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∫∑§—¥¬àÕ

«—μ∂ÿª√– ß§å:  »÷°…“‡ª√’¬∫‡∑’¬∫∑“ß ∂‘μ‘¢Õß§«“¡¥—π≈Ÿ°μ“∑’Ë«—¥®“°‡§√◊ËÕß«—¥§«“¡¥—π≈Ÿ°μ“·∫∫  Non

Contact (Non Contact Tonometer, NCT) °—∫‡§√◊ËÕß«—¥§«“¡¥—π≈Ÿ°μ“ Goldman Applanation (Goldman Applanation

Tonometer, GAT) «à“  NCT  ¡’§«“¡·¡àπ¬”∂Ÿ°μâÕß ·≈– “¡“√∂„™â·∑π°—π‰¥âÀ√◊Õ‰¡à (agreement)

«— ¥ÿ·≈–«‘∏’°“√: ºŸâªÉ«¬πÕ°°≈ÿà¡ß“π®—°…ÿ«‘∑¬“ ‚√ßæ¬“∫“≈π§√ª∞¡ ∑’Ë‰¥â√—∫°“√«—¥§«“¡¥—π≈Ÿ°μ“¥â«¬ NCT

(TONOPACHY®NT 530-P)  ®–‰¥â√—∫°“√«—¥„À¡à„πμ“π—Èπ¥â«¬ GAT ‚¥¬·æ∑¬åºŸâ∑”°“√»÷°…“

π”º≈∑’Ë‰¥â®“°∑—Èß Õß«‘∏’¡“‡ª√’¬∫‡∑’¬∫ ·≈–«‘‡§√“–Àå¥â«¬ unpaired t-test, linear regression analysis ·≈–

Bland-Altman test  ‡æ◊ËÕÀ“ agreement

º≈°“√»÷°…“: ª√–™“°√‡¢â“¡“„π°“√»÷°…“∑—Èß ‘Èπ 248 ≈Ÿ°μ“®“° 248 §π §«“¡¥—π≈Ÿ°μ“∑’Ë‰¥â®“°°“√«—¥

∑—Èß Õß«‘∏’‰¡à¡’§«“¡·μ°μà“ß°—π∑“ß ∂‘μ‘ (p-value = 0.3065), correlation coefficient r = 0.908, slope(t) = 1.0236,

º≈·μ°μà“ß¢Õß§à“ mean ®“° Bland Altman test  ‰¥â  0.5  mmHg (2  S.D.  =  4.5 mmHg)

 √ÿª: º≈°“√«—¥§à“§«“¡¥—π≈Ÿ°μ“®“° NCT ¡’§«“¡∂Ÿ°μâÕß·¡àπ¬” ‡¡◊ËÕ»÷°…“‡ª√’¬∫‡∑’¬∫°—∫ GAT ∑“ß ∂‘μ‘

æ∫«à“„Àâ§à“„°≈â‡§’¬ß°—π®π “¡“√∂¬Õ¡√—∫·≈–„™â·∑π°—π‰¥â

§” ”§—≠: §«“¡¥—π≈Ÿ°μ“ °“√«—¥§«“¡¥—π≈Ÿ°μ“·∫∫‰¡à —¡º—  °“√«—¥§«“¡¥—π≈Ÿ°μ“·∫∫ Goldman °“√À“§à“§«“¡

¬Õ¡√—∫‰¥â

ABSTRACT

Objectives: To study intraocular pressure measured by non contact tonometry compare with
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intraocular pressure measured by Goldman applanation tonometry.

Material and methods:  The intraocular pressure of out-patients in division of ophthalmology

Nakhonpathom hospital was measured by non contact tonometer by trained medical personnels and then

repeated it on the same eye with Goldman applanation tonometer by studying ophthalmologist.

The data of intraocular pressure from both methods were compared by using unpaired t-test and

analyzed to reach the agreement with linear regression analysis and Bland Altman test

Results: Intraocular pressure of 248 eyes were measured with both non contact tonometer and

Goldman applanation tonometer. There was no statistic difference in mean pressure (p-value = 0.3065),

correlation coefficient r = 0.908, slope(t) = 1.0236 and the mean difference of Bland Altman test  = 0.5 mmHg

(2 S.D. = 4.5 mmHg)

Conclusion: Non contact tonometry was comparative to Goldman applanation tonometry and there

was statistic  agreement between two methods.

