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Pulse Oximetry and End-Tidal CO2
Tension Monitoring: Clinical Applications

 ÿ™“¥“   »√’∑‘æ¬«√√≥

11

∫∑π”
ºŸâªÉ«¬‡¥Á°∑’Ë‡¢â“√—∫°“√√—°…“„π‰Õ´’¬Ÿ à«π„À≠à‡ªìπ

ºŸâªÉ«¬∑’Ë¡’ªí≠À“‡°’Ë¬«°—∫√–∫∫°“√À“¬„® °“√ª√–‡¡‘π

¿“«– oxygenation ·≈– ventilation ¢ÕßºŸâªÉ«¬‡ªìπ

 ‘Ëß ”§—≠·≈–®”ªìπµâÕß°√–∑”Õ¬à“ßµàÕ‡π◊ËÕß ‡æ◊ËÕ∑’Ë®–‰¥â

 “¡“√∂«‘π‘®©—¬·≈–„Àâ°“√¥Ÿ·≈√—°…“§«“¡º‘¥ª°µ‘∑’Ë

‡°‘¥¢÷Èπ‰¥âÕ¬à“ß√«¥‡√Á« °“√ª√–‡¡‘π¿“«–¥—ß°≈à“«

 “¡“√∂∑”‰¥âÀ≈“¬«‘∏’ ∑—Èß™π‘¥ invasive ‡™àπ °“√µ√«®

arterial blood gases analysis ·≈–™π‘¥ non inva-

sive ‡™àπ pulse oximetry ·≈– end-tidal CO2 tension

(PetCO2) monitoring „πªí®®ÿ∫—π °“√µ√«®·∫∫ non

invasive ‡ªìπ∑’Ëπ‘¬¡¡“°¢÷Èπ‡π◊ËÕß®“° “¡“√∂∑”‰¥âÕ¬à“ß

µàÕ‡π◊ËÕß·≈–‰¡à√∫°«πºŸâªÉ«¬ ª√–°Õ∫°—∫‡§√◊ËÕß¡◊Õ∑’Ë

„™â„π°“√µ√«®‰¥â√—∫°“√æ—≤π“„Àâ¡’ª√– ‘∑∏‘¿“æ·≈–ßà“¬

µàÕ°“√„™âß“π¡“°¢÷Èπ ·æ∑¬å·≈–æ¬“∫“≈∑’Ë¡’Àπâ“∑’Ë¥Ÿ·≈

ºŸâªÉ«¬‡¥Á°‡À≈à“π’È®÷ß§«√¡’§«“¡√Ÿâ§«“¡‡¢â“„®‡°’Ë¬«°—∫

À≈—°°“√ «‘∏’°“√„™â ¢âÕ®”°—¥·≈–°“√¥Ÿ·≈√—°…“‡§√◊ËÕß¡◊Õ

¥—ß°≈à“« ‡æ◊ËÕ∑’Ë®–‰¥â “¡“√∂„™âª√–‚¬™πå®“°‡§√◊ËÕß¡◊Õ

‡À≈à“π’È„π°“√¥Ÿ·≈√—°…“ºŸâªÉ«¬„Àâ¡’ª√– ‘∑∏‘¿“æ·≈–‰¥â

ª√–‚¬™πå§ÿâ¡§à“¡“°∑’Ë ÿ¥

∫∑§«“¡π’È®–°≈à“«∂÷ßÀ≈—°°“√·≈– clinical appli-

cations ¢Õß pulse oximetry ·≈– PetCO2 monitoring

´÷Ëß‡ªìπ°“√µ√«®∑’Ë¡’∑’Ë„™â°—πÕ¬à“ß·æ√àÀ≈“¬„π‚√ß

æ¬“∫“≈∑—Ë«Ê ‰ª

Pulse oximetry
‡ªìπ°“√µ√«®«—¥§à“§«“¡Õ‘Ë¡µ—«¢ÕßÕÕ°´‘‡®π„π

‡≈◊Õ¥·¥ßÀ√◊Õ§à“§«“¡‡¢â¡¢âπ¢Õß oxyhemoglobin

(HbO2) „π‡≈◊Õ¥·¥ß (SpO2) ‚¥¬„™â‡§√◊ËÕß¡◊Õ∑’Ë‡√’¬°«à“

pulse oximeter „πªí®®ÿ∫—π pulse oximeter ¡’∑’Ë„™â°—π

Õ¬à“ß·æ√àÀ≈“¬∑—Èß„π‰Õ´’¬Ÿ ÀâÕß©ÿ°‡©‘π ÀâÕßºà“µ—¥

ÀÕºŸâªÉ«¬∑—Ë«‰ª √«¡∑—Èß„π sleep lab ·≈– pulmonary

function lab

À≈—°°“√¢Õß pulse oximetry
‡§√◊ËÕß pulse oximeter µ√«®«—¥§à“§«“¡‡¢â¡¢âπ

¢Õß HbO2 „π‡≈◊Õ¥·¥ß‚¥¬„™âÀ≈—°°“√¢Õß spectro-

photometry √à«¡°—∫ plethysmography

ë Spectrophotometry ‡ªìπ‡∑§π‘§°“√µ√«®«—¥

§«“¡‡¢â¡¢âπ¢Õß “√‚¥¬°“√«—¥ª√‘¡“≥· ß∑’Ë∂Ÿ° “√

π—ÈπÊ ¥Ÿ¥´—∫ ‡§√◊ËÕß pulse oximeter   à«π„À≠à„™â· ß

infrared (§«“¡¬“«§≈◊Ëπ 940 π“‚π‡¡µ√) ·≈–· ß red

(§«“¡¬“«§≈◊Ëπ 660 π“‚π‡¡µ√) ‡ªìπµ—««—¥§«“¡‡¢â¡

¢âπ¢Õß HbO2 ‡π◊ËÕß®“° HbO2 ·≈– deoxyhemoglobin

¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫· ß red ·µ°µà“ß°—π
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Õ¬à“ß™—¥‡®π·≈–¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫· ß infra-

