¥™àÕß∑âÕß

·μà¬—ß‰¡à·πà„®«à“¡’°“√∫“¥‡®Á∫„π™àÕß∑âÕßÀ√◊Õ‰¡à πÕ°®“°π—Èπ¬—ß™à«¬≈¥Õ—μ√“°“√ºà“μ—¥

™àÕß∑âÕß∑’Ë‰¡à®–‡ªìπÕ’°¥â«¬37,38 ‡∑§π‘§„π°“√∑”§◊Õ ·°π„π™à«ß arterial phase ·≈–

portal venous phase ‡æ◊ËÕ “¡“√∂ª√–‡¡‘π‰¥â∑—Èß°“√∫“¥‡®Á∫¢Õß‡ âπ‡≈◊Õ¥ ·≈–°“√

∫“¥‡®Á∫¢Õß‡π◊ÈÕ‡¬◊ËÕμà“ßÊ §«“¡∂Ÿ°μâÕß¢Õß°“√μ√«®æ∫°“√∫“¥‡®Á∫¢Õß μ—∫ ¡â“¡ ‰μ

·≈–¿“«–‡≈◊Õ¥ÕÕ°„πÀ≈—ß™àÕß∑âÕß (retroperitoneal hematoma)  Ÿß∂÷ß√âÕ¬≈– 94,96,92

·≈– 92 μ“¡≈”¥—∫39 §«“¡√ÿπ·√ß¢Õß°“√∫“¥‡®Á∫·∫àßμ“¡ American Association

√Ÿª∑’Ë 21 ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å· ¥ß

pulmonary laceration ∑’Ë

ªÕ¥°≈’∫≈à“ß¢ÕßºŸâªÉ«¬∑’Ë‰¥â

√—∫∫“¥‡®Á∫∑’ËªÕ¥

√Ÿª∑’Ë 22 ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å™àÕß∑âÕß à«π

∫π™à«ß arterial phase · ¥ß°“√

∫“¥‡®Á∫¢Õß¡â“¡√ÿπ·√ß‡°√¥ 3

(≈Ÿ°»√∑÷∫) ·≈–°“√∫“¥‡®Á∫¢Õß

‰μ¢«“√ÿπ·√ß‡°√¥ 3 (≈Ÿ°»√‚ª√àß)
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for the Surgery of Trauma (AAST)40 (√Ÿª∑’Ë 22) ·≈–πÕ°®“°π—Èπ¬—ß¡’°“√ª√—∫‡æ◊ËÕ„Àâ

ßà“¬μàÕ°“√·ª≈º≈‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å‡√’¬° CT-based scoring system41 Õ¬à“ß‰√

°Á¥’‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å¡’¢âÕ®”°—¥„π°“√μ√«®§—¥°√Õß°“√∫“¥‡®Á∫¢Õß≈”‰ â·≈–·ºàπ

™à«¬¬÷¥≈”‰ â (mesentery) °≈à“«§◊Õ¡’§«“¡‰«‡æ’¬ß√âÕ¬≈– 69-92  ·μà§«“¡®”‡æ“–

√âÕ¬≈– 94-10037 ·≈–‡∑§π‘§„π°“√μ√«®‰¡à®”‡ªìπμâÕß„ÀâºŸâªÉ«¬√—∫ª√–∑“π “√∑÷∫√—ß ’ (oral

contrast material) ¡’°“√»÷°…“æ∫«à“À“°„ÀâºŸâªÉ«¬√—∫ª√–∑“π “√∑÷∫√—ß ’®–æ∫°“√‰À≈

¢Õß “√∑÷∫√—ß ’ÕÕ°πÕ°≈”‰ â (extraluminal contrast material) ‡æ’¬ß√âÕ¬≈– 2041

 Õ¥§≈âÕß°—∫Õ’°Àπ÷Ëß°“√»÷°…“∑’Ëæ∫«à“°“√μ√«®¥â«¬ MDCT π—Èπ‰¡àμâÕß√—∫ª√–∑“π “√∑÷∫

√—ß ’ °Á¡’§«“¡·¡àπ¬”‡æ’¬ßæÕ∑’Ë®–„Àâ°“√«‘π‘®©—¬°“√∫“¥‡®Á∫¢Õß≈”‰ â·≈–·ºàπ™à«¬¬÷¥≈”‰ â

°≈à“«§◊Õ¬—ß§ß¡’§«“¡‰«√âÕ¬≈– 82 §«“¡®”‡æ“–√âÕ¬≈– 99 §à“æ¬“°√≥å∫«° (positive

predictive value) √âÕ¬≈– 64 ·≈–§à“æ¬“°√≥å≈∫ (negative predictive value)

√âÕ¬≈– 9942

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å à«π≈”‰ â·≈–™àÕß∑âÕß

°“√μ√«®‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å à«π™àÕß∑âÕß·≈–Õÿâß‡™‘ß°√“π·μ°μà“ß®“°°“√

μ√«® à«πÕ◊Ëπ§◊ÕºŸâªÉ«¬μâÕß‡μ√’¬¡μ—«¥—ßπ’È

● ß¥Õ“À“√Õ¬à“ßπâÕ¬ 4 ™—Ë«‚¡ß°àÕπ°“√μ√«®

● Ωñ°À“¬„®‡¢â“ÕÕ°≈÷°Ê ·≈–°≈—Èπ„®°àÕπμ√«®

● √—∫ª√–∑“π “√∑÷∫√—ß ’∑’Ë≈–≈“¬„Àâ§«“¡‡¢â¡¢âπ≈¥≈ß‡À≈◊Õª√–¡“≥√âÕ¬≈–

1-3 ‡æ◊ËÕ™à«¬„Àâ≈”‰ â¬◊¥¢¬“¬ÕÕ°·≈–¡Õß‡ÀÁπ‰¥â™—¥‡®π¬‘Ëß¢÷Èπ ‚¥¬√—∫ª√–∑“π “√∑÷∫

√—ß ’ª√–¡“≥ 800-1000 ¡‘≈≈‘≈‘μ√°àÕπ°“√μ√«® 1 ™—Ë«‚¡ß ·≈–πÈ”‡ª≈à“Õ’° 400 ¡‘≈≈‘≈‘μ√

μÕπ¢÷Èπ‡μ’¬ß ´÷Ëß‡ªìπ negative contrast ‡æ◊ËÕ™à«¬∑”„Àâ¡Õß‡ÀÁπ∫√‘‡«≥°√–‡æ“–Õ“À“√

·≈–≈”‰ â‡≈Á° à«πμâπ Õ¬à“ß‰√°Áμ“¡¡’°“√μ√«®∑’Ë ß —¬¿“«–∑“ß§≈‘π‘°∫“ßª√–°“√∑’Ë‰¡à

μâÕß„Àâ√—∫ª√–∑“π “√∑÷∫√—ß ’‰¥â·°à ¿“«–≈”‰ â‡≈Á°Õÿ¥μ—π‡©’¬∫æ≈—π (acute small bowel

obstruction) ·≈–¿“«– ß —¬π‘Ë«„π√–∫∫∑“ß‡¥‘πªí  “«–

● °“√ «π “√∑÷∫√—ß ’∑“ß∑«“√Àπ—° (rectal contrast) °√–∑”‡¡◊ËÕºŸâªÉ«¬¢÷Èπ

‡μ’¬ß ¡’∑’Ë„™â‡¡◊ËÕ ß —¬æ¬“∏‘ ¿“æ∫√‘‡«≥≈”‰ â„À≠à À“° «πª√‘¡“≥ 200 ¡‘≈≈‘≈‘μ√ “√
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∑÷∫√—ß ’®–‡§≈◊Õ∫‰¥â∂÷ß à«π rectosigmoid colon À“°μâÕß°“√„Àâ‡§≈◊Õ∫À¡¥∑—Èß

≈”‰ â„À≠à§«√ª√‘¡“≥ 800-1,000 ¡‘≈≈‘≈‘μ√ ·≈–À¬ÿ¥ «π‡¡◊ËÕºŸâªÉ«¬√Ÿâ ÷°Õ÷¥Õ—¥ §«√

√–«—ß„πºŸâªÉ«¬∑’Ë‡æ‘Ëß‰¥â√—∫°“√ºà“μ—¥∫√‘‡«≥≈”‰ â„À≠à·≈–‰ âμ√ß

∂÷ß·¡â«à“Õ—≈μ√“´“«¥å∂◊Õ‡ªìπ°“√μ√«®¢—Èπμâπ ”À√—∫μ—∫·≈–¡â“¡ ·μà°“√μ√«®

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å “¡“√∂æ∫æ¬“∏‘ ¿“æ¢π“¥‡≈Á°  “¡“√∂·¬°™π‘¥¢Õßæ¬“∏‘

 ¿“æ∑’Ë‡ÀÁπ ·≈–∫Õ°¢Õ∫‡¢μ·≈–°“√·æ√à°√–®“¬¢Õß°âÕπ´÷Ëß™à«¬„π°“√«“ß·ºπ·≈–

μ‘¥μ“¡°“√√—°…“‰¥â¥’°«à“ À“° ß —¬¡–‡√Áßμ—∫ À√◊Õ¡–‡√Áß∑’Ë·æ√à°√–®“¬·∫∫ hypervascular

metastases (√Ÿª∑’Ë 23) ‡™àπ¡–‡√Áß‡π◊ÈÕ‰μ À√◊Õ§«“¡º‘¥ª°μ‘·∫∫ focal nodular hyper-

plasia À√◊Õ hepatic adenoma „Àâ ·°π∑—Èß arterial ·≈– portal venous phase

À“° ß —¬¿“«– hepatic hemangioma À√◊Õ cholangiocarcinoma „Àâ ·°π delayed

phase √à«¡¥â«¬ °≈à“«§◊Õ 10-15 π“∑’À≈—ß©’¥ “√∑÷∫√—ß ’‡¢â“‡ âπ‡≈◊Õ¥ (√Ÿª∑’Ë 24)  ”À√—∫

°“√μ√«®√–∫∫∑“ß‡¥‘πªí  “«–π—Èπ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å¡’∫∑∫“∑„π°“√ª√–‡¡‘π¥Ÿπ‘Ë«„π

∑àÕ‰μ ¡–‡√Áß¢Õß√–∫∫∑“ß‡¥‘πªí  “«– ·≈–„π°√≥’∑’Ë ß —¬°“√∫“¥‡®Á∫μàÕ√–∫∫π’È„πºŸâ

ªÉ«¬Õÿ∫—μ‘‡Àμÿ ´÷Ëß°“√ ·°π‚¥¬‰¡à©’¥ “√∑÷∫√—ß ’¡’ª√–‚¬™πå‡æ◊ËÕ¥Ÿπ‘Ë«¥—ß‰¥â°≈à“«¡“·≈â«

°“√ ·°π„π nephrogenic phase ª√–¡“≥ 100 «‘π“∑’À≈—ß®“°©’¥ “√∑÷∫√—ß ’¡’

ª√–‚¬™πå‡æ◊ËÕ¥Ÿ‡π◊ÈÕ‰μ ·≈–°“√ ·°π„π delayed phase ª√–¡“≥ 8-10 π“∑’À≈—ß®“°

√Ÿª∑’Ë 23 ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å™àÕß∑âÕß à«π∫π™à«ß arterial phase · ¥ß hypervascular me-

tastases (*) ∑’Ëμ—∫ (√Ÿª∑“ß¢«“¡◊Õ) ®“° renal cell carcinoma ¢Õß‰μ¥â“π¢«“

(√Ÿª∑“ß´â“¬¡◊Õ)
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©’¥ “√∑÷∫√—ß ’ ¡’ª√–‚¬™πå‡æ◊ËÕ°“√∫“¥‡®Á∫¢Õß°√«¬‰μ·≈–∑àÕ‰μ25  ”À√—∫°“√μ√«®μ—∫

ÕàÕππ—Èπ °“√μ√«®¥â«¬‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å∂◊Õ«à“¡’∫∑∫“∑Õ¬à“ß¡“°‡π◊ËÕß®“°‡ªìπ

Õ«—¬«–∑’ËÕ¬Ÿà∫√‘‡«≥¥â“πÀ≈—ß·≈–‚¥π∫¥∫—ß¥â«¬·°ä „π≈”‰ â ¿“«–§«“¡º‘¥ª°μ‘∑’Ë

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å™à«¬μ√«®æ∫‰¥â·°à ¿“«–μ—∫ÕàÕπÕ—°‡ ∫∑—Èß‡©’¬∫æ≈—π·≈–‡√◊ÈÕ√—ß

(√Ÿª∑’Ë25) ¿“«–¡–‡√Áßμ—∫ÕàÕπ ·μàÀ“°°âÕπ¡’¢π“¥‡≈Á°¡“°°“√μ√«®‚¥¬°“√Õ—≈μ√“´“«¥å

√Ÿª∑’Ë 24 ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å™àÕß∑âÕß à«π∫π™à«ß venous phase (√Ÿª∑“ß´â“¬¡◊Õ) ·≈– de-

layed phase (√Ÿª∑“ß¢«“¡◊Õ) · ¥ß°âÕπ hilarcholangiocarcinoma (*) ´÷Ëß¡’ perito-

neal metastasis ·≈– ascites √à«¡¥â«

√Ÿª∑’Ë 25 ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å™àÕß∑âÕß à«π∫π™à«ß°àÕπ©’¥ “√∑÷∫√—ß ’ (√Ÿª∑“ß ấ“¬¡◊Õ) ·≈–

arterial phase (√Ÿª∑“ß¢«“¡◊Õ) · ¥ß°âÕπÀ‘πªŸπ∑’Ëμ—∫ÕàÕπ (≈Ÿ°»√) „πºŸâªÉ«¬μ—∫

ÕàÕπÕ—°‡ ∫‡√◊ÈÕ√—ß√à«¡°—∫ pseudocyst (*)
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 àÕß°≈âÕß (endoscopic ultrasound) ®–‰«°«à“ ¢âÕ∫àß™’È„π°“√∑”‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å

„π¿“«–μ—∫ÕàÕπÕ—°‡ ∫‡©’¬∫æ≈—π43 ‰¥â·°à Ranson score ¡“°°«à“ 3 À√◊Õ APACHE

score ¡“°°«à“ 8, Õ“°“√‰¡à¥’¢÷ÈπÀ≈—ß√—°…“ 72 ™—Ë«‚¡ß, 7-10 «—πÀ≈—ß®“°¡’Õ“°“√· ¥ß

·≈–¡’ CT severity score 3-10 À√◊Õ‡°√¥ D-E, Õ“°“√‡ª≈’Ë¬π·ª≈ß ·≈– ß —¬¿“«–

·∑√°´âÕπ πÕ°®“°π’È™à«ß ‘∫ªï∑’Ëºà“π¡“‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å ”À√—∫μ√«®≈”‰ â„À≠à CT

colonoscopy (CTC) (√Ÿª∑’Ë 26) ‰¥â‡¢â“¡“·∑π∑’Ë°“√μ√«®≈”‰ â„À≠à‚¥¬°“√ «π·ªÑß

(barium enema) °“√‡μ√’¬¡μ—« ”À√—∫°“√μ√«®™π‘¥π’ÈμâÕß‡μ√’¬¡·≈–∑”§«“¡ –Õ“¥

≈”‰ â„À≠à‚¥¬√—∫ª√–∑“πÕ“À“√ÕàÕπ ¢Õß‡À≈« 2 «—π°àÕπ°“√μ√«® ·≈–„Àâ¬“√–∫“¬

1«—π°àÕπ°“√μ√«® ´÷Ëß Ÿμ√Õ“®·μ°μà“ß°—πμ“¡ ∂“∫—πÀ√◊Õ‚√ßæ¬“∫“≈μà“ßÊ ¡’°“√»÷°…“

√«∫√«¡‡ªìπ meta-analysis æ∫«à“°“√μ√«®¥â«¬ CTC ¡’§«“¡‰«¢Õß°“√μ√«®æ∫μ‘Ëß‡π◊ÈÕ

(polyp) ¢π“¥¡“°°«à“ 10 ¡‘≈≈‘‡¡μ√√âÕ¬≈– 93 ·≈–§«“¡®”‡æ“–√âÕ¬≈– 97 À“°√«¡μ‘Ëß

‡π◊ÈÕ¢π“¥‡≈Á°¥â«¬§«“¡‰«≈¥≈ß‡ªìπ√âÕ¬≈– 45-97 ·≈–§«“¡®”‡æ“–√âÕ¬≈– 26-97

√Ÿª∑’Ë 26 ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å ”À√—∫μ√«®≈”‰ â„À≠à CT colonoscopy (CTC) · ¥ß polyp ¢π“¥

4 ‡´πμ‘‡¡μ√∫√‘‡«≥ hepatic flexure
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πÕ°®“°π—Èπ§«“¡‰«·≈–§«“¡®”‡æ“–¢Õß°“√μ√«®æ∫¡–‡√Áß Ÿß∂÷ß√âÕ¬≈– 96 ·≈– 91

μ“¡≈”¥—∫44

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å∑√«ßÕ°·≈–À—«„®

‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å¡’§«“¡‰«¡“°°«à“øî≈å¡‡Õ°´‡√¬åªÕ¥„π°“√ª√–‡¡‘πæ¬“∏‘

 ¿“æ∑’Ë‡π◊ÈÕªÕ¥·≈–‡¬◊ËÕ°—Èπ°≈“ß™àÕßÕ° (mediastinum) πÕ°®“°π—Èπ¬—ß„™â„π°“√∫Õ°

√–¬–¢Õß¡–‡√ÁßªÕ¥·≈–ª√–‡¡‘π¢π“¥·≈–μ”·Àπàß¢ÕßμàÕπÈ”‡À≈◊Õß ¿“«–∑“ß§≈‘π‘§∑’Ë

‡√àß¥à«πÕ¬à“ßÀπ÷Ëß∑’Ë‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å·∫∫ CT pulmonary angiography (CTPA)

(√Ÿª∑’Ë 27) ¡’∫∑∫“∑„π°“√™à«¬«‘π‘®©—¬§◊Õ¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π‡ âπ‡≈◊Õ¥·¥ßªÕ¥ (pul-

monary thromboembolism À√◊Õ PE) ®“°°“√»÷°…“¢Õß The Prospective Investi-

gation of Pulmonary Embolism Diagnosis (PIOPED II)45 æ∫«à“°“√μ√«®¥â«¬

CTPA ¡’§«“¡‰«·≈–§«“¡®”‡æ“–„π°“√«‘π‘®©—¬¿“«– PE √âÕ¬≈– 83 ·≈– 96 μ“¡≈”¥—∫

·≈–À“°μ√«®√à«¡°—∫ CT venography (CTV) ‡æ◊ËÕÀ“≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—πÀ√◊Õ¿“«– deep

vein thrombosis ®–¡’§«“¡‰«·≈–§«“¡®”‡æ“–‡ªìπ√âÕ¬≈– 90 ·≈– 95 μ“¡≈”¥—∫ Õ’°

°“√»÷°…“Àπ÷Ëß·∫∫ meta-analysis æ∫«à“¡’°“√æ¬“°√≥å‚√§‡ªìπ≈∫ Ÿß∂÷ß√âÕ¬≈– 9946

MDCT ∂◊Õ‡ªìπÀπ÷Ëß„π°“√μ√«®∑’Ë¡’∫∑∫“∑ ”§—≠„πºŸâªÉ«¬∑’Ë¡’Õ“°“√·≈–¡’æ¬“∏‘

√Ÿª∑’Ë 27 ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å∑√«ßÕ°· ¥ß acute pulmonary embolism ·¢πß lobar and

segmental branches ¢Õß‡ âπ‡≈◊Õ¥·¥ß pulmonary artery ¥â“π¢«“·≈–¥â“π´â“¬
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 ¿“æ∑’ËÀ—«„® °“√μ√«®‡ âπ‡≈◊Õ¥À—«„®À√◊Õ coronary CT angiography (√Ÿª∑’Ë 28) ºŸâ

ªÉ«¬§«√ß¥§“‡øÕ’π°àÕπ°“√μ√«® 1 «—π ß¥Õ“À“√ 4 ™—Ë«‚¡ß°àÕπ°“√μ√«® ·≈–°“√√—∫

ª√–∑“π¬“°≈ÿà¡ beta-blocker °àÕπ°“√μ√«®§√÷Ëß™—Ë«‚¡ß∂÷ß 1 ™—Ë«‚¡ßÀ“°Õ—μ√“°“√‡μâπ

¢ÕßÀ—«„® Ÿß‡°‘π 60 §√—ÈßμàÕπ“∑’ ¡’°“√»÷°…“æ∫«à“ 64 row MDCT ¡’§«“¡‰«·≈–§«“¡

®”‡æ“–„π°“√„Àâ°“√«‘π‘®©—¬‡ âπ‡≈◊Õ¥À—«„®∑’Ëμ’∫√ÿπ·√ß¡“°°«à“√âÕ¬≈– 50 ¢Õß¢π“¥

‡ âπ‡≈◊Õ¥ ‡∑à“°—∫√âÕ¬≈– 85 ·≈– √âÕ¬≈– 90 μ“¡≈”¥—∫ °“√æ¬“°√≥å‚√§‡ªìπ∫«°√âÕ¬≈–

91 ·≈–°“√æ¬“°√≥å‚√§‡ªìπ≈∫√âÕ¬≈– 8347 ¡’Õ’°Àπ÷Ëß°“√»÷°…“´÷Ëß‡ªìπ meta-analysis

æ∫«à“°“√μ√«®¥â«¬ 64 row MDCT „πºŸâªÉ«¬∑’Ë¡“¥â«¬Õ“°“√¢ÕßÀ—«„®¢“¥‡≈◊Õ¥‡©’¬∫æ≈—π

(acute coronary syndrome - ACS) „Àâ°“√æ¬“°√≥å‚√§‡ªìπ≈∫ Ÿß∂÷ß√âÕ¬≈– 99 À“°

º≈°“√μ√«®‡ªìπ≈∫ “¡“√∂„ÀâºŸâªÉ«¬°≈—∫∫â“π‰¥â ·≈–∑”π“¬«à“®–ª≈Õ¥®“°Õ“°“√∑“ß

‚√§À—«„® (major adverse cardiac events - MACE) ‰ªÕ’° 30 «—π48

§«“¡ ”§—≠¢Õßª√‘¡“≥√—ß ’„π°“√μ√«®¥â«¬‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å

ª√‘¡“≥°“√ àßμ√«®¥â«¬‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å‡æ‘Ë¡¢÷Èπ‡ªìπÕ¬à“ß¡“°®“°‡¥‘¡‡æ’¬ß

√âÕ¬≈– 2 ¢Õß°“√ àßμ√«®∑“ß√—ß ’∑—ÈßÀ¡¥‡¡◊ËÕ™à«ßªï §.» 1890-1989 ‡æ‘Ë¡¢÷Èπ‡ªìπ√âÕ¬≈–