Keywords:   IOP,  noncontact tonometry, Goldman applanation tonometry, agreement

·¡àπ¬”‡∑’¬∫‰¥â°—∫ GAT μàÕ¡“‰¥â¡’°“√æ—≤π“‡∑§‚π‚≈¬’

¢Õß NCT „Àâ¡’§«“¡·¡àπ¬” „™âßà“¬  –¥«° ·≈–√«¥‡√Á«

¡“°¢÷Èπ ®π “¡“√∂„™â ·≈–‡ªìπ∑’Ë¬Õ¡√—∫„π°“√μ√«®

screening ºŸâªÉ«¬μ“∑—Ë«‰ª6-8

‚√ßæ¬“∫“≈π§√ª∞¡‰¥â√—∫ NCT; TONOPACHY®

√ÿàπ NT 530-P ¡“ª√–®”∑’Ëß“πºŸâªÉ«¬πÕ°°≈ÿà¡ß“π®—°…ÿ-

«‘∑¬“‡¡◊ËÕ 20 ¡°√“§¡ 2555 ‚¥¬√ÿàπ¥—ß°≈à“«¬—ß‰¡à‰¥â¡’

°“√∑”»÷°…“‡ª√’¬∫‡∑’¬∫°—∫ GAT ∑’Ë¡’§«“¡∂Ÿ°μâÕß·¡àπ¬”

∑’Ë ÿ¥ °“√»÷°…“π’È®÷ß‰¥âπ”º≈ IOP ¢Õß∑—Èß Õß«‘∏’¡“‡ª√’¬∫

‡∑’¬∫‡æ◊ËÕ¥Ÿ«à“¡’ agreement  À√◊Õ‰¡à

«— ¥ÿ·≈–«‘∏’°“√

‡ªìπ°“√»÷°…“·∫∫‰ª¢â“ßÀπâ“„πºŸâªÉ«¬πÕ° °≈ÿà¡

ß“π®—°…ÿ«‘∑¬“ ‚√ßæ¬“∫“≈π§√ª∞¡ μ—Èß·μà 20 ¡°√“§¡

∂÷ß 15 ¡’π“§¡ 2555 ºŸâªÉ«¬∑’Ë¡’ªí≠À“‚√§∑“ß°√–®°μ“

‡¬◊ËÕ∫ÿμ“Õ—°‡ ∫·≈–À≈—ßºà“μ—¥μ“ ®–∂Ÿ°μ—¥ÕÕ°®“°»÷°…“

ºŸâªÉ«¬®–‰¥â√—∫°“√«—¥§«“¡¥—π≈Ÿ°μ“¢«“‡æ’¬ß¢â“ß

‡¥’¬« (‡æ◊ËÕμ—¥μ—«·ª√„Àâ¡“°∑’Ë ÿ¥) ‡√‘Ë¡μâπ«—¥§«“¡¥—π≈Ÿ°

∫∑π”

Goldman Applanation Tonometry (GAT) ‡ªìπ°“√

«—¥§«“¡¥—π≈Ÿ°μ“∑’Ë„™â·æ√àÀ≈“¬¡“π“π1  ¡’§«“¡·¡àπ¬”

·≈–‡™◊ËÕ∂◊Õ‰¥â¡“°∑’Ë ÿ¥ „πºŸâªÉ«¬∑’Ë¡’°√–®°μ“ª°μ‘ ‚¥¬¡’

À≈—°°“√§◊Õ «—¥·√ß∑’Ë°¥≈ßμ√ß°≈“ß°√–®°μ“ æ◊Èπ∑’Ë‡ âπ

ºà“»Ÿπ¬å°≈“ß 3.06 ¡‘≈≈‘‡¡μ√ (known-area of cornea)

·√ß∑’Ë°¥®–‡∑à“°—∫·√ßμâ“π°“√°¥ÕÕ°¡“ º≈∑’Ë‰¥â®–‡ªìπ

§«“¡¥—π≈Ÿ°μ“2  (Intra ocular pressure, IOP) °“√μ√«®

π’ÈμâÕßªØ‘∫—μ‘‚¥¬·æ∑¬å ‚¥¬„™â slit-lamp ∑’Ë‡™◊ËÕ¡μàÕ°—∫

applanating unit  ‡«≈“«—¥μâÕßÀ¬Õ¥¬“™“√à«¡°—∫¬âÕ¡ ’

