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Abstract
Transcranial magnetic stimulation is an innovation in psychiatric and neurologic

treatments. From the interesting and advantage points that magnetic field could pass freely

through the body without causing pain. It can induce electromagnetic changes in the nerve fibers

and neuronal circuits while avoiding direct electric current charge to the brain.  The development

of special devices which are more safety and accurately determine  the intensity, frequency,

number of stimuli. The image guided neuro-navigation  system using digital processing of

magnetic resonance imaging  improved the accuracy of stimulation points which is very important

to determine the effects. Repetitive transcranial magnetic stimulation(rTMS) can induce

neuronal plasticity change and modulate the neuronal circuits which related to many psychiatric

and neurologic conditions such as Depression, Schizophrenia, Obsessive-compulsive disorder,

Tinnitus, Pain syndrome etc. This article reviews the history, mechanism, basic techniques, side

effects and  outcome of rTMS from many controlled studies which gave a very promising results

and safety in treating depression during the past decade. Whether rTMS could be established as

an alternative treatment in psychiatry and neurology, more research is needed to confirm.

Keywords : repetitive transcranial magnetic stimulation, psychiatric treatment, neuropsychiatric

disorders,  side effects.
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∫∑π”
„π™à«ß‡«≈“ 20 ªï∑’Ëºà“π¡“¡’°“√æ—≤π“‡∑§‚π‚≈¬’

∑“ß°“√·æ∑¬åÕ¬à“ß¡“°®π∑”„Àâ “¡“√∂‡ÀÁπ°“√

∑”ß“π¢Õß ¡Õß„π¢≥–∑’Ë°”≈—ß§‘¥ √Ÿâ ÷° ·≈–°“√

· ¥ßÕÕ°∑“ßæƒµ‘°√√¡‰¥â   ‡√‘Ë¡µâπ®“°°“√„™â Positron

emission tomography (PET), Magnetic resonance

imaging(MRI) ·≈–æ—≤π“¡“‡ªìπ Functional magnetic

resonance imaging (fMRI) ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß

„π°√–∫«π∑—»πå¢Õß‚√§∑“ß®‘µ‡«™·≈–‚√§∑“ß√–∫∫

ª√– “∑Õ¬à“ß¡“°1 º≈¢Õß»÷°…“°“√∑”ß“π¢Õß ¡Õßπ’È

°àÕ„Àâ‡°‘¥§«“¡‡¢â“„®∂÷ß°√–∫«π°“√∑“ß‡§¡’∑’Ë‡°‘¥¢÷Èπ

„π ¡Õß∑—Èß„π¿“«–ª°µ‘·≈–º‘¥ª°µ‘  √à«¡°—∫§«“¡‡¢â“„®

„π§«“¡ —¡æ—π∏å∑’Ë‡™◊ËÕ¡‚¬ß¢Õß ¡Õß·µà≈– à«πÕ¬à“ß

´—∫´âÕπ ∑”„Àâ∑√“∫°“√∑”ß“π¢Õß«ß®√¿“¬„π ¡Õß

∑’Ëº‘¥ª°µ‘„π‚√§∑“ß®‘µ‡«™ ‡™àπ §«“¡º‘¥ª°µ‘∑“ß

Õ“√¡≥å  ‚√§®‘µ‡¿∑ ‚√§¬È”§‘¥¬È”∑”  œ≈œ ¡“°¢÷Èπ ·≈–

π”‰ª Ÿà°“√√—°…“∑“ß®‘µ‡«™¥â«¬«‘∏’°“√„À¡à «‘∏’∑’Ë‰¥â√—∫

§«“¡ π„®¡“°„π¢≥–π’È  ‰¥â·°à °“√°√–µÿâπ ¡Õß

‡©æ“–∑’Ë‚¥¬Õ“»—¬‡§√◊ËÕß¡◊Õæ‘‡»…∑’Ëæ—≤π“„Àâ¡’§«“¡

ª≈Õ¥¿—¬·≈–¡’ª√– ‘∑∏‘¿“æ„π°“√√—°…“¡“°¬‘Ëß¢÷Èπ

‰¥â·°à °“√°√–µÿâπ ¡Õß¥â«¬ π“¡·¡à‡À≈Á° (Transcranial

magnetic stimulation TMS), Magnetic seizure therapy

(MST), Vagus nerve stimulation (VNS) ·≈– Deep brain

stimulation (DBS) ∫∑§«“¡π’È®–°≈à“«‡©æ“–‡√◊ËÕß¢Õß

Transcranial magnetic stimulation „π°“√√—°…“∑“ß

®‘µ‡«™»“ µ√å ‡π◊ËÕß®“°‡ªìπ«‘∏’°“√∑’Ë non-invasive

§àÕπ¢â“ßª≈Õ¥¿—¬·≈–„Àâº≈°“√√—°…“∑’Ë¥’æÕ ¡§«√

°”≈—ß‡ªìπ‡√◊ËÕß∑’Ë‰¥â√—∫§«“¡ π„®·≈–‡°‘¥ß“π«‘®—¬¢÷Èπ

¡“°¡“¬„π∑»«√√…∑’Ëºà“π¡“

ª√–«—µ‘§«“¡‡ªìπ¡“
Polson, Barker ·≈– Freeston (1982) ‰¥â √â“ß

‡§√◊ËÕßµâπ·∫∫¢Õß magnetic stimulator ‡æ◊ËÕ„™â°√–µÿâπ

‡ âπª√– “∑ à«πª≈“¬  ·≈– Sheffield group (1985)

‰¥â √â“ß‡§√◊ËÕß°√–µÿâπ ¡Õß¥â«¬ π“¡·¡à‡À≈Á° ”‡√Á®

·≈–‰¥âπ”¡“„™â„π°“√µ√«®∑“ß§≈‘π‘°‡ªìπ§√—Èß·√°

Cadwell Laboratories(1988) æ—≤π“„Àâ‡§√◊ËÕß°√–µÿâπ

 ¡Õß “¡“√∂ª≈àÕ¬§≈◊Ëπ·¡à‡À≈Á° È́”Ê ÕÕ°¡“∑’Ë§«“¡∂’Ë

1-50 Hz. ´÷Ëß‡ªìπ∑’Ë¡“¢Õß‡§√◊ËÕß repetitive transcranial

magnetic stimulation (rTMS) „πªí®®ÿ∫—π

‚¥¬∑’Ë„π√–¬–·√°‡§√◊ËÕß°√–µÿâπ ¡Õß¥â«¬

 π“¡·¡à‡À≈Á°π—Èπ∂Ÿ°„™â„π°“√µ√«®‚√§∑“ß ¡Õß·≈–

√–∫∫ª√– “∑  ‡™àπ„™âª√–‡¡‘π°“√øóôπµ—«¢Õß√–∫∫ª√– “∑

„πºŸâªÉ«¬‚√§À≈Õ¥‡≈◊Õ¥ ¡Õß  ·≈–æ∫‚¥¬∫—ß‡Õ‘≠«à“

ºŸâªÉ«¬®”π«πÀπ÷Ëß¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß¿“«–Õ“√¡≥å

¿“¬À≈—ß°“√µ√«® ®“°§«“¡ —ß‡°µπ’È‡ªìπ®ÿ¥‡√‘Ë¡µâπ„Àâ

¡’°“√»÷°…“∑¥≈Õß„™â TMS  „π°“√√—°…“ºŸâªÉ«¬‚√§´÷¡‡»√â“

‚¥¬ George MS ·≈–§≥–2 ‰¥â∑”°“√»÷°…“π”√àÕß„π

ºŸâªÉ«¬´÷¡‡»√â“∑’Ë‰¡àµÕ∫ πÕßµàÕ°“√√—°…“¥â«¬¬“®”π«π

6 √“¬2 ·≈–µàÕ¡“¡’°“√»÷°…“·∫∫ ÿà¡∑’Ë¡’°≈ÿà¡§«∫§ÿ¡

‡ªìπ√“¬ß“π·√°‚¥¬ Pascual-Leone (1996) ‰¥â· ¥ß„Àâ

‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ¢Õß subconvulsive repetitive

transcranial magnetic stimulation (rTMS) ∑’Ë ¡Õß à«π

left dorsolateral prefrontal cortex „πºŸâªÉ«¬‚√§´÷¡‡»√â“

∑’Ë‰¡àµÕ∫ πÕßµàÕ°“√√—°…“¥â«¬¬“„Àâ¡’Õ“°“√¥’¢÷Èπ

Õ¬à“ß¡“° 11 „π 17 §π3 ∑”„Àâ‡°‘¥§«“¡ π„®‡æ‘Ë¡¢÷Èπ

„π°“√√—°…“‚√§´÷¡‡»√â“¥â«¬«‘∏’°“√„À¡àπ’È  ‡π◊ËÕß®“°

repetitive TMS  “¡“√∂°√–µÿâπ ¡Õß‡©æ“–∑’Ë  ‚¥¬‰¡àµâÕß

ºà“π°√–· ‰øøÑ“‡¢â“ Ÿà ¡Õß‚¥¬µ√ß‡æ◊ËÕ°√–µÿâπ„Àâ‡°‘¥

°“√™—°‡À¡◊Õπ°—∫„π Electroconvulsive therapy (ECT) ·≈–

‰¡àµâÕß«“ß¬“ ≈∫ºŸâªÉ«¬4  ‡¡◊ËÕ°≈à“«‚¥¬ √ÿª æ∫«à“ TMS

 “¡“√∂π”¡“„™âª√–‚¬™πå∑“ß°“√·æ∑¬å‰¥â„π 3 ·ßà¡ÿ¡

∑’Ë ”§—≠ §◊Õ „™â‡ªìπ‡§√◊ËÕß¡◊Õ«‘®—¬æ◊Èπ∞“π∑“ßª√– “∑

«‘∑¬“»“ µ√å (neuroscience) ‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë™à«¬„π

°“√«‘π‘®©—¬‚√§∑“ß√–∫∫ª√– “∑5 ·≈–∑’Ë¡’§«“¡ ”§—≠

¡“°¢÷Èπ„πªí®®ÿ∫—π§◊Õ∫∑∫“∑∑“ß°“√√—°…“‚√§∑“ß®‘µ‡«™

·≈–√–∫∫ª√– “∑6
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°àÕπ∑’Ë®–∑”§«“¡‡¢â“„®„π‡√◊ËÕß¢Õß TMS ®”‡ªìπ