√Ÿª∑’Ë 28 ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å coronary CT angiography · ¥ß soft plaque ∑’Ë proximal left

anterior descending coronary artery ∑”„Àâ‡ âπ‡≈◊Õ¥μ’∫√âÕ¬≈– 50-70 ¢ÕßºŸâªÉ«¬

™“¬Õ“¬ÿ 53 ªï
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9 „π™à«ßªï §.».2003-2004 §‘¥‡ªìπ§√÷ËßÀπ÷Ëß¢Õßª√‘¡“≥√—ß ’∑’Ë‡°‘¥®“°∑“ß°“√·æ∑¬å

∑—ÈßÀ¡¥49 ª√‘¡“≥√—ß ’®“°°“√μ√«®‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å· ¥ß¥—ßμ“√“ß∑’Ë 5 ·≈–

μ“√“ß∑’Ë 6  ‘Ëß∑’Ë§«√μâÕßμ√–Àπ—°§◊Õº≈∑“ß√—ß ’·∫∫ stochastic effect ∑’Ë°àÕ„Àâ‡°‘¥¡–‡√Áß

(μ“√“ß∑’Ë 7) ·≈–°“√‡ª≈’Ë¬π·ª≈ß∑“ßæ—π∏ÿ°√√¡‰¥â ¬‘Ëß¡’°“√æ—≤π“‡ªìπ MDCT  “¡“√∂

μ—¥‰¥âÀ≈“¬‡ø  ª√‘¡“≥√—ß ’¬‘Ëß‡æ‘Ë¡¡“°¢÷Èπ ¥—ßπ—Èπ§«√‡ªìπ§«“¡√—∫º‘¥™Õ∫¢Õß∑ÿ°ΩÉ“¬

√à«¡°—π μ—Èß·μà·æ∑¬å‡®â“¢Õß‰¢â§«√¡’‡Àμÿº≈À√◊Õ¢âÕ∫àß™’È∑“ß°“√·æ∑¬å∑’Ë‡À¡“– ¡„π°“√

 àßμ√«®‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å æ√âÕ¡∑—Èß∫Õ°√“¬≈–‡Õ’¬¥∑’Ë∂Ÿ°μâÕß·°à√—ß ’·æ∑¬å‡æ◊ËÕ∑’Ë®–

ÕÕ°·∫∫°“√ ·°π∑’Ë®”°—¥·≈–‡À¡“– ¡∑’Ë®–μÕ∫§”∂“¡Õ“°“√∑“ß§≈‘π‘§μ“¡À≈—°°“√¢Õß

ALARA (as low as reasonably achievable) πÕ°®“°π—ÈπºŸâº≈‘μ‡§√◊ËÕß‡Õ°´‡√¬å

§Õ¡æ‘«‡μÕ√å§«√æ—≤π“‡∑§π‘§‡æ◊ËÕª√—∫‡ª≈’Ë¬π·≈–≈¥ª√‘¡“≥√—ß ’ ‚¥¬¿“æ∑’Ë‰¥â¬—ß§ß

§ÿ≥¿“æ “¡“√∂Õà“π·≈–·ª≈º≈‰¥â Õ’°∑—Èßπ—°√—ß ’‡∑§π‘§§«√‡√’¬π√Ÿâ«‘∏’°“√„™â‡§√◊ËÕß·≈–

ª√—∫≈¥ª√‘¡“≥√—ß ’‰¥â

À≈—°°“√¢Õß°“√μ√«® PET-CT

PET-CT ‡ªìπ°“√√«¡°—π¢Õß PET scan ´÷Ëß‡ªìπ functional imaging ·≈–

CT scan ´÷Ëß„Àâ√“¬≈–‡Õ’¬¥‡ªìπ anatomical imaging Õ¬Ÿà„π‡§√◊ËÕß¡◊Õ°“√μ√«®

‡¥’¬«°—π‚¥¬∑’Ë‰¡àμâÕß‡§≈◊ËÕπ¬â“¬ºŸâªÉ«¬ §«“¡·μ°μà“ß¢Õß‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å„π

PET-CT §◊Õ‰¡à “¡“√∂‡Õ’¬ß gantry ‰¥â‡À¡◊Õπ‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å∑—Ë«‰ª

μ“√“ß∑’Ë 5 · ¥ßª√‘¡“≥√—ß ’¬—ßº≈®“°°“√μ√«®‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å‡ªìπ effective dose

(Àπà«¬‡ªìπ millisievert - mSv)9

∫√‘‡«≥/Õ«—¬«– ª√‘¡“≥√—ß ’ ª√‘¡“≥√—ß ’‡∑’¬∫ ª√‘¡“≥√—ß ’‡∑’¬∫°—∫

(mSv) °—∫øî≈å¡‡Õ°´‡√¬å √—ß ’∑’Ë¡’μ“¡∏√√¡™“μ‘

ªÕ¥ 1 „∫ (natural background dose)

»’√…– 2.3 115 1 ªï

ªÕ¥ 8 400 3.6 ªï

™àÕß∑âÕß·≈–Õÿâß‡™‘ß°√“π 10 500 4.5 ªï
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μ“√“ß∑’Ë 7 ª√‘¡“≥√—ß ’¬—ßº≈ (effective dose) °—∫§«“¡‡ ’Ë¬ß¢Õß°“√‡°‘¥¡–‡√Áß„πÕπ“§μ51

Effective dose (mSv) Cancer risk √–¥—∫§«“¡‡ ’Ë¬ß μ—«Õ¬à“ß

< 0.1 1 „π≈â“π ‰¡àπà“°—ß«≈ ‡Õ°´‡√¬åªÕ¥ »√’…– ·¢π ¢“

0.1-1 1 „π· π μË”¡“°Ê ‡Õ°´‡√¬å°√–¥Ÿ° —πÀ≈—ß, ™àÕß∑âÕß

1-10 1 „πÀ¡◊Ëπ μË”¡“° Upper GI study, Barium edema,

CT brain

10-100 1 „πæ—π μË” Contrast enhanced CT, Intervention

radiology (√—ß ’√à«¡√—°…“)

100 1 „π 200

>100 1 „π√âÕ¬ ª“π°≈“ß Multiphase CT, Intervention radiol-

ogy, cardiac catheterization

μ“√“ß∑’Ë 6 ª√‘¡“≥√—ß ’®“°°“√μ√«®‡§√◊ËÕß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å50

ª√‘¡“≥√—ß ’

∫√‘‡«≥/Õ«—¬«–Õ“°“√∑“ß§≈‘π‘° DLPa (mGy cm) Effective dose (mSv)

SSCTb MSCTc SSCTb MSCTc

»’√…– (‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß) 760 930 2.4 3

™àÕß∑âÕß (¡–‡√Áß·æ√à°√–®“¬∑’Ëμ—∫) 460 470 6 6.1

™àÕß∑âÕß (ÀπÕß) 510 560 7.6 8.4

∑√«ßÕ°, ™àÕß∑âÕß, Õÿâß‡™‘ß°√“π (¡–‡√ÁßμàÕ¡πÈ”‡À≈◊Õß) 760 940 10.6 13.2

∑√«ßÕ° (¡–‡√ÁßªÕ¥, ¡–‡√Áß·æ√à°√–®“¬∑’ËªÕ¥) 430 580 5.6 7.5

∑√«ßÕ° (HRCT „π‚√§ interstitial lung disease) 80 170 1 2.2

À¡“¬‡Àμÿ a DLP ¬àÕ¡“®“° Dose length product
b SSCT ¬àÕ¡“®“° single slice computed tomography
c MSCT ¬àÕ¡“®“° multi-slice computed tomography
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PET À√◊Õ Positron Emission Tomography ‡ªìπ°“√μ√«®∑“ß‡«™»“ μ√å

π‘«‡§≈’¬√å‚¥¬μ√«®«—¥Õπÿ¿“§‚æ ‘μ√Õπ∑’Ëª≈àÕ¬¡“®“° “√‡¿ —™√—ß ’ (radiopharma-

ceuticals) ∑’Ë„Àâ‡¢â“‰ª„πμ—«ºŸâªÉ«¬ ‚¥¬μâÕßÕ“»—¬‡§√◊ËÕß‡√àßÕπÿ¿“§∑’Ë‡√’¬°«à“‰´‚§≈μ√Õπ

(cyclotron) ‡æ◊ËÕº≈‘μ “√°—¡¡—πμ√—ß ’‡æ◊ËÕª≈àÕ¬‚æ ‘μ√ÕπÕÕ°¡“ ‰¥â·°à fluoride-18,

carbon-11, nitrogen-13, ·≈– oxygen-15 ´÷Ëß‚æ ‘μ√Õπ∑’Ë‰¥â∑”ªØ‘°‘√‘¬“ annihilation

°—∫Õ‘‡≈Á°μ√Õπ‡æ◊ËÕ∑’Ë®–ª≈àÕ¬æ≈—ßß“πÕÕ°¡“‰¥â‚øμÕπ Õßμ—«´÷Ëß·μà≈–Õπÿ¿“§¡’æ≈—ßß“π

0.511 MeV (√Ÿª∑’Ë 29) ´÷Ëß®–°≈“¬‡ªìπ¿“æ‚¥¬μâÕßÕ“»—¬°“√‡√◊Õß· ß (scintillation)

¢Õßº≈÷°∑’ËÕ¬Ÿà„πÀ—«μ√«® (detector) ¢Õß‡§√◊ËÕß PET scan º≈÷°‡À≈à“π’È‰¥â·°à Bismuth

Germinate (BGO), Lutetium oxyorthosilicate (LSO) À√◊Õ Gadolinium silicate

(GSO)  ”À√—∫ “√‡¿ —™√—ß ’∑’Ë∂Ÿ°π”¡“„™â„π°“√μ√«® PET scan ¡“°∑’Ë ÿ¥„πªí®®ÿ∫—π ‰¥â·°à

18-F-FDG (2-[fluorine-18]fluoro-2-deoxy D-glucose)26,52

À≈—°°“√¢Õß°“√μ√«® PET scan §◊Õ„™â √’√–«‘∑¬“¢Õßμ—«‡π◊ÈÕßÕ°·≈–°“√°√–®“¬

μ—«¢Õß FDG °≈à“«§◊Õ ‡π◊ÈÕßÕ°™π‘¥¡–‡√Áß¡’°“√·∫àßμ—«Õ¬à“ß√«¥‡√Á«∑”„Àâ¡’°“√„™â°≈Ÿ‚§ 

Õ¬à“ß¡“°‡π◊ËÕß®“°¡’ up-regulation ¢Õß‡Õπ‰´¡å hexokinase °≈Ÿ‚§ ºà“π‡¢â“‡´≈≈å

¡–‡√Áß‚¥¬μ—«π”æ“°≈Ÿ‚§ ‡√’¬° glucose transporters (GLUT) ‡¡◊ËÕ°≈Ÿ‚§ ‡¢â“‡´≈≈å®–

‡°‘¥ phosphorylation ‚¥¬∑”ªØ‘°√‘¬“°—∫‡Õπ‰´¡å hexokinase ®–‰¥â‡ªìπ Glucose 6-

√Ÿª∑’Ë 29 ‚æ ‘μ√Õπ∑’Ë‰¥â∑”ªØ‘°‘√‘¬“ annihilation °—∫

Õ‘‡≈Á°μ√Õπ (β) ‡æ◊ËÕª≈àÕ¬æ≈—ßß“πÕÕ°¡“‰¥â‚ø

μÕπ (γ)  Õßμ—«
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Phosphate ·≈– “¡“√∂‡°‘¥ glycolysis μàÕ‰ª‰¥â ·μà FDG ´÷Ëß‡√“„™â‡ªìπ “√‡¿ —™√—ß ’

π—Èπ‡ªìπ°≈Ÿ‚§ Õπ“≈ÁÕ° (glucose analog)  “¡“√∂‡¢â“ Ÿà‡´≈≈å‰¥â¥â«¬°√–∫«π°“√

‡¥’¬«°—π·≈–Õ—μ√“„π°“√°√–®“¬μ—«‡¢â“‡´≈≈å®–‡ªìπ —¥ à«π∑’Ë‡∑à“°—π°—∫Õ—μ√“‡¡μ“∫Õ≈‘´÷¡

¢Õß‡π◊ÈÕßÕ°¡–‡√Áß ·μà¢âÕ·μ°μà“ß§◊Õ FDG ‰¡à “¡“√∂‡°‘¥ glycolysis μàÕ‰¥â®÷ßμ°§â“ß

·≈–∂Ÿ°¢—ßÕ¬Ÿà¿“¬„π‡´≈≈å ´÷Ëß∑”„Àâ “¡“√∂μ√«®«—¥Õ—μ√“‡¡μ“∫Õ≈‘´÷¡¢Õß‡π◊ÈÕßÕ°¡–‡√Áß

®“°°“√«—¥§à“°“√®—∫¢Õß “√‡¿ —™√—ß ’®“° PET ‰¥â (√Ÿª∑’Ë 30) ´÷Ëß§«“¡º‘¥ª°μ‘∑’Ë‡ÀÁπ®“°

¿“æ∑’Ëª√“°Ø„π PET π—Èπ “¡“√∂‡ÀÁπ¥â«¬μ“‡√’¬°«à“ çhot spoté À√◊Õ increased up-

take À√◊Õ«—¥ÕÕ°¡“‡ªìπ§à“‡√’¬°«à“ Standardized Uptake Value À√◊Õ SUV ‚¥¬

 “¡“√∂§”π«≥‰¥â®“° Ÿμ√52

SUV = FDG tracer activity in tissue

  FDG dose/ patient weight

‚¥¬∑’Ë FDG tracer activity in tissue §◊Õ ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß “√‡¿ —™

√—ß ’∑’Ë«—¥‰¥â®“°∫√‘‡«≥∑’Ë‡√“ π„®¡’Àπà«¬‡ªìπ becquerels μàÕ¡‘≈≈‘≈‘μ√ ·≈– FDG dose

√Ÿª∑’Ë 30 À≈—°°“√¢Õß°“√μ√«® PET scan °≈Ÿ‚§ ºà“π‡¢â“‡´≈≈å¡–‡√Áß‚¥¬μ—«π”æ“°≈Ÿ‚§ ‡√’¬°

glucose transporters (GLUT) ‡¡◊ËÕ°≈Ÿ‚§ ‡¢â“‡´≈≈å®–‡°‘¥ phosphorylation

‚¥¬∑”ªØ‘°√‘¬“°—∫‡Õπ‰´¡å hexokinase ®–‰¥â‡ªìπ Glucose 6-Phosphate ·≈–

 “¡“√∂‡°‘¥ glycolysis μàÕ‰ª‰¥â ·μà FDG ‡ªìπ°≈Ÿ‚§ Õπ“≈ÁÕ° (glucose analog)

 “¡“√∂‡¢â“ Ÿà‡´≈≈å‰¥â¥â«¬°√–∫«π°“√‡¥’¬«°—π·≈–Õ—μ√“„π°“√°√–®“¬μ—«‡¢â“‡´≈≈å

®–‡ªìπ —¥ à«π∑’Ë‡∑à“°—π°—∫Õ—μ√“‡¡μ“∫Õ≈‘´÷¡¢Õß‡π◊ÈÕßÕ°¡–‡√Áß ·μà FDG ‰¡à “¡“√∂

‡°‘¥ glycolysis μàÕ‰¥â®÷ßμ°§â“ß·≈–∂Ÿ°¢—ßÕ¬Ÿà¿“¬„π‡´≈≈å
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§◊Õ ª√‘¡“≥¢Õß “√‡¿ —™√—ß ’∑’Ë©’¥‡¢â“‰ª„πμ—«ºŸâªÉ«¬ Àπà«¬‡ªìπ becquerels μàÕπÈ”Àπ—°

μ—«¢ÕßºŸâªÉ«¬Àπà«¬‡ªìπ°‘‚≈°√—¡ ‚¥¬§à“ SUV „π‡π◊ÈÕ‡¬◊ËÕª°μ‘®–¡’§à“πâÕ¬°«à“ 1 (‚¥¬

∑—Ë«‰ª®–¡’§à“ª√–¡“≥ 0.8)

PET scan  “¡“√∂μ√«®‰¥â∑—Èß¡–‡√Áß·∫∫ª∞¡¿Ÿ¡‘·≈–·∫∫·æ√à°√–®“¬ ™à«¬

„π°“√«‘π‘®©—¬ ∫Õ°√–¬–¢Õß‚√§ «“ß·ºπ°“√√—°…“μ‘¥μ“∑°“√√—°…“·≈–‡ΩÑ“√–«—ß°“√

°≈—∫‡ªìπ´È” Õ’°∑—Èß∫Õ°°“√æ¬“°√≥å‚√§‰¥â ¡–‡√Áß∑’Ë “¡“√∂μ√«®‚¥¬°“√„™â PET scan

‰¥â·°à ∫Õ°™π‘¥¢Õß solitary pulmonary nodule, ¡–‡√ÁßªÕ¥™π‘¥ non small cell,

¡–‡√Áß‡μâ“π¡, ¡–‡√Áß»’√…–·≈–≈”§Õ, ¡–‡√ÁßÀ≈Õ¥Õ“À“√, ¡–‡√Áß≈”‰ â„À≠à, ¡–‡√Áßº‘«Àπ—ß

(melanoma), ·≈– lymphoma Õ¬à“ß‰√°Á¥’¡’¡–‡√Áß∫“ß™π‘¥∑’Ë‰¡à “¡“√∂μ√«®¥â«¬ PET

scan ‰¥â‡™àπ carcinoid tumor, ¡–‡√ÁßªÕ¥™π‘¥ bronchoalveolar cell carcinoma

·≈– mucinous adenocarcinoma52 (√Ÿª∑’Ë 31)

¢âÕ§«√√–«—ßÕ’°Õ¬à“ß„π°“√·ª≈º≈ PET scan §◊Õ FDG  “¡“√∂∂Ÿ°®—∫‡¢â“‰ª

„π‡´≈≈å∑’Ëª°μ‘‰¥âÕ—π‰¥â·°à  ¡Õß À—«„® °≈â“¡‡π◊ÈÕ≈“¬ °≈àÕß‡ ’¬ß ∑“ß‡¥‘πÕ“À“√ (‚¥¬

‡©æ“–°√–‡æ“–Õ“À“√ μ—∫ ·≈–≈”‰ â„À≠à) √–∫∫∑“ß‡¥‘πªí  “«– ¡¥≈Ÿ°™à«ß∑’Ë¡’ª√–®”‡¥◊Õπ

‰¢°√–¥Ÿ° μàÕ¡‰∑√Õ¬¥å μàÕ¡‰∑¡—  μàÕ¡πÈ”≈“¬ ¡â“¡ ‡μâ“π¡ μ√’™à«ß„Àâπ¡∫ÿμ√ ·≈–

‡´≈≈å‰¢¡—π ’πÈ”μ“≈ (brown fat)

√Ÿª∑’Ë 31 PET-CT ¢ÕßºŸâªÉ«¬‡ªìπ ascending colonic cancer ·≈– ovarian metastasis ‰¥â√—∫

°“√∑” right half hemicolectomy ·≈–√—∫¬“‡§¡’∫”∫—¥ ·≈–¡’ RUL nodule metasta-

sis (≈Ÿ°»√) „π‡«≈“μàÕ¡“
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°“√‡μ√’¬¡ºŸâªÉ«¬ ”À√—∫°“√μ√«® PET-CT

1. ß¥πÈ”·≈–Õ“À“√°àÕπ°“√μ√«® 4-6 ™—Ë«‚¡ß ‡æ◊ËÕ‡æ‘Ë¡°“√ uptake ¢Õß FDG

„Àâ°—∫‡´≈≈å¡–‡√Áß

2. À≈’°‡≈’Ë¬ß°“√√—∫ª√–∑“π§“‡øÕ’π·≈–·Õ≈°ÕŒÕ≈å

3. §«∫§ÿ¡„Àâ√–¥—∫πÈ”μ“≈μË”°«à“ 150 ¡‘≈≈‘°√—¡/‡¥´‘≈‘μ√ ‡æ◊ËÕ‰¡à„Àâ·¬àß°—π®—∫

°—∫ glucose transporters „π°“√‡¢â“‡´≈≈å

4. „ à “¬ «πªí  “«–°√≥’∑’ËμâÕß°“√μ√«®√–∫∫∑“ß‡¥‘πªí  “«–À√◊Õ°“√

μ√«®§√Õ∫§≈ÿ¡∫√‘‡«≥Õÿâß‡™‘ß°√“π

5. „Àâ√—∫ª√–∑“π “√∑÷∫√—ß ’°√≥’μ√«®∫√‘‡«≥™àÕß∑âÕß

6. À≈—ß©’¥ FDG ª√‘¡“≥ 10 ¡‘≈≈‘§Ÿ√’Ë„Àâ®”°—¥°‘®°√√¡·≈–°“√æŸ¥ª√–¡“≥ 20

π“∑’‡æ◊ËÕ≈¥°“√ uptake „π°≈â“¡‡π◊ÈÕ≈“¬

7. ‡√‘Ë¡∑”°“√μ√«®ª√–¡“≥ 60 π“∑’À≈—ß©’¥ “√‡¿ —™√—ß ’

8. °“√μ√«®„™â‡«≈“ª√–¡“≥ 30-45 π“∑’ ”À√—∫ PET scan ·≈– 60-70

«‘π“∑’ ”À√—∫‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å

°≈à“«‚¥¬ √ÿª¢âÕ¥’¢Õß PET-CT ∑’Ë‡Àπ◊Õ°«à“ PET-scan §◊Õ52

1.  “¡“√∂∫Õ°μ”·Àπàß¢π“¥‡≈Á°∑’Ë¡’ uptake ¢Õß “√‡¿ —™√—ß ’‰¥âÕ¬à“ß∂Ÿ°μâÕß

·≈– “¡“√∂·¬°Õ«—¬«–ª°μ‘·μà¡’ uptake ¢Õß “√‡¿ —™√—ß ’ÕÕ°®“°∫√‘‡«≥∑’Ëº‘¥ª°μ‘

2.  à«π¢Õß‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å “¡“√∂„Àâ√“¬≈–‡Õ’¬¥Õ◊ËπÊ ∑’Ë‡°’¬«¢âÕß°—∫

‚√§∑’Ë‡ªìπÕ¬Ÿà ·≈–Õ“®¡’º≈μàÕ°“√√—°…“

3.  “¡“√∂«—¥§à“§«“¡º‘¥ª°μ‘ÕÕ°¡“‡ªìπª√‘¡“≥‰¥â (quantitative À√◊Õ semi-

quantitative)

À≈—°°“√¢Õßμ√«®©’¥ ’À≈Õ¥‡≈◊Õ¥ (angiogram)