fluorescein ·≈â«®÷ß„™â‡§√◊ËÕß¡◊Õ·μ–‰ª∫π°√–®°μ“

Non Contact Tonometry (NCT) ‡ªìπ°“√«—¥∑’Ë„™â°—π

¡“π“π°«à“ 30 ªï3  „™âÀ≈—°°“√®—∫‡«≈“∑’Ë®–∑”„Àâ cornea

‡ª≈’Ë¬π√Ÿª¥â«¬ standard force ‰¥â·°à air puff ·≈â«§”π«≥

‡ªìπ§à“ IOP  ºŸâ«—¥‰¡à®”‡ªìπμâÕß‡ªìπ®—°…ÿ·æ∑¬å ‰¡àμâÕß„™â

¬“™“≈¥°“√∑”≈“¬°√–®°μ“ ≈¥°“√ —¡º— ‚√§®“°ºŸâªÉ«¬

§πÀπ÷Ëß‰ª Ÿà§πÀπ÷Ëß ®“°¢âÕ¥’‡À≈à“π’È∑”„Àâ NCT ‡ªìπ∑’Ëπ‘¬¡

„™â„πºŸâªÉ«¬À≈—ßºà“μ—¥4-5 ·≈–¡’°“√»÷°…“æ∫«à“‰¥âº≈¥’
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μ“¥â«¬ NCT ‚¥¬‡®â“Àπâ“∑’Ëª√–®”ÀâÕßμ√«®μ“ ·≈–À≈—ß

®“°π—Èπ®—°…ÿ·æ∑¬åºŸâ∑”°“√»÷°…“®–«—¥´È”¥â«¬ GAT ‡æ◊ËÕ®–

À≈’°‡≈’Ë¬ß§à“ IOP ∑’Ë≈¥≈ßÀ≈—ß®“°°“√°¥‰ª∫π¥â“πÀπâ“¢Õß

≈Ÿ°μ“¥â«¬ GAT9 ®÷ß∑”°“√«—¥¥â«¬ NCT ‡ªìπ≈”¥—∫·√°

NCT √ÿàπ∑’Ë„™â„π°“√»÷°…“π’È ‡ªìπ√ÿàπ TONOPACHY®

NT 530-P ∑’Ë«—¥ IOP √à«¡°—∫§«“¡Àπ“¢Õß°√–®°μ“ ‚¥¬

‡§√◊ËÕß®–«—¥ IOP 3 §√—Èß·≈â«√“¬ß“πº≈‡ªìπ§à“‡©≈’Ë¬ÕÕ°¡“

°“√«—¥¥â«¬ GAT ºŸâªÉ«¬‰¥â√—∫°“√À¬Õ¥¬“™“ ¬âÕ¡ ’

fluorescein ·≈–„™â Haag-Streit slit-lamp «—¥‚¥¬®—°…ÿ·æ∑¬å

∫—π∑÷°§à“§«“¡¥—π≈Ÿ°μ“§à“·√°‡∑à“π—Èπ  ‡æ◊ËÕªÑÕß°—π§à“§«“¡

¥—π≈Ÿ°μ“∑’Ë®–≈¥≈ß„π§√—ÈßμàÕÊ ‰ª9

π”º≈∑’Ë‰¥â®“°∑—Èß Õß«‘∏’¡“À“§à“‡©≈’Ë¬·≈–‡ª√’¬∫

‡∑’¬∫°—π¥â«¬ unpaired t-test æ√âÕ¡∑—Èß«‘‡§√“–Àå∑“ß ∂‘μ‘

‡æ◊ËÕ¥Ÿ«à“¡’ agreement À√◊Õ‰¡à ¥â«¬ linear regression

analysis ·≈– Bland Altman test

º≈°“√»÷°…“

‰¥âª√–™“°√∑—ÈßÀ¡¥ 248 ≈Ÿ°μ“ ®“° 248 §π Õ“¬ÿ

‡©≈’Ë¬ 59.95 ± 15.65 ™“¬ : À≠‘ß = 118 : 130 §à“‡©≈’Ë¬

§«“¡¥—π≈Ÿ°μ“¢Õß NCT ·≈– GAT ‡∑à“°—∫ 14.665 ± 5.03

·≈– 15.148 ± 5.47 (p-value = 0.3065) ™à«ß«—¥§«“¡¥—π≈Ÿ°

μ“∑’Ë«—¥¥â«¬ NCT ‡∑à“°—∫ 5-60 mmHg ™à«ß«—¥§«“¡¥—π

≈Ÿ°μ“∑’Ë«—¥‚¥¬ GAT ‡∑à“°—∫ 6-60 mmHg μ“¡μ“√“ß∑’Ë 1

Linear regression analysis ¢Õß∑—Èß Õß«‘∏’· ¥ß

„π·ºπ¿Ÿ¡‘∑’Ë 1 ‰¥â§à“ slope (t) = 1.024, r2 = 0.824 ·≈–

correlation coefficient(r)  =  0.908

º≈¢Õß Bland Altman plot · ¥ßμ“¡·ºπ¿Ÿ¡‘∑’Ë 2

§à“‡©≈’Ë¬§«“¡·μ°μà“ß √–À«à“ß NCT ·≈– GAT ‡∑à“°—∫

0.5  mmHg  ·≈–¡’§à“ 2 S.D. = 4.5 mmHg

μ“√“ß∑’Ë 1    ¢âÕ¡Ÿ≈ª√–™“°√ ·≈–§à“§«“¡¥—π≈Ÿ°μ“∑’Ë«—¥‰¥â∑—Èß 2 «‘∏’