µâÕß∑√“∫‡°’Ë¬«°—∫¢âÕ √ÿª¢Õß International Society for

Transcranial Magnetic Stimulation °àÕπ  ´÷Ëß‰¥â§—¥≈Õ°

∫“ß à«π∑’Ë ”§—≠‚¥¬§ß¿“…“Õ—ß°ƒ…µâπ©∫—∫‰«â  ¥—ßπ’È:

Important Notes about rTMS Status :
International Society for Transcranial Stimulation
Consensus Statement, 20037

ç rTMS currently is used to probe various

aspects of brain function in the context of research

studies approved by local ethics committees. rTMS also

is under investigation as a potential treatment for

various neurologic and psychiatric disorders

rTMS has significant risks, most importantly

that of producing epileptic seizures. The degree of risk

varies with the dosing parameters and individual

subject factors. Therefore, rTMS should be administered

only under a licensed physicianûs orders (ie, by

prescription or through some other mechanism that

makes a physician directly responsible for its adminis-

tration to the individual patient or research subject)

The use of rTMS should comply with
regulations put forward by local regulatory bodies,

medical professional organizations, and medical

licensing boards.é

æ◊Èπ∞“π¢Õß‡§√◊ËÕß¡◊Õ·≈–°“√∑”ß“π
Michael Faraday (1831) §âπæ∫°“√‡°‘¥ π“¡

·¡à‡À≈Á°‰øøÑ“À≈—ß®“°ºà“π°√–· ‰øøÑ“‡¢â“‰ª„π¢¥≈«¥

 π“¡·¡à‡À≈Á°‰øøÑ“∑’Ë‡°‘¥¢÷Èπ “¡“√∂ àßºà“π‰ª∑’Ë¢¥

≈«¥∑’Ë Õß·≈–‡Àπ’Ë¬«π”„Àâ‡°‘¥°√–· ‰øøÑ“‰À≈‡«’¬π

„π¢¥≈«¥∑’Ë Õß‰¥â ®“°æ◊Èπ∞“π°“√‡Àπ’Ë¬«π”π’È‡Õß

∑’Ë‡ªìπÀ≈—°°“√ ”§—≠¢Õß TMS °≈à“«§◊Õ °√–· ‰øøÑ“

∑’Ë‰À≈ºà“π coil ∑”„Àâ‡°‘¥ π“¡·¡à‡À≈Á°ºà“πµ—«°≈“ß∑’Ë

¡’§ÿ≥ ¡∫—µ‘‡Àπ’Ë¬«π”§◊Õ‡ âπª√– “∑ ¡Õß∑’Ë‡ªìπ‡ ¡◊Õπ

¢¥≈«¥‡Àπ’Ë¬«π”∑’Ë Õß ∑”„Àâ‡°‘¥°√–· ‰øøÑ“‰À≈‡«’¬π

¿“¬„π ¡Õß‰¥â‚¥¬‰¡àµâÕßºà“π°√–· ‰øøÑ“‡¢â“ Ÿà ¡Õß

‚¥¬µ√ß8

¿“æ∑’Ë 1 :  π“¡·¡à‡À≈Á°‰øøÑ“‡°‘¥®“°°“√ºà“π

°√–· ‰øøÑ“‡¢â“‰ª„π¢¥≈«¥µ—«π” (¥—¥·ª≈ß

®“° Jalinous R. A guide to magnetic stimu-

lation. The Magstim Company Limited, 1998.)

‡§√◊ËÕß¡◊Õ
‡§√◊ËÕß°√–µÿâπª√– “∑¥â«¬ π“¡·¡à‡À≈Á°

ª√–°Õ∫¥â«¬Õÿª°√≥å ”§—≠ 2  à«π§◊Õ  à«π·√° ‡ªìπ

high current pulse generator ∑’Ë “¡“√∂ª≈àÕ¬°√–· 

‰øøÑ“‰¥â ‡∑à“°—∫À√◊Õ¡“°°«à“ 5,000 ·Õ¡·ª√å ‚¥¬¡’µ—«

‡°Á∫ª√–®ÿ  ∑’Ë “¡“√∂§“¬ª√–®ÿ‚¥¬°“√§«∫§ÿ¡¢Õß

«ß®√Õ‘‡≈§∑√Õπ‘° å   à«π∑’Ë Õß‡ªìπ¢¥≈«¥‡Àπ’Ë¬«π”∑’Ë

°àÕ„Àâ‡°‘¥ π“¡·¡à‡À≈Á°‰øøÑ“§«“¡·√ßª√–¡“≥ 1.5-2

tesla ‡ªìπ™à«ß —ÈπÊ ª√–¡“≥ 1 ms. §«“¡·√ß¢Õß

 π“¡·¡à‡À≈Á°‰øøÑ“∑’Ë‡°‘¥¢÷Èππ—Èπ®–¢÷Èπ°—∫ªí®®—¬À≈“¬

Õ¬à“ß‰¥â·°à æ≈—ßß“π¢Õß°√–· ‰øøÑ“∑’Ëª≈àÕ¬ÕÕ°¡“

§«“¡‡√Á«¢Õß°“√ª≈àÕ¬ª√–®ÿ‰øøÑ“·≈–≈—°…≥–¢π“¥

¢Õß coil ·¡à‡À≈Á°  π“¡·¡à‡À≈Á° “¡“√∂∑–≈ÿºà“π

‡π◊ÈÕ‡¬◊ËÕ·≈–°√–¥Ÿ°‰¥âÕ¬à“ßÕ‘ √– §«“¡·√ß¢Õß π“¡

·¡à‡À≈Á°®–≈¥≈ßµ“¡√–¬–∑“ß∑’Ë‡æ‘Ë¡¢÷Èπ  °≈à“«§◊Õ  π“¡
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·¡à‡À≈Á°§«“¡·√ßª√–¡“≥ 2 tesla ∑’Ëµ”·Àπàß¢Õß coil

®–≈¥≈ß‡À≈◊Õ 0.5 tesla ∑’Ë∫√‘‡«≥ cortex  ‡§√◊ËÕß¡◊Õ∑’Ë

æ—≤π“¢÷Èπ„πªí®®ÿ∫—π “¡“√∂ √â“ß π“¡·¡à‡À≈Á°

°√–µÿâπ´È”Ê∑’Ë§«“¡∂’Ë∂÷ß 100 Hz. ·≈–¡’™à«ßÀà“ß√–À«à“ß

°“√°√–µÿâπ‡æ’¬ß 1 msec8

°“√°√–µÿâπ ¡Õß¥â«¬ π“¡·¡à‡À≈Á°·∫∫´È”

(repetitive transcranial magnetic stimulation - rTMS)

„πªí®®ÿ∫—π “¡“√∂·∫àß¬àÕ¬‰¥â‡ªìπ 2 ·∫∫ §◊Õ

1. high frequency rTMS ( > 1 Hz.)

æ∫«à“¡’º≈„π∑“ß°√–µÿâπ ¡Õß9

2. low frequency rTMS  ( <= 1 Hz.)

¡’º≈¬—∫¬—Èß°“√∑”ß“π¢Õß ¡Õß10

¥—ß· ¥ß„π·ºπ¿“æ¥â“π≈à“ß

Wassermann ·≈–§≥–11 ‰¥â°”Àπ¥ ¢âÕ®”°—¥‡°’Ë¬«°—∫

§«“¡ª≈Õ¥¿—¬¢Õß°“√°√–µÿâπ∑’Ë§«“¡∂’Ë 10 Hz. §◊Õ

¿“æ∑’Ë 2 °“√„™â high frequency rTMS ∑’Ë§«“¡∂’Ë 10 Hz.

4 sec. Intertrain interval 30 sec. °√–µÿâπ∑’Ë left

dorsolateral prefrontal cortex

¿“æ∑’Ë 3 °“√„™â low frequency rTMS ∑’Ë§«“¡∂’Ë 1 Hz.

µ‘¥µàÕ°—π 25 π“∑’ (°√–µÿâπ 1,500 §√—Èß) ∑’Ë right

prefrontal cortex

§«“¡·√ß¢Õß°“√°√–µÿâπ (intensity)
¡“µ√∞“π§«“¡·√ß¢Õß π“¡·¡à‡À≈Á°„π°“√

√—°…“π—Èπ®–„™â percent of motor threshold (%MT)

‡ªìπµ—«°”Àπ¥ °≈à“«§◊Õ„π°“√√—°…“¥â«¬ rTMS ∑’Ë∫√‘‡«≥

prefrontal cortex ®–„™â§à“§«“¡·√ß∑’Ë 80-120 % MT

°≈‰°°“√ÕÕ°ƒ∑∏‘Ï¢Õß TMS
°≈‰°°“√ÕÕ°ƒ∑∏‘Ïπ—Èπ¬—ßÕ¬Ÿà„π√–À«à“ß°“√»÷°…“

´÷Ëß¡’√“¬ß“π«à“ rTMS ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß

«ß®√ª√– “∑ ·≈–≈¥°“√∑”ß“π¢Õß√–∫∫ hypothalamic-

pituitary-adrenocortical system °“√‡ª≈’Ë¬π·ª≈ß

¥—ß°≈à“«πà“®–¡“®“°°“√ª√—∫‡ª≈’Ë¬π°“√∑”ß“π¢Õß

neurotransmitter/neuromodulator, transsynaptic

efficiency, signaling pathways ·≈– gene transcription12

TMS ‡ª≈’Ë¬π·ª≈ß receptor binding
°“√À≈—Ëß¢Õß “√´’‚√‚∑π‘π (5-HT

1A
) ‡°’Ë¬«¢âÕß

°—∫¿“«–‡§√’¬¥·≈–§«“¡ª«¥ °àÕ„Àâ‡°‘¥º≈∑“ß √’√–

µàÕ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬·≈–√–∫∫ª√– “∑ºà“π

∑“ß hypothalamic-pituitary-adrenal axis  Johnson ·≈–

§≥– ‰¥âæ∫«à“ π“¡·¡à‡À≈Á°∑’Ë§«“¡‡¢â¡¢âπ·≈–§«“¡∂’Ë

‡©æ“–®– “¡“√∂‡ª≈’Ë¬π·ª≈ß§«“¡ “¡“√∂¢Õß

5-HT
1A
 receptor µàÕ°“√®—∫°—∫µ—«°√–µÿâπ (agonist)13

¥—ßπ—Èπº≈°“√√—°…“¢Õß TMS ®÷ß‰¡à‰¥â®”°—¥Õ¬Ÿà‡©æ“–∑’Ë

∑’Ë¡’°“√°√–µÿâπÀ√◊Õ¬—∫¬—Èß«ß®√ª√– “∑  ·µàÕ¬Ÿà∑’Ë°“√

‡ª≈’Ë¬π·ª≈ß °“√∑”ß“π¢Õß‡´≈≈åª√– “∑ àßº≈√–¬–

¬“«µàÕ ◊ËÕ “√ª√– “∑·≈–µ—«√—∫(receptor) ¥â«¬14

´÷Ëßµ”·Àπàß∑’Ë‰¥â√—∫°“√°√–µÿâπ∑’Ëµà“ß°—π°Á®–„Àâº≈°“√

‡ª≈’Ë¬π·ª≈ß∑“ßÕ“√¡≥å·µ°µà“ß°—π15

Safe Limit Example: 10Hz Protocol
80% of motor threshold ->  limit unknown

100% of motor threshold -> 5 seconds (50 stimuli)