red ∑’Ë„°≈â‡§’¬ß°—π (¿“æ∑’Ë 1)1 · ß¥—ß°≈à“«®–∂Ÿ°ª≈àÕ¬

ÕÕ°¡“®“°¥â“πÀπ÷Ëß¢Õß sensor (light emitting diode

[LED])  à«πÕ’°¥â“πÀπ÷Ëß¢Õß sensor ®–‡ªìπ photode-

tector ∑”Àπâ“∑’Ë«—¥§«“¡‡¢â¡¢Õß· ß red ·≈– infrared

¿“¬À≈—ß®“°∑’Ëºà“π vascular bed ·≈â« (¿“æ∑’Ë 2)1 §à“

SpO2 ®–·ª√µ“¡§à“¢Õß red/infrared absorbance ratio

¥—ß· ¥ß„π√Ÿª∑’Ë

ë Photoplethysmography ‡ªìπ‡∑§π‘§∑’Ë„™â

„π°“√«—¥ arterial pressure waveform ∑’Ë‡°‘¥¢÷Èπ„π

¢≥–∑’ËÀ—«„®∫’∫µ—« ‚¥¬«—¥ª√‘¡“≥· ß∑’Ë‡¥‘π∑“ßºà“π ar-

teriole ´÷Ëß®–¡’°“√‡ª≈’Ë¬π·ª≈ß¢π“¥µ“¡ phase °“√

‡µâπ¢ÕßÀ—«„® °≈à“«§◊Õ arteriole ®–·ø∫≈ß„π™à«ß car-

diac diastole ·≈–®–¢¬“¬ÕÕ°„π™à«ß cardiac systole

¥—ßπ—Èπ ª√‘¡“≥· ß∑’Ë‡¥‘π∑“ßºà“π arteriole ®÷ß·µ°µà“ß

°—πµ“¡ phase °“√‡µâπ¢ÕßÀ—«„®1

‡¡◊ËÕπ”À≈—°°“√¢Õß spectrophotometry

·≈– photoplethysmography ¡“√«¡°—π ®÷ß∑”„Àâ

 “¡“√∂«—¥§«“¡‡¢â¡¢âπ¢Õß HbO2 „π‡≈◊Õ¥·¥ß À√◊Õ

arterial oxygen saturation ‰¥â1

‡§√◊ËÕß pulse oximeter  à«π„À≠à«—¥§à“

SpO2 ‰¥â∂Ÿ°µâÕß„°≈â‡§’¬ß°—∫§«“¡‡ªìπ®√‘ß‡¡◊ËÕ§à“ SpO 2

¡“°°«à“ 70% ¢÷Èπ‰ª2-4 ‚¥¬¡’§«“¡·¡àπ¬”ª√–¡“≥ +

3-5%1 Õ¬à“ß‰√°Áµ“¡ §«“¡·¡àπ¬”¥—ß°≈à“«®–≈¥≈ß¡“°

‡¡◊ËÕ SpO2 µË”°«à“ 70%  ‚¥¬§à“ SaO2 ∑’Ë«—¥‰¥â®“°

‡§√◊ËÕß co-oximeter ®–µà“ß®“°§à“ SpO2 ∑’Ë«—¥‰¥â®“°

‡§√◊ËÕß pulse oximeter ‡°‘π 10%3

‡§√◊ËÕß pulse oximeter ∑’Ë¥’§«√¡’§à“  res-

ponse time  —Èπ  §à“ response time À¡“¬∂÷ß √–¬–