°“√μ√«®©’¥ ’À≈Õ¥‡≈◊Õ¥ ·∫àß‡ªìπ©’¥ ’À≈Õ¥‡≈◊Õ¥‡æ◊ËÕ°“√«‘π‘®©—¬ (diagnos-

tic angiogram) ·≈–‡æ◊ËÕ°“√√—°…“ (therapeutic angiogram) ‡™àπ°“√Õÿ¥‡ âπ‡≈◊Õ¥ (em-

bolization) À√◊Õ°“√∂à“ß¢¬“¬‡ âπ‡≈◊Õ¥‚¥¬„™â “¬ «π∑’Ë¡’∫Õ≈≈Ÿπ (balloon angioplasty)

´÷Ëß°“√μ√«®©’¥ ’À≈Õ¥‡≈◊Õ¥ªìπÀ—μ∂°“√∑’Ë∑”‚¥¬°“√·∑ß‡¢Á¡·≈– “¬ «π (catheter)
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ºà“πº‘«Àπ—ß μ“¡¥â«¬°“√©’¥ “√∑÷∫√—ß ’ ·≈–∂à“¬¿“æ‚¥¬„™À≈—°°“√¢Õßø≈ŸÕÕ‚√ ‚§ª

‚¥¬‡§√◊ËÕß∑’Ë‡√’¬°«à“ digital subtraction angiography (DSA) ‚¥¬∑—Ë«‰ªμ”·Àπàß

‡ âπ‡≈◊Õ¥∑’Ë·∑ß‡ªìπ common femoral artery μ”·ÀπàßÕ◊ËπÊ ‡™àπ axillary, brachial

À√◊Õ radial arteries „™â°√≥’∑’Ë¡’°“√Õÿ¥μ—π¢Õß iliac vessels

‡∑§π‘§°“√·∑ß‡¢Á¡∫√‘‡«≥common femoral artery ∑’Ëπ‘¬¡∑”°—π‡√’¬°«à“ ret-

rograde femoral artery puncture ∑‘»∑“ß¢Õß‡¢Á¡∑’Ë·∑ß‡¢â“‰ª®–μ√ß°—π¢â“¡°—∫

∑‘»∑“ß°“√‰À≈¢Õß‡≈◊Õ¥À√◊Õ·∑ß¢÷ÈπÀ√◊Õ‰ª∑“ß¥â“π»’√…–¢ÕßºŸâªÉ«¬π—Ëπ‡Õß μ”·Àπàß∑’Ë

·∑ß‡¢Á¡®–μË”°«à“ inguinal ligament ‡≈Á°πâÕ¬ ‡π◊ËÕß®“°μ”·Àπàßπ’È‡ªìπμ”·Àπàß∑’Ë

‡ âπ‡≈◊Õ¥·¥ßæ“¥ºà“π°√–¥Ÿ°‡™‘ß°√“πæÕ¥’ ∑”„Àâ‡ªìπ®ÿ¥∑’Ëßà“¬μàÕ°“√°¥‡ âπ‡≈◊Õ¥·≈–

‡ªìπº≈¥’μàÕ hemostasis À≈—ß®“°°“√∑”À—μ∂°“√ Õ’°Àπ÷Ëß‡∑§π‘§‡√’¬°«à“ antegrade

femoral artery puncture ´÷Ëß∑”‡¡◊ËÕμâÕß°“√∑” superficial femoral, popliteal À√◊Õ

infra-genicular artery angioplasty ∑‘»∑“ß¢Õß‡¢Á¡∑’Ë·∑ß‡¢â“‰ª®–∑‘»‡¥’¬«°—∫∑‘»∑“ß

°“√‰À≈¢Õß‡≈◊Õ¥À√◊Õ·∑ß≈ß‰ª∑“ß¥â“π‡∑â“¢ÕßºŸâªÉ«¬π—Ëπ‡Õß53

¢âÕ∫àß™’È ”À√—∫°“√μ√«®©’¥ ’À≈Õ¥‡≈◊Õ¥54

1. Pulmonary arteriography

●  ß —¬¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π‡ âπ‡≈◊Õ¥·¥ß pulmonary artery ·∫∫

‡©’¬∫æ≈—π„π°√≥’∑’Ë°“√μ√«®™π‘¥Õ◊Ëπ‰¡à “¡“√∂„Àâ¢âÕ √ÿª∑’Ë™—¥‡®π À√◊Õº≈°“√μ√«®‰¡à

‡¢â“°—∫Õ“°“√∑“ß§≈‘π‘°

● ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬®“°°“√μ√«® ventilation-perfusion «à“¡’‚Õ°“ 

 Ÿß ”À√—∫¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π‡ âπ‡≈◊Õ¥·¥ß pulmonary artery ·≈–¡’¢âÕÀâ“¡„π°“√

„Àâ¬“≈–≈“¬≈‘Ë¡‡≈◊Õ¥

● ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬®“°°“√μ√«® ventilation-perfusion «à“¡’‚Õ°“ 

ª“π°≈“ß ”À√—∫¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π‡ âπ‡≈◊Õ¥·¥ß pulmonary artery À√◊Õ‡Õ°´‡√¬å

§Õ¡æ‘«‡μÕ√å‰¡à “¡“√∂„Àâ°“√«‘π‘®©—¬¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π‡ âπ‡≈◊Õ¥∑’ËªÕ¥·μàÕ“°“√

∑“ß§≈‘π‘°¬—ß§ß ß —¬¿“«–π’È

● ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬®“°°“√μ√«® ventilation-perfusion «à“¡’‚Õ°“ 

μË” ”À√—∫¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π‡ âπ‡≈◊Õ¥·¥ß pulmonary artery ·μàÕ“°“√∑“ß§≈‘π‘°
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 ß —¬¿“«–π’È‡ªìπÕ¬à“ß¡“°

●  ß —¬¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π„π‡ âπ‡≈◊Õ¥·¥ß pulmonary artery ·∫∫‡√◊ÈÕ√—ß

●  ß —¬¿“«–Õ◊ËπÊ ‰¥â·°à vasculitis, congenital À√◊Õ acquired anoma-

lies, tumor encasement ·≈– vascular malformations

● °àÕπ √–À«à“ß À√◊ÕÀ≈—ß°“√∑” arterial intervention

2. Spinal arteriography

● °âÕπ∑Ÿ¡¢Õß°√–¥Ÿ°‰¢ —πÀ≈—ß ·≈–‰¢ —πÀ≈—ß

● Vascular malformations

● °“√∫“¥‡®Á∫¢Õß°√–¥Ÿ°‰¢ —πÀ≈—ß ·≈–‰¢ —πÀ≈—ß

● ª√–‡¡‘π°àÕπ°“√ºà“μ—¥¢Õß open À√◊Õ endovascular aortic À√◊Õ spi-

nal surgery

● °àÕπ √–À«à“ß À√◊ÕÀ≈—ß°“√∑” arterial intervention

3. Bronchial arteriography

● ‰Õ‡ªìπ‡≈◊Õ¥

●  ß —¬¿“«– congenital cardiopulmonary anomalies

● ª√–‡¡‘π√–∫∫°“√‰À≈‡«’¬π¢Õß pulmonary artery  à«πª≈“¬ „πºŸâªÉ«¬

∑’Ë‡À¡“– ”À√—∫°“√∑” pulmonary thromboendarterectomy

● °àÕπ √–À«à“ß À√◊ÕÀ≈—ß°“√∑” arterial intervention

4. Aortography

● Acute traumatic injury, dissection, aneurysm, occlusive dis-

ease ·≈– congenital anomaly

● ª√–‡¡‘πÀ≈Õ¥‡≈◊Õ¥·¥ß‡ÕÕÕ√åμâ“·≈–·¢πß°àÕπ®–‡≈◊Õ°‡ âπ‡≈◊Õ¥∑’ËμâÕß°“√

μ√«®

● °àÕπ √–À«à“ß À√◊ÕÀ≈—ß°“√∑” arterial intervention

5. Abdominal visceral arteriography

● ‡≈◊Õ¥ÕÕ°„π√–∫∫∑“ß‡¥‘πÕ“À“√ (√Ÿª∑’Ë 32)

● °“√∫“¥‡®Á∫™àÕß∑âÕß·∫∫°√–·∑°À√◊Õ·∫∫∑–≈ÿ
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● Intra-abdominal tumors

● ¿“«–≈”‰ â¢“¥‡≈◊Õ¥·∫∫‡©’¬∫æ≈—π·≈–‡√◊ÈÕ√—ß

● ª√–‡¡‘π mesenteric, splenic ·≈– portal vein „πºŸâªÉ«¬∑’Ë ß —¬¿“«–

portal hypertension

● Primary vascular abnormalities √«¡∂÷ß‡ âπ‡≈◊Õ¥‚ªÉßæÕß, ¿“«– vas-

cular malformations, ¿“«–‡ âπ‡≈◊Õ¥Õÿ¥μ—π À√◊Õ vasculitis

● ª√–‡¡‘π°àÕπ°“√ºà“μ—¥·∫∫‡ªî¥™àÕß∑âÕß

● ª√–‡¡‘π°àÕπ·≈–À≈—ß°“√ºà“μ—¥ª≈Ÿ°∂à“¬Õ«—¬«–

● °àÕπ √–À«à“ß À√◊ÕÀ≈—ß°“√∑” arterial intervention

6. Renal arteriography

● ¿“«– reno-vascular occlusive disease ‡™àπ¡’§«“¡¥—π‚≈À‘μ ŸßÀ√◊Õ

progressive renal insufficiency

● °“√∫“¥‡®Á∫μàÕ‡ âπ‡≈◊Õ¥∑’Ë‰μ (renal vascular trauma)

● Primary vascular abnormalities √«¡∂÷ß‡ âπ‡≈◊Õ¥‚ªÉßæÕß, ¿“«– vas-

√Ÿª∑’Ë 32 · ¥ß celiac angiography ¢ÕßºŸâªÉ«¬™“¬¡“¥â«¬∂à“¬‡ªìπ‡≈◊Õ¥ ¥æ∫«à“¡’ extravasa-

tion ¢Õß “√∑÷∫√—ß ’ÕÕ°®“° duodenal branch ¢Õß superior pancreatico-duodenal

artery
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cular malformations, À√◊Õ vasculitis

● Renal tumors

● ªí  “«–‡ªìπ‡≈◊Õ¥∑’ËÀ“ “‡Àμÿ‰¡à‰¥â

● ª√–‡¡‘π°àÕπ·≈–À≈—ß°“√ºà“μ—¥ª≈Ÿ°∂à“¬‰μ

● °àÕπ √–À«à“ß À√◊ÕÀ≈—ß°“√∑” arterial intervention

7. Pelvic arteriography

● Atherosclerotic aortoiliac disease

● ¡’‡≈◊Õ¥ÕÕ°√–∫∫∑“ß‡¥‘πÕ“À“√ À√◊Õ√–∫∫∑“ß‡¥‘πªí  “«–À√◊Õ√–∫∫Õ«—¬«–

 ◊∫æ—π∏ÿå

● ¡’°“√∫“¥‡®Á∫∫√‘‡«≥Õÿâß‡™‘ß°√“π

● Primary vascular abnormalities √«¡∂÷ß‡ âπ‡≈◊Õ¥‚ªÉßæÕß, ¿“«– vas-

cular malformations, À√◊Õ vasculitis

● Male impotence ´÷Ëß‡°‘¥®“°‡ âπ‡≈◊Õ¥·¥ßÕÿ¥μ—π

● Pelvic tumors

● °àÕπ √–À«à“ß À√◊ÕÀ≈—ß°“√∑” arterial intervention

8. Extremity arteriography

● Atherosclerotic vascular disease √«¡∂÷ß‡ âπ‡≈◊Õ¥‚ªÉßæÕß ‡ âπ‡≈◊Õ¥

Õÿ¥μ—π (emboli ·≈– occlusive disease À√◊Õ thrombosis)

● ¡’°“√∫“¥‡®Á∫¢ÕßÀ≈Õ¥‡≈◊Õ¥∫√‘‡«≥√–¬“ß§å

● ª√–‡¡‘π°àÕπ·≈–À≈—ß°“√ºà“μ—¥

● Primary vascular abnormalities ‡™àπ vascular malformations, vas-

culitis, entrapment syndrome ·≈– thoracic outlet syndrome

● Extremity tumors

● °àÕπ √–À«à“ß À√◊ÕÀ≈—ß°“√∑” arterial intervention

¢âÕÀâ“¡ ”À√—∫°“√μ√«®©’¥ ’À≈Õ¥‡≈◊Õ¥53,54

°“√μ√«®©’¥ ’À≈Õ¥‡≈◊Õ¥‰¡à¡’¢âÕÀâ“¡‚¥¬ ¡∫Ÿ√≥å (absolute contraindication)

¡’‡æ’¬ß¢âÕÀâ“¡ —¡æ—∑∏å (relative contraindication) ´÷Ëß‰¥â·°à
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● §«“¡¥—π‚≈À‘μ ŸßÕ¬à“ß√ÿπ·√ß‡π◊ËÕß®“°¡’§«“¡‡ ’Ë¬ß Ÿß∑’Ë®–‡°‘¥‡≈◊Õ¥ÕÕ°μ√ß

∫√‘‡«≥μ”·Àπàß·∑ß‡¢Á¡

● ‰¡à “¡“√∂·°â‰¢¿“«– coagulopathy À√◊Õ‡°√Á¥‡≈◊Õ¥μË”‰¥â

● °“√∑”ß“π¢Õß‰μ‰¡à¥’

● ¿“«–À—«„®≈â¡‡À≈«

● ·æâ “√∑÷∫√—ß ’√ÿπ·√ß

● ‚√§∑’Ë¡’§«“¡º‘¥¢Õß connective tissue disease ‡™àπ Elhers-Danlos

syndrome ‡π◊ËÕß®“°¡’§«“¡‡ ’Ë¬ß Ÿß∑’Ë®–‡°‘¥‡≈◊Õ¥ÕÕ°μ√ß∫√‘‡«≥μ”·Àπàß·∑ß‡¢Á¡‡™àπ°—π

°“√‡μ√’¬¡ºŸâªÉ«¬

● ‚°π¢π∑”§«“¡ –Õ“¥∫√‘‡«≥¢“Àπ’∫À“°μ”·Àπàß·∑ß‡¢Á¡Õ¬Ÿàμ√ß∫√‘‡«≥

femoral artery

● ß¥πÈ”·≈–Õ“À“√Õ¬à“ßπâÕ¬ 4 ™—Ë«‚¡ß°àÕπ°“√∑”À—μ∂°“√

● ‡´Áπμå„∫¬‘π¬Õ¡

°“√¥Ÿ·≈ºŸâªÉ«¬À≈—ß°“√∑”À—μ∂°“√

°“√∂Õπ “¬ «πÀ≈—ß®“°∑”À—∂μ°“√‡ √Á® ‘Èπ·≈â« §«√°¥ âπ‡≈◊Õ¥‚¥¬„™âπ‘È«¡◊Õ

ª√–¡“≥ 5-10 π“∑’ ·≈–¥Ÿ„Àâ·πà„®«à“‰¡à¡’‡≈◊Õ¥ÕÕ°°àÕπ∑”°“√‡§≈◊ËÕπ¬â“¬ºŸâªÉ«¬ À≈—ß

®“°π—Èπ„Àâμ√«® Õ∫∫√‘‡«≥·∑ß‡¢Á¡·≈–∫—π∑÷°§«“¡¥—π‚≈À‘μ æ√âÕ¡∑—Èß§≈”™’æ®√∫√‘‡«≥

 à«πª≈“¬‡∑â“

¿“«–·∑√° ấÕπÀ≈—ß°“√μ√«®©’¥ ’À≈Õ¥‡≈◊Õ¥53

1. ¿“«–·∑√° ấÕπ∑’Ë‡°’Ë¬«¢âÕß°—∫ “√∑÷∫√—ß ’ ‰¥â·°àÕ“°“√‰¡àæ÷ßª√– ß§åμà“ß À√◊Õ

º≈¢â“ß‡§’¬ßÕ◊ËπÊ ®“°°“√‰¥â√—∫ “√∑÷∫√—ß ’∑“ßÀ≈Õ¥‡≈◊Õ¥´÷Ëß‰¥â°≈à“«¡“·≈â«¢â“ßμâπ

2. ¿“«–·∑√°´âÕπÕ—π‡π◊ËÕß¡“®“°¬“™“‡©æ“–∑’ËÀ√◊Õ¬“μ—«Õ◊ËπÊ ∑’Ë‰¥â√—∫√–À«à“ß

∑”À—μ∂°“√

3. ¿“«–·∑√°´âÕπμ√ß∫√‘‡«≥·∑ß‡¢Á¡ ‰¥â·°à ‡≈◊Õ¥ÕÕ° (external bleeding

À√◊Õ hematoma), ¿“«– perivascular À√◊Õ intramural contrast medium injection
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°≈à“«§◊Õ “√∑÷∫√—ß ’∂Ÿ°©’¥„πμ”·Àπàß∑’Ë‡ªìπºπ—ß‡ âπ‡≈◊Õ¥À√◊ÕÕ¬ŸàπÕ°‡ âπ‡≈◊Õ¥, ¿“«–Õÿ¥

μ—π¢Õß‡ âπ‡≈◊Õ¥ à«πª≈“¬ (peripheral embolization), ¡’≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π ‰¥â·°à throm-

bosis À√◊Õ dissection, ¿“«–‡ âπ‡≈◊Õ¥‚ªÉßæÕß (aneurysm À√◊Õ pseudo-aneurysm

formation, arterio-venous fistula, μ‘¥‡™◊ÈÕμ√ß∫√‘‡«≥·∑ß‡¢Á¡ ·≈–‡ âπª√– “∑∂Ÿ°∑”≈“¬

4. ¿“«–·∑√°´âÕπ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√„ à “¬ «π ‰¥â·°à ¡’≈‘Ë¡‡≈◊Õ¥‡°‘¥¢÷Èπ„π

 “¬ «π·≈–Õ“®À≈ÿ¥‡¢â“°√–· ‚≈À‘μ‰¥â, ¿“«– air embolism, ¡’°“√∫“¥‡®Á∫μàÕ

‡ âπ‡≈◊Õ¥∑’Ë·∑ß‡™àπ ∑–≈ÿ À√◊Õ dissection, ¡’°“√∫“¥‡®Á∫μàÕÕ«—¬«–μà“ßÊ ‡™àπ ¢“¥‡≈◊Õ¥,

 “¬ «πÀ—°À√◊Õ‡ªìπª¡ À√◊Õ‡°‘¥¿“«– vagovagal reactions √–À«à“ß°“√∑”À—μ∂°“√

À≈—°°“√¢Õß°“√μ√«®Õ—≈μ√“´“«¥å

Õ—≈μ√“´“«¥å∂◊Õ‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß ”À√—∫°“√μ√«®‡π◊ÈÕ‡¬◊ËÕ  “¡“√∂

„Àâ¿“æ ≥ ¢≥–‡«≈“π—Èπ·≈–¿“æ∑’Ë¡’°“√‡§≈◊ËÕπ‰À« ‡™àπ ≈‘ÈπÀ—«„® °“√ªØ‘ —¡æ—π∏å¢Õß

°“√μ—¥™‘Èπ‡π◊ÈÕ À√◊ÕÀ—μ∂°“√°“√√–∫“¬πÈ”À√◊ÕÀπÕß‚¥¬„™âÕ—≈μ√“´“«¥å‡ªìπμ—«™à«¬π”

Õ—≈μ√“´“«¥å¥Õª‡ª≈Õ√å (Doppler Mode) ´÷Ëßμ√«®®—∫°“√‡§≈◊ËÕπ∑’Ë·≈–∑‘»∑“ß°“√‰À≈

¢Õß‡≈◊Õ¥ Õ¬à“ß∑’Ë∑√“∫°—π¥’«à“Õ—≈μ√“´“«¥å‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë™à«¬„π°“√«‘π‘®©—¬‚√§∑’Ë‰¡à‡ªìπ

Õ—πμ√“¬μàÕºŸâªÉ«¬ ·¡â«à“‡ªìπÕ«—¬«–∑’Ë‰«μàÕ°“√∫“¥‡®Á∫‡™àπ ¥«ßμ“ À√◊Õ·¡â·μà∑“√°„π

§√√¿å¡“√¥“ Õ«—¬«–À√◊Õ∫√‘‡«≥∑’Ë “¡“√∂μ√«®‚¥¬Õ—≈μ√“´“«¥å‰¥â·°à À—«„® ™àÕß∑âÕß Õÿâß

‡™‘ß°√“π §Õ ‡μâ“π¡ ·¢π¢“ ·≈– ¡Õß„π‡¥Á°·√°‡°‘¥ ¢âÕ®”°—¥§◊Õ§≈◊ËπÕ—≈μ√“´“«¥å‰¡à

 “¡“√∂ºà“π¢Õ∫‡¢μ√–À«à“ß‡π◊ÈÕ‡¬◊ËÕ°—∫°ä“´ ·≈–√–À«à“ß‡π◊ÈÕ‡¬◊ËÕ°—∫°√–¥Ÿ°‰¥â ¥—ßπ—Èπ®÷ß¡’

¢âÕ®”°—¥„π°“√μ√«®Õ«—¬«–‡À≈à“π’È‰¥â·°à ªÕ¥ »’√…– (¬°‡«âπ„π∑“√°·√°‡°‘¥∑’Ë

°√–À¡àÕ¡¬—ß‡ªî¥) À√◊Õ∫√‘‡«≥°√–¥Ÿ° À√◊Õ≈”‰ â∑’Ë¡’°ä“´´÷ËßμâÕßÕ“»—¬‡∑§π‘§°“√∑”∑’Ë¡’

ª√– ∫°“√≥å55 °“√‡μ√’¬¡μ—« ”À√—∫°“√μ√«®Õ—≈μ√“´“«¥åπ—Èπ „™â ”À√—∫°“√μ√«®™àÕß∑âÕß

·≈–Õ«—¬«–„πÕÿâß‡™‘ß°√“π‡∑à“π—Èπ °≈à“«§◊Õ ß¥πÈ”·≈–Õ“À“√°àÕπ°“√μ√«®™àÕß∑âÕß à«π

∫π¥—ßπ’È

1. ∑“√°-Õ“¬ÿ 2 ªï ß¥πÈ”·≈–Õ“À“√ 2 ™—Ë«‚¡ß

2. Õ“¬ÿ > 2-4 ªï ß¥πÈ”·≈–Õ“À“√ 3 ™—Ë«‚¡ß

3. Õ“¬ÿ > 4 ªï·≈–ºŸâ„À≠à ß¥πÈ”·≈–Õ“À“√ 4 ™—Ë«‚¡ß
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 ”À√—∫°“√μ√«®°√–‡æ“–ªí  “«–·≈–Õ«—¬«–„πÕÿâß‡™‘ß°√“π §«√‡μ√’¬¡μ—«‚¥¬¥◊Ë¡