120% of motor threshold -> 4.2 seconds (42 stimuli)

130% of motor threshold -> 2.9 seconds (29 stimuli)

(¢âÕ°”Àπ¥¢â“ßµâπ‡æ◊ËÕªÑÕß°“√‡Àπ’Ë¬«π”„Àâ™—°¢Õß rTMS)
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°“√°√–µÿâπ ¡Õß‡©æ“–∑’Ë¥â«¬ π“¡·¡à‡À≈Á°: √».πæ.∏«—™™—¬  °ƒ…≥–ª√–°√°‘®,
π«—µ°√√¡°“√√—°…“∑“ß®‘µ‡«™·≈–®‘µª√– “∑ ».πæ. ÿ™“µ‘  æÀ≈¿“§¬

°“√‡ª≈’Ë¬π·ª≈ß∑“ß°“¬«‘¿“§ ¡Õß∑’Ë —¡æ—π∏å°—∫

¿“«– ÷́¡‡»√â“ ®– —¡æ—π∏å°—∫µ”·Àπàß  Anterior cingulate

cortex (ACC) ·≈– Left dorsolateral prefrontal cortex

(DLPFC ¥â“π´â“¬) Luborzewski ·≈–§≥– (2006)

‰¥â»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ß™’«‡§¡’ ¡Õß‡ª√’¬∫‡∑’¬∫

°àÕπ·≈–À≈—ß°“√√—°…“¥â«¬ rTMS ‚¥¬¥Ÿ√–¥—∫¢Õß

glutamate ¥â«¬ Proton magnetic resonance spectroscopy

(MRS) ∑’Ëµ”·Àπàß left DLPFC „πºŸâªÉ«¬‚√§´÷¡‡»√â“

17 √“¬ æ∫«à“°≈ÿà¡∑’ËµÕ∫ πÕßµàÕ°“√√—°…“π—Èπ¡’§à“

æ◊Èπ∞“π¢Õß Glutamate ∑’Ë DLPFC µË”°«à“·≈–§à“¥—ß°≈à“«

°≈—∫‡æ‘Ë¡¢÷Èπ¿“¬À≈—ß°“√√—°…“ ´÷Ëß§à“ Glutamate

∑’Ë Ÿß¢÷Èππ’È —¡æ—π∏å°—∫√–¥—∫Õ“°“√∑’Ë¥’¢÷Èπ πÕ°®“°π’È√–¥—∫

Glutamate ∑’Ë‡æ‘Ë¡¢÷Èπ¡’§«“¡ —¡æ—π∏å°—∫§«“¡·√ß¢Õß

 π“¡·¡à‡À≈Á°∑’Ë°√–µÿâπ¥â«¬  ´÷Ëß®“°º≈¢â“ßµâπæÕ∑’Ë®–

 √ÿª‰¥â«à“ Glutamate ¡’∫∑∫“∑‡°’Ë¬«¢âÕß°—∫¿“«–´÷¡‡»√â“

·∫∫ state-dependent ∑’Ë∫√‘‡«≥ left DLPFC ·≈–

 “¡“√∂‡ª≈’Ë¬π·ª≈ßµ“¡√–¥—∫§«“¡·√ß°“√°√–µÿâπ

(dose-dependent) ¥â«¬16

TMS °—∫°“√√—°…“‚√§∑“ß®‘µ‡«™
‚√§´÷¡‡»√â“

°“√»÷°…“ª√– ‘∑∏‘º≈¢Õß TMS „π¿“«– ÷́¡‡»√â“

‡ªìπ®ÿ¥‡√‘Ë¡µâπ∑’Ë ”§—≠¢Õß∫∑∫“∑ TMS „π∑“ß

®‘µ‡«™»“ µ√å ¡’À≈—°∞“π«à“„π¿“«–´÷¡‡»√â“π—Èπ®–¡’

hypoactivity ¢Õß ¡Õß¥â“π left prefrontal ‡¡◊ËÕ‡∑’¬∫

°—∫ ¡Õß¥â“πµ√ß¢â“¡  À≈—ß®“°π—Èπ   Teneback·≈–§≥–

(1999) ‰¥â∑” perfusion single-photon computed

emission tomography „πºŸâªÉ«¬‚√§´÷¡‡»√â“ 22 §π æ∫«à“

ª√‘¡“≥‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ß ¡Õß à«π Medial temporal lobes

∑—Èß Õß¢â“ß, Left prefrontal cortex ·≈– Caudate ≈¥≈ß

 —¡æ—π∏å°—∫√–¥—∫§«“¡ ÷́¡‡»√â“  ¿“¬À≈—ß°“√√—°…“¥â«¬

TMS °≈ÿà¡∑’ËµÕ∫ πÕßµàÕ°“√√—°…“®–¡’ª√‘¡“≥‡≈◊Õ¥

‰ª¬—ß ¡Õß à«π Inferior frontal ‡æ‘Ë¡¢÷Èπ™—¥‡®π‡¡◊ËÕ

‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¡àµÕ∫ πÕß°“√√—°…“  º≈°“√»÷°…“π’È

 π—∫ πÿπ«à“ TMS ¡’º≈µàÕ activity ¢Õß ¡Õß à«π

Prefrontal ·≈– Paralimbic activity17 ‚¥¬‡©æ“–®ÿ¥∑’Ë

‰¥â√—∫§«“¡ π„®¡“°§◊Õ Anterior cingulate cortex (ACC)

·≈– Left dorsolateral prefrontal cortex (DLPFC ¥â“π ấ“¬)

Luborzewski ·≈–§≥– (2006) √“¬ß“π«à“  ºŸâªÉ«¬∑’Ë

µÕ∫ πÕßµàÕ°“√√—°…“¥â«¬ TMS π—Èπ®–¡’√–¥—∫ Glutamate

‡æ‘Ë¡¢÷Èπ„π∫√‘‡«≥ DLPFC  ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°àÕπ°“√

√—°…“ —¡æ—π∏å°—∫Õ“°“√¥’¢÷Èπ∑“ß§≈‘π‘°·≈–πÕ°®“°π’È

¬—ßæ∫§«“¡ —¡æ—π∏å¢Õß√–¥—∫ Glutamate ∑’Ë‡ª≈’Ë¬π·ª≈ß

 —¡æ—π∏å°—∫ stimulus intensity „π≈—°…≥– dose-dependent

Õ’°¥â«¬16

®π∂÷ßªï 2006 π’È ¡’°“√»÷°…“™π‘¥∑’Ë¡’°≈ÿà¡§«∫§ÿ¡

(controlled studies) ª√–¡“≥ 25 °“√»÷°…“ ∑’Ë»÷°…“

TMS „π‚√§´÷¡‡»√â“ ´÷Ëß·µà≈–°“√»÷°…“‡À≈à“π’È¬—ß¡’

°≈ÿà¡µ—«Õ¬à“ßπâÕ¬ ‚¥¬√“¬ß“π™π‘¥¡À«‘‡§√“–Àå (meta-

analysis) 6 √“¬ß“π ´÷Ëß 5 „π 6 √“¬ß“ππ’È∑’Ë· ¥ß

ª√– ‘∑∏‘º≈∑“ß∫«°¢Õß TMS ®“°°“√∑∫∑«π¢Õß

Burt ·≈–§≥– (2003) ∑”¡À«‘‡§√“–Àå®“° 16 °“√»÷°…“

∑’Ë¡’°≈ÿà¡§«∫§ÿ¡ æ∫«à“ weighted mean effect size

= 0.67  ´÷Ëß· ¥ßª√– ‘∑∏‘¿“æ√–¥—∫ª“π°≈“ß  Õ¬à“ß‰√

°Áµ“¡‡¡◊ËÕ§”π÷ß∂÷ßπ—¬ ”§—≠∑“ß§≈‘π‘° °≈—∫æ∫«à“¡’

‰¡à¡“°π—° §◊Õæ∫«à“Õ“°“√¥’¢÷Èπ√âÕ¬≈– 23 „π°≈ÿà¡∑’Ë

‰¥â√—∫°“√√—°…“ ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¥â√—∫°“√√—°…“

·∫∫À≈Õ° (sham) ´÷Ëß¥’¢÷Èπ‡æ’¬ß√âÕ¬≈– 7.318 ®“°

Cochrane Databases of Systematic Reviews ‚¥¬

Martin ·≈–§≥– (2002) ‰¥â∑∫∑«π°“√»÷°…“Õ¬à“ß‡ªìπ

√–∫∫∂÷ßº≈„π°“√√—°…“‚√§´÷¡‡»√â“ ®“° randomized

controlled trials 16 °“√»÷°…“ æ∫«à“¡’ 14 °“√»÷°…“

∑’Ë “¡“√∂√«¡º≈«‘‡§√“–Àå (pooled analysis) ‡¢â“¥â«¬°—π

æ∫«à“ rTMS ‰¥âº≈¥’°«à“ sham rTMS ®“°§à“ Hamilton

Rating Scale for Depression ‡©æ“–™à«ß‡«≈“ 2  —ª¥“Àå

·√°¢Õß°“√√—°…“·µà‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬

 ”§—≠ ≥ ™à«ß‡«≈“Õ◊Ëπ ®÷ß √ÿª«à“¬—ß‰¡à¡’À≈—°∞“π∑’Ë

™—¥‡®πæÕ®–· ¥ßª√– ‘∑∏‘¿“æ¢Õß rTMS ‰¥âÕ“®‡π◊ËÕß
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®“°¢π“¥µ—«Õ¬à“ß‰¡à¡“°æÕ19

