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∫∑π”
‚√§μâÕÀ‘π ‡ªìπ‚√§∑’Ë¡’À≈“¬ªí®®—¬‡ ’Ë¬ß ‚¥¬∑’Ë§«“¡

¥—π≈Ÿ°μ“ (intraocular pressure, IOP)  ŸßÀ√◊Õ§àÕπ¢â“ß

 Ÿß‡ªìπªí®®—¬‡ ’Ë¬ß∑’Ë ”§—≠¢Õß‚√§1,2 ·μà„πºŸâªÉ«¬μâÕÀ‘π∫“ß

√“¬ ·¡â¡’§«“¡¥—π≈Ÿ°μ“ª°μ‘°Á¬—ß‡°‘¥¿“«–μâÕÀ‘π ·≈–¡’

°“√¥”‡π‘π‚√§Õ¬Ÿà3

§«“¡º‘¥ª°μ‘„π°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥‰ª¬—ß à«πμà“ßÊ

¢Õßμ“ °Á‡ªìπ “‡ÀμÿÀπ÷Ëß∑’Ë‡™◊ËÕ«à“ ∑”„Àâ‡°‘¥°“√¢“¥‡≈◊Õ¥ (is-

chemia) ·≈–¢—È«ª√– “∑μ“ (optic nerve head) ‡ ’¬À“¬

μ“¡¡“ ´÷Ëß°Á‰¥â√—∫°“√ π—∫ πÿπ®“°À≈“¬°“√»÷°…“«‘®—¬∑’Ë

æ∫«à“ ¡’°“√≈¥≈ß¢Õß‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ß∫√‘‡«≥¢—È«ª√– “∑μ“

„πºŸâªÉ«¬μâÕÀ‘π‡¡◊ËÕ‡∑’¬∫°—∫§πª°μ‘ πÕ°®“°π’È ¬—ßæ∫«à“§«“¡

º‘¥ª°μ‘∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π‚≈À‘μ ‡™àπ ‚√§À—«„®

§«“¡¥—π‚≈À‘μ (blood pressure, BP) μË” À√◊Õ ocular

perfusion pressure (OPP) μË” °Á‡ªìπªí®®—¬‡ ’Ë¬ß∑’Ëæ∫„π

§π‰¢âμâÕÀ‘π‡™àπ°—π4,5

®“° Baltimore Eye Survey æ∫«à“§«“¡™ÿ° (preva-

lence) ¢Õß°“√‡°‘¥μâÕÀ‘π™π‘¥¡ÿ¡‡ªî¥ (primary open-angle

glaucoma: POAG) ‡æ‘Ë¡¢÷Èπ„π°≈ÿà¡§π∑’Ë ocular perfusion

pressure ≈¥≈ß ¥—ß· ¥ß„π√Ÿª∑’Ë 1 ·≈–®“°°“√»÷°…“«‘®—¬

Õ◊ËπÊ ∑’Ë‡ªìπ population-based ‡™àπ Rotterdam Eye

Study6 °Á· ¥ß„Àâ‡ÀÁπ«à“°“√‡°‘¥μâÕÀ‘π‡æ‘Ë¡¢÷Èπ‡™àπ‡¥’¬«°—π

¥—ß‡™àπμ“√“ß∑’Ë 1 ·≈–„π Barbados Eye Study æ∫«à“

Õÿ∫—μ‘°“√ (incidence) ¢ÕßμâÕÀ‘π‡æ‘Ë¡¢÷Èπ„πºŸâ∑’Ë¡’ ocular

perfusion pressure ≈¥≈ß5

®ÿ¥ª√– ß§å¢Õß∫∑§«“¡π’È ®÷ß‡æ◊ËÕ

(1) ∑∫∑«π∂÷ß∑’Ë¡“¢Õß ocular perfusion pressure

(2) ‡¢â“„®§«“¡ —¡æ—π∏å√–À«à“ß ocular perfusion

pressure, blood pressure ·≈–§«“¡¥—π≈Ÿ°μ“

Ocular perfusion pressure ®“°°Ø Hagen-Poi-
seuille

®“°°Æ¢Õß Hagen-Poiseuille7 ‡¡◊ËÕ¡’¢Õß‡À≈«‰À≈

ºà“π∑àÕ·¢Áß∑’Ë¡’¢π“¥§ß∑’Ë ‚¥¬¡’§«“¡¥—π (pressure, P) ∑’Ë

μ”·Àπàß 1 (P1) ·≈– 2 (P2) ·μ°μà“ß°—π ª√‘¡“≥¢Õß‡À≈«

®–‰¥â¥—ß ¡°“√ (1)