πÈ”°àÕπ°“√μ√«® 60-90 π“∑’ ‡æ◊ËÕ„Àâ°√–‡æ“–ªí  “«–¡’πÈ”ªí  “«–‡μÁ¡ πÕ°®“°π—Èπ¢âÕ¥’

Õ◊ËπÊ ¢ÕßÕ—≈μ√“´“«¥å§◊Õ ‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë “¡“√∂‡§≈◊ËÕπ¬â“¬‰¥â∑”¢â“ß‡μ’¬ßºŸâªÉ«¬ ´÷Ëß¡’

ª√–‚¬™πåμàÕºŸâªÉ«¬„πÀâÕß©ÿ°©‘π ºŸâªÉ«¬Àπ—° (ICU) À√◊Õ„πÀâÕßºà“μ—¥

‡§√◊ËÕßÕ—≈μ√“´“«¥åª√–°Õ∫¥â«¬25,55,56 (√Ÿª∑’Ë 33)

1. μ—« àß —≠≠“≥ (transmitter) ¡’Àπâ“∑’Ë§«∫§ÿ¡ —≠≠“≥‰øøÑ“ àß‰ª¬—ßÀ—«μ√«®

(transducer À√◊Õ probe)

2. μ—«√—∫ —≠≠“≥ À√◊Õμ—«∑”„Àâ‡°‘¥¿“æ (receiver À√◊Õ image processor)

√—∫ —≠≠“≥‰øøÑ“·≈â« àß°≈—∫‰ª¬—ßÀ—«μ√«®

3. À—«μ√«® (transducer) ¡’°“√‡ª≈’Ë¬π —≠≠“≥‰øøÑ“·≈– —≠≠“≥‡ ’¬ß‚¥¬

„™âÀ≈—°°“√ “¡Õ¬à“ß‰¥â·°à

3.1 active element „πÀ—«μ√«®¡’º≈÷°‰æ‚´Õ‘‡≈Á°∑√‘° ‡¡◊ËÕ¡’°√–· ‰øøÑ“

§«“¡∂’Ë Ÿßºà“πº‘«º≈÷° ∑”„Àâº≈÷°∂Ÿ°Õ—¥·≈–¢¬“¬®π‡°‘¥°“√ —Ëπ¢Õß¢Õßº≈÷° ‡√’¬°

ª√“°Ø°“√≥å‰æ‚´Õ‘‡≈Á°∑√‘° (piezoelectric effect) ·≈â«ª≈àÕ¬§≈◊Ëπ§«“¡∂’Ë ŸßÕÕ°¡“

„π∑“ß°≈—∫°—π‡¡◊ËÕ§≈◊Ëπ‡ ’¬ß°√–∑∫º≈÷°π’È ∑”„Àâ‚¡‡≈°ÿ≈¿“¬„π‡°‘¥°“√ —Ëπ –‡∑◊Õπ·≈â«

√Ÿª∑’Ë 33  à«πª√–°Õ∫¢Õß‡§√◊ËÕßÕ—≈μ√“´“«¥å (¥—¥·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë 26)
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‡ª≈’Ë¬πÕÕ°¡“‡ªìπª√–®ÿ‰øøÑ“‰¥â‡™àπ°—π ‡¡◊ËÕ§≈◊ËπÕ—≈μ√“´“«¥å —¡º— °—∫‡π◊ÈÕ‡¬◊ËÕ  —≠≠“≥

 à«πÀπ÷Ëß®– àßºà“π‰ª‰¥â  —≠≠“≥Õ’° à«πÀπ÷Ëß®– –∑âÕπ°≈—∫‰ª  —≠≠“≥∑’Ë –∑âÕπ°≈—∫

‰ª¬—ßº≈÷°®–™à«¬„Àâ°”‡π‘¥ —≠≠“≥‰øøÑ“ ‡√’¬°À≈—°°“√π’È«à“ pulse echo method

3.2 damping À√◊Õ backing material μ—«À—«μ√«®ª√–°Õ∫¥â«¬ “√Õ’æÕ° ’́Ë

‡√ ‘́π (epoxy resin) ™à«¬¥Ÿ¥ —́∫°“√ —Ëπ –‡∑◊Õπ·≈–≈¥®”π«π«ß®√¢Õß echo pulse ∑”„Àâ

‰¥â¿“æÕ—≈μ√“´“«¥å∑’Ë≈–‡Õ’¬¥¢÷Èπ

3.3 matching layer ´÷Ëß§◊Õ‡®≈Õ—≈μ√“´“«¥åπ—Ëπ‡Õß §«“¡·μ°μà“ß¢Õß

§«“¡Àπ“·πàπ (impedance mismatch) √–À«à“ß‡π◊ÈÕ‡¬◊ËÕ·≈–À—«μ√«® ∑”„Àâ‡°‘¥°“√

 –∑âÕπ°≈—∫‰ª¡“¢Õß§≈◊ËπÕ—≈μ√“´“«¥å μ—«‡®≈Õ—≈μ√“´“«¥å®–™à«¬≈¥°“√ –∑âÕπ°≈—∫

·≈–™à«¬π” àß„Àâ§≈◊ËπÕ—≈μ√“´“«¥åºà“π≈”μ—«‰ª¬—ßÕ«—¬«–∑’ËμâÕß°“√μ√«®‰¥â

4. ®Õ (monitor) ‰«â· ¥ß¿“æÕ—≈μ√“´“«¥å

5. ‡§√◊ËÕß∫—π∑÷°¿“æÕ—≈μ√“´“«¥å

À—«μ√«®Õ—≈μ√“´“«¥å∑’Ë„™â„π°“√μ√«®«‘π‘®©—¬∑“ß°“√·æ∑¬å¡’§«“¡∂’Ëμ—Èß·μà 1-20

‡¡°°–‡Œ‘√μ´å §«“¡∂’Ë Ÿß∑–≈ÿºà“π‡π◊ÈÕ‡¬◊ËÕ‰¡à¥’ ·μà‰¥â¿“æ∑’Ë¡’√“¬≈–‡Õ’¬¥ Ÿß ‡À¡“– ”À√—∫

Õ«—¬«–∑’ËÕ¬Ÿàμ◊Èπ‡™àπ μàÕ¡‰∑√Õ¬¥å ·¢π¢“ ‡ªìπμâπ §«“¡∂’Ë∑’Ë‡À¡“– ¡¢ÕßÀ—«μ√«®Õ—≈μ√“

´“«¥å°—∫Õ«—¬«–∑’Ëμ√«®¡’¥—ßπ’È

- §«“¡∂’Ë 2.5-3.5 ‡¡°°–‡Œ‘√μ´å ‡À¡“– ”À√—∫°“√μ√«®™àÕß∑âÕß

- §«“¡∂’Ë 5 ‡¡°°–‡Œ‘√μ´å ‡À¡“– ”À√—∫°“√™àÕß§≈Õ¥ ™àÕß∑âÕß„πºŸâª«¬‡¥Á°

Õ—≥±–

- §«“¡∂’Ë 7.5 ‡¡°°–‡Œ‘√μ´å ‡À¡“– ”À√—∫°“√μ√«®‡ âπ‡≈◊Õ¥ ‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥º‘«

À√◊ÕμàÕ¡‰∑√Õ¬¥å

- §«“¡∂’Ë 10-12 ‡¡°°–‡Œ‘√μ´å ‡À¡“– ”À√—∫°“√„π‡ âπ‡≈◊Õ¥ (intravascu-

lar ultrasound) À√◊ÕÕ—≈μ√“´“«¥å·∫∫ àÕß°≈âÕß (endoscopic ultrasound)

¿“æ∑’Ë‰¥â®“°°“√∑”Õ—≈μ√“´“«¥å·∫àß‡ªìπ “¡ª√–‡¿∑

● A mode À√◊Õ·∫∫·Õ¡æ≈‘∑®Ÿ¥ (Amplitude mode) ‡ªìπ°“√· ¥ß¿“æ·∫∫

∑’Ë‡ªìπæ◊Èπ∞“π·≈–ßà“¬∑’Ë ÿ¥ °≈à“«§◊Õ· ¥ß¿“æ‡æ◊ËÕª√–‡¡‘π§«“¡Àπ“·πàπ¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’

§«“¡≈÷°®“°æ◊Èπº‘«μà“ß°—π‡∑à“π—Èπ ¿“æ∑’Ëª√“°Ø‡ªìπÀπ÷Ëß¡‘μ‘·≈–‡ªìπ°√“ø‚¥¬·°πμ—ÈßÀ√◊Õ
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vertical axis · ¥ß·Õ¡æ≈‘∑®Ÿ¥ (§«“¡ Ÿß√–À«à“ß¬Õ¥§≈◊Ëπ·≈–∑âÕß§≈◊Ëπ¢Õß§≈◊Ëπ‡ ’¬ß)

À√◊Õ§«“¡‡¢â¡ (echo intensity) ¢Õß§≈◊Ëπ‡ ’¬ß ·≈–·°ππÕπ (horizontal axis)

· ¥ß· ¥ß‡«≈“∑’Ë‡ª≈’Ë¬π‰ª ¬‘Ëß¡’ —≠≠“≥§≈◊Ëπ‡ ’¬ß àß°≈—∫‰ª¬—ßÀ—«μ√«®¡“°‡∑à“π—Èπ

§«“¡ Ÿß¢Õß·Õ¡æ≈‘∑®Ÿ¥°Á¡“°¢÷Èπ¥â«¬ ªí®®ÿ∫—π‰¡à¡’∑’Ë„™â·≈â« ·μà¬—ß§ßæ∫‰¥â„π°“√ª√–‡¡‘π

Õ“¬ÿ§√√¿å„π™à«ß‰μ√¡“ ·√°

● B mode (Brightness mode) À√◊Õ·∫∫¿“æ¢“«¥” (greyscale mode) ‡ªìπ

·∫∫∑’Ë„™â°—π¡“°∑’Ë ÿ¥„πªí®®ÿ∫—π ¿“æ∑’Ëª√“°Ø‡ªìπ·∫∫ Õß¡‘μ‘ (√Ÿª∑’Ë 34) ‚¥¬¬—ß§ß„™â

À≈—°°“√¢Õß°“√ –∑âÕπ°≈—∫¢Õß§≈◊Ëπ‡ ’¬ß‰ª¬—ßÀ—«μ√«®√à«¡°—∫°“√‡§≈◊ËÕπ‰À«À√◊Õªí¥

À—«μ√«®‰ª„π∑‘»∑“ß∑’Ëμà“ß°—π μà“ß®“°·∫∫ A mode ´÷ËßÀ—«μ√«® ·≈–À“°¡’°“√‡°Á∫

¢âÕ¡Ÿ≈‡ªìπª√‘¡“μ√®–‰¥â¿“æ∑’Ë‡ªìπ “¡·≈– ’Ë¡‘μ‘

● M mode (Movement mode) ‡ªìπ°“√«—¥·Õ¡æ≈‘∑®Ÿ¥¢Õß§≈◊Ëπ‡ ’¬ßºà“π

Õ«—¬«–∑’Ë¡’°“√‡§≈◊ËÕπ‰À« ‡™àπ≈‘ÈπÀ—«„® À√◊Õ°≈â“¡‡π◊ÈÕÀ—«„®

°“√„™âÕ—≈μ√“´“«¥å∑“ß»—≈¬»“ μ√å§≈‘π‘°56

»—æ∑å∑’Ë„™â„π°“√√“¬ß“πº≈∑“ßÕ—≈μ√“´“«¥å∑“ß§≈‘π‘§‰¥â·°à

- Echogenicity ∫Õ°√–¥—∫¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë –∑âÕπ§≈◊ËπÕ—≈μ√“´“«¥å·≈–

√Ÿª∑’Ë 34 ¿“æÕ—≈μ√“´“«¥å·∫∫ B mode(Brightness mode) À√◊Õ·∫∫¿“æ¢“«¥” (greyscale

mode) ∫√‘‡«≥μ—∫´÷Ëßª√“°Ø‡ªìπ ’¥”°«à“¢Õ∫°–∫—ß≈¡´÷Ëßª√“°Ø‡ªìπ ’¢“« (≈Ÿ°»√)
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ª√“°Ø„π¿“æ‡ªìπ√–¥—∫¢Õß§«“¡ «à“ß

- Anechoic ‰¡à¡’‡Õ§‚§ À¡“¬∂÷ßª√“°Ø‡ªìπ ’¥”„π¿“æÕ—≈μ√“´“«¥å

- Isoechoic ¡’‡Õ§‚§À√◊Õ§«“¡ «à“ß‡∑à“°—∫‡π◊ÈÕ‡¬◊ËÕ¢â“ß‡§’¬ß

- Hypoechoic ¡’‡Õ§‚§πâÕ¬°«à“À√◊Õ¥”°«à“‡π◊ÈÕ‡¬◊ËÕ¢â“ß‡§’¬ß

- Hyperechoic ¡’‡Õ§‚§¡“°°«à“À√◊Õ¢“«°«à“‡π◊ÈÕ‡¬◊ËÕ¢â“ß‡§’¬ß

- Homogenous ‡ªìπ°“√∫Õ°√–¥—∫§«“¡ «à“ßÀ√◊Õ§«“¡¢“«¥”¢Õß¿“æ«à“

‡ªìπ‡ß“§«“¡‡¢â¡√–¥—∫‡¥’¬«°—π ¡—°· ¥ß∂÷ßÕ«—¬«–∑’Ë‡ªìπª°μ‘

- Heterogeneous ‡ªìπ°“√∫Õ°√–¥—∫§«“¡ «à“ßÀ√◊Õ§«“¡¢“«¥”¢Õß¿“æ

«à“‡ªìπ‡ß“§«“¡‡¢â¡∑’Ë‰¡à‡ªìπ√–¥—∫À√◊Õ‡π◊ÈÕ‡¥’¬«°—π

- Resolution ‡ªìπ§«“¡ “¡“√∂„π°“√·¬°Õ«—¬«–À√◊Õ‚§√ß √â“ß Õß ‘Ëß∑’Ë

Õ¬Ÿàμ‘¥°—πÕ“®®–‡ªìπ„π·π«¥â“π¢â“ßÀ√◊Õ„π·π«Àπâ“À≈—ß

Õ—≈μ√“´“«¥å¡’ª√–‚¬™πåÕ¬à“ß¡“°„π°“√·¬°«à“æ¬“∏‘ ¿“æ∑’Ë‡ÀÁπ‡ªìπ∂ÿßπÈ” À√◊Õ

‡ªìπ°âÕπ‡π◊ÈÕ·¢Áß ·≈–¡’À‘πªŸπ√à«¡¥â«¬À√◊Õ‰¡à

● ∂ÿßπÈ” (cyst) ª√“°Ø‡ªìπ ’¥”„π¿“æÕ—≈μ√“´“«¥å ·≈–¥â“πÀ≈—ß¢Õß∂ÿßπÈ”ª√“°Ø

‡ªìπ ’¢“« (posterior acoustic enhancement) ‡π◊ËÕß®“°§≈◊Ëπ‡ ’¬ß “¡“√∂ºà“π∂ÿßπÈ”

√Ÿª∑’Ë 35 ≈—°…≥–∂ÿßπÈ” (cyst) ª√“°Ø‡ªìπ ’¥”„π¿“æÕ—≈μ√“´“«¥å ·≈–¥â“πÀ≈—ß¢Õß∂ÿßπÈ”

ª√“°Ø‡ªìπ ’¢“« (*)



À≈—°°“√æ◊Èπ∞“π¢Õß°“√ àßμ√«®√—ß ’«‘∑¬“ ”À√—∫»—≈¬·æ∑¬å384

‰¥â¡“°°«à“‡π◊ÈÕ‡¬◊ËÕ¢â“ß‡§’¬ß ≈—°…≥–¢Õß∂ÿßπÈ”·∫∫∏√√¡¥“ (simple cyst) μâÕßª√–°Õ∫¥â«¬

 “¡Õ¬à“ß‰¥â·°à ‰¡à¡’‡Õ§‚§À√◊Õª√“°Ø‡ªìπ ’¥” ºπ—ß∫“ß ·≈–‡ÀÁπ≈—°…≥– posterior acous-

tic enhancement (√Ÿª∑’Ë 35) ≈—°…≥–¢Õß∂ÿßπÈ”·∫∫´—∫´âÕπ (complex cyst) §◊Õ

ª√“°Ø≈—°…≥–Õ¬à“ß„¥Õ¬à“ßÀπ÷ËßμàÕ‰ªπ’È‰¥â·°à ºπ—ßÀπ“À√◊Õ¢√ÿ¢√– ¡’ºπ—ß´âÕπ¥â“π„π¢Õß∂ÿß

πÈ” (septation) À√◊Õ¡’ debris ¿“¬„π∂ÿßπÈ” ≈—°…≥–¢Õß∂ÿßπÈ”·∫∫´—∫´âÕπÕ“®æ∫‰¥â„π

¿“«–∑’Ë‡ªìπÀπÕßÀ√◊Õ‡π◊ÈÕßÕ°‰¥â πÕ°®“°π—Èπ≈—°…≥– posterior acoustic enhancement

 “¡“√∂æ∫‰¥â„π°âÕπ‡π◊ÈÕ·¢Áß∫“ß™π‘¥∑’Ë¡’ à«πª√–°Õ∫¢Õß¢Õß‡À≈« ‡™àπ fibroadenoma

„π‡μâ“π¡ À√◊Õ°âÕπ lymphoma

● À‘πªŸπ (calcification) ª√“°Ø‡ªìπ ’¢“«„π¿“æÕ—≈μ√“´“«¥å·≈–¥â“πÀ≈—ß¢Õß

À‘πªŸπª√“°Ø‡ªìπ‡ß“ ’¥” (posterior shadowing) ́ ÷Ëß‡ß“ ’¥”π’È‡°‘¥®“°§≈◊Ëπ‰¡à “¡“√∂ºà“π

À‘πªŸπ‰¥âÀ√◊Õºà“π‰¥âπâÕ¬ (√Ÿª∑’Ë 36) πÕ°®“°π—Èπ≈—°…≥– posterior shadowing

 “¡“√∂æ∫‰¥â„π°âÕπ‡π◊ÈÕ™π‘¥√â“¬¢Õß‡μâ“π¡´÷Ëß‰¡à‰¥â¡’À‘πªŸπ·μàª√–°“√„¥ À√◊Õæ∫„π

Õ«—¬«–∑’Ë¡’°ä“´ À√◊ÕÕ“°“» ·μà≈—°…≥–‡™àππ—Èπ‡√’¬°«à“ dirty shadowing ´÷Ëß‡°‘¥®“°

§≈◊Ëπ‡ ’¬ß∑’Ë –∑âÕπ°≈—∫‡°◊Õ∫∑—ÈßÀ¡¥¡’§«“¡¬“«§≈◊ËππâÕ¬°«à“≈”¢Õß§≈◊ËπÕ—≈μ√“´“«¥å∑”„Àâ

‡°‘¥≈—°…≥– reverberations ·≈– dirty shadowing ́ ÷Ëßæ∫‰¥â„π°ä“´∑’ËÕ¬Ÿà„π≈”‰ â (√Ÿª∑’Ë

37)

√Ÿª∑’Ë 36 π‘Ë«„π∂ÿßπÈ”¥’ª√“°Ø‡ªìπ ’¢“«„π¿“æÕ—≈μ√“´“«¥å·≈–¥â“πÀ≈—ß¢ÕßÀ‘πªŸπª√“°Ø‡ªìπ

‡ß“ ’¥” (*)
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● °âÕπ‡π◊ÈÕ·¢Áß (solid mass) ª√“°Ø‡ªìπ ’¢“«¥”‰¥âÀ≈“¬√–¥—∫„π¿“æÕ—≈μ√“

´“«¥å ‡™àπ ‡π◊ÈÕßÕ°™π‘¥ hemangioma „πμ—∫ª√“°Ø‡ªìπ ’¢“« (√Ÿª∑’Ë 38) ‡π◊ÈÕßÕ°

¡–‡√Áß·∫∫·æ√à°√–®“¬„πμ—∫ª√“°Ø‰¥â∑—Èß ’¥”·≈– ’¢“« πÕ°®“°π—Èπ¢Õ∫¢Õß°âÕπ‡π◊ÈÕ

·¢Áß “¡“√∂‡ªìπ‰¥â∑—Èß¢Õ∫‡√’¬∫ ¢√ÿ¢√– ¢Õ∫‡¢μ™—¥ ·≈–¢Õ∫‡¢μ‰¡à™—¥

μàÕ‰ª®–°≈à“«∂÷ßÕ—≈μ√“´“«¥å∑’Ë„™â∫àÕ¬„π∑“ß»—≈¬°√√¡ ‰¥â·°à Õ—≈μ√“´“«¥å‡μâ“π¡

√Ÿª∑’Ë 38 ≈—°…≥–¢Õß hepatocellular carcinoma ́ ÷Ëßª√“°Ø‡ªìπ°âÕπ‡π◊ÈÕ·¢Áß ’¢“«º ¡ ’¥”®“°

¿“æÕ—≈μ√“´“«¥å

√Ÿª∑’Ë 37 Pneumoperitoneum (≈Ÿ°»√¥”¿“æ∑“ß ấ“¬¡◊Õ) ®“° duodenal perforation ¢ÕßºŸâªÉ«¬

™“¬‡ªìπ hepatocellular carcinoma (≈Ÿ°»√‚ª√àß) ‰¥â√—∫°“√∑” transcatheter arte-

rial chemoembolisation (TACE) ÷́Ëßª√“°Ø≈—°…≥– dirty shadow ®“°¿“æÕ—≈μ√“´“«¥å

(≈Ÿ°»√¢“«¿“æ∑“ß¢«“¡◊Õ)
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Õ—≈μ√“´“«¥å™àÕß∑âÕß„πºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿ ·≈–Õ—≈μ√“´“«¥å¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π∑’Ë¢“Õ¬à“ß —ß‡¢ª

Õ—≈μ√“´“«¥å‡μâ“π¡

„πªí®®ÿ∫—ππÕ°®“°Õ—≈μ√“´“«¥å™à«¬·¬°æ¬“∏‘ ¿“æ∂ÿßπÈ”À√◊Õ°âÕπ‡π◊ÈÕ·¢Áß„π‡μâ“

π¡ ·≈– “¡“√∂™à«¬·¬°≈—°…≥–°âÕπ«à“¡–‡√ÁßÀ√◊Õ‰¡à (√Ÿª∑’Ë 39) Õ—≈μ√“´“«¥å¬—ß¡’