Coutourier (2005) ∑”¡À«‘‡§√“–Àå 19 °“√

»÷°…“‚¥¬§—¥ÕÕ°‰ª 13 °“√»÷°…“  ‡À≈◊Õ‡æ’¬ß 6 °“√

»÷°…“¡’ºŸâªÉ«¬√«¡ 68 §π  §◊Õ‡≈◊Õ°‡©æ“–°“√»÷°…“

∑’Ë„™â  rapid rate stimulation ∑’Ë left dorsolateral prefrontal

cortex  ´÷Ëß‡ªìπµ”·Àπàß∑’Ë§“¥«à“πà“®–‡°’Ë¬«¢âÕß°—∫°“√

√—°…“¡“°∑’Ë ÿ¥  ∑”°“√ª√–‡¡‘πº≈°“√√—°…“¥â«¬ 21-item

Hamilton Rating Scale for Depression (HAM-D) ·≈–„™â

intent-to-treat analysis æ∫«à“ weighted mean difference

= -1.1 (95% CI  -4.5, 2.3) ´÷Ëß®“°º≈¥—ß°≈à“«· ¥ß«à“

rapid-rate rTMS π—Èπ‰¡à·µ°µà“ß®“°°“√√—°…“À≈Õ°„π

°“√√—°…“¿“«– ÷́¡‡»√â“20  ·µà°“√§—¥ÕÕ°∂÷ß 13 °“√»÷°…“

„π°“√∑”¡À«‘‡§√“–Àå§√—Èßπ’È∑”„Àâ¢“¥§«“¡ “¡“√∂

∑’Ë®–Õâ“ßÕ‘ßº≈∂÷ß°≈ÿà¡ª√–™“°√∑—Ë«‰ª‰¥â (generalizability)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√√—°…“¿“«–´÷¡‡»√â“¥â«¬ TMS

°—∫ ECT Grunhaus ·≈–§≥– (2000) √“¬ß“π RCT

„πºŸâªÉ«¬ major depression 40 √“¬ æ∫«à“„π¿“æ√«¡

ECT ‰¥âº≈¥’°«à“ TMS ·µà‡¡◊ËÕ·¬°¥Ÿº≈„πºŸâªÉ«¬∑’Ë¡’

Õ“°“√‚√§®‘µ·≈–‰¡à¡’Õ“°“√‚√§®‘µ (non-psychotic)

æ∫«à“ ECT π—Èπ®–„Àâº≈¥’°«à“ TMS „π°≈ÿà¡∑’Ë¡’Õ“°“√

‚√§®‘µ ·µà®–„Àâº≈‰¡à·µ°µà“ß®“° TMS „πºŸâªÉ«¬

∑’Ë‰¡à¡’Õ“°“√‚√§®‘µ21

°“√®– √ÿª«à“ rTMS ¡’ª√– ‘∑∏‘º≈„π¿“«–

´÷¡‡»√â“π—Èπ®”‡ªìπµâÕß¡’°“√»÷°…“·∫∫ ÿà¡∑’Ë¡’°≈ÿà¡

§«∫§ÿ¡·≈–¡’®”π«π°≈ÿà¡µ—«Õ¬à“ß¡“°æÕ  §«“¡·µ°µà“ß

¢Õßº≈°“√√—°…“„π¿“«–´÷¡‡»√â“„π·µà≈–°“√»÷°…“

Õ“®‡°‘¥¢÷Èπ®“°§«“¡·µ°µà“ß¢Õßµ”·Àπàß°“√°√–µÿâπ

§«“¡·√ß¢Õß§≈◊Ëπ·¡à‡À≈Á° §«“¡∂’Ë ®”π«π°“√°√–µÿâπ

„π·µà≈– session ·≈–®”π«π session ®÷ßµâÕß¡’°“√

»÷°…“∑“ßª√– “∑«‘∑¬“»“ µ√å¡“ π—∫ πÿπ§«“¡‡ªìπ

‰ª‰¥â‡™‘ß™’«¿“æ (biological plausibility) ¢Õß  parameter

∑’Ë‡À¡“– ¡∑’Ë ÿ¥„π°“√√—°…“

¿“«–øÿÑßæ≈à“π (Mania)
°“√»÷°…“‡ª√’¬∫‡∑’¬∫º≈¢Õß rTMS ∑’Ë Prefrontal

cortex ¥â“π´â“¬·≈–¥â“π¢«“ ‡√‘Ë¡‚¥¬ Grisaru N ·≈–§≥–

(1998) æ∫«à“„πºŸâªÉ«¬ Mania ∑’Ë‰¥â√—∫¬“ mood stabilizer

¥â«¬π—Èπ „π°≈ÿà¡∑’Ë‰¥â√—∫ rTMS ¥â“π¢«“ºŸâªÉ«¬¡’Õ“°“√

¥’¢÷Èπ„π¢≥–∑’Ë°≈ÿà¡∑’Ë‰¥â√—∫ rTMS ¥â“π´â“¬Õ“°“√øÿÑßæ≈à“π

°≈—∫‡ªìπ¡“°¢÷Èπ22  µàÕ¡“ Kapstan ·≈–§≥– (2003)

∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫ rTMS ∑’Ë Right prefrontal

cortex °—∫ sham rTMS „πºŸâªÉ«¬¡’Õ“°“√øÿÑßæ≈à“π∑’Ë‰¥â

√—∫¬“√—°…“¥â«¬ æ∫«à“º≈°“√√—°…“‰¡à·µ°µà“ß°—π„π

∑—Èß Õß°≈ÿà¡23 °“√∑’Ëº≈°“√»÷°…“¢Õß Kisaru ∫àß™’È«à“

ºŸâªÉ«¬∑’Ë‰¥â rTMS ¥â“π¢«“Õ“°“√¥’¢÷Èπ°«à“¥â“π´â“¬πà“

®–‡ªìπ‡æ√“– rTMS ¥â“π ấ“¬∑”„ÀâÕ“°“√·¬à≈ß¡“°°«à“

πÕ°®“°π’È¡’°“√√“¬ß“πºŸâªÉ«¬·∫∫ case series Õ’° 17

√“¬∑’Ë¡’Õ“°“√øÿÑßæ≈à“π ¥’¢÷ÈπÀ≈—ß®“°∑’Ë‰¥â rTMS ∑’Ë right

DLPFC √à«¡°—∫¬“‡ªìπ‡«≈“ 2-4  —ª¥“Àå24,25 ·µà‡ªìπ

°“√»÷°…“∑’Ë‰¡à¡’°≈ÿà¡§«∫§ÿ¡·≈–ºŸâªÉ«¬‰¥â¬“√à«¡¥â«¬

®÷ß¬—ß‰¡à “¡“√∂ √ÿªº≈¢Õß rTMS „π¿“«–øÿÑßæ≈à“π‰¥â

Õ“°“√ÀŸ·«à«„π‚√§®‘µ‡¿∑
ºŸâªÉ«¬‚√§®‘µ‡¿∑∫“ß√“¬∑’Ë¡’Õ“°“√ÀŸ·«à«Õ¬à“ß

µàÕ‡π◊ËÕß (persistent auditory hallucinations)·≈–‰¡àµÕ∫

 πÕßµàÕ¬“√—°…“‚√§®‘µ ´÷Ëß rTMS Õ“®π”¡“„™â‡ªìπ

∑“ß‡≈◊Õ°„π°“√√—°…“ºŸâªÉ«¬°≈ÿà¡π’È ‚¥¬°“√°√–µÿâπ∑’Ë

µ”·Àπàß temporoparietal cortex Õ¬à“ß‰√°Áµ“¡ Fitzgerald

·≈–§≥–∑”°“√»÷°…“·∫∫ ÿà¡∑’Ë¡’°≈ÿà¡§«∫§ÿ¡„πºŸâªÉ«¬

33 √“¬∑’Ë‡ªìπ Treatment-resistant auditory hallucinations

‚¥¬„™â§«“¡∂’Ë∑’Ë 1 Hz- 90%MT π“π 15 π“∑’ ‡ªìπ‡«≈“

10 «—π º≈°“√»÷°…“‰¡àæ∫«à“ rTMS ®–™à«¬≈¥‡ ’¬ß

·«à«‰¥â ·µà°Á‰¡à∑”„Àâ‡°‘¥º≈¢â“ß‡§’¬ßµàÕ§«“¡®”·≈–

cognitive functions26
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°“√°√–µÿâπ ¡Õß‡©æ“–∑’Ë¥â«¬ π“¡·¡à‡À≈Á°: √».πæ.∏«—™™—¬  °ƒ…≥–ª√–°√°‘®,
π«—µ°√√¡°“√√—°…“∑“ß®‘µ‡«™·≈–®‘µª√– “∑ ».πæ. ÿ™“µ‘  æÀ≈¿“§¬

¡’∫“ß√“¬ß“π∑’Ëæ∫«à“°“√√—°…“®–‰¥âº≈¥’·µà

‡ªìπ‡æ’¬ß™à«ß —ÈπÊ ‡∑à“π—Èπ ‚¥¬¡’√“¬ß“πºŸâªÉ«¬ 2 √“¬∑’Ë

Õ“°“√ÀŸ·«à«¥’¢÷Èπ„π™à«ß·√° ·µà‡¡◊ËÕ‡≈‘°∑” rTMS ·≈â«

ÀŸ·«à«°≈—∫¡“¡’Õ’° Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ¡“∑”°“√√—°…“´È”

Õ’°§√—ÈßÀŸ·«à«°Á “¡“√∂À“¬‰ª‰¥âÕ’°‡™àπ°—π ®÷ßπà“®–¡’

°“√»÷°…“‡æ‘Ë¡‡µ‘¡„π°“√π” rTMS ¡“√—°…“ª√– “∑À≈Õπ

∑“ßÀŸ·∫∫µàÕ‡π◊ËÕß (maintainance treatment) „π√–¬–

¬“«µàÕ‰ª27

Negative symptoms „π‚√§®‘µ‡¿∑
‰¥â¡’ ¡¡µ‘∞“π«à“°“√≈¥≈ß¢Õß Alpha frequency

(8-13 Hz) EEG Õ“®‡°’Ë¬«¢âÕß°—∫ negative symptoms

„π‚√§®‘µ‡¿∑ Jin ·≈–§≥– (2005) ‡ª√’¬∫‡∑’¬∫°“√

√—°…“¥â«¬ Alpha frequency (alphaTMS), 3 Hz., 20 Hz.