‡«≈“ ∑’Ë‡§√◊ËÕß pulse oximeter „™â„π°“√Õà“π§à“ SpO2

‡§√◊ËÕß pulse oximeter ∑’Ë¡’§à“ response time  —Èπ

‡ªìπ‡§√◊ËÕß∑’Ë “¡“√∂«‘π‘®©—¬¿“«– desaturation ‰¥â‡√Á«

πÕ°®“°®–¢÷Èπ°—∫‡§√◊ËÕß·µà≈–™π‘¥·≈â« §à“ response

time ¬—ß¢÷Èπ°—∫ hemodynamic status ¢ÕßºŸâªÉ«¬·≈–

circulation time √–À«à“ß∫√‘‡«≥∑’Ë¡’°“√·≈°‡ª≈’Ë¬π°“´

(∂ÿß≈¡„πªÕ¥) °—∫µ”·Àπàß∑’Ëµ‘¥ sensor  ‡§√◊ËÕß pulse

oximeter ∑’Ë„™â ear sensor ®–¡’ response time  —Èπ

°«à“™π‘¥∑’Ë„™â finger sensor À√◊Õ toe sensor1

‚¥¬∑—Ë«‰ª·≈â« ‡§√◊ËÕß pulse oximeter ·∫àß

‡ªìπ 2 ª√–‡¿∑µ“¡™π‘¥¢Õß sensor ∑’Ë„™â¥—ßπ’È

ë Transmittance pulse oximeter ‡ªìπ

pulse oximeter ∑’Ë«—¥§«“¡‡¢â¡¢âπ¢Õß HbO2 ‚¥¬«—¥

ª√‘¡“≥· ß∑’Ë‡¥‘π∑“ßºà“π‡π◊ÈÕ‡¬◊ËÕ¢Õß√à“ß°“¬∑’Ë¡’ hemo-

globin Õ¬Ÿà (¿“æ∑’Ë 2) ‡§√◊ËÕß pulse oximeter „π

ªí®®ÿ∫—π à«π„À≠à®–‡ªìπ™π‘¥π’È ´÷Ëß§à“ SpO2 ∑’Ë«—¥‰¥â®–

∂Ÿ°√∫°«π‚¥¬ movement artifact ·≈– poor tissue

perfusion ‰¥âßà“¬

ë Reflectance oximeter ‡ªìπ pulse oxime-

ter ∑’Ë«—¥§«“¡‡¢â¡¢âπ¢Õß HbO2 ‚¥¬«—¥ª√‘¡“≥· ß∑’Ë

 –∑âÕπÕÕ°¡“®“° body tissue ∑’Ë¡’ hemoglobin (¿“æ

∑’Ë 4)6  «‘∏’π’È∑”„Àâ “¡“√∂«“ß sensor ∑’Ë„™â«—¥ SpO2 ‰«â

∑’Ë à«π„¥¢Õß√à“ß°“¬°Á‰¥â∑’Ë “¡“√∂„Àâ¡’ perfusion ¥’ „Àâ

arterial pulsation ™—¥‡®π·≈–¡’°“√‡§≈◊ËÕπ‰À«¢Õß

Õ«—¬«– à«ππ—ÈππâÕ¬∑’Ë ÿ¥ ∑”„Àâ “¡“√∂«—¥§à“ SpO2 ‰¥â

·¡àπ¬”¡“°¢÷Èπ·¡â„πºŸâªÉ«¬∑’Ë¡’ cardiac output µË”À√◊Õ¡’