∫∑∫“∑„π°“√™à«¬™à«¬π”∑“ß„π°“√μ—¥™‘Èπ‡π◊ÈÕ ´÷Ëß∂◊Õ‡ªìπÀ—μ∂°“√∑’Ë§ÿ°§“¡πâÕ¬·≈–º≈

™‘Èπ‡π◊ÈÕ∂Ÿ°μâÕß‡∑’¬∫‡§’¬ß°—∫°“√μ—¥™‘Èπ‡π◊ÈÕ·∫∫‡ªî¥·º≈ºà“μ—¥ (open biopsy) ¡’

√“¬ß“π«à“°“√μ—¥™‘Èπ‡π◊ÈÕ‚¥¬‡¢Á¡·≈–„™âÕ—≈μ√“´“«¥å‡ªìπμ—«™à«¬π” ¡’§«“¡‰«„π°“√

«‘π‘®©—¬¡–‡√Áß‡μâ“π¡√âÕ¬≈– 9656 ‚¥¬ √ÿª¢âÕ∫àß™’È„π°“√∑”Õ—≈μ√“´“«¥å‡μâ“π¡‰¥â·°à

1.) ‡æ◊ËÕª√–‡¡‘π°âÕπÀ√◊ÕÀ‘πªŸπ¢π“¥‡≈Á°∑’Ë‡ÀÁπ®“°·¡¡‚¡·°√¡·μà§≈”°âÕπ‰¡à‰¥â

2.) ‡æ◊ËÕª√–‡¡‘π¢π“¥¢Õß∑àÕπÈ”π¡„π°√≥’∑’Ë¡’¢Õß‡À≈«À√◊Õ “√§—¥À≈—ËßÕÕ°®“°

À—«π¡

3.) ‡æ◊ËÕª√–‡¡‘π‡μâ“π¡∑’Ë¡’‰¢¡—ππâÕ¬ (À√◊Õ dense breast) À√◊Õ‰¡à·πà„®«à“¡’

°âÕπÀ√◊Õ‰¡à ‚¥¬‡©æ“–„π°≈ÿà¡ºŸâªÉ«¬Õ“¬ÿπâÕ¬

4.) ‡æ◊ËÕ·¬°√–À«à“ß∂ÿßπÈ”·≈–°âÕπ‡π◊ÈÕ·¢Áß

5.) ‡æ◊ËÕ‡ªìπμ—«™à«¬π”„π°“√μ—¥™‘Èπ‡π◊ÈÕ °“√√–∫“¬ÀπÕßÀ√◊Õ¢Õß‡À≈«μà“ßÊ

√Ÿª∑’Ë 39 ≈—°…≥–¢Õß¡–‡√Áß‡μâ“π¡ ´÷Ëßª√“°Ø‡ªìπ°âÕπ‡π◊ÈÕ∑’Ë¥”¢Õ∫¢√ÿ¢√– (≈Ÿ°»√) ®“°¿“æ

Õ—≈μ√“´“«¥å
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Õ—≈μ√“´“«¥å™àÕß∑âÕß„πºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿ

°“√∑”Õ—≈μ√“´“«¥å‡æ◊ËÕª√–‡¡‘π‡∫◊ÈÕßμâπ„πºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿ‡√’¬°«à“ Focussed

Assessment of the sonographic examination of Trauma Patients À√◊Õ¬àÕ«à“

FAST ´÷Ëß‡ªìπ°“√ª√–‡¡‘π°“√∫“¥‡®Á∫¢Õß™àÕß∑âÕß·≈–∑√«ßÕ° à«π≈à“ß ‚¥¬¥Ÿ°“√ – ¡

¢Õß¢Õß‡À≈«∫√‘‡«≥ à«π∑’ËμË” ÿ¥ (dependent area) ¢Õß√à“ß°“¬„πμ”·Àπàßμà“ßÊ Õ—π‰¥â·°à

πÈ”„π™àÕß‡¬◊ËÕÀÿâ¡À—«„® ™àÕß∑âÕß à«π¢«“∫π ™àÕß∑âÕß à«π´â“¬∫π ·≈–∫√‘‡«≥Õÿâß‡™‘ß°√“π

‡∑§π‘§„π°“√∑”„™âÀ—«μ√«®™π‘¥º‘«‚§âßπŸπ§«“¡∂’Ë 3.5 ‡¡°°–‡Œ‘√μ´å «“ßÀ—«μ√«®∫√‘‡«≥

≈‘Èπªïò„π·π«¢π“π°—∫·°π¬“«¢Õß≈”μ—« (sagittal) ·≈–μ—«™’È∑‘»¢ÕßÀ—«μ√«®À—π‰ª∑“ß

¥â“π»’√…–¢ÕßºŸâªÉ«¬ °“√μ√«®μ”·Àπàßπ’È„™âª√–‡¡‘ππÈ”À√◊Õ‡≈◊Õ¥„π™àÕß‡¬◊ËÕÀÿâ¡À—«„®

À≈—ß®“°π—Èπ«“ßÀ—«μ√«®„π·π«‡¥’¬«°—π ‡≈–‡≈◊ËÕπμ”·Àπàß‰ª¬—ß‡ âπ°÷Ëß°≈“ß√—°·√â¥â“π¢«“

(mid-axillary line) √–À«à“ß°√–¥Ÿ°´’Ë‚§√ß∑’Ë 11 ·≈– 12 ‡æ◊ËÕμ√«®μ—∫·≈–°√–∫—ß≈¡¥â“π¢«“

„™âª√–‡¡‘π‡≈◊Õ¥∑’ËÕ¬Ÿàμ√ß Morrison pouch ´÷ËßÕ¬Ÿà√–À«à“ß„μâμ—∫·≈–‰μ¢«“ ·≈–ª√–‡¡‘π

‡≈◊Õ¥∑’ËÕ¬Ÿà„μâ°–∫—ß≈¡ (subphrenic space) À≈—ß®“°π—Èπ‡≈◊ËÕπÀ—«μ√«®‰ª¬—ß·π«‡¥’¬«°—π‰ª

¬—ß‡ âπ√—°·√â¥â“π´â“¬ (posterior-axillary line) √–À«à“ß°√–¥Ÿ°´’Ë‚§√ß∑’Ë 10 ·≈– 11 ¥â“π

√Ÿª∑’Ë 40 μ”·Àπàßμà“ßÊ ¢Õß√à“ß°“¬„π∑” Focussed Assessment of the sonographic ex-

amination of Trauma Patients (FAST) Õ—π‰¥â·°à „μâ≈‘Èπªïò(1) ™àÕß∑âÕß à«π¢«“∫π(2)

™àÕß∑âÕß à«π´â“¬∫π (3)·≈–∫√‘‡«≥Õÿâß‡™‘ß°√“π(4)



À≈—°°“√æ◊Èπ∞“π¢Õß°“√ àßμ√«®√—ß ’«‘∑¬“ ”À√—∫»—≈¬·æ∑¬å388

´â“¬ °“√μ√«®μ”·Àπàßπ’È„™âª√–‡¡‘ππÈ”À√◊Õ‡≈◊Õ¥√–À«à“ß¡â“¡·≈–‰μ´â“¬ ·≈–„μâ°–∫—ß≈¡´â“¬

 ÿ¥∑â“¬‡≈◊ËÕπÀ—«μ√«®≈ß¥â“π≈à“ß„π·π«¢«“ß≈”μ—«‰ª¬—ß∫√‘‡«≥∑’Ë‡Àπ◊Õ°√–¥Ÿ° pubis sym-

physis ª√–¡“≥ 4 ‡´πμ‘‡¡μ√ ‡æ◊ËÕª√–‡¡‘ππÈ”À√◊Õ‡≈◊Õ¥‚¥¬„™â°√–‡æ“–ªí  “«–‡ªìπ acous-

tic window (√Ÿª∑’Ë 40)

°“√μ√«®Õ—≈μ√“´“«¥åª√–‡¿∑π’È¡’§«“¡‰«·≈–§«“¡®”‡æ“–„π°“√ª√–‡¡‘π‡≈◊Õ¥

ÕÕ°„π™àÕß∑âÕßμ—Èß·μà√âÕ¬≈– 30- 100 ·≈–√âÕ¬≈– 95-99 μ“¡≈”¥—∫56,59-62 Õ¬à“ß‰√°Áμ“¡

À“°‰¡àæ∫§«“¡º‘¥ª°μ‘®“°°“√∑” FAST ‰¡à “¡“√∂μ—¥°“√∫“¥‡®Á∫„π™àÕß∑âÕßÕÕ°‰ª

‰¥â61,62 πÕ°®“°π—Èπμ”·Àπàß∑’Ëæ∫‡≈◊Õ¥∫àÕ¬∑’Ë ÿ¥§◊Õ™àÕß∑âÕß¥â“π∫π À“°æ∫‡≈◊Õ¥„π™àÕß

∑âÕß®“°°“√∑”Õ—≈μ√“´“«¥å√à«¡°—∫ºŸâªÉ«¬§«“¡¥—πμË”§«√√—∫π”ºŸâªÉ«¬‰ªºà“μ—¥∑—π∑’ À“°

ºŸâªÉ«¬ —≠≠“≥™’æª°μ‘ “¡“√∂ àßμ√«®–‡æ‘Ë¡‡μ‘¡¥â«¬‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√åμàÕ‰¥â À√◊Õ

À“°‰¡àæ∫‡≈◊Õ¥®“°°“√μ√«®Õ—≈μ√“´“«¥å·μà¡’§«“¡‡ ’Ë¬ß ŸßμàÕ°“√∫“¥·®Á∫„π™àÕß∑âÕß

 “¡“√∂ àßμ√«®μàÕ¥â«¬‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√åμàÕ‰¥â‡™àπ°—π  ‘Ëß ”§—≠§◊Õ§«√‡™◊ËÕ¡‚¬ßº≈

°“√μ√«®Õ—≈μ√“´“«¥å°—∫Õ“°“√¢ÕßºŸâªÉ«¬ ·π«∑“ß°“√®—¥°“√ºŸâªÉ«¬Õÿ∫—μ‘‡Àμÿ∑’Ë‰¥â√—∫°“√

·ºπ¿Ÿ¡‘∑’Ë 1 °“√®—¥°“√ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√∫“¥‡®Á∫™àÕß∑âÕß
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μ√«®Õ—≈μ√“´“«¥å¥—ß·ºπ¿Ÿ¡‘∑’Ë 1 Õ¬à“ß‰√°Á¥’¢âÕ®”°—¥¢Õß FAST §◊Õ°“√ª√–‡¡‘π°“√∫“¥‡®Á∫

¢ÕßÕ«—¬«–„π™àÕß∑âÕß ·≈–¬—ß¢÷Èπ°—∫À≈“¬ªí®®—¬·«¥≈âÕ¡Õ—π‰¥â·°à ‡∑§π‘§°“√∑”

ª√– ∫°“√≥å¢ÕßºŸâ∑”·≈–§ÿ≥¿“æ¢Õß‡§√◊ËÕßÕ—≈μ√“´“«¥å ´÷Ëß¡’º≈μàÕ¿“æ∑’Ëª√“°Ø56

Õ—≈μ√“´“«¥å¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π∑’Ë¢“

¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π∑’Ë¢“‡ªìπ “‡Àμÿ∑’Ë ”§—≠¢Õß¿“«–‡ âπ‡≈◊Õ¥Õÿ¥μ—π∑’ËªÕ¥·≈–‡ªìπ

Õ—πμ√“¬∂÷ß·°à™’«‘μ °≈à“«§◊Õæ∫«à“√âÕ¬≈– 80 ¢Õß≈‘Ë¡‡≈◊Õ¥„πªÕ¥¡“®“°‡ âπ‡≈◊Õ¥¥”

∫√‘‡«≥¢“ ªí®®ÿ∫—πÕ—≈μ√“´“«¥å¡’∫∑∫“∑„π°“√„Àâ°“√«‘π‘©—¬¿“«–¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π∑’Ë

¢“·≈–∑¥·∑π°“√∑” venography ´÷Ëß§ÿ°§“¡ (invasive) ¡“°°«à“ °“√μ√«®¥â«¬

Õ—≈μ√“´“«¥å¡’§«“¡‰«√âÕ¬≈– 88-100 ·≈–§«“¡®”‡æ“– 92-100 „π°“√«‘π‘®©—¬¿“«–π’È

‡ âπ‡≈◊Õ¥∑’Ë∑”°“√μ√«®§◊Õ‡ âπ‡≈◊Õ¥¥”∑’Ëμâπ¢“ common femoral vein, superficial femo-

ral vein ·≈– popliteal vein ¡’°“√»÷°…“ æ∫«à“À“°∑”°“√μ√«®‡ âπ‡≈◊Õ¥¥”∑’Ëμâπ¢“

¥â«¬Õ—≈μ√“´“«¥å·≈â«‰¡àæ∫≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π∫√‘‡«≥μâπ¢“·≈–¢âÕæ—∫®–¡’‚Õ°“ πâÕ¬¡“°∑’Ë≈‘Ë¡

‡≈◊Õ¥∫√‘‡«≥πàÕß®–·ºà¢¬“¬ À√◊Õ¡’‚Õ°“ ‡°‘¥¿“«–‡ âπ‡≈◊Õ¥Õÿ¥μ—π∑’ËªÕ¥‡æ’¬ß√âÕ¬≈– 0.7

·≈–¬—ßª≈Õ¥¿—¬„π°“√‰¡àμâÕß„Àâ¬“°—π°“√·¢Áßμ—«¢Õß‡≈◊Õ¥ (anticoagulant) Õ¬à“ß‰√°Á¥’„π

°√≥’∑’Ë‰¡àæ∫§«“¡º‘¥ª°μ‘ ·μà¡’Õ“°“√¢“∫«¡·≈–¬—ß ß —¬¿“«–¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π

·π–π”„Àâμ‘¥μ“¡∑”Õ—≈μ√“´“«¥åÕ’°Àπ÷Ëß —ª¥“Àå∂—¥¡“63

‡∑§π‘§°“√μ√«®§◊Õ μ√«®‚¥¬„™âÀ—«μ√«®·∫∫º‘«μ√ß (linear array) §«“¡∂’Ë 7.5

‡¡°°–‡Œ‘√μ ǻ À√◊ÕÀ“°¢“¡’Õ“°“√∫«¡¡“°„Àâ„™âÀ—«μ√«®™π‘¥‚§âß§«“¡∂’Ë 2-4 ‡¡°°–‡Œ‘√μ ǻ

‡æ◊ËÕ “¡“√∂ª√–‡¡‘π‡ âπ‡≈◊Õ¥∑’ËÕ¬Ÿà∫√‘‡«≥≈÷°‰¥â ‚¥¬®ÿ¥ —ß‡°μ∑’Ë™à«¬∫Õ° §◊Õ‡ âπ‡≈◊Õ¥¥”

common femoral vein ®–«“ßμ—«Õ¬Ÿà¥â“π„π¢Õß‡ âπ‡≈◊Õ¥·¥ß common femoral ar-

tery ≈—°…≥–§«“¡º‘¥ª°μ‘∑’Ëæ∫„π¿“«–π’È56 (√Ÿª∑’Ë 41) ‰¥â·°à

● ‡ âπ‡≈◊Õ¥¥”∑’Ë°¥‰¡à≈ß (incompressibility) „π·π«¢«“ß´÷Ëß∂◊Õ‡ªìπ§«“¡

º‘¥ª°μ‘∑’Ëπà“‡™◊ËÕ∂◊Õ¡“°∑’Ë ÿ¥„π°“√«‘π‘®©—¬¿“«–¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π56,64

● ª√“°Ø≈‘Ë¡‡≈◊Õ¥Õ¬Ÿà„πÀ≈Õ¥‡≈◊Õ¥

● ¢π“¥‡ âπ‡≈◊Õ¥¥”„À≠à¢÷Èπ¡“°°«à“‡¥‘¡‡°‘π√âÕ¬≈– 10 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫

¥â“πμ√ß¢â“¡∑’Ëª°μ‘„πμ”·Àπàß‡ âπ‡≈◊Õ¥√–¥—∫‡¥’¬«°—π
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´÷Ëß„π°“√ª√–‡¡‘π‡°≥±å∑—Èß “¡Õ¬à“ß¢â“ßμâπ „™âÕ—≈μ√“´“«¥å·∫∫ B mode grey

scale ·≈–®–„Àâ°“√«‘π‘®©—¬¿“«–¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—π∑’Ë¢“‡¡◊ËÕæ∫‡æ’¬ßÕ¬à“ß„¥Õ¬à“ßÀπ÷Ëß

À“°·μà®–¡—Ëπ„®«à“‰¡à¡’¿“«–π’ÈμâÕßæ∫√à«¡°—π∑—Èß “¡Õ¬à“ß§◊Õ À≈Õ¥‡≈◊Õ¥¡’¢π“¥ª°μ‘ °¥

‡ âπ‡≈◊Õ¥¥”≈ß‡ªìπÕ¬à“ß¥’ ·≈–‰¡àæ∫≈‘Ë¡‡≈◊Õ¥„πÀ≈Õ¥‡≈◊Õ¥¥” πÕ°®“°π—Èπ¬—ß¡’§«“¡

º‘¥ª°μ‘∑’Ëæ∫‰¥â‡æ‘Ë¡‡μ‘¡®“°°“√∑”Õ—≈μ√“´“«¥å·∫∫¥Õª‡ª≈Õ√å56 (√Ÿª∑’Ë 41) ‰¥â·°à

● Absence or decreased spontaneous flow

● Loss of phasic flow of respiration

● Augmentation test ∑”„π°√≥’‰¡àæ∫≈‘Ë¡‡≈◊Õ¥®“°∑”Õ—≈μ√“´“«¥å·∫∫ B

mode ·≈–‰¡à·πà„®«à“¡’≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—πÀ√◊Õ‰¡à65 ´÷Ëß°√–∑”‚¥¬°“√∫’∫πàÕß À“°‰¡à¡’≈‘Ë¡

‡≈◊Õ¥Õÿ¥μ—π®–æ∫°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«„π°√“ø‡ âπ‡≈◊Õ¥¢Õß

Õ—≈μ√“´“«¥å·∫∫¥Õª‡ª≈Õ√å (spectral Doppler sonography)

À≈—°°“√¢Õß°“√μ√«®‡ÕÁ¡Õ“√å ‰Õ (Magnetic Resonance Imaging - MRI)

§≈◊Ëπ π“¡·¡à‡À≈Á°‰øøÑ“À√◊Õ‡ÕÁ¡Õ“√å‰Õ∂◊Õ°”‡π‘¥®“°æ◊Èπ∞“π¢Õß Nuclear

Magnetic Resonance (NMR) „πªï §.». 1946 ‚¥¬ Õßπ—°«‘∑¬“»“ μ√å™“«Õ‡¡√‘°—π

√Ÿª∑’Ë 41 ≈—°…≥– deep vein thrombosis „π superficial femoral vein ª√“°Ø‡ªìπ≈‘Ë¡‡≈◊Õ¥Õ¬Ÿà

„πÀ≈Õ¥‡≈◊Õ¥¥”´÷Ëß¡’¢π“¥„À≠à¢÷Èπ (≈Ÿ°»√) ·≈–æ∫°“√À“¬‰ª¢Õß phasic flow „π

™à«ß°“√À“¬„®®“°°“√∑”Õ—≈μ√“´“«¥å·∫∫¥Õª‡ª≈Õ√å
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™◊ËÕ Bloch ·≈– Purcell ·≈–¿“æ∑’Ë‰¥â∂◊Õ°”‡π‘¥‡ªìπ§√—Èß·√°‚¥¬ Paul Lauterbur ´÷Ëß

‰¥âæ—≤π“μàÕ¡“√à«¡°—π°—∫ Mansfield ·≈– Grannell

¢âÕ¥’¢Õß‡ÕÁ¡Õ“√å‰Õ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√μ√«®∑“ß√—ß ’«‘∑¬“Õ◊ËπÊ §◊Õ26

● ‰¡à¡’ ionizing radiation

●  “¡“√∂‡°Á∫¢âÕ¿“æ‰¥â„π ÕßÀ√◊Õ “¡√–π“∫

● „Àâ√“¬≈–‡Õ’¬¥·≈–§«“¡·μ°μà“ß¢Õß‡π◊ÈÕ‡¬◊ËÕ‰¥â¥’

● „Àâ√“¬≈–‡Õ’¬¥‡™‘ßæ◊Èπ∑’Ë¢Õß¢âÕ¡Ÿ≈ (spatial resolution) À√◊Õ§«“¡ “¡“√∂

∑’Ë®–®”·π°À√◊Õ·¬°«—μ∂ÿ∑’ËÕ¬Ÿà„°≈â„π¿“æÕÕ°®“°°—π‰¥âπâÕ¬°«à“ 1 ¡‘≈≈‘‡¡μ√

●  “¡“√∂ √â“ß¿“æ‰¥â‚¥¬‰¡à‡°’Ë¬«¢âÕß°—∫§«“¡ “¡“√∂„π°“√∑–≈ÿ∑–≈«ß¢Õß

‡π◊ÈÕ‡¬◊ËÕ

¢âÕ‡ ’¬¢Õß‡ÕÁ¡Õ“√å‰Õ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√μ√«®∑“ß√—ß ’«‘∑¬“Õ◊ËπÊ §◊Õ26

● °“√‡°Á∫¢âÕ¡Ÿ≈‡æ◊ËÕ √â“ß¿“æ „™â‡«≈“π“π°«à“°“√μ√«®™π‘¥Õ◊ËπÊ ¥—ßπ—Èπ®÷ß

‰¡à‡À¡“– ”À√—∫ºŸâªÉ«¬∑’Ë —≠≠“≥™’æ‰¡à§ß∑’Ë À√◊Õ‰¡à„Àâ§«“¡√à«¡¡◊Õ„π°“√μ√«®

● ¡’¢âÕ®”°—¥„πºŸâªÉ«¬∫“ß°≈ÿà¡∑’Ë¡’¢âÕÀâ“¡„π°“√‡¢â“‡§√◊ËÕßμ√«®‡ÕÁ¡Õ“√å‰Õ´÷Ëß®–

‰¥â°≈à“«μàÕ‰ª

● √“§“·æß

À≈—°°“√ √â“ß¿“æ¢Õß‡§√◊ËÕß‡ÕÁ¡Õ“√å ‰Õ

‡§√◊ËÕß‡ÕÁ¡Õ“√å‰Õª√–°Õ∫¥â«¬ ’Ë à«πÀ≈—° (√Ÿª∑’Ë 42) ‰¥â·°à

1.  π“¡·¡à‡À≈Á°¬‘Ëß¬«¥ (superconducting magnet) ∑”ß“π∑’ËÕÿ≥À¿Ÿ¡‘μË”¡“°

·™àÕ¬Ÿà„πŒ’‡≈’¬¡‡À≈«´÷Ëß¡’‰π‚μ√‡®π‡À≈«‡ªìπμ—«À≈àÕ‡¬Áπ  π“¡·¡à‡À≈Á°∑’Ë‡°‘¥¢÷Èπ«‘Ëß„π∑‘»∑“ß