·≈– sham stimulation ∑’Ëµ”·Àπàß  DLPFC ∑—Èß Õß¢â“ß

æ∫«à“ alphaTMS „Àâº≈°“√√—°…“∑’Ë¡“°°«à“§«“¡∂’ËÕ◊Ëπ

·≈– sham stimulation Õ¬à“ß¡’π—¬ ”§—≠  ‚¥¬ “¡“√∂≈¥

negative symptoms ¥’¢÷Èπ√âÕ¬≈– 29.6 „π¢≥–∑’Ë°≈ÿà¡

‡ª√’¬∫‡∑’¬∫¡’Õ“°“√¥’¢÷ÈππâÕ¬°«à“√âÕ¬≈– 9 ·≈–¬—ßæ∫

¥â«¬«à“º≈°“√√—°…“„π°≈ÿà¡ alphaTMS  —¡æ—π∏å°—∫°“√

‡æ‘Ë¡¢÷Èπ¢Õß alpha frequency EEG ∑’Ë ¡Õß à«π frontal

¥â«¬28

°“√„™â high-frequency rTMS ∑’Ë∫√‘‡«≥ Prefrontal

cortex ‡æ◊ËÕ°“√√—°…“ negative symptoms ¢Õß„π

‚√§®‘µ‡¿∑π—Èπ ‰¥â√—∫§«“¡ π„®·≈–»÷°…“¡“°¢÷Èπ

Novak ·≈–§≥– (2006) ∑”°“√»÷°…“„πºŸâªÉ«¬‚√§®‘µ‡¿∑

ª√–‡¿∑∑’Ë¡’Õ“°“√ negative symptoms ‡¥àπ ®”π«π

16 √“¬ ‚¥¬°“√ ÿà¡∑’Ë¡’°≈ÿà¡§«∫§ÿ¡¥â«¬ sham TMS

°≈ÿà¡ TMS ‰¥â√—∫  20Hz rTMS (90% MT, 2000 stimuli per

session) ‡ªìπ‡«≈“ 10 «—π ·≈–µ‘¥µ“¡º≈„π‡«≈“

6  —ª¥“ÀåÀ≈—ß√—°…“ º≈°“√√—°…“æ∫«à“°≈ÿà¡∑’Ë‰¥â√—∫

TMS π—Èπ§à“§–·ππ PANSS, CGI, MADRS ·≈–

neuropsychological tests ‰¡à‰¥â¡’°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß

¡’π—¬ ”§—≠ „π¢≥–∑’Ë°≈ÿà¡ sham rTMS °≈—∫æ∫«à“ºŸâªÉ«¬

¡’Õ“°“√¥’¢÷Èπ∑—Èß positive and negative subscales of

PANSS ·≈– MADRS  ´÷Ëß®“°º≈°“√√—°…“π’È∑”„ÀâµâÕß

µ√–Àπ—°∂÷ß placebo effect „π°“√√—°…“¥â«¬ TMS29

®÷ß¬—ß‰¡à “¡“√∂ √ÿªº≈°“√√—°…“ negative symptoms

„π‚√§®‘µ‡¿∑¥â«¬ TMS ‰¥â

Post traumatic stress disorder(PTSD)
°“√»÷°…“π”√àÕß™‘Èπ·√°‡ªìπ·∫∫ open study

„πºŸâªÉ«¬ PTSD 10 √“¬  ‚¥¬„™â slow frequency  æ∫«à“

TMS ‡æ’¬ß 1 session  “¡“√∂≈¥Õ“°“√À≈—°„π‡√◊ËÕß

avoidance‰¥â ‚¥¬«—¥®“° Impact of Event Scale30

µàÕ¡“ Rosenberg ·≈–§≥– (2002) ∑”°“√»÷°…“ºŸâªÉ«¬

12 √“¬ ∑’Ë‡ªìπ Posttraumatic stress disorder (PTSD) ·≈–¡’

Major depression √à«¡¥â«¬ (comorbidity) ‚¥¬„™â rTMS

∑’Ë left frontal cortex √à«¡°—∫¬“·°â´÷¡‡»√â“ ‡ªìπ‡«≈“

10 «—π æ∫«à“ rTMS ¡’ª√– ‘∑∏‘º≈„π°“√√—°…“Õ“√¡≥å

‡»√â“¡“°°«à“Õ“°“√¢Õß PTSD31 Cohen ·≈–§≥– (2004)

∑”°“√»÷°…“·∫∫ ÿà¡∑’Ë¡’°≈ÿà¡§«∫§ÿ¡„πºŸâªÉ«¬ PTSD

24  √“¬ ·∫àß°“√√—°…“‡ªìπ low frequency (1 Hz),  high

frequency (10 Hz) ·≈– sham rTMS 10 sessions

°“√ª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß PTSD Õ“√¡≥å‡»√â“·≈–

«‘µ°°—ß«≈ ∑”‚¥¬ºŸâª√–‡¡‘π∑’Ë‰¡à∑√“∫«à“ºŸâªÉ«¬‰¥â√—∫

°“√√—°…“·∫∫„¥ (blinded assessors) æ∫«à“°“√√—°…“

∑’Ë§«“¡∂’Ë 10 Hz  80% MT ∑’Ëµ”·Àπàß DLPFC ¥â“π¢«“

¡’ª√– ‘∑∏‘º≈„π°“√√—°…“Õ“°“√À≈—°¢Õß PTSD §◊Õ

re-experiencing ·≈– avoidance Õ¬à“ß™—¥‡®π32 ®“°

√“¬ß“π°“√»÷°…“¢â“ßµâπ∫àß™’È«à“ rTMS Õ“®¡’∫∑∫“∑

„π°“√√—°…“ PTSD ‰¥â

‚√§¬È”§‘¥¬È”∑”
®“°°“√»÷°…“∑“ß √’√«‘∑¬“¢Õß√–∫∫ª√– “∑

„π‚√§¬È”§‘°¬È”∑” ¡’À≈—°∞“π∑’Ë π—∫ πÿπ«à“ Õ“°“√

¬È”§‘¥·≈–æƒµ‘°√√¡¬È”∑”π—ÈπÕ“®®–‡ªìπº≈®“°°“√

≈¥≈ß¢Õß Cortico-subcortico inhibitory system ·≈–¡’
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Transcranial Magnetic Stimulation(TMS): An Innovative Thawatchai Krisanaprakornkit,
Treatment for the Psychiatric and Neuropsychiatric Disorders. Suchat Paholpak

cortical excitability ‡æ‘Ë¡¢÷Èπ „πªï 1997 Greenberg ·≈–

§≥– (1997)‰¥â„™â high frequency rTMS ∑’Ëµ”·Àπàß

Lateral prefrontal cortex ¥â“π¢«“ æ∫«à“Õ“°“√¬È”∑”

≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ Sachdev ·≈–§≥– (2001) ∑”°“√

»÷°…“·∫∫‡ªî¥„πºŸâªÉ«¬‚√§¬È”§‘¥¬È”∑”∑’Ë¥◊ÈÕµàÕ°“√√—°…“

(refractory OCD) ‚¥¬ ÿà¡°√–µÿâπ∑’Ë Dorsolateral prefrontal

cortex ¥â“π´â“¬À√◊Õ¢«“ ¥â«¬ high frequency æ∫«à“

1 „π 3 ¢ÕßºŸâªÉ«¬¡’Õ“°“√¥’¢÷Èπ™—¥‡®π·≈–§ß ¿“æ∑’Ë¥’

¢÷Èπ‰¥âÕ¬à“ßµàÕ‡π◊ËÕß ·≈–‰¡à«à“º≈°“√√—°…“·µ°µà“ß°—π

‡¡◊ËÕæ‘®“√≥“®“°¥â“π∑’Ë°√–µÿâπ33

Õ¬à“ß‰√°Áµ“¡  ¡’°“√»÷°…“À≈“¬™‘Èπ∑’Ë„Àâº≈‰¡à

·µ°µà“ß„π°“√√—°…“¥â«¬ rTMS ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡

§«∫§ÿ¡34, 35 ´÷Ëß®“° Cochrane Database of Systematic

Review ‚¥¬ Martin ·≈–§≥– (2003 ) √ÿª«à“¬—ß‰¡à¡’

À≈—°∞“π‡æ’¬ßæÕ®“° randomized controlled trials

∑’Ë®–∫àß™’È«à“ rTMS √—°…“‚√§¬È”§‘¥¬È”∑”Õ¬à“ß‰¥âº≈36

®“° ¡¡µ‘∞“π«à“ Touretteûs syndrome, Attention

deficit hyperactivity disorder (ADHD) ·≈–‚√§¬È”§‘¥¬È”∑”

Õ“®¡’ “‡Àµÿ§«“¡º‘¥ª°µ‘√à«¡°—π·≈–µ”·Àπàß¢Õß

 ¡Õß∑’Ë‡°’Ë¬«¢âÕß§◊Õ à«π¢Õß Orbitofrontal cortex (OFC)