¿“æ∑’Ë 1 · ¥ß§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫· ß red ·≈–

infrared ¢Õß oxyhemoglobin (HbO2) ·≈–

reduced hemoglobin (Hb)1
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poor tissue perfusion ·≈–¬—ß∂Ÿ°√∫°«π®“° move-

ment artifact πâÕ¬°«à“¥â«¬ Õ¬à“ß‰√°Áµ“¡  —≠≠“≥∑’Ë

‰¥â®“° reflectance pulse oximeter ®–ÕàÕπ°«à“

 —≠≠“≥∑’Ë‰¥â®“° transmittance pulse oximeter2,5 „π

ªí®®ÿ∫—π ‡√‘Ë¡¡’°“√π” pulse oximeter ™π‘¥π’È‡¢â“¡“

®”Àπà“¬„πª√–‡∑»‰∑¬¡“°¢÷Èπ ·µà sensor ¡’√“§“·æß

°«à“™π‘¥ transmittance pulse oximeter ¡“°·≈–¡’

¢π“¥„À≠à „™â‰¥â‡©æ“–„πºŸâªÉ«¬∑’Ë¡’πÈ”Àπ—°¡“°°«à“ 40

°‘‚≈°√—¡¢÷Èπ‰ª

Clinical applications ¢Õß pulse oximeter

ë °“√‡≈◊Õ°™π‘¥¢Õß sensor sensor ∑’Ë„™â°—∫

pulse oximeter ¡’ 2 ™π‘¥ §◊Õ™π‘¥ transmittance ·≈–

reflectance sensor ™π‘¥ transmittance ¡’À≈“¬√Ÿª

·∫∫ ‡™àπ ™π‘¥ finger probe  ”À√—∫„™âÀπ’∫∑’Ëπ‘È«¡◊Õ,

ear probe  ”À√—∫Àπ’∫∑’Ëµ‘ËßÀŸ À√◊Õ™π‘¥ adhesive

 ”À√—∫æ—π∑’Ëπ‘È«À√◊Õ‡∑â“ πÕ°®“°π’È ¬—ß¡’™π‘¥ dispos-

able ·≈– reusable °“√„™â reusable sensor §«√¡’

°“√∑”§«“¡ –Õ“¥µ“¡«‘∏’∑’Ë·π–π”‰«â ”À√—∫ sensor

™π‘¥π—ÈπÊ °àÕπ∑’Ë®–π”‰ª„™â°—∫ºŸâªÉ«¬§πÕ◊ËπÊµàÕ‰ª

°“√π” disposable sensor ¡“„™â‡ªìπ reusable sen-

sor Õ“®∑”„Àâ§à“ SpO2 ∑’Ë«—¥‰¥â§≈“¥‡§≈◊ËÕπ‰ª®“°§«“¡

‡ªìπ®√‘ß‡¡◊ËÕ„™â‰ªπ“πÊ7 sensor ·µà≈–™π‘¥¡’Õ“¬ÿ°“√

„™âß“π·µ°µà“ß°—π ºŸâ„™â§«√»÷°…“À“¢âÕ¡Ÿ≈‡æ‘Ë¡‡µ‘¡®“°

∫√‘…—∑ºŸâº≈‘µ

ªí®®—¬∑’Ë§«√§”π÷ß∂÷ß„π°“√‡≈◊Õ°™π‘¥¢Õß sen-

sor ‰¥â·°à8

- πÈ”Àπ—°¢ÕßºŸâªÉ«¬ §«√‡≈◊Õ°„™â¢π“¥¢Õß

sensor µ“¡πÈ”Àπ—°À√◊Õ¢π“¥¢ÕßºŸâªÉ«¬ (neonatal, pe-

diatric À√◊Õ adult size) ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß sensor