‡Àπ◊Õ-„μâ „πªí®®ÿ∫—π‡§√◊ËÕß‡ÕÁ¡Õ“√å‰Õ∑’Ë„™â°—πÕ¬Ÿà¡’§«“¡‡¢â¡¢Õß π“¡·¡à‡À≈Á°Õ¬Ÿà∑’Ë 0.5-3

‡∑ ≈“ (Tesla)

2. ¢¥≈«¥ π“¡·¡à‡À≈Á° (gradient coil) ∑”Àπâ“∑’Ë‡ªìπ π“¡·¡à‡À≈Á°ºŸâ™à«¬¡’

¥â«¬°—π “¡™ÿ¥ ™à«¬ª√—∫ π“¡·¡à‡À≈Á°∑”„Àâ “¡“√∂ √â“ß¿“æ„π√–π“∫∑’ËμâÕß°“√‚¥¬‰¡à

μâÕß‡ª≈’Ë¬π∑à“∑“ß¢ÕßºŸâªÉ«¬ ·≈– “¡“√∂°”Àπ¥§«“¡Àπ“∫“ß¢Õß¿“æ‰¥â

3. ¢¥≈«¥∑’Ë∑”Àπâ“∑’Ë àß·≈–√—∫ —≠≠“≥«‘∑¬ÿ (RF coil À√◊Õ radiofrequency
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coil) ·∫àß‡ªìπ transmitter coil ·≈– receiver coil

4. §Õ¡æ‘«‡μÕ√å ¡’Àπâ“∑’Ëπ” —≠≠“≥∑’Ë‰¥â®“°°“√μ√«®¡“ª√–¡«≈º≈·≈– √â“ß

¿“æÕÕ°¡“μ“¡‡∑§π‘§μà“ßÊ

À≈—°°“√§◊Õ ‡¡◊ËÕ‰Œ‚¥√‡®πÕ–μÕ¡´÷Ëß‡ªìπ à«πª√–°Õ∫¢ÕßπÈ”·≈–‰¢¡—π„π

√à“ß°“¬‡√“À¡ÿπ√Õ∫μ—«‡Õß (spin) ®–¡’ π“¡·¡à‡À≈Á°ÕàÕπÊ ‡°‘¥¢÷Èπ À“°‰¡à¡’ π“¡·¡à‡À≈Á°

√Ÿª∑’Ë 43 ‚ª√μÕπ‡§≈◊ËÕπ∑’ËÕ¬à“ßÕ‘ √–À“°‰¡à¡’ π“¡·¡à‡À≈Á°¿“¬πÕ°¡“√∫°«π ·≈–‡¡◊ËÕ„Àâ

 π“¡·¡à‡À≈Á°∑’Ë·√ß¡“°®“°¿“¬πÕ° À√◊Õ‡√’¬°«à“ B0 ®–∑”„Àâ‚ª√μÕπ‡√’¬ßμ—«„π

∑‘»∑“ß¢π“π°—∫·√ß¢Õß π“¡·¡à‡À≈Á° ·≈–º≈≈—æ∏å¢Õß π“¡·¡à‡À≈Á°∑’Ë‡°‘¥¢÷Èπ‡√’¬°

«à“ net magnetization (¥—¥·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë 66)

√Ÿª∑’Ë 42  à«πª√–°Õ∫¢Õß‡§√◊ËÕß‡ÕÁ¡Õ“√å‰Õ (¥—¥·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë 26)
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¿“¬πÕ°¡“√∫°«π ‚ª√μÕπ‡À≈à“π—Èπ®–‡§≈◊ËÕπ∑’ËÕ¬à“ßÕ‘ √– ‡¡◊ËÕ«“ß‚ª√μÕπ„π π“¡·¡à

‡À≈Á°∑’Ë·√ß¡“° À√◊Õ‡√’¬°«à“ B0 ®–∑”„Àâ‚ª√μÕπ‡√’¬ßμ—«„π∑‘»∑“ß¢π“π°—∫·√ß¢Õß π“¡·¡à

‡À≈Á° ´÷Ëßº≈≈—æ∏å¢Õß π“¡·¡à‡À≈Á°∑’Ë‡°‘¥¢÷Èπ‡√’¬°«à“ net magnetization (√Ÿª∑’Ë 43) ·≈–

‡ªìπ·À≈àß°”‡π‘¥¢Õß —≠≠“≥‡ÕÁ¡Õ“√å‰Õ‡æ◊ËÕ∑’Ë®–π”¡“ √â“ß¿“æπ—Ëπ‡Õß §«“¡∂’Ë¢Õß‚ª√μÕπ∑’Ë

À¡ÿπ„π π“¡·¡à‡À≈Á°‡√’¬°«à“ Lamor frequency ´÷Ëß¡“®“° ¡°“√ Lamor equation

¥—ßπ’È

f = γB0

√Ÿª∑’Ë 44 °“√°√–μÿâπ‚ª√μÕπ∑’ËÕ¬Ÿà„π·π«·°π Z À√◊Õ longitudinal magnetization ¥â«¬§≈◊Ëπ«‘∑¬ÿ

§«“¡·√ß 90 Õß»“ ∑”„Àâ π“¡·¡à‡À≈Á°„π·π«·°π Z Àà“ßÕÕ°®“°·π«·°π Z

·≈–¡’§à“ longitudinal magnetization §àÕ¬Ê πâÕ¬≈ß®π‡ªìπ»Ÿπ¬å ·≈–æ¬“¬“¡§◊πμ—«

°≈—∫‰ª¬—ß∑’Ë‡¥‘¡„π·π«·°π Z ‡√’¬°¢—ÈπμÕππ’È«à“ longitudinal relaxation À√◊Õ T1 re-

laxation (¥—¥·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë 66)

√Ÿª∑’Ë 45 §”®”°—¥§«“¡¢Õß T1 §◊Õ

‡«≈“∑’Ë longitudinal magne-

tization §◊πμ—«°≈—∫‰ª‰¥â
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f = §«“¡∂’Ë¢Õß°“√À¡ÿπ√Õ∫μ—«‡Õß

γ = gyromagnetic ratio ‡ªìπ§à“§ß∑’Ë ́ ÷Ëß‰Œ‚¥√‡®πÕ–μÕ¡¡’§à“ 42.6 ‡¡°°–

‡Œ‘√μ´åμàÕ‡∑ ≈“

B0 = §«“¡·√ß¢Õß π“¡·¡à‡À≈Á°

¥—ßπ—Èπ Lamor frequency ¢Õß‰Œ‚¥√‡®πÕ–μÕ¡„π‡§√◊ËÕß‡ÕÁ¡Õ“√å‰Õ§«“¡·√ß

1.5 ‡∑ ≈“‡∑à“°—∫ 42.6 × 1.5 = 64 ‡¡°°–‡Œ‘√μ´å À√◊Õ 64 ≈â“π√Õ∫μàÕ«‘π“∑’

À≈—°°“√æ◊Èπ∞“π¢Õß°“√‡°‘¥¿“æ T1 weighted ·≈– T2 weighted66

°“√‡°‘¥¿“æ T1 weighted

°“√°√–μÿâπ‚ª√μÕπ∑’ËÕ¬Ÿà„π net magnetization ´÷Ëß‡ªìπ π“¡·¡à‡À≈Á°„π·π«

·°π Z À√◊Õ longitudinal magnetization ¥â«¬§≈◊Ëπ«‘∑¬ÿ§«“¡·√ß 90 Õß»“ ®–∑”„Àâ

 π“¡·¡à‡À≈Á°„π·π«·°π Z Àà“ßÕÕ°®“°·π«·°π Z ·≈–¡’§à“ longitudinal magneti-

zation §àÕ¬Ê πâÕ¬≈ß®π¡’§à“‡ªìπ»Ÿπ¬å À≈—ß®“°π—Èπ®–æ¬“¬“¡§◊πμ—«°≈—∫‰ª¬—ß∑’Ë‡¥‘¡„π

·π«·°π Z ´÷Ëß‡√’¬°¢—ÈπμÕππ’È«à“ longitudinal relaxation À√◊Õ T1 relaxation (√Ÿª∑’Ë

44) §”®”°—¥§«“¡¢Õß T1 §◊Õ ‡«≈“∑’Ë longitudinal magnetization §◊πμ—«°≈—∫‰ª‰¥â

√âÕ¬≈– 63 ́ ÷ËßÕ—μ√“°“√§◊πμ—«°≈—∫®–¡’§à“·μ°μà“ß°—π„π·μà≈–‡π◊ÈÕ‡¬◊ËÕ (√Ÿª∑’Ë 45) ¥—ß„π°√“ø

æ∫«à“ white matter „™â‡«≈“∑’Ë —Èπ°«à“ gray matter ·≈–πÈ”‰¢ —πÀ≈—ß π—Ëπ§◊Õ white

√Ÿª∑’Ë 46 T1 relaxation time ´÷Ëß·μ°μà“ß°—π„π·μà≈–‡π◊ÈÕ‡¬◊ËÕ æ∫«à“‡«≈“¢Õß white matter  —Èπ

°«à“ gray matter ·≈–πÈ”‰¢ —πÀ≈—ß (¥—¥·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë 66)
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√Ÿª∑’Ë 47 °“√°√–μÿâπ‚ª√μÕπ∑’ËÕ¬Ÿà„π·π«·°π Z À√◊Õ longitudinal magnetization ¥â«¬§≈◊Ëπ«‘∑¬ÿ

§«“¡·√ß 90 Õß»“·≈â«∑”„Àâº≈≈—æ∏å¢Õß π“¡·¡à‡À≈Á°‡ª≈’Ë¬π≈ß¡“‡ªìπ„π·π«

πÕπ·°π X À√◊Õ Y À√◊Õ‡√’¬° transverse magnetization ™à«ß∑’Ë‚ª√μÕπ∂Ÿ°

°√–μÿâπ¥â«¬§≈◊Ëπ«‘∑¬ÿ§«“¡·√ß 90 Õß»“®–‡°‘¥¿“«– çin phaseé ·μàÀ≈—ß®“°π—Èπ

∑—π∑’‚ª√μÕπ∑’Ë∂Ÿ°°√–μÿâπ®–‡°‘¥¿“«– çdephaseé ́ ÷Ëß π“¡·¡à‡À≈Á°®–§àÕ¬Ê πâÕ¬≈ß

‡√’¬°«à“ transverse relaxation À√◊Õ T2 relaxation (¥—¥·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë 66)

√Ÿª∑’Ë 49 T2 relaxation time ́ ÷Ëß·μ°μà“ß°—π

„π·μà≈–‡π◊ÈÕ‡¬◊ËÕ æ∫«à“‡«≈“πÈ”

‰¢ —πÀ≈—ß„™â‡«≈“¡“°°«à“ gray

matter ·≈– white matter

(¥—¥·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë

66)

Transverse magnetizatio

√Ÿª∑’Ë 48 §”®”°—¥§«“¡¢Õß T2 §◊Õ ‡«≈“∑’Ë

transverse magnetization  ≈“¬≈ß

‡À≈◊Õ√âÕ¬≈– 37 ®“°§à“μ—Èßμâπ (¥—¥

·ª≈ß®“°‡Õ° “√Õâ“ßÕ‘ß∑’Ë 66)
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matter ®–„Àâ¿“æ∑’Ë¢“«°«à“ gray matter ·≈–πÈ”‰¢ —πÀ≈—ß ‡¡◊ËÕ‡ªìπ¿“æ T1 weighted

(√Ÿª∑’Ë 46)

°“√‡°‘¥¿“æ T2 weighted

°“√°√–μÿâπ‚ª√μÕπ∑’ËÕ¬Ÿà„π net magnetization ´÷Ëß‡ªìπ π“¡·¡à‡À≈Á°„π·π«

·°π Z À√◊Õ longitudinal magnetization ¥â«¬§≈◊Ëπ«‘∑¬ÿ§«“¡·√ß 90 Õß»“·≈â«∑”„Àâ

º≈≈—æ∏å¢Õß π“¡·¡à‡À≈Á°‡ª≈’Ë¬π≈ß¡“‡ªìπ„π·π«πÕπ·°π X À√◊Õ Y À√◊Õ‡√’¬° trans-

verse magnetization ™à«ß∑’Ë‚ª√μÕπ∂Ÿ°°√–μÿâπ¥â«¬§≈◊Ëπ«‘∑¬ÿ§«“¡·√ß 90 Õß»“

®–‡°‘¥¿“«– çin phaseé ·μàÀ≈—ß®“°π—Èπ∑—π∑’‚ª√μÕπ∑’Ë∂Ÿ°°√–μÿâπ®–‡°‘¥¿“«– çdephaseé

´÷Ëß π“¡·¡à‡À≈Á°®–§àÕ¬Ê πâÕ¬≈ß ‡√’¬°«à“ transverse relaxation À√◊Õ T2 relaxation

(√Ÿª∑’Ë 47)

§”®”°—¥§«“¡¢Õß T2 §◊Õ‡«≈“∑’Ë transverse magnetization  ≈“¬≈ß‡À≈◊Õ

√âÕ¬≈– 37 ®“°§à“μ—Èßμâπ (√Ÿª∑’Ë 48)

´÷ËßÕ—μ√“°“√ ≈“¬μ—«®–¡’§à“·μ°μà“ß°—π„π·μà≈–‡π◊ÈÕ‡¬◊ËÕ ‡™àπ πÈ”‰¢ —πÀ≈—ß„™â

‡«≈“¡“°°«à“ gray matter ·≈– white matter ∑”„ÀâπÈ”‰¢ —πÀ≈—ß„Àâ¿“æ∑’Ë¢“«°«à“ gray

matter ·≈– white matter ‡¡◊ËÕ‡ªìπ¿“æ T2 weighted (√Ÿª∑’Ë 49)

¢âÕ§«√√–«—ß ”À√—∫°“√μ√«®¥â«¬‡§√◊ËÕß‡ÕÁ¡Õ“√å‰Õ67,68

1. Surgical implants («— ¥ÿ∑’Ë„ à®“°°“√ºà“μ—¥) ‰¥â·°à cardiac pacemaker

À√◊Õ implantable cardioverter defibrillators (ICDs), ferromagnetic intracranial

aneurysm clips, neuro-stimulator, cochlear implant, electronic devices μà“ßÊ

‡ªìπ¢âÕÀâ“¡„π°“√‡¢â“‡§√◊ËÕß‡ÕÁ¡Õ“√å‰Õ À≈—°°“√‚¥¬∑—Ë«‰ª§◊ÕÀ“°«— ¥ÿ¡’‡À≈Á°À√◊Õ‚≈À–

‡ªìπ à«πª√–°Õ∫„Àâ‡«âπ™à«ßÀ≈—ß®“°ºà“μ—¥‡ªìπ‡«≈“ 6  —ª¥“Àå ‡æ◊ËÕªÑÕß°—π°“√‡§≈◊ËÕπ∑’Ë

¢Õß«— ¥ÿ „πªí®®ÿ∫—πÕÿª°√≥å∑“ß°√–¥Ÿ°·≈–¢âÕ  ‘ÈπÀ—«„®‡∑’¬¡À√◊Õ∑’Ë°√Õß≈‘Ë¡‡≈◊Õ¥ (venous

blood clot filter) ‡ªìπ·∫∫™π‘¥∑’Ë “¡“√∂‡¢â“‡§√◊ËÕß‡ÕÁ¡Õ“√å‰Õ‰¥â º≈‡ ’¬Õ◊ËπÊ ‰¥â·°à«— ¥ÿ

∑“ß°“√·æ∑¬å„πμ—«ºŸâªÉ«¬∑’Ë„ àÕ“®‡ ’¬°“√∑”ß“π À√◊Õ‡°‘¥§«“¡√âÕπ¢÷Èπ·≈–‰À¡âºŸâªÉ«¬‰¥â

2.  ‘Ëß·ª≈°ª≈Õ¡„π√à“ß°“¬μà“ßÊ ∑’Ë¡’ à«πª√–°Õ∫¢Õß‚≈À– ‡™àπ °√– ÿπªóπ

À√◊Õ‰¥â√—∫®“°Õÿ∫—μ‘‡Àμÿ∑’Ë‡°‘¥®“°°“√∑”ß“π

3. ·¡â¬—ß‰¡à¡’√“¬ß“πÀ√◊ÕÀ≈—°∞“π∑’Ë™—¥‡®π ·μà§«√√–«—ß„πÀ≠‘ßμ—Èß§√√¿å„π
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™à«ß‰μ√¡“ ·√°

4. §«√‡ΩÑ“√–«—ß„πºŸâªÉ«¬∑’Ë°≈—«∑’Ë·§∫ (claustrophobia) ºŸâªÉ«¬∑’Ë«‘μ°—ß«≈ À√◊Õ

‰¥â√—∫°“√∑”„ÀâÀ≈—∫À√◊Õ¥¡¬“

5. ºŸâªÉ«¬‚√§‰μ«“¬‡√◊ÈÕ√—ß ́ ÷Ëß¡’‚Õ°“ ‡°‘¥¿“«– nephrogenic systemic fibrosis

(NSF) ´÷Ëß®–‰¥â°≈à“«μàÕ‰ª

 “√∑÷∫√—ß ’∑’Ë„™â„π°“√μ√«®‡ÕÁ¡Õ“√å ‰Õ (MRI contrast media)

 “√∑÷∫√—ß ’∑’Ë„™â à«π„À≠à„π°“√μ√«®‡ÕÁ¡Õ“√å‰Õ‡ªìπ extracellular contrast

agents ‡ªìπ “√∑’Ë ª√–°Õ∫¥â«¬‚≈À–·∫∫ paramagnetic metal ions ´÷Ëß¡’º≈∑”„Àâ≈¥

T1 ·≈– T2 relaxation time ®–∑”„Àâ¿“æ‡π◊ÈÕ‡¬◊ËÕ„π T1 weighted  ’¢“«¢÷Èπ ·≈–·∑∫‰¡à

‡ÀÁπ§«“¡‡ª≈’Ë¬π·ª≈ß„π¿“æ™π‘¥ T2 weighted  “√‚≈À–Àπ—°∑’Ë„™âª√–°Õ∫‡ªìπ “√

∑÷∫√—ß ’∑’Ë¡’°”≈—ßÕ‘‡≈Á°μ√Õπ¡“°§◊Õ Gadolinium (Gd3+) ·μà‡ªìπæ‘…μàÕ√à“ß°“¬ ®÷ß¡’

§«“¡®”‡ªìπ∑’ËμâÕß‰ª®—∫μ—«°—∫ chelate ́ ÷Ëß chelate ∑’Ë‰¥âπ”¡“„™â‡ªìπ™π‘¥·√°§◊Õ Dieth-

ylene triamine pentacetic acid (DTPA) √«¡‡ªìπ Gd-DTPA ‡¡◊ËÕ Gd-DTPA ∂Ÿ°

©’¥‡¢â“ Ÿà‡ âπ‡≈◊Õ¥„π√à“ß°“¬®–·æ√à°√–®“¬‡¢â“ Ÿà interstitial extravascular space ·≈–

 “¡“√∂´÷¡ºà“π°≈—∫‡¢â“¡“ ŸàÀ≈Õ¥‡≈◊Õ¥Õ’°§√—Èß ́ ÷Ëß™à«ß∑’Ë ¡¥ÿ≈√–À«à“ß°“√¥Ÿ¥´÷¡‡¢â“·≈–ÕÕ°

(equilibrium) Õ¬Ÿà∑’Ëª√–¡“≥ 2 ™—Ë«‚¡ß ·≈–√âÕ¬≈– 95 ∂Ÿ°°”®—¥ÕÕ°∑“ß‰μ¿“¬„π 24

™—Ë«‚¡ßÀ“°§à“°“√∑”ß“π¢Õß‰μª°μ‘ ·≈– biological half life ¢Õß Gd-DTPA ¡’§à“ª√–¡“≥

1.5 ™—Ë«‚¡ß  “√ extracellular contrast agents ‡À≈à“π’È®–‰¡àºà“π vascular blood brain

barrier „π¿“«–ª°μ‘‰¥â ·≈–‰¡à “¡“√∂®—∫°—∫‚ª√μ’π À√◊Õ receptor μà“ßÊ À√◊Õ´÷¡ºà“π

‡¢â“‰ª„π‡´≈≈å‰¥â (intracellular penetration)69

Õ“°“√‰¡àæ÷ßª√– ß§å®“° “√∑÷∫√—ß ’∑’Ë„™â„π°“√μ√«®‡ÕÁ¡Õ“√å ‰Õ (adverse
reactions to Gadolinium-Based Contrast Media)

‚¥¬ à«π¡“°¢ÕßºŸâªÉ«¬∑’Ë‰¥â√—∫°“√©’¥ Gadolinium-Based Contrast Media

(GBCM) ¡—°‰¡à¡’Õ“°“√¢â“ß‡§’¬ß §«“¡∂’Ë¢Õß°“√‡°‘¥Õ“°“√¢â“ß‡§’¬ßÀ≈—ß®“°©’¥ Gd-che-

late ª√‘¡“≥ 0.1-0.2 ¡‘≈≈‘‚¡≈μàÕ°‘‚≈°√—¡ ª√–¡“≥√âÕ¬≈– 0.07-2.4 ´÷ËßÕ“°“√∑’Ë‡°‘¥¢÷Èπ
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¡—°√ÿπ·√ßπâÕ¬‰¥â·°à √Ÿâ ÷°‡¬ÁπÀ√◊ÕÕÿàπ∫√‘‡«≥∑’Ë©’¥ §≈◊Ëπ‰ â ª«¥»’√…– ·≈–™“ À√◊Õ§—π Õ“°“√

∑’Ë‡°‘¥®“°“√·æâÀ√◊Õ‡√’¬°«à“ allergic reaction ‡°‘¥πâÕ¬¡“°‡æ’¬ß√âÕ¬≈– 0.004-0.7 ´÷Ëß

¡—°®–‡ªìπº◊Ëπ ≈¡æ‘…  ”À√—∫Õ“°“√¢â“ß‡§’¬ß™π‘¥√ÿπ·√ß¡“°À√◊Õ‡ªìπÕ—πμ√“¬μàÕ™’«‘μ‡°‘¥

‰¥âπâÕ¬¡“°Ê ‡æ’¬ß√âÕ¬≈– 0.001-0.01 ‡∑à“π—Èπ ºŸâ∑’Ë‡§¬¡’ª√–«—μ‘·æâ GBCM ¡“°àÕπ®–¡’