®”π«πμ“  (n) 248

Õ“¬ÿ 59.95 ± 15.65

™“¬ : À≠‘ß 118 : 130

NCT IOP 14.665 ± 5.03   5-60 mmHg

GAT IOP 15.148 ± 5.47   6-60 mmHg

P-value 0.3065
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·ºπ¿Ÿ¡‘∑’Ë 1   Linear regression analysis between NCT IOP and GAT IOP

·ºπ¿Ÿ¡‘∑’Ë 2  Bland Altman plot shows the different between NCT and GAT
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«‘®“√≥å

     μâÕÀ‘π‡ªìπ‚√§∑’Ë∑”„Àâμ“∫Õ¥‡ªìπÕ—π¥—∫ 1 ‚¥¬«‘π‘®©—¬

®“°§«“¡¥—π≈Ÿ°μ“∑’Ë Ÿß ‡ âπª√– “∑μ“ ·≈–≈“π “¬μ“

∑’Ëº‘¥ª°μ‘ °“√μ√«®æ∫·≈–°“√√—°…“„π√–¬–·√°®–™à«¬≈¥

ªí≠À“μ“∫Õ¥≈ß‰¥â °“√„™â§«“¡¥—π≈Ÿ°μ“‡æ◊ËÕμ√«®À“‚√§

μâÕÀ‘π‡æ’¬ßÕ¬à“ß‡¥’¬« ¬—ß‡ªìπ¢âÕ‚μâ·¬âß·≈–¡’¢âÕ®”°—¥„π

°“√«‘π‘®©—¬10 °“√μ√«®§âπÀ“ºŸâªÉ«¬ (screening) ¥â«¬°“√

∑”≈“π “¬μ“√à«¡°—∫°“√«—¥§«“¡¥—π≈Ÿ°μ“ ™à«¬„Àâ°“√

§âπÀ“ºŸâªÉ«¬‚√§μâÕÀ‘π‰¥â¥’¬‘Ëß¢÷Èπ  ·μà¡’ªí≠À“‡√◊ËÕß§à“„™â®à“¬

∑’Ë Ÿß11-12  Õ¬à“ß‰√°Áμ“¡°“√μ√«®«—¥§«“¡¥—π≈Ÿ°μ“¥â«¬

NCT ‡ªìπ ‘Ëß∑’Ëßà“¬„π°“√ screening ‡¡◊ËÕæ∫§«“¡º‘¥ª°μ‘

®÷ß àß‡¢â“æ∫®—°…ÿ·æ∑¬ǻ ÷Ëß‡ªìπ«‘∏’∑’Ë‡À¡“–∑’Ë ÿ¥„π∑“ßªØ‘∫—μ‘

¡’§«“¡§≈àÕßμ—« Ÿß  “¡“√∂ªØ‘∫—μ‘‰¥â‚¥¬‡®â“Àπâ“∑’Ëª√–®”