Ocular Perfusion Pressure in Glaucoma
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„π§«“¡‡ªìπ®√‘ß §à“√—»¡’¢Õß‡ âπ‡≈◊Õ¥ (r) ®–·μ°μà“ß

°—π„π·μà≈– à«π¢Õß≈Ÿ°μ“ √«¡∑—Èß ¡’°“√‡ª≈’Ë¬π·ª≈ßμ“¡

ªí®®—¬μà“ßÊ ∑’Ë¡“§«∫§ÿ¡ §«“¡Àπ◊¥¢Õß‡≈◊Õ¥ (   ) °Á‡™àπ

‡¥’¬«°—π ¡’°“√‡ª≈’Ë¬π·ª≈ßμ“¡§à“§«“¡‡¢â¡¢âπ¢Õß‡¡Á¥

‡≈◊Õ¥·¥ß (hematocrit) ·≈–·√ß∑’Ë¡“°√–∑” (shear rate)

‚¥¬‡©æ“–∫√‘‡«≥∑’Ë¡’°“√·μ°·¢πß¢Õß‡ âπ‡≈◊Õ¥ ·μà∂â“

Õπÿ¡“π«à“§à“‡À≈à“π’È √«¡∑—Èß§«“¡¬“«¢ÕßÀ≈Õ¥‡≈◊Õ¥§ß∑’Ë

·≈–§‘¥‡ªìπ§à“§«“¡μâ“π∑“π (resitance, R) ®–‰¥â¥—ß ¡°“√

(2)

„π ¡°“√ (2) ∂â“‡√“Õπÿ‚≈¡„Àâ§à“§«“¡Àπ◊¥·≈–√—»¡’

‡ªìπ§à“§ß∑’Ë ®–‡ÀÁπ‰¥â«à“  ¡°“√ (3) blood flow ¡’§à“

·ª√º—πμ“¡§«“¡¥—π∑’Ë‡ª≈’Ë¬π·ª≈ß„π‡ âπ‡≈◊Õ¥ À√◊Õ§«“¡

¥—π∑’Ë„™â„π°“√¢—∫‡§≈◊ËÕπ ‡≈◊Õ¥®“°®ÿ¥Àπ÷Ëß‰ª¬—ßÕ’°®ÿ¥Àπ÷Ëß

π—Ëπ‡Õß

 ”À√—∫≈Ÿ°μ“ §«“¡¥—ππ’È®÷ß‡√’¬°«à“ çocular perfu-

sion pressure (OPP)é ·≈–∫àß™’È ‰¥â∂÷ß ∂“π–¢Õß ocular

blood flow
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æ∫«à“ Pa ¡’§à“‡∑à“°—∫§à“‡©≈’Ë¬§«“¡¥—π¢Õß ophthalmic artery ´÷Ëß‡∑à“°—∫ª√–¡“≥ 2/3 ¢Õß§à“‡©≈’Ë¬§«“¡¥—π

‚≈À‘μ„π‡ âπ‡≈◊Õ¥·¥ß ¬°μ—«Õ¬à“ß‡™àπ

Blood pressure = 140/80 mmHg

Mean arterial pressure = 100 mmHg

Arterial pressure ∑’Ë‡ âπ‡≈◊Õ¥ internal carotid = 80 mmHg (∑à“π—Ëß/¬◊π)

Arterial pressure ≈¥≈ßÕ’°ª√–¡“≥ 14 mmHg ‡¡◊ËÕ∂÷ß ophthalmic artery

¥—ßπ—Èπ Pa = 65-70 mmHg ÇÇ(5)

(ª√–¡“≥  2/3 ¢Õß 100 mmHg)

 à«π Pv ª√–¡“≥§à“ ‰¥â‡∑à“°—∫§«“¡¥—π≈Ÿ°μ“ ®÷ß‡¢’¬π ¡°“√‰¥â‡ªìπ

OPP = 2/3 MAP › IOP ÇÇ(6)

OPP = 2/3 [DBP + 1/3(SBP-DBP)] › IOP ÇÇ(7)

„π§πª°μ‘ IOP ∑’Ë 15 mmHg

·∑π§à“®“° (5) OPP ~ 65-15 ~ 50