‚Õ°“ ‡ ’Ë¬ß„π°“√‡°‘¥Õ“°“√¢â“ß‡§’¬ß¡“°°«à“§πª°μ‘∂÷ß 8 ‡∑à“ ·≈–À“°‰¥â√—∫‡ªìπ§√—Èß∑’Ë

 ÕßÕ“°“√®–√ÿπ·√ß°«à“§√—Èß·√° ºŸâªÉ«¬°≈ÿà¡Õ◊ËπÊ ∑’Ë¡’§«“¡‡ ’Ë¬ß‡æ‘Ë¡¢÷Èπ√âÕ¬≈– 3.7 ‰¥â·°à

‚√§ÀÕ∫À◊¥ ¿Ÿ¡‘·æâμà“ßÊ À√◊Õ·æâÕ“À“√ Õ¬à“ß‰√°Áμ“¡·¡â«à“‰¡à¡’ cross-reactivity ·μàºŸâ

ªÉ«¬∑’Ë¡’ª√–«—μ‘·æâ “√∑÷∫√—ß ’·∫∫‰Õ‚Õ¥’π°Á®—¥«à“¡’§«“¡‡ ’Ë¬ßÕ¬Ÿà„π°≈ÿà¡¢â“ßμâπ °“√

√—°…“Õ“°“√¢â“ß‡§’¬ß·≈–‰¡àæ÷ßª√– ß§å∑’Ë‡°‘¥¢÷Èπ‡À¡◊Õπ°—∫ “√∑÷∫√—ß ’·∫∫‰Õ‚Õ¥’π16

Nephrogenic Systemic Fibrosis (NSF)

‡ªìπ¿“«–∑’Ë√à“ß°“¬‡°‘¥æ—ßº◊¥ ¡—°‡°‘¥μ√ßº‘«Àπ—ß·≈–‡π◊ÈÕ‡¬◊ËÕ™—Èπ„μâº‘«Àπ—ß ∫√‘‡«≥

Õ◊ËπÊ ∑’Ë “¡“√∂‡°‘¥¿“«–π’È‰¥â‰¥â·°à ªÕ¥ À≈Õ¥Õ“À“√ À—«„® ·≈–°≈â“¡‡π◊ÈÕ Õ“°“√‡√‘Ë¡

·√°§◊Õ º‘«Àπ—ßÀπ“¢÷Èπ À√◊Õ¡’Õ“°“√§—π√à«¡¥â«¬ ·≈–Õ“®®–√ÿπ·√ß¢÷ÈπÕ¬à“ß√«¥‡√Á«®–

‡°‘¥¿“«–¢âÕμ‘¥ ∫“ß√“¬Õ“®‡ªìπÕ—πμ√“¬∂÷ß·°à™’«‘μ ‚√§π’È‰¥â√—∫°“√«‘π‘®©—¬‡¡◊ËÕ§√—Èß·√°‡¡◊ËÕ

ªï §.» 2000 ·≈–‡ªìπ∑’Ë¬Õ¡√—∫„πªí®®ÿ∫—π«à“¡’§«“¡‡°’Ë¬«¢âÕß°—∫°“√‰¥â√—∫ GBCM „πºŸâ

ªÉ«¬∑’Ë‡ªìπ‚√§‰μ«“¬ Õ“°“√· ¥ßÀ≈—ß°“√©’¥ GBCM Õ“®‡°‘¥‰¥âμ—Èß·μà‡ªìπ«—π ‡ªìπ‡¥◊Õπ

À√◊Õπ“π‡ªìπªï

§≥–°√√¡°“√ American College of Radiology Committee on Drugs

and Contrast Media ‡™◊ËÕ«à“ºŸâªÉ«¬„π°≈ÿà¡¥—ß°≈à“«π’È¡’§«“¡‡ ’Ë¬ß„π°“√‡°‘¥ NSF À“°

‰¥â√—∫ GBCM ‰¥â·°à16

● ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√øÕ°‰μ∑ÿ°√“¬

● ºŸâªÉ«¬‰μ«“¬‡√◊ÈÕ√—ßÀ√◊Õ√ÿπ·√ß À√◊Õ®—¥‡ªìπ chronic kidney disease √–¥—∫

4À√◊Õ5 À√◊Õ¡’§à“ GFR <30 ¡‘≈≈‘≈‘μ√/π“∑’/1.73μ“√“ß‡¡μ√ ‚¥¬‰¡à‰¥â√—∫°“√øÕ°‰μ

● ºŸâªÉ«¬∑’Ë¡’§à“ GFR 30-40 ¡‘≈≈‘≈‘μ√/π“∑’/1.73μ“√“ß‡¡μ√ ‚¥¬‰¡à‰¥â√—∫°“√

øÕ°‰μ

● ºŸâªÉ«¬‰μ«“¬‡©’¬∫æ≈—π (acute kidney injury)
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∫∑∫“∑¢Õß‡ÕÁ¡Õ“√å ‰Õ∑“ß§≈‘π‘§

®–°≈à“«∂÷ß∫∑∫“∑¢Õß‡ÕÁ¡Õ“√å‰Õ∑“ß§≈‘π‘§„π°“√μ√«®√–∫∫μà“ßÊ æÕ —ß‡¢ª

¥â“π√–∫∫ª√– “∑

‡ÕÁ¡Õ“√å‰Õ¡’∫∑∫“∑„π°“√«‘π‘®©—¬‚√§∑“ß√–∫∫ª√– “∑∑—Èß·∫∫‡©’¬∫æ≈—π·≈–

‡√◊ÈÕ√—ß ·≈–‡ªìπ°“√ àßμ√«®∑’Ë‡ªìπ¡“μ√∞“π ”À√—∫‡π◊ÈÕßÕ° ¡Õß™π‘¥μà“ßÊ ∑—Èß™à«¬„π°“√

«‘π‘®©—¬ °“√«“ß·ºπ°“√ºà“μ—¥·≈–μ‘¥μ“¡°“√√—°…“ ‡∑§π‘§¿“æ‡ÕÁ¡Õ“√å‰Õ·∫∫ Diffusion

Tensor Imaging (DTI) ™à«¬∫Õ°μ”·Àπàß¢Õß≈”‡ âπ„¬ª√– “∑ (fiber tract) ∑’Ë —¡æ—π∏å°—∫

°âÕπ∑Ÿ¡ ∑”„Àâ«“ß·ºπ°“√ºà“μ—¥‰¥â¥’¬‘Ëß¢÷Èπ πÕ°®“°π—Èπ‡ÕÁ¡Õ“√å‰Õ¡’§«“¡‰«„π°“√¥Ÿ

¿“«–∫«¡·∫∫μà“ßÊ ´÷Ëß®–„Àâ¿“æ∑’Ë‡ªìπ ’¢“«„π T2weighted ¿“«–∫«¡„π ¡Õß (√Ÿª∑’Ë

50) ·∫àß‡ªìπ “¡™π‘¥‰¥â·°à °.) vasogenic edema  —¡æ—π∏å°—∫°âÕπ∑Ÿ¡„π ¡Õß °“√Õ—°‡ ∫

À√◊Õ°“√μ‘¥‡™◊ÈÕμà“ßÊ ¢.) cytotoxic edema  —¡æ—π∏å°—∫¿“«– ¡Õß¢“¥‡≈◊Õ¥‰ª‡≈’È¬ß ·≈–

§.) interstitial edema  —¡æ—π∏å°—∫¿“«–‚æ√ß ¡Õß§—ËßπÈ” (hydrocephalus) (26)

 ”À√—∫¿“«–À≈Õ¥‡≈◊Õ¥ ¡Õß (stroke) π—Èπ·∫∫À≈Õ¥‡≈◊Õ¥Õÿ¥μ—ππ—Èπ ¿“æ‡ÕÁ¡Õ“√å‰Õ·∫∫

diffusion weighted imaging (Dwi)  “¡“√∂‡ÀÁπ§«“¡º‘¥ª°μ‘¢Õß‡π◊ÈÕ ¡Õßμ“¬‰¥â

„π 30 π“∑’·√°À≈—ß¡’Õ“°“√ ‡∑§π‘§¿“æ‡ÕÁ¡Õ“√å‰Õ·∫∫ perfusion MRI ´÷Ëßμ√«®°“√

‰À≈‡«’¬π¢Õß‡≈◊Õ¥„π ¡Õß™à«¬∫Õ°∫√‘‡«≥∑’Ë ¡Õß¡’°“√¢“¥‡≈◊Õ¥°àÕπ∑’Ë‡π◊ÈÕ ¡Õß®–μ“¬

√Ÿª∑’Ë 50 ¿“«– ¡Õß∫«¡·∫∫μà“ßÊ (≈Ÿ°»√) „π¿“æ‡ÕÁ¡Õ“√åÕ“√å‰Õ ´÷Ëß·∫àß‡ªìπ “¡™π‘¥‰¥â·°à

cytotoxic edema (¿“æ∑“ß´â“¬¡◊Õ) vasogenic edema (¿“æ°≈“ß) ·≈– interstitial

edema (¿“æ∑“ß¢«“¡◊Õ)
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°“√μ√«®¥â«¬‡∑§π‘§ Dwi ·≈– pMRI ¡’∫∑∫“∑ ”§—≠Õ¬à“ß¡“°„π°“√§—¥°√ÕßºŸâªÉ«¬

‡æ◊ËÕ„Àâ¬“≈–≈“¬≈‘Ë¡‡≈◊Õ¥70

‚√§‡√◊ÈÕ√—ß∫“ß‚√§¡’≈—°…≥–®”‡æ“–∑’Ë‡ÕÁ¡Õ“√å‰Õ™à«¬„π°“√«‘π‘®©—¬ ‡™àπ degen-

erative white matter diseases, metabolic diseases μà“ßÊ ¿“«– ¡Õß‡ ◊ËÕ¡®“°

 “‡Àμÿμà“ßÊ ‡™àπ Alzheimerûs disease (AD) πÕ°®“°π—Èπ¬—ß„™âμ√«®À“§«“¡º‘¥ª°μ‘

‡™‘ß‚§√ß √â“ß¢ÕßºŸâªÉ«¬‚√§≈¡™—° (epilepsy) ·≈–‡∑§π‘§ functional MRI (fMRI) ´÷Ëß

μ√«®°“√∑”ß“π¢Õß ¡Õß à«πμà“ßÊ π”¡“„™â√à«¡°—∫°“√μ√«®§≈◊Ëπ‰øøÑ“ ¡Õß‡æ◊ËÕ

«“ß·ºπ°“√√—°…“‰¥â

¥â“π≈”μ—«

‡ÕÁ¡Õ“√å‰Õ¡’∫∑∫“∑„π°“√™à«¬°“√«‘π‘®©—¬‚√§μ—∫∑—Èß·∫∫‡©æ“–∑’Ë·≈–‡ªìπ∑—Ë«

∑—Èßμ—∫ πÕ°®“°π—Èπ¡’ª√–‚¬™πåÕ¬à“ß¡“°„π°“√À“æ¬“∏‘ ¿“æ¢Õßμ—∫°≈ÿà¡ºŸâªÉ«¬∑’Ë¡’‰¢¡—π

 – ¡∑’Ëμ—∫‡π◊ËÕß®“°Õ—≈μ√“´“«¥åª√–‡¡‘π‰¥â¬“°‡π◊ËÕß®“°¡’ distal sonographic beam

attenuation À√◊Õ„π¿“«–∑’Ë‡ªìπμ—∫·¢Áß (cirrhosis) ‡π◊ËÕß®“°¡’æ—ßº◊¥ – ¡·≈–¡’μ—∫

°≈’∫¢«“∑’Ë¡’¢π“¥‡≈Á° ‚√§‡©æ“–∑’Ë„πμ—∫∑’Ë‡ÕÁ¡Õ“√å‰Õ “¡“√∂™à«¬„π°“√«‘π‘®©—¬‚¥¬°“√

©’¥ “√∑÷∫√—ß ’®”‡æ“–‰¥â·°à hepatic adenoma, focal nodular hyperplasia, hepato-

cellular carcinoma (HCC) ·≈– metastases  “√∑÷∫√—ß ’„π°≈ÿà¡π’È‡√’¬°«à“ hepato-

cyte - selective Gadolinium Chelate ‰¥â·°à Mutihance(tm) (Gd-BOPTA) ·≈–

Primovist(tm) (Gd-EOB-DTPA) ́ ÷Ëß∂Ÿ°¢—∫ÕÕ°∑“ß hepatocyte ∑’Ëª°μ‘‰ª¬—ßπÈ”¥’ ‚¥¬

MultiHance(tm) ¡’ uptake ∑’Ëμ—∫√âÕ¬≈– 5 „π¢≥–∑’Ë Primovist(tm) ¡’ uptake ∑’Ëμ—∫

‰¥â Ÿß∂÷ß√âÕ¬≈– 50 ®÷ß„Àâ‡ÀÁπ‡π◊ÈÕμ—∫∑’Ë‡¢â¡¡“°°«à“ (parenchymal enhancement)

À≈—ß©’¥ “√∑÷∫√—ß ’ °“√©’¥ “√∑÷∫√—ß ’„π°≈ÿà¡π’ÈμâÕß∑”‡ªìπ dynamic contrast enhance-

ment °≈à“«§◊Õ ‡°Á∫¿“æ„π™à«ß arterial phase (23-30 «‘π“∑’) porto-venous phase

(60-90 «‘π“∑’) interstitial phase (90 «‘π“∑’-5π“∑’) ·≈– delayed phase (15-

30π“∑’ ”À√—∫ Primovist(tm) ·≈– 1-3 ™—Ë«‚¡ß ”À√—∫ Multihance(tm)) À≈—ß®“°©’¥

 “√∑÷∫√—ß ’ ´÷Ëß “√∑÷∫√—ß ’ „π°≈ÿà¡π’È “¡“√∂·¬° hepatic adenomas ÕÕ°®“° focal

nodular hyperplasia °≈à“«§◊Õ hepatic adenoma ®–ª√“°Ø‡ªìπ ’¥”°«à“‡π◊ÈÕμ—∫ª°μ‘

¢â“ß‡§’¬ß„π™à«ß delayed phase ‡π◊ËÕß®“°‰¡à¡’°≈ÿà¡∑àÕπÈ”¥’∑’Ëª°μ‘ ·μà focal nodular
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hyperplasia ª√“°Ø‡ªìπ ’¢“«°«à“À√◊Õ‡∑à“°—∫‡π◊ÈÕμ—∫ª°μ‘„π™à«ß delayed phase ‡π◊ËÕß®“°

hepatocyte ∑’Ë§«“¡Àπ“·πàπ¡“°¢÷Èπ·≈–¬—ß∑”Àπâ“∑’Ëª°μ‘ πÕ°®“°π—Èπ metastases ·≈–

hepatocellular carcinoma (HCC) ®–ª√“°Ø‡ªìπ ’¥”„π™à«ß delayed phase ‡π◊ËÕß®“°

hepatocyte ª°μ‘∂Ÿ°∑”≈“¬·≈–∑”Àπâ“∑’Ë‰¥â‰¡à¥’70,71 (√Ÿª∑’Ë 51) πÕ°®“°π—Èπæ¬“∏‘ ¿“æ

∑’Ë‡ªìπ∑—Ë«∑—Èßμ—∫∫“ß‚√§‰¥â·°à hemochromatosis (¿“«–‡À≈Á°‡°‘π)  “¡“√∂«‘π‘®©—¬·≈–

À“§à“ª√‘¡“≥‡À≈Á° – ¡‚¥¬„™â§à“ T2 ·≈– T2*72

√Ÿª∑’Ë 52 °√–¥Ÿ°ÕàÕπ∫√‘‡«≥°√–¥Ÿ°‡∑â“„πºŸâªÉ«¬‡¥Á°™“¬Õ“¬ÿ 3 ªï ª√“°Ø‡ªìπ ’¢“« (≈Ÿ°»√) „π

3DSPGR (Spoil-Gradient Recalled Echo)

√Ÿª∑’Ë 51 ≈—°…≥– hepatocellular carcinoma (HCC) ‚¥¬°“√μ√«®‡ÕÁ¡Õ“√å‰Õ ·≈–‡°Á∫¿“æÀ≈—ß

°“√©’¥ Primovist(tm)15 π“∑’ ª√“°Ø‡ªìπ ’¥”„π™à«ß delayed phase (¥Õ°®—π∑√å

 ’¢“«) ‡∑’∫¬°—∫‡π◊ÈÕμ—∫ª°μ‘¢â“ß‡§’¬ß´÷Ëßª√“°Ø‡ªìπ ’¢“« (¥Õ°®—π∑√å ’¥”)
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√Ÿª∑’Ë 53 ¿“«–°√–¥Ÿ° —πÀ≈—ß‡ ◊ËÕ¡ ‡ÀÁπÀ¡Õπ√Õß

°√–¥Ÿ° —πÀ≈—ß√–¥—∫ L4/5 ·≈– L5/S1

ª√“°Ø‡ªìπ ’¥”¡“°¢÷Èπ (≈Ÿ°»√∑÷∫)

πÕ°®“°π—Èπæ∫¿“«– annular tear

(≈Ÿ°»√‚ª√àß) ¢ÕßÀ¡Õπ√Õß°√–¥Ÿ° —π

À≈—ß√–¥—∫ L4/5 √à«¡¥â«¬

¥â“π°√–¥Ÿ°·≈–¢âÕ

Õ“®°≈à“«‰¥â«à“‡ÕÁ¡Õ“√å‰Õ‡ªìπ°“√μ√«®∑’Ë¥’∑’Ë ÿ¥  ”À√—∫°“√À“§«“¡º‘¥ª°μ‘¢Õß

√–∫∫°√–¥Ÿ°·≈–¢âÕ ‚¥¬‡©æ“–°“√ª√–‡¡‘π¥Ÿº‘«°√–¥Ÿ°ÕàÕπ (articular cartilage) „π¢âÕ∑—Èß

¢âÕ‡¢à“ ‰À≈à ¢âÕ¡◊Õ ·≈–¢âÕ‡∑â“ ´÷Ëß∂Ÿ°∑”≈“¬„π¿“«–μà“ßÊ ‡™àπ rheumatoid arthritis

·≈– osteoarthritis ´÷Ëß‡ÀÁπ°√–¥Ÿ°ÕàÕπ‰¥â™—¥·≈–ª√“°Ø‡ªìπ ’¢“«„π 3DSPGR (Spoil-

Gradient Recalled Echo)73 (√Ÿª∑’Ë 52) πÕ°®“°π—Èπ„™âª√–‡¡‘π°“√∫“¥‡®Á∫¢Õß tendon

·≈– ligament‰¥â¥’¡“°´÷Ëß„™â¡“°„π°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¥â√—∫∫“¥‡®Á∫®“°°“√‡≈àπ°’Ã“

‡ÕÁ¡Õ“√å‰Õ„™âμ√«®À“§«“¡º‘¥ª°μ‘°√–¥Ÿ° —πÀ≈—ß·≈–‰¢ —πÀ≈—ß‰¥â¥’¡“°

‡™àπ°—π ¿“«–°√–¥Ÿ° —πÀ≈—ß‡ ◊ËÕ¡®–‡ÀÁπÀ¡Õπ√Õß°√–¥Ÿ° —πÀ≈—ß®“°ª°μ‘∑’Ëª√“°Ø‡ªìπ ’

¢“«„π¿“æ T2weighted ®–‡ªìπ ’¥”¡“°¢÷Èπ‡π◊ËÕß®“°ª√‘¡“≥πÈ”≈¥≈ß (√Ÿª∑’Ë 53) À√◊Õ

 “¡“√∂„™âª√–‡¡‘π¥Ÿ‡ âπª√– “∑∑’Ë‚¥π°¥∑—∫‡æ◊ËÕ«“ß·ºπ„π°“√√—°…“À√◊Õºà“μ—¥‰¥â26

¥â“πÀ—«„®

°“√μ√«®À—«„®‚¥¬‡§√◊ËÕß‡ÕÁ¡Õ“√å‰ÕμâÕß¡’°“√μ‘¥ electrocardiography

(ECG) lead ‡æ◊ËÕ™à«¬„π°“√‡°Á∫¢âÕ¡Ÿ≈„Àâ‡ªìπ‰ªμ“¡ cardiac cycle „π™à«ß systole ·≈–

diastole ·≈–≈¥ motion artifact ∑’Ë‡°‘¥®“°®—ßÀ«–À—«„®‡μâπ ¿“«–§«“¡º‘¥ª°μ‘¢Õß

‚√§À—«„®∑’Ëæ∫‰¥â∫àÕ¬·≈–‡ÕÁ¡Õ“√å‰Õ¡’∫∑∫“∑™à«¬°“√«‘π‘®©—¬·≈–«“ß·ºπ°“√√—°…“‰¥â·°à
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√Ÿª∑’Ë 54 ≈—°…≥– myocardial scar ®“° transmuralmyocardial infarction ∫√‘‡«≥ anterosepetal

·≈– anterolateral wall ¢Õß left ventricle μ“¡°“√‡≈’È¬ß¢Õß‡ âπ‡≈◊Õ¥ left anterior

descending ·≈– left circumflex coronary arteries ®“°°“√μ√«®·∫∫ late Gado-

linium enhanced MRI

ischemic heart disease ·≈– cardiomyopathy ·∫∫μà“ßÊ °≈à“«§◊Õ„π¿“«– ischemic

heart disease π—Èπ‡ÕÁ¡Õ“√å‰Õ·∫∫μà“ßÊ ª√–‡¡‘π‰¥â¥—ßπ’È74

● Cine MRI  “¡“√∂À“§à“°“√∑”ß“π¢ÕßÀ—«„®ÀâÕß≈à“ßÀ√◊Õ ventricular

function ‰¥âÕ¬à“ß∂Ÿ°μâÕß

● Stress (first pass) myocardial perfusion ª√–‡¡‘π¿“«– myocardial

ischemia „π°√≥’ flow-limiting stenosis ´÷Ëß®–ª√“°Ø‡ªìπ∫√‘‡«≥∑’Ë¡’§«“¡‡¢â¡À√◊Õ

¢“«πâÕ¬°«à“°≈â“¡‡π◊ÈÕÀ—«„®∑’Ëª°μ‘ ‡π◊ËÕß®“°∫√‘‡«≥π—Èπ¡’‡≈◊Õ¥‰ª‡≈’È¬ßπâÕ¬≈ß πÕ°®“°π—Èπ¬—ß