ÀâÕßμ√«®μ“ „πºŸâªÉ«¬πÕ°°≈ÿà¡ß“π®—°…ÿ«‘∑¬“∑’Ë¡’ºŸâªÉ«¬

‡ªìπ®”π«π¡“°

‡æ◊ËÕ§«“¡πà“‡™◊ËÕ∂◊Õ¢Õß°“√«—¥ NCT °“√»÷°…“π’È

®÷ß‰¥â∑”°“√‡ª√’¬∫‡∑’¬∫ NCT °—∫ GAT ´÷Ëß‰¥â¡’°“√»÷°…“

¡“·≈â««à“ “¡“√∂„™â·∑π°—π‰¥â7-8 ∑—Èß„πºŸâªÉ«¬§«“¡¥—π≈Ÿ°

μ“ª°μ‘13 ·≈–ºŸâªÉ«¬μâÕÀ‘π14 ·μà¡’§«“¡πà“‡™◊ËÕ∂◊Õ≈¥≈ß„π

™à«ß§«“¡¥—π≈Ÿ°μ“∑’Ë Ÿß‡¡◊ËÕ«—¥¥â«¬ NCT8,15  ¡’°“√»÷°…“

‡æ‘Ë¡‡μ‘¡ æ∫«à“°√–®°μ“∑’ËÀπ“‡ªìπªí®®—¬Àπ÷Ëß∑’Ë∑”„Àâ§à“

§«“¡¥—π≈Ÿ°μ“®“° NCT ¡’§à“ Ÿß‡°‘π®√‘ß16-19

°“√»÷°…“π’È‰¥â· ¥ßº≈§«“¡¥—π≈Ÿ°μ“∑’Ë«—¥‰¥â®“°

∑—Èß Õß«‘∏’  ¡’§à“„°≈â‡§’¬ß°—π ®“°°“√§”π«≥¥â«¬ unpaired

t-test ‰¥â§à“‡©≈’Ë¬§«“¡¥—π≈Ÿ°μ“∑’Ë«—¥‰¥â®“° NCT ‡∑à“°—∫

14.665 ± 5.03 mmHg  ∑’Ë«—¥‰¥â®“° GAT ‡∑à“°—∫ 15.148

± 5.47 mmHg ‰¡à¡’§«“¡·μ°μà“ß°—π∑“ß ∂‘μ‘ (p-value

= 0.307) linear regression analysis ‰¥â§«“¡ —¡æ—π∏å

(correlation coefficient)  ¢Õß§à“§«“¡¥—π∑’Ë«—¥‰¥â®“°«‘∏’

∑—Èß Õß Õ¬Ÿà„π‡°≥±å¥’¡“°  r = 0.908 ´÷Ëß¡’§«“¡À¡“¬«à“

√âÕ¬≈– 90.8 ¢Õß§à“∑’Ë«—¥‚¥¬ NCT π—Èπμ√ß°—∫§à“∑’Ë«—¥‚¥¬

GAT ‰¥â§à“ slope(t) = 1.0236 ´÷Ëß‡ªìπ§à“∫«° ¡’§«“¡À¡“¬

«à“  §à“∑’Ë‰¥â®“°°“√«—¥∑—Èß Õß«‘∏’  ·ª√º—πμ√ßμàÕ°—π

Bland Altman test · ¥ß§à“§«“¡·μ°μà“ß°—π

¢Õß mean ®“° Õß«‘∏’‡æ’¬ß 0.5 mmHg (2 S.D. = 4.5

mmHg)  ́ ÷ËßÕ¬Ÿà„π‡°≥±å∑’Ë ¬Õ¡√—∫«à“·∑π°—π‰¥â (agreement)

„π°“√»÷°…“π’È¡’Õ¬Ÿà 1 √“¬∑’Ë°“√«—¥ NCT ·≈–

GAT ·μ°μà“ß°—π‡°‘π¬Õ¡√—∫´÷Ëß‰¥â§à“®“° NCT  Ÿß‡°‘π®√‘ß

Õ¬Ÿà„π√–¥—∫∑’Ë§«“¡¥—π≈Ÿ°μ“∑’Ë < 21 mmHg Õ“®®–‡ªìπ

‡æ√“–«à“ NCT √ÿàπ NT 530-P  π’È‰¥âæ—≤π“‡√◊ËÕß fixation

·≈–§”π«≥ IOP ®“°§«“¡Àπ“¢Õß°√–®°μ“ (CCT)

¥—ßπ—Èπ §«“¡Àπ“ º‘« ·≈–§«“¡‚§âß°√–®°μ“®–¡’º≈μàÕ

§à“§«“¡¥—π≈Ÿ°μ“∑’Ë«—¥¥â«¬ NCT ´÷Ëß®”‡ªìπμâÕß¡’°“√»÷°…“

μàÕ‰ª„πª√–‡¥Áπ¥—ß°≈à“«

„π∑“ßμ√ß°—π¢â“¡ ·¡â«à“§«“¡¥—π≈Ÿ°μ“∑’Ë Ÿß‡°‘π

21 mmHg NCT ®“°°“√»÷°…“π’È °Á¬—ß„Àâ§à“‰¥â„°≈â‡§’¬ß

À√◊Õμ√ß°—∫ GAT ´÷Ëß‡ªìπ¢âÕ·¬âß°—∫ Myers et al8 ·≈–

Popovich  et  al15

 √ÿª

°“√«—¥§«“¡¥—π≈Ÿ°μ“¥â«¬ NCT ‡ªìπ«‘∏’∑’Ëßà“¬

 –¥«° √«¥‡√Á« ·≈–ª≈Õ¥¿—¬ ¡’§«“¡∂Ÿ°μâÕß·¡àπ¬”
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