·≈– Supplementary motor area (SMA)37   ·µà‡π◊ËÕß®“°

OFC π—ÈπÕ¬Ÿà≈÷°‡°‘π°«à“∑’Ë®–°√–µÿâπ‰¥â‚¥¬µ√ß „π¢≥–∑’Ë

 ¡Õß à«π SMA ®– “¡“√∂°√–µÿâπ‰¥âßà“¬°«à“  Mantovani

·≈–§≥– (2005) ‡≈◊Õ°∑’Ë®–°√–µÿâπ∑’Ë SMA „πºŸâªÉ«¬ OCD

®”π«π 10 √“¬ ∑—Èß∑’Ë¡’·≈–‰¡à¡’ Touretteûs syndrome

√à«¡¥â«¬ ºŸâªÉ«¬‰¥â√—∫¬“√—°…“„πª√‘¡“≥§ß∑’Ëπ“π 3 ‡¥◊Õπ

ºŸâªÉ«¬ 8 „π 10 √“¬π’È¡’ concurrent Major depressive

episode, moderate À≈—ß°“√√—°…“¥â«¬ slow-rTMS

∑’Ë§«“¡∂’Ë 1 Hz „Àâ 1200 stimuli µàÕ«—π  æ∫«à“Õ“°“√

¬È”§‘¥¬È”∑”¥’¢÷Èπµ—Èß·µà —ª¥“Àå·√°¢Õß°“√√—°…“·≈–

§–·ππ„π¡“µ√«—¥‡À≈à“π’È Yale-Brown Obsessive-

Compulsive Scale, Yale Global Tic Severity Scale,

Hamilton Depression Rating Scale, Hamilton Anxiety

Rating Scale, Clinical Global Impression, Symptom

Checklist-90, Beck Depression Inventory, Scale for

Autoinventory for Depression, Social-Adaptation Self

Evaluation Scale §–·ππ„π∑ÿ° ‡°≈µà“ß≈¥≈ßÕ¬à“ß¡’

π—¬ ”§—≠µ—Èß·µà —ª¥“Àå∑’Ë Õß·≈–Õ“°“√¬—ß§ß¥’Õ¬Ÿà‡¡◊ËÕ

µ‘¥µ“¡°“√√—°…“∑’Ë 3 ‡¥◊Õπ √à«¡°—∫°“√≈¥≈ß¢Õß

motor cortical excitability Õ¬à“ß‰√°Áµ“¡°“√√—°…“π’È

‡ªìπ°“√»÷°…“·∫∫‡ªî¥®”‡ªìπµâÕß¡’ °≈ÿà¡§«∫§ÿ¡®÷ß®–

 “¡“√∂¬◊π¬—πº≈°“√√—°…“‚√§¬È”§‘¥¬È”∑”¥â«¬ slow-

rTMS ∑’Ëµ”·Àπàß SMA ‰¥â38

Idiopathic Tinnitus
Idiopathic tinnitus ∑”„ÀâºŸâªÉ«¬‡°‘¥§«“¡∑ÿ°¢å

∑√¡“π   à«π„À≠à‡°‘¥¢÷Èπ‚¥¬‰¡à∑√“∫ “‡Àµÿ  ∑’Ë™—¥‡®π

·µà‡™◊ËÕ«à“ tinnitus ‡°’Ë¬«¢âÕß°—∫ central sensitization ·≈–

plasticity change „π ¡Õß à«π°≈“ß¡“°°«à“∑’Ë®–¡’

æ¬“∏‘ ¿“æ¢Õß‡ âπª√– “∑°“√‰¥â¬‘π‡æ’¬ßÕ¬à“ß‡¥’¬«

¡’À≈—°∞“π∑’Ë π—∫ πÿπ°“√„™â¬“·°â´÷¡‡»√â“„π°“√√—°…“

Tinnitus Marcondes ·≈–§≥– ‰¥â√“¬ß“πºŸâªÉ«¬ Major

depression 2 √“¬∑’Ë√—°…“¥â«¬ TMS ·≈â«∑”„ÀâÕ“°“√

tinnitus ·¬à≈ß39 ‡¡◊ËÕæ‘®“√≥“Õ“°“√¢Õß tinnitus «à“

‡ªìπ‡À¡◊Õπ auditory phantom phenomena ´÷ËßÕ“®

 —¡æ—π∏å°—∫§«“¡º‘¥ª°µ‘¢Õß “√ GABA-B „π°“√∑”

Àπâ“∑’Ë¬—∫¬—Èß Thalamocortical circuit ¡’º≈„Àâ°≈‰°¢Õß

thalamic gating º‘¥ª°µ‘‰ª ´÷Ëß “¡“√∂π”‰ªÕ∏‘∫“¬

°“√‡°‘¥°“√√—∫√Ÿâ·∫∫ phantom perceptions ‡™àπ„π

°√≥’¢ÕßÕ“°“√ÀŸ·«à«  ·≈– central pain ‰¥â 40

„π Tinnitus π—Èπ ®–æ∫«à“¡’°“√‡ª≈’Ë¬π·ª≈ß

√–¥—∫°“√°√–µÿâπ∑“ß√–∫∫ª√– “∑„π à«π¢Õß auditory

cortex  ‚¥¬¡’°“√®—¥√–∫∫„À¡à (reorganization) ·≈–

¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß intracortical facilitation41 ´÷Ëß Plewnia

·≈–§≥– (2003) ‰¥â√“¬ß“π°“√π” TMS ¡“√—°…“

ºŸâªÉ«¬§√—Èß·√°®”π«π 14 √“¬  ‚¥¬„™â rTMS ∑’Ë§«“¡∂’Ë

10 Hz „πµ”·Àπàß∑’Ëµà“ß°—π¢Õß ¡Õß  æ∫«à“°“√°√–µÿâπ∑’Ë

Temporoparietal cortex ¥â“π´â“¬  “¡“√∂≈¥ tinnitus
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°“√°√–µÿâπ ¡Õß‡©æ“–∑’Ë¥â«¬ π“¡·¡à‡À≈Á°: √».πæ.∏«—™™—¬  °ƒ…≥–ª√–°√°‘®,
π«—µ°√√¡°“√√—°…“∑“ß®‘µ‡«™·≈–®‘µª√– “∑ ».πæ. ÿ™“µ‘  æÀ≈¿“§¬

‰¥âÕ¬à“ß¡’π—¬ ”§—≠  ´÷Ëß∫àß™’È«à“  secondary auditory

areas Õ“®¡’∫∑∫“∑ ”§—≠„π°“√√—∫√Ÿâ‡ ’¬ßº‘¥ª°µ‘  ·≈–

‡ªìπº≈¡“®“° cortical reorganization ∑’Ëº‘¥ª°µ‘42

Langguth  ·≈–§≥– ‰¥â√“¬ß“πºŸâªÉ«¬ chronic

tinnitus 1 √“¬ ∑’Ë√—°…“¥â«¬ neuronavigated 1 Hz rTMS ∑’Ë

Primary auditory cortex ¢â“ß´â“¬ ‚¥¬„™â 18F-deoxyglucose

PET · ¥ßµ”·Àπàß∑’Ë¡’°“√∑”ß“π‡æ‘Ë¡¢÷Èπº‘¥ª°µ‘  æ∫«à“

¿“¬À≈—ß°“√√—°…“ 4  —ª¥“Àå  Õ“°“√ tinnitus ≈¥≈ß

Õ¬à“ß¡“°·≈– —¡æ—π∏å°—∫ °“√≈¥≈ß¢Õß cortical excitability

¥â«¬43 ®“° ¡¡µ‘∞“π∑’Ë«à“ tinnitus  —¡æ—π∏å°—∫ hyperac-

tivity ¢Õß ¡Õß à«π auditory cortex  Kleinjung ·≈–§≥–

‰¥â„™â 18F-deoxyglucose (FDG) positron emission tomog-

raphy (PET) „πºŸâªÉ«¬ bilateral chronic tinnitus 14 √“¬

æ∫¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß FDG uptake ∑’Ë Primary auditory

cotex (Superior temporal gyrus -Brodmann area 41)

¥â“π´â“¬ 12 √“¬ ¥â“π¢«“ 2 √“¬ ·≈–‡¡◊ËÕ„Àâ°“√√—°…“

¥â«¬ rTMS 1 Hz. ( 2000 stimuli/«—π) ‡ªìπ‡«≈“ 5 «—π

§à“§–·ππ Tinnitus Questionnaire ≈¥≈ß11 „π 14 √“¬

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p<0.005) ·≈–§à“§–·ππ∑’Ë

≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫ baseline π’È≈¥≈ßπ“π∂÷ß 6 ‡¥◊Õπ

¿“¬À≈—ß°“√√—°…“ (p<0.05)44 °“√„™â TMS √à«¡°—∫

√–∫∫π”«‘∂’ ¥â«¬¿“æ®“° fMRI ¢Õß√–∫∫ª√– “∑

°“√‰¥â¬‘π ‡æ◊ËÕ∑¥ Õ∫°“√µÕ∫ πÕßµàÕ°“√√—°…“¥â«¬

°“√°√–µÿâπ ¡Õß„π¢—Èπµâπ«à“‰¥âº≈À√◊Õ‰¡à ®– “¡“√∂

™à«¬µ—¥ ‘π„®„π°“√„ à focal extradural electrical

stimulation ‡æ◊ËÕ¬—∫¬—Èß°“√‰¥â¬‘π‡ ’¬ß„πÀŸ¥â“πµ√ß¢â“¡

‚¥¬ De Ridder ·≈–§≥– (2004) ‰¥â√“¬ß“πº≈ ”‡√Á®∑’Ë

 “¡“√∂≈¥ tinnitus µàÕ‡π◊ËÕßπ“π 10 ‡¥◊ÕπÀ≈—ß°“√

ºà“µ—¥45 ®“°º≈°“√»÷°…“¥—ß°≈à“«æ∫«à“°“√‡ª≈’Ë¬π·ª≈ß

°“√∑”ß“π¢Õß√–∫∫ª√– “∑ ¡Õß Õ“®‡ªìπ‰¥â®“°º≈

°“√°√–µÿâπ√–¬– —ÈπÀ√◊Õ∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß„π

√–¬–¬“«®“° neuronal plasticity14 ·≈–æ∫«à“º≈°“√

√—°…“®–¡’§«“¡ —¡æ—π∏å‡™‘ßªØ‘¿“§º°º—π°—∫√–¬–

‡«≈“∑’Ë¡’ tinnitus °≈à“«§◊Õ ¬‘ËßºŸâªÉ«¬¡’ tinnitus

¡“π“π¡“°‡æ’¬ß„¥ °Á¬‘Ëß‰¥âº≈πâÕ¬≈ß46 ®“°¢âÕ¡Ÿ≈¢â“ßµâπ

°“√π” TMS ¡“√—°…“ tinnitus ‡ªìπ∑“ß‡≈◊Õ°„À¡à∑’Ëπà“

 π„® ·≈–µâÕß∑”°“√»÷°…“∑“ß§≈‘π‘°‡æ◊ËÕ¬◊π¬—πº≈

‡æ‘Ë¡‡µ‘¡

°≈ÿà¡Õ“°“√ª«¥
ª«¥‡©’¬∫æ≈—π (acute pain)