 “¡“√∂∫Õ°°“√æ¬“°√≥å‚√§‰¥â„πºŸâªÉ«¬∑’Ë‡ªìπ‚√§À≈Õ¥‡≈◊Õ¥À—«„®μ’∫ (coronary artery

disease-CAD) À“°æ∫°“√¢“¥‡≈◊Õ¥Õ¬à“ß¡“° (severe ischemia) „π°“√μ√«®·∫∫

stress perfusion MRI √à«¡°—∫¡’°“√∫’∫μ—«¢Õßºπ—ßÀ—«„®∑’Ëº‘¥ª°μ‘®–¡’‚Õ°“ ‡ ’Ë¬ß Ÿß

μàÕ°“√‡°‘¥ cardiac death ·≈– nonfatal myocardial infarct ´÷Ëß§π‰¢â°≈ÿà¡π’È®–‰¥â

ª√–‚¬™πå®“°°“√∑” revascularization

● Late Gadolinium enhanced MRI ¡’ª√–‚¬™πå„π°“√¥Ÿ¿“«–°≈â“¡‡π◊ÈÕÀ—«„®

μ“¬ (myocardial infarction-MI) ∑—Èß·∫∫‡©’¬∫æ≈—π·≈–‡√◊ÈÕ√—ß ÷́Ëß™à«¬∫Õ° myocardial
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viability ·≈– “¡“√∂ª√–‡¡‘π myocardial fibrosis (√Ÿª∑’Ë 54) ‰¥â‡™àπ„πºŸâªÉ«¬ endocar-

dial fibroelastosis (EFE) ‡ÕÁ¡Õ“√å‰Õ “¡“√∂„Àâ¿“æ∑’Ë¡’§ÿ≥¿“æ·≈–√“¬≈–‡Õ’¬¥∑’Ë¥’¡“°„π

°“√·¬°°≈â“¡‡π◊ÈÕÀ—«„®ª°μ‘·≈–¿“«– subendocardial infarction À√◊Õ transmural

infarction

● 3D coronary magnetic resonance angiography (MRA) ∂÷ß·¡â«à“§«“¡

‡Õ’¬¥¢Õß¿“æ∑’Ë‰¥â¬—ß¥âÕ¬°«à“ 64 slice MDCT ·≈–¡’¢âÕ®”°—¥„π‡ âπ‡≈◊Õ¥ à«πª≈“¬∑’Ë

¢π“¥‡≈Á° ·μà¢âÕ¥’¢Õß‡ÕÁ¡Õ“√å§◊Õ ‰¡à¡’ ionizing radiation ‰¡àμâÕß©’¥ “√∑÷∫√—ß ’ ·≈–

 “¡“√∂ª√–‡¡‘π™àÕß¿“¬„πÀ≈Õ¥‡≈◊Õ¥ (lumen) ·¡â«à“¡’À‘πªŸπ¡“‡°“–

 ”À√—∫„π¿“«– cardiomyopathy π—Èπ‡ÕÁ¡Õ“√å‰Õ¡’∫∑∫“∑„π°“√™à«¬ª√–‡¡‘π

≈—°…≥– (morphology) ·≈–°“√∑”ß“π (function) ¢Õß°≈â“¡‡π◊ÈÕÀ—«„®, myocardial

perfusion ·≈–°≈â“¡‡π◊ÈÕ„π à«π∑’Ë∂Ÿ°∑”≈“¬ μ—«Õ¬à“ß∑’Ë∂Ÿ°π”¡“„™â„π∑“ß§≈‘π‘§§◊Õ „™â

ª√–‡¡‘π°àÕπ·≈–À≈—ß°“√√—°…“¿“«– hypertrophic ·≈– dilated cardiomyopathy,

·¬°√–À«à“ß¿“«– restrictive cardiomyopathy ·≈– constrictive pericarditis, ª√–‡¡‘π

‡π◊ÈÕ‡¬◊ËÕ∑’Ë∂Ÿ°∑”≈“¬„π¿“«– cardiomyopathy ∑—Èß·∫∫‡©’¬∫æ≈—π·≈–‡√◊ÈÕ√—ß, ª√–‡¡‘π§«“¡

º‘¥ª°μ‘¢Õß°≈â“¡‡π◊ÈÕ„π‚√§∑—Ë«√à“ß°“¬ (systemic diseases) μà“ßÊ ‡™àπ amyloidosis

À√◊Õ sarcoidosis75,76

°≈à“«‚¥¬ √ÿª§◊Õ°“√ àßμ√«®∑“ß√—ß ’«‘∑¬“·∫àß‡ªìπ Õß°≈ÿà¡„À≠à§◊Õ ·∫∫¡’√—ß ’

‰ÕÕÕ‰π´å·≈–·∫∫ª√“»®“°√—ß ’‰ÕÕÕ‰π´å °“√‡¢â“„®À≈—°°“√æ◊Èπ∞“π¢Õß‡§√◊ËÕß¡◊Õ„π

·μà≈–™π‘¥°“√μ√«® ¢âÕ∫àß™’È ¢âÕÀâ“¡ ·≈–¢âÕ§«√√–«—ß„π°“√ àßμ√«® πÕ°®“°π—Èπ¬—ß√«¡

∂÷ß°“√π”‰ª„™â∑“ß§≈‘π‘§Õ¬à“ßæÕ —ß‡¢ª ®–∑”„Àâ»—≈¬·æ∑¬å “¡“√∂‡≈◊Õ° àßμ√«®∑“ß

√—ß ’«‘∑¬“ ‡μ√’¬¡ºŸâªÉ«¬‰¥âÕ¬à“ß‡À¡“– ¡°—∫‚√§·≈–æ¬“∏‘ ¿“æ∑’Ë ß —¬ ‡æ◊ËÕ‡ªìπ

·π«∑“ß„π°“√√—°…“ºŸâªÉ«¬√à«¡°—π¢Õß∑’¡·æ∑¬å∑’Ë¥Ÿ·≈ºŸâªÉ«¬√«¡∂÷ß√—ß ’·æ∑¬å‰¥â‡ªìπ

Õ¬à“ß¥’·≈–∂Ÿ°μâÕß

‡Õ° “√Õâ“ßÕ‘ß

1. Radiation: Non-ionizing and Ionizing. [online] Available: http://www.epa.gov/
rpdweb00/understand/ [accessed March 2nd, 2013]



»ÿ¿‘°“  °ƒ…≥’‰æ∫Ÿ≈¬å 405

2. Basic Radiation Physics. [online] Available: http://www.eradiography.net/radsafety/
rad_physics.htm [accessed March 2nd, 2013]

3. Radiation exposure and cancer. [online] Available: http://www.cancer.org/cancer/
cancercauses/othercarcinogens/medicaltreatments/radiation-exposure-and-cancer
[accessed March 2nd, 2013]

4. Sources and effects of ionizing radiation. United Nation Scientific Committee on the
Effects of Atomic Radiation UNSCEAR 2008. [online] Available: http://www.
unscear.org/docs/reports/2008/11-80076_Report_2008_Annex_D.pdf [accessed March
2nd, 2013]

5. BEIR VII: Health Risks from Exposure to Low Levels of Ionizing Radiation. [online]
Available: http://dels-old.nas.edu/dels/rpt_briefs/beir_vii_final.pdf [accessed March
2nd, 2013]

6. Biological effect of ionizing radiation - Section2. Principle of Radiation Protection.
January 2006. [online] Available: http://www.ehs.washington.edu/rsotrain/
radprotectionprinciples/biological_effects.pdf [accessed March 2nd, 2013]

7. Little MP, Wakeford R, Tawn EJ, Bouffler SD, Berrington de Gonzalez A. Risks asso-
ciated with low doses and low dose rates of ionizing radiation: why linearity may be
(almost) the best we can do. Radiology. 2009;251:6-12.

8. Harvey CJ, Blomley MJK. Principle and precautions of conventional radiography.
Surgery. 2003;21:175-178.

9. Radiation and your patient: A guide for medical practitioners. A web module pro-
duced by Committee 3 of the International Commission on Radiological Protection
(ICRP). [online] Available: http://www.icrp.org/docs/rad_for_gp_for_web.pdf [accessed
March 2nd, 2013]

10. Harvey CJ, Blomley MJK. Conventional radiography: contrast agents and safety
issues. The Foundation Years. 2006;2:142-145.

11. Zwaan M, Kloess W, Kagel C, Kummer-Kloess D, Matthies-Zwaan S, Sch_tz RM,
Weiss HD. Carbon dioxide as an alternative contrast medium in peripheral angiog-
raphy. Rofo. 1996;164:445-448.

12. Seeger JM, Self S, Harward TR, Flynn TC, Hawkins IF Jr. Carbon dioxide gas as an
arterial contrast agent. Ann Surg. 1993;217:688-697.

13. Cho KJ. Carbon dioxide angiography. [online] Available: http://emedicine.medscape.
com/article/423121-overview [accessed March 2nd, 2013]

14. Eschelman DJ, Sullivan KL, Bonn J, Gardiner GA Jr. Carbon dioxide as a contrast
agent to guide vascular interventional procedures. AJR Am J Roentgenol. 1998;
171(5):1265-70.

15. Grainger RG. Intravascular Radiological iodinated contrast media in chapter 2 Intra-



À≈—°°“√æ◊Èπ∞“π¢Õß°“√ àßμ√«®√—ß ’«‘∑¬“ ”À√—∫»—≈¬·æ∑¬å406

vascular contrast media for radiology CT and MRI. In: Adam A, Dixon A, editors.
Grainger and Allisonûs Diagnostic Radiology. A Textbook of Medical Imaging. 5th
ed. Cherchill, Livingstone: Elsevier, 2008. p. 31-41.

16. ACR Manual on Contrast Media Version 8. ACR Committee on Drugs and Contrast
Media. 2012 [online] Available: http://www.acr.org/~/media/ACR/Documents/PDF/
QualitySafety/Resources/Contrast%20Manual/FullManual.pdf [accessed March 2nd,
2013]

17. Schueler BA. The AAPM/RSNA physics tutorial for residents: general overview of
fluoroscopic imaging. Radiographics. 2000;20:1115-1126.

18. Laufer I, Kressel HY. Principles of Double Contrast Diagnosis. In: Levine MS, Rubesin
SE, Laufer I, editors. Double Contrast Gastrointestinal Radiology. 3rd ed. Philadel-
phia: W.B. Saunders, 2000. p. 8-46.

19. ACR practice guideline for the performance of esophagograms and upper gastrointes-
tinal examinations in adult. [online] Available: http://www.acr.org/~/media/
5223A3FBC92E40378DF6E55FB8E6134B.pdf [accessed March 2nd, 2013]

20. Levine MS, Laufer I. Upper Gastrointestinal Tract: Technical Aspects. In: Levine
MS, Rubesin SE, Laufer I, editors. Double Contrast Gastrointestinal Radiology. 3rd
ed. Philadelphia: W.B. Saunders, 2000. p. 47-60.

21. Levine MS, Laufer I. Introduction. In: Levine MS, Rubesin SE, Laufer I, editors.
Double Contrast Gastrointestinal Radiology. 3rd ed. Philadelphia: W.B. Saunders,
2000. p. 1-7.

22. ACR practice guideline for the performance of a barium enema examination in
adults. [online] Available: http://www.acr.org/~/media/ACR/Documents/PGTS/guide-
lines/Barium_Enema.pdf [accessed March 2nd, 2013]

23. Rubesin SE, Laufer I. Double Contrast Barium Enema: Technical Aspects. In: Levine
MS, Rubesin SE, Laufer I, editors. Double Contrast Gastrointestinal Radiology. 3rd
ed. Philadelphia: W.B. Saunders, 2000. p. 331-356.

24. Johnson CD, MacCarty RL, Welch TJ, et al. Comparison of the relative sensitivity of
CT colonography and double-contrast barium enema for screen detection of colorectal
polyps. Clin Gastroenterol Hepatol. 2004;2:314-21.

25. Shaw AS, Dixon AK. Multidetector Computed Tomography. In: Adam A, Dixon A,
editors. Grainger and Allisonûs Diagnostic Radiology. A Textbook of Medical Imag-
ing. 5th ed. Cherchill, Livingstone: Elsevier, 2008. p. 79-86.

26. Smith NB, Webb A. Introduction to Medical Imaging: Physics, Engineering and
Clinical Applications. New York: Cambridge University Press; 2011.

27. Goldman LW. Principle of CT and CT Technology J Nucl Med Technol 2007;35:115-
128.



»ÿ¿‘°“  °ƒ…≥’‰æ∫Ÿ≈¬å 407

28. Ulzheimer S, Flohr T. Multislice CT: Current Technology and Future Developments.
In: Reiser MF, Becker CR, Nikolaou, Glazer G, editors. Multislice CT. 3rd ed. Leipzig:
Springer, 2009. p. 1-23.

29. Rankin SC. CT and MRI. Surgery (Oxford). 2005;23:162-165.
30. Shetty SK, Lev MH. MDCT Perfusion in Acute Stroke. In: Saini S, Rubin GD, Kalra

MK, editors. MDCT A Practical Approach. Milan: Springer, 2006. p. 167-181.
31. Rubin GD, Kalra MK. MDCT Angiography of the Thoracic Aorta. In: Saini S, Rubin

GD, Kalra MK, editors. MDCT A Practical Approach. Milan: Springer, 2006. p. 111-
121.

32. Rubin GD, Kalra MK. MDCT Angiography of the Peripheral Arterial Disease. In: Saini
S, Rubin GD, Kalra MK, editors. MDCT A Practical Approach. Milan: Springer, 2006.
p. 136-148.

33. Holmes JF, Akkinepalli R. Computed tomography versus plain radiography to screen
for cervical spine injury: a meta-analysis. J Trauma. 2005;58:902-905.

34. Mathen R, Inaba K, Munera F, et al. Prospective evaluation of multislice computed
tomography versus plain radiographic cervical spine clearance in trauma patients. J
Trauma. 2007;62:1427-1431.

35. Kaewlai R, Avery LL, Asrani AV, Novelline RA. Multidetector CT of blunt thoracic
trauma. Radiographics. 2008;28:1555-1570.

36. Mancini MC. Blunt Chest Trauma. [online] Available: http://emedicine.medscape.com/
article/428723-overview [accessed March 2nd, 2013]

37. Hassan R, Abd Aziz A. Computed Tomography (CT) Imaging of Injuries from Blunt
Abdominal Trauma: A Pictorial Essay. Malays J Med Sci. 2010;17:29-39.

38. Soto JA, Anderson SW. Multidetector CT of blunt abdominal trauma. Radiology.
2012;265:678-93.

39. Salimi J, Bakhtavar K, Solimani M, Khashayar P, Meysamie AP, Zargar M. Diagnos-
tic accuracy of CT scan in abdominal blunt trauma. Chin J Traumatol. 2009;12:67-70.

40. Moore EE, Cogbill TH, Jurkovich GJ, et al. Organ injury scaling: spleen and liver
(1994 revision). J Trauma 1995;38:323-324.

41. Halvorsen. MDCT of Abdominal Trauma. In: Saini S, Rubin GD, Kalra MK, editors.
MDCT A Practical Approach. Milan: Springer, 2006. p. 185-195.

42. Stuhlfaut JW, Soto JA, Lucey BC, et al. Blunt abdominal trauma: performance of CT
without oral contrast material. Radiology. 2004;233:689-694.

43. OûConnor OJ, McWilliams S, Maher MM. Imaging of acute pancreatitis. AJR Am J
Roentgenol. 2011; 197:W221-225.

44. Halligan S, Altman DG, Taylor SA, et al. CT colonography in the detection of colorectal
polyps and cancer: systematic review, meta-analysis, and proposed minimum data



À≈—°°“√æ◊Èπ∞“π¢Õß°“√ àßμ√«®√—ß ’«‘∑¬“ ”À√—∫»—≈¬·æ∑¬å408

set for study level reporting. Radiology. 2005;237:893-904.
45. Stein PD, Fowler SE, Goodman LR, et al. Multidetector computed tomography for

acute pulmonary embolism. N Engl J Med. 2006;354:2317-327.
46. Kavanagh JJ, Lake DR, Costello P. Pulmonary Embolism Imaging with MDCT. In:

Saini S, Rubin GD, Kalra MK, editors. MDCT A Practical Approach. Milan: Springer,
2006. p. 122-135.

47. Miller JM, Rochitte CE, Dewey M, et al. Diagnostic performance of coronary angiog-
raphy by 64-row CT. N Engl J Med. 2008;359:2324-2336.

48. Takakuwa KM, Keith SW, Estepa AT, Shofer FS. A meta-analysis of 64-section
coronary CT angiography findings for predicting 30-day major adverse cardiac events
in patients presenting with symptoms suggestive of acute coronary syndrome. Acad
Radiol. 2011;18:1522-1528.

49. Shrimpton PC, Hiller MC, Lewis MA, Dunn M. National survey of doses from CT in
the UK: 2003. Br J Radiol 2006;79:968-980.

50. Shrimpton PC, Hiller MC, Lewis MA, Dunn M. NRPB-W67 Doses from Computed
Tomography (CT) Examinations in the UK - 2003 Review. [online] Available: http://
www.biophysicssite.com/Documents/NRPB_W67/NRPB_W67.pdf [accessed March
2nd, 2013]

51. Martin CJ. The application of effective disease to medical exposure. Radiat Prot
Dosimetry. 2008;128:1-4.

52. Kapoor V, McCook BM, Torok FS. An introduction to PET-CT imaging. Radiographics.
2004;24:523-543.

53. Jackson JE, Allison DJ, Meaney J. Angiography: Principles, Technique (Including
CTA and MRA) and Complications. In: Adam A, Dixon A, editors. Grainger and
Allisonûs Diagnostic Radiology. A Textbook of Medical Imaging. 5th ed. Cherchill,
Livingstone: Elsevier, 2008. p. 109-128.

54. ACR-SIR- Practice guideline for performance arteriography. [online] Available: http:/
/www.acr.org/~/media/4EC2087D99BF45E189F1ED93D7AF2C1B.pdf [accessed March
2nd, 2013]

55. Cosgrove DO, Meire HB, Lim A, Eckersley RJ. Ultrasound: General Principles. In:
Adam A, Dixon A, editors. Grainger and Allisonûs Diagnostic Radiology. A Textbook
of Medical Imaging. 5th ed. Cherchill, Livingstone: Elsevier, 2008. p. 55-77.

56. Dente CJ, Rozycki GS. Ultrasound for Surgeons. In: Townsend CM, Beauchamp RD,
Evers BM, Mattox KL, editors. Sabiston Textbook of Surgery: The Biological Basis of
Modern Surgical Practice. 18th ed. Philadelphia: Saunders Elsevier, 2008. p. 280-298.

57. Wisher DB. Abdominal ultrasound: The basic principles. In: Harness JK, Wisher DB,
editors. Ultrasound in Surgical Practice: Basic Principles and Clinical Applications.



»ÿ¿‘°“  °ƒ…≥’‰æ∫Ÿ≈¬å 409

Danvers: Wiley-Liss, 2001. p. 33- 120.
58. Kavia S, Rottenberg G. Ultrasound in Surgery. Surgery (Oxford). 2005;23:165-167.
59. Radwan MM, Abu-Zidan FM. Focussed Assessment Sonography Trauma (FAST)

and CT scan in blunt abdominal trauma: surgeonûs perspective. Afr Health Sci. 2006;
6:187-190.

60. Cheung KS, Wong HT, Leung LP, Tsang TC, Leung GK. Diagnostic accuracy of
Focused Abdominal Sonography for Trauma in blunt abdominal trauma patients in
a trauma centre of Hong Kong. Chin J Traumatol. 2012;15:273-278.

61. Holmes G, Romero J, Waxman K, Diaz G. FAST enough? A validation study for
focused assessment with sonography for trauma ultrasounds in a Level II trauma
center. Am Surg. 2012;78:1038-1040.

62. Fleming S, Bird R, Ratnasingham K, Sarker SJ, Walsh M, Patel B. Accuracy of FAST
scan in blunt abdominal trauma in a major London trauma centre. Int J Surg. 2012;
10:470-474.

63. Gottlieb RH, Widjaja J. Clinical outcomes of untreated symptomatic patients with
negative findings on sonography of the thigh for deep vein thrombosis: our experi-
ence and a review of the literature. AJR Am J Roentgenol. 1999;172:1601-1604.

64. Fraser JD, Anderson DR. Deep venous thrombosis: recent advances and optimal
investigation with US. Radiology. 1999;211:9-24.

65. Lockhart ME, Sheldon HI, Robbin ML. Augmentation in lower extremity sonography
for the detection of deep venous thrombosis. AJR Am J Roentgenol. 2005;184:419-
422.

66. Pooley RA. AAPM/RSNA physics tutorial for residents: fundamental physics of MR
imaging. Radiographics. 2005; 25:1087-1099.

67. ACR Practice guideline for performance and interpreting Magnetic Resonance Im-
aging (MRI) [online] Available: http://www.acr.org/~/media/ACR/Documents/PGTS/
guidelines/MRI.pdf [accessed March 2nd, 2013]

68. Kanal E, Barkovich AJ, Bell C, et al. ACR guidance document for safe MR practices:
2007. AJR Am J Roentgenol. 2007;188:1447-1474.

69. Thomsen HS, Morcos SK. MRI contrast media in chapter 2 Intravascular contrast
media for radiology CT and MRI. In: Adam A, Dixon A, editors. Grainger and Allisonûs
Diagnostic Radiology. A Textbook of Medical Imaging. 5th ed. Cherchill, Livingstone:
Elsevier, 2008. p. 41-53.

70. Hagmann P, Jonasson L, Maeder P, Thiran JP, Wedeen VJ, Meuli R. Understanding
diffusion MR imaging techniques: from scalar diffusion-weighted imaging to diffu-
sion tensor imaging and beyond. Radiographics. 2006; 26 Suppl 1:S205-223.

71. Seale MK, Catalano OA, Saini S, Hahn PF, Sahani DV. Hepatobiliary-specific MR



À≈—°°“√æ◊Èπ∞“π¢Õß°“√ àßμ√«®√—ß ’«‘∑¬“ ”À√—∫»—≈¬·æ∑¬å410

contrast agents: role in imaging the liver and biliary tree. Radiographics. 2009;29:1725-
1748.

72. Wood JC, Enriquez C, Ghugre N, et al. MRI R2 and R2* mapping accurately esti-
mates hepatic iron concentration in transfusion-dependent thalassemia and sickle
cell disease patients. Blood. 2005;106:1460-1465.

73. Gold GE, Chen CA, Koo S, Hargreaves BA, Bangerter NK. Recent advances in MRI
of articular cartilage. AJR Am J Roentgenol. 2009;193:628-638.

74. Ishida M, Kato S, Sakuma H. Cardiac MRI in ischemic heart disease. Circ J. 2009;
73:1577-1588.

75. Deshpande A, Pakkal M, Agrawal B, Raj V. Cardiac magnetic resonance imaging of
non-ischaemic cardiomyopathy. Postgrad Med J. 2012;88:38-48.

76. Belloni E, De Cobelli F, Esposito A, et al. MRI of cardiomyopathy. AJR Am J Roentgenol.
2008;191:1702-1710.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