™π‘¥ adhesive ∑—Èßπ’È‡æ◊ËÕ„Àâµ”·Àπàß¢Õß LED ·≈–

photodetector Õ¬Ÿàµ√ß¢â“¡°—πæÕ¥’ ́ ÷Ëß®–∑”„Àâ photo-

detector  “¡“√∂√—∫ —≠≠“≥∑’Ëºà“π vascular bed

¢ÕßºŸâªÉ«¬‰¥â¡“°∑’Ë ÿ¥ ¡’ interference ®“°· ß «à“ß

√Õ∫ÊπâÕ¬∑’Ë ÿ¥9 (¿“æ∑’Ë 2) ·≈–¡’ penumbra effect

(photodetector √—∫· ß∑’Ë¡“®“° LED ‚¥¬µ√ß‚¥¬‰¡à

ºà“π vascular bed ‡≈¬ ∑”„Àâ§à“ SpO2 ∑’Ë«—¥‰¥â ŸßÀ√◊Õ

µË”°«à“§«“¡‡ªìπ®√‘ß) πâÕ¬∑’Ë ÿ¥7

- √–¬–‡«≈“∑’ËµâÕß°“√ monitor ‡™àπ µâÕß°“√

monitor ·∫∫ long term À√◊Õ spot check ‡§√◊ËÕß

pulse oximeter ∫“ß™π‘¥ ‡™àπ Nellcor˙ ®–°”Àπ¥√–¬–

‡«≈“ Ÿß ÿ¥¢Õß°“√„™â sensor „π·µà≈–µ”·Àπàß¢Õß

√à“ß°“¬ ‡™àπ ∂â“‡ªìπ reusable sensor ‚¥¬∑—Ë«‰ª·≈â«

§«√‡ª≈’Ë¬πµ”·Àπàß∑’Ëµ‘¥ sensor ∑ÿ° 4-8 ™—Ë«‚¡ß „π

¢≥–∑’Ë∂â“‡ªìπ sensor ∑’Ë„™â ”À√—∫ spot check ‰¡à

¿“æ∑’Ë 2 · ¥ß sensor ™π‘¥ finger probe ¢Õß pulse

oximeter ª≈“¬¥â“πÀπ÷Ëß¢Õß sensor (light emit-

ting diode) ®–∑”Àπâ“∑’Ëª≈àÕ¬· ß red ·≈– infra-

red  à«πª≈“¬Õ’°¥â“πÀπ÷Ëß∑”Àπâ“∑’Ë‡ªìπ photode-

tector1

¿“æ∑’Ë 3 Calibration graph ¢Õß‡§√◊ËÕß pulse oximeter

‡ªìπ°√“ø∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“ SaO2

·≈– absorbance ratio √–À«à“ß· ß red ·≈– infra-

red (R/IR ratio) ∑’Ë‰¥â®“°°“√µ√«®„πÕ“ “ ¡—§√

ª°µ‘1
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§«√µ‘¥‰«â∑’Ëµ”·Àπàß‡¥‘¡π“π‡°‘π 20 π“∑’ ‡ªìπµâπ ºŸâ„™â

§«√»÷°…“√“¬≈–‡Õ’¬¥‡æ‘Ë¡‡µ‘¡‡°’Ë¬«°—∫‡√◊ËÕßπ’È®“°∫√‘…—∑

ºŸâº≈‘µ pulse oximeter π—ÈπÊ8

- Activity ¢ÕßºŸâªÉ«¬ ºŸâªÉ«¬∑’Ë¡’°“√‡§≈◊ËÕπ

‰À«∫àÕ¬Ê ‡™àπ ‡¥Á°‡≈Á°∑’Ë√âÕß°«πÀ√◊ÕÕ¬Ÿà‰¡àπ‘ËßÕ“®

µâÕß‡≈◊Õ°„™â sensor ™π‘¥ reflectance À√◊Õ sensor

∑’Ë¡’ software °”®—¥µ—«°«π∑’Ë‡°‘¥®“° movement artifact

‰¥â

- Infection control concern ‡™àπ „π°√≥’

∑’Ë‰¡àµâÕß°“√„Àâ¡’°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ√–À«à“ßºŸâªÉ«¬

§«√‡≈◊Õ°„™â sensor ™π‘¥ disposal À√◊Õ∑”§«“¡ –Õ“¥

sensor „Àâ¥’°àÕπ∑’Ë®–„™â sensor π—Èπ°—∫ºŸâªÉ«¬Õ’°§πÀπ÷Ëß

ë °“√‡≈◊Õ°µ”·Àπàß∑’Ë®–µ‘¥ sensor §«√‡ªìπ

µ”·Àπàß∑’Ë¡’ perfusion ¥’ ¡’ motion πâÕ¬ ‰¡à§«√µ‘¥

sensor ∫√‘‡«≥π‘È«¢Õß·¢π¢“¢â“ß∑’Ë„™â«—¥ blood pres-

sure, „ à arterial line À√◊Õ¡’ IV fluid À√◊Õ∫√‘‡«≥∑’Ë

∫«¡ ¡’ venous obstruction ‡ªìπµâπ ‡π◊ËÕß®“°Õ“®„Àâ

§à“ SpO2 ∑’Ë§≈“¥‡§≈◊ËÕπ‰ª®“°§«“¡‡ªìπ®√‘ß ºŸâªÉ«¬∑’Ë

„™â¬“∑“‡≈Á∫ (‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß ’πÈ”µ“≈ πÈ”‡ß‘πÀ√◊Õ