°“√°√–µÿâπ peripheral nerve ¥â«¬ transcutaneous

electrical nerve stimulation (TENS: 90 Hz)  “¡“√∂≈¥

motor cortex excitability ·≈–‰¥â„™â√—°…“Õ“°“√ª«¥

¡“π“π·≈â«47  à«π√“¬ß“π°“√„™â TMS √—°…“ºŸâªÉ«¬

pain disorder ‡æ‘Ëß‡√‘Ë¡¡’¡“‡¡◊ËÕªï §.».1995 ‚¥¬ Migita

·≈–§≥–  ∑”°“√√—°…“ºŸâªÉ«¬ ∑’Ë¡’ deafferentation pain

®“°√Õ¬‚√§¢Õß√–∫∫ª√– “∑ à«π°≈“ß48 °“√°√–µÿâπ∑’Ë

motor cortex ·≈â«¡’º≈µàÕ pain perception ‡ª≈’Ë¬π·ª≈ß‰ª

Õ“®∫àß∫Õ°‰¥â«à“‚§√ß √â“ß¢Õß ¡Õß à«ππ’È¡’ à«π‡°’Ë¬«¢âÕß

„π°√–∫«π°“√ª«¥ πÕ°®“°π’È TMS ∑’Ë°√–µÿâπ ¡Õß

µ”·Àπàß∑’Ëµà“ß°—π ¡’º≈µàÕ pain perception ∑’Ë·µ°µà“ß

°—π¥â«¬49  ®÷ßÕ“®¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë®–π” rTMS ¡“√—°…“

‡√◊ËÕß§«“¡ª«¥  ´÷ËßµâÕß°“√°“√»÷°…“‡æ‘Ë¡‡µ‘¡µàÕ‰ª

ª«¥‡√◊ÈÕ√—ß (Chronic Pain)
°“√»÷°…“∑’Ë„™â rTMS ™π‘¥¡’°≈ÿà¡§«∫§ÿ¡„π¿“«–

chronic pain ¡’¢÷Èπ§√—Èß·√° ‚¥¬„™â §«“¡∂’Ë°√–µÿâπ∑’Ë

10 Hz. 20 π“∑’ ‡ªìπ‡«≈“ 12 «—π ∑’Ëµ”·Àπàß motor area

∑’Ë —¡æ—π∏å°—∫µ”·Àπàß¢Õß°“√ª«¥„πºŸâªÉ«¬ 14 √“¬

∑’Ë¡’ intractable pain ®“° thalamic stroke À√◊Õ trigeminal

neuropathy   æ∫«à“ “¡“√∂≈¥Õ“°“√ª«¥∑’Ë«—¥¥â«¬

visual analog scale ‰¥âπ“πª√–¡“≥ 1  —ª¥“ÀåÀ≈—ß

°“√√—°…“50 ·≈– “¡“√∂§«∫§ÿ¡Õ“°“√ª«¥‰¥âπ“π‡°‘π

1 ªï ‡¡◊ËÕ„Àâ°“√√—°…“¥â«¬ rTMS ∑ÿ°‡¥◊Õπ51

Complex regional pain syndromes
Complex regional pain syndrome type I (CRPS I)

‡°‘¥¢÷Èπµ“¡¡“®“°°“√∫“¥‡®Á∫¢Õß·¢πÀ√◊Õ¢“ ‚¥¬‰¡àæ∫

°“√∫“¥‡®Á∫¢Õß‡ âπª√– “∑∑’Ë™—¥‡®π ·µàºŸâªÉ«¬®–¡’
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Transcranial Magnetic Stimulation(TMS): An Innovative Thawatchai Krisanaprakornkit,
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Õ“°“√ª«¥ ∫«¡  autonomic dysfunction °“√‡§≈◊ËÕπ‰À«

∑’Ëº‘¥ª°µ‘ (movement disorder) ·≈–¡’ trophic changes

‡©æ“–∑’Ë‡°‘¥¢÷Èπ ´÷Ëß Schwenkreis P ·≈–§≥– æ∫«à“¡’

°“√≈¥≈ß¢Õß  intracortical inhibition ∑—Èß Õß¢â“ßÕ¬à“ß

¡’π—¬ ”§—≠‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡52  Pleger ·≈–§≥–

‰¥â„™â  rTMS ·≈–æ∫«à“∑”„ÀâÕ“°“√ª«¥≈¥≈ß‡ªìπ‡«≈“

15 π“∑’  ·µàÀ≈—ß®“°π—ÈπÕ“°“√ª«¥°Á°≈—∫§◊π¡“Õ’°„π

‡«≈“ 45 π“∑’  Õ¬à“ß‰√°Áµ“¡°“√»÷°…“π’È‡ªìπ°“√· ¥ß«à“

magnetic stimulation  “¡“√∂¡’º≈µàÕ pain perception

„πºŸâªÉ«¬°≈ÿà¡π’È‰¥â53

¢âÕÀâ“¡·≈–¢âÕ§«√√–«—ß
(Contraindications and Precautions)

1. Intracranial metallic À√◊Õ magnetic pieces

 π“¡·¡à‡À≈Á° “¡“√∂‡Àπ’Ë¬«π”«—µ∂ÿ∑’Ë‡ªìπ‚≈À– °àÕ„Àâ

‡°‘¥·√ß°√–∑”µàÕ‚§√ß √â“ß ¡Õß‚¥¬√Õ∫«—µ∂ÿπ—Èπ‰¥â

2. Pacemakers À√◊Õ‡§√◊ËÕß¡◊Õ∑’ËΩíßÕ¬Ÿà„π√à“ß°“¬

 π“¡·¡à‡À≈Á°®–√∫°«π°“√∑”ß“π¢Õß«ß®√‰øøÑ“¢Õß

‡§√◊ËÕß¡◊Õ‡À≈à“π—Èπ‰¥â

¢âÕ¡Ÿ≈„π·∂∫·¡à‡À≈Á°¢Õß credit card À√◊Õ ATM

·≈–·ºàπ¢âÕ¡Ÿ≈™π‘¥ floppy discs Õ“®∂Ÿ°≈∫‰¥âÀ“°π”

‡¢â“„°≈â coil „π√–¬– 50 ´¡.

º≈¢â“ß‡§’¬ß
‡π◊ËÕß®“°§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ “¡“√∂ºà“π

√à“ß°“¬¢Õß§π‡√“‰¥âÕ¬à“ßÕ‘ √–  º≈¢â“ß‡§’¬ß¢Õß TMS

πà“®–¡“®“°°√–· ‰øøÑ“∑’Ë∂Ÿ°‡Àπ’Ë¬«π”  ®“°°“√»÷°…“

∂÷ß§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ æ∫«à“ TMS ∑”„ÀâÕÿ≥À¿Ÿ¡‘

¿“¬„π ¡Õß Ÿß¢÷Èπ 10-6  ÌC/pulse ´÷Ëß‡ªìπª√‘¡“≥∑’ËπâÕ¬

¡“° ·≈–‰¡àπà“®–°àÕ„Àâ‡°‘¥º≈‡ ’¬„¥Ê54  °√–· ‰øøÑ“

∑’Ë‡°‘¥¢÷Èπ®–¡’ª√‘¡“≥æ’¬ß 0.1% ¢Õß°“√∑” ECT  ·≈–

°“√°√–µÿâπ¢Õß TMS ·µà≈–§√—Èß®–¡’§«“¡Àπ“·πàπ

¢Õßæ≈—ßß“πµàÕª√‘¡“µ√‡∑à“°—∫ 5.3 ÌJ/≈∫.´¡. ´÷Ëß‡ªìπ

ª√‘¡“≥∑’ËπâÕ¬¡“°  æ≈—ßß“π®“°°“√°√–µÿâπ∑’Ë§«“¡∂’Ë

1 Hz. ®–°√–®“¬‰ª„π‡π◊ÈÕ ¡ÕßπâÕ¬°«à“ 1mW ´÷Ëß

πâÕ¬°«à“ brain metabolic rate ∂÷ß 4 ‡∑à“8 Õ¬à“ß‰√

°Áµ“¡¬—ß‰¡à‰¥â¡’°“√»÷°…“º≈¢â“ß‡§’¬ß¢Õß π“¡·¡à

‡À≈Á°§«“¡‡¢â¡ Ÿß„π√–¬–¬“«´÷Ëß¡’§«“¡‡ªìπ‰ª‰¥â„π

∑“ß∑ƒ…Æ’

Õ“°“√¢â“ß‡§’¬ß∑’Ë¡’√“¬ß“π¡“°∑’Ë ÿ¥§◊ÕÕ“°“√

ª«¥»’√…–‡≈Á°πâÕ¬·≈–ª«¥µâπ§Õ ‚¥¬‡©æ“–°“√„™â

slow-rTMS ∑’ËµâÕß„ÀâºŸâªÉ«¬π—Ëßπ‘Ëß„π∑à“‡¥‘¡π“πÊ

º≈¢â“ß‡§’¬ß∑’Ë√ÿπ·√ß®–‡°’Ë¬«°—∫°“√°√–µÿâπ„Àâ‡°‘¥°“√™—°

„π°√≥’∑’Ë„™â high frequency ·≈–√–¥—∫§«“¡·√ß„π°“√

°√–µÿâπ∑’Ë Ÿß55  æ∫«à“¡’√“¬ß“πºŸâªÉ«¬ 2 √“¬∑’Ë‡°‘¥°“√

™—°¢≥–∑’Ë°”≈—ß√—°…“ ‚¥¬√“¬·√°‡°‘¥ Frontal lobe

complex partial seizure ¢≥–∑” rTMS ∑’Ëµ”·Àπàß DLPFC

¢â“ß´â“¬  §«“¡·√ß 110% of MT  §«“¡∂’Ë 20 Hz  train

duration ‡∑à“°—∫ 10 «‘π“∑’  inter-train intervals ‡∑à“°—∫

60 «‘π“∑’  ́ ÷ËßÀ≈—ß™—°‰¡àæ∫ªí≠À“∑“ß°“¬„¥Êµ“¡¡“56

 à«π√“¬∑’Ë Õß  ∑” rTMS ∑’Ëµ”·Àπàß prefrontal area

¢â“ß´â“¬ §«“¡·√ß 120% of MT  §«“¡∂’Ë  15 Hz, train

duration‡∑à“°—∫ 750 ms ·≈– inter-train intervals §àÕπ

¢â“ß —Èπ§◊Õ‡æ’¬ß 250 ms.57  ¡’ºŸâªÉ«¬ Bipolar depression

1 √“¬∑’Ë‰¡à¡’ª√–«—µ‘°“√™—°¡“°àÕπ  ‡°‘¥°“√™—°¢÷Èπ¢≥–

∑’Ë°”≈—ßÀ“ motor threshold estimation ¥â«¬ single pulse

TMS58

¡’√“¬ß“π«à“ rTMS ™—°π”„Àâ‡°‘¥¿“«–øÿÑßæ≈à“π

(Mania) „πºŸâªÉ«¬ Bipolar depression 5 √“¬59,60,61 ∑’Ë∑”