‡¢’¬«) §«√≈â“ßÕÕ°°àÕπ∑’Ë®–µ‘¥ sensor ∫√‘‡«≥π—Èπ8

ë °“√Õà“π§à“ SpO2 §«√æ‘®“√≥“√Ÿª√à“ß¢Õß

pulse À√◊Õ bar waveform ∑’Ë‡°‘¥¢÷Èπ·≈–§à“¢Õß heart

rate ∑’Ë«—¥‰¥â√à«¡¥â«¬ §à“ SpO2 ∑’Ë‡™◊ËÕ∂◊Õ‰¥â§«√‡ªìπ§à“

SpO2 ∑’Ë«—¥‰¥â„π¢≥–∑’Ë¡’ pulse À√◊Õ bar waveform

‡°‘¥¢÷ÈπÕ¬à“ß™—¥‡®π·≈–¡’√Ÿª√à“ß ¡Ë”‡ ¡Õ ·≈–§à“ heart

rate ∑’ËÕà“π‰¥â„π¢≥–π—Èπ·µ°µà“ß®“°§à“ heart rate

®√‘ß¢ÕßºŸâªÉ«¬„π‡«≈“‡¥’¬«°—π‰¡à‡°‘π 10/π“∑’9

¢âÕ®”°—¥¢Õß pulse oximeter9

ë Probe motion artifact

ë Hemoglobinopathies

ë Intravascular dyes

ë Probe exposure to ambient lighting

ë Low tissue perfusion at probe site

ë Skin pigmentation

ë Nail polish

ë Electrical interference

„πªí®®ÿ∫—π ¡’‡§√◊ËÕß pulse oximeter ∑’Ë “¡“√∂

≈¥ —≠≠“≥√∫°«π®“° artifact µà“ßÊ ‰¥â‡™àπ ‡§√◊ËÕß

Masimo SET˙ (Masimo Corporation, Irvine, CA)

´÷Ëß„™âÀ≈—°°“√¢Õß signal extraction technology ∑’Ë

®–°”Àπ¥§ÿ≥ ¡∫—µ‘∑’Ë·πàπÕπ¢Õß arterial pulse wave-

form ∑’Ë‡§√◊ËÕß®–¬Õ¡√—∫«à“‡ªìπ waveform ∑’Ë¬Õ¡√—∫

‰¥â ”À√—∫°“√Õà“π§à“ SpO2 ‡¡◊ËÕ„¥°Áµ“¡∑’Ë waveform

¡’§ÿ≥ ¡∫—µ‘º‘¥‰ª®“°∑’Ë‡§√◊ËÕß°”Àπ¥‰«â ‡§√◊ËÕß°Á®–‰¡à

Õà“π§à“ SpO2 π—ÈπÊ À√◊Õ‡§√◊ËÕß Nellcor OXISMART˙

(Mallinckrodt Nellcor Puritan Bennett, Pleasanton,

CA) ∑’Ë¡’ software ≈¥ movement artifact ∫√√®ÿ‰«â„π

µ—«‡§√◊ËÕß Õ¬à“ß‰√°Áµ“¡ ·¡â«à“‡§√◊ËÕß‡À≈à“π’È®–™à«¬„Àâ

°“√‡°‘¥ movement artifact ≈¥≈ß°Áµ“¡ §«“¡‰«¢Õß

‡§√◊ËÕß„π°“√«—¥ SpO2 °ÁÕ“®®–≈¥≈ß¥â«¬‡™àπ°—π1,2,4,10

¿“æ∑’Ë 4  · ¥ß forehead sensor (Max-fast ˙) ´÷Ëßµ‘¥Õ¬Ÿà∑’ËÀπâ“º“°¢ÕßºŸâªÉ«¬ 6