rTMS ∑’Ëµ”·Àπàß Prefrontal ¢â“ß´â“¬ Nedjat ·≈–§≥–

√“¬ß“π«à“‡°‘¥ reversible Hypomania „πÕ“ “ ¡—§√ª°µ‘

3 §π Ella ·≈–§≥– (2002) √“¬ß“πºŸâªÉ«¬ Treatment-

resistant major depression 2 √“¬ ‡°‘¥ ≈—∫¢—È«‡ªìπ

√–¬–øÿÑßæ≈à“πÀ≈—ß®“°√—°…“¥â«¬  low-frequency rTMS

∑’Ë Dorsolateral prefrontal cortex ¢â“ß¢«“62   à«π Cohen

·≈–§≥– æ∫«à“ºŸâªÉ«¬ PTSD  2 „π 18 √“¬ ‡°‘¥Õ“°“√

øÿÑßæ≈à“π (1  √“¬ ‰¥â slow-frequency ·≈– 1 √“¬‰¥â high-

frequency)  ´÷ËßºŸâªÉ«¬∑—Èß Õß√“¬π’È‰¥â√—∫ rTMS ∑’Ë
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°“√°√–µÿâπ ¡Õß‡©æ“–∑’Ë¥â«¬ π“¡·¡à‡À≈Á°: √».πæ.∏«—™™—¬  °ƒ…≥–ª√–°√°‘®,
π«—µ°√√¡°“√√—°…“∑“ß®‘µ‡«™·≈–®‘µª√– “∑ ».πæ. ÿ™“µ‘  æÀ≈¿“§¬

Dorsolateral prefrontal cortex ¢â“ß¢«“32  ®÷ß √ÿª‰¥â«à“ °“√

√—°…“¥â«¬ rTMS ¡’‚Õ°“ °√–µÿâπ„Àâ‡°‘¥Õ“°“√øÿÑßæ≈à“π

‰¥â‡À¡◊Õπ°“√√—°…“¥â«¬¬“µâ“π‡»√â“ ¥—ßπ—ÈπºŸâ√—°…“æ÷ß„Àâ

§«“¡√–¡—¥√–«—ß¥â«¬

πÕ°®“°π’È°“√∑” rTMS ∑’Ë∫√‘‡«≥ Cerebellum

Õ“®∑”„Àâ‡°‘¥Õ“°“√§≈◊Ëπ‰ â63  À√◊Õ‡°‘¥¡’Õ“°“√ª«¥„π

∫√‘‡«≥∑’Ë°√–µÿâπ‰¥â‡¡◊ËÕ„™â§«“¡∂’Ë™π‘¥ high frequency

(>1 Hz) ¡’√“¬ß“π°“√‡°‘¥ mild sensorineural hearing

loss 2 √“¬ ∑’Ë‰¥â rTMS µ‘¥µàÕ°—π‡ªìπ‡«≈“ 4  —ª¥“Àå64

®“°‡ ’¬ß§≈‘°∑’Ë‡°‘¥¢÷Èπ¢≥–ª≈àÕ¬°√–· ‰øøÑ“‡¢â“ Ÿà coil

®÷ß§«√¡’‡§√◊ËÕßªÑÕß°—π‡ ’¬ß„π°√≥’∑’Ë∑”°“√°√–µÿâπ„°≈âÀŸ

·µà coil √ÿàπ„À¡àÊ‰¥âæ—≤π“„Àâ¡’‡ ’¬ß¢≥– discharge

‡∫“°«à“‡¥‘¡¡“°

‰¡àæ∫«à“¡’°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß¡’π—¬ ”§—≠

¢Õß§«“¡¥—π‚≈À‘µ  Õ—µ√“°“√‡µâπ¢ÕßÀ—«„®  °“√∑√ßµ—«

°“√‡¥‘π √«¡∑—Èß√–¥—∫ serum prolactin ·≈– cortisol ®“°

°“√∑¥ Õ∫¥â«¬  cognitive tests  æ∫«à“ verbal ·≈–

fluency tasks ®–¡’§«“¡º‘¥ª°µ‘‰ª™—Ë«§√“« πÕ°®“°π’È

®–¡’°“√‡ª≈’Ë¬π·ª≈ß°“√∑”ß“π¢Õß T-lymphocytes

„π√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ ·≈–°“√‡ª≈’Ë¬π·ª≈ß

¢Õß√–¥—∫ Thyroid-stimulating hormone (TSH) À≈—ß°“√

°√–µÿâπ∑’Ë∫√‘‡«≥ ¡Õß à«π Prefrontal

‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß∑“ßæ¬“∏‘«‘∑¬“√–¥—∫

‡´≈≈å∑’Ë‡°‘¥®“° TMS ‡∑à“∑’Ë¡’¢âÕ¡Ÿ≈´÷Ëß¬—ß¡’πâÕ¬Õ¬Ÿà

„π°“√»÷°…“∑’Ë„Àâ  rTMS (2,000 pulses ∑’Ë§«“¡∂’Ë 20 Hz)

‚¥¬ºŸâªÉ«¬ 2 √“¬π’È‡ªìπ medically intractable epilepsy ·≈â«

¡“√—∫°“√ºà“µ—¥ temporal lobectomies º≈°“√µ√«®

™‘Èπ‡π◊ÈÕ‰¡àæ∫§«“¡‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥®“° TMS „π

¢≥–∑’Ë°“√∑¥≈Õß„π —µ«å à«π„À≠à°Á‰¡àæ∫º≈¥â“π≈∫

‡™àπ°—π  „π°“√∑∫∑«π°“√»÷°…“ rTMS ∑’Ë∫√‘‡«≥

non-motor area ®π∂÷ßªí®®ÿ∫—π (2006) √«¡¡’ºŸâ‡¢â“√—∫

°“√»÷°…“°«à“ 3,000 √“¬ æ∫¢âÕ¡Ÿ≈‡°’Ë¬«°—∫º≈¢â“ß‡§’¬ß

πâÕ¬¡“° ·≈–‡ªìπº≈¢â“ß‡§’¬ß∑’Ë‰¡à√ÿπ·√ß Õ¬à“ß‰√°Á

µ“¡Õ“®¡’º≈¢â“ß‡§’¬ß∑’Ë‰¡à‰¥â√“¬ß“πÕ¬Ÿà∫â“ß57  ·µà‡¡◊ËÕ

¡Õß„π¿“æ√«¡·≈â«π—∫«à“ rTMS ‡ªìπ°“√√—°…“∑’Ë¡’

§«“¡ª≈Õ¥¿—¬

¢âÕæ‘®“√≥“‡æ◊ËÕ≈¥§«“¡‡ ’Ë¬ßµàÕ°“√°√–µÿâπ„Àâ

™—° §«√Õ“»—¬·π«∑“ß¥—ßµàÕ‰ªπ’È8

1. §«“¡·√ß„π°“√°√–µÿâπ‰¡à§«√‡°‘π 90%

motor threshold

2. „™â§«“¡∂’Ë„π°“√°√–µÿâπ∑’ËπâÕ¬∑’Ë ÿ¥

3. °√–µÿâπ∑’Ëµ”·ÀπàßÀà“ß®“° motor cortex areas

4. „™â focal coil ‡æ◊ËÕ„Àâ°“√°√–µÿâπÕ¬Ÿà‡©æ“–∑’Ë

5. °√–µÿâπ„π™à«ß‡«≈“ —ÈπÊ

6. ¡’ recovery time √–À«à“ß°“√°√–µÿâπ„π

·µà≈–™à«ß

 √ÿª
repetitive transcranial magnetic stimulation ‡ªìπ

π«—µ°√√¡„π°“√√—°…“‚√§∑“ß®‘µ‡«™·≈–√–∫∫ª√– “∑

∑’Ë°”≈—ß‰¥â√—∫§«“¡ π„®Õ¬à“ß¡“° ·µà¬—ß¡’§«“¡‰¡à

 Õ¥§≈âÕß„π‡√◊ËÕßª√– ‘∑∏‘º≈¢Õß°“√√—°…“‚√§µà“ßÊ

´÷ËßÕ“®‡°‘¥®“°ªí®®—¬∑—Èß à«π¢Õß  ºŸâªÉ«¬ ‚√§  ‡§√◊ËÕß¡◊Õ

·≈–≈—°…≥– parameter ∑’Ë„™â„π°“√°√–µÿâπ Õ¬à“ß‰√

°Áµ“¡°“√√—°…“¥â«¬ rTMS ¡’·π«‚πâ¡∑“ß∫«°‚¥¬‡©æ“–

Õ¬à“ß¬‘Ëß„π°“√√—°…“‚√§´÷¡‡»√â“ ·≈–®”‡ªìπµâÕß¡’°“√

»÷°…“Õ¬à“ß‡ªìπ√–∫∫µàÕ‰ª ºŸâ∑’Ë®–π”°“√√—°…“π’È¡“„™â

§«√¡’§«“¡√Ÿâ§«“¡‡¢â“„®„π‡∑§π‘§π’È‡ªìπÕ¬à“ß¥’ √«¡∑—Èß

µâÕß¬÷¥À≈—°¢Õß·π«‡«™ªØ‘∫—µ‘∑’Ë¥’ (good clinical practice)

·≈–¡’°“√‡µ√’¬¡æ√âÕ¡„π¥â“π§«“¡ª≈Õ¥¿—¬

‡Õ° “√Õâ“ßÕ‘ß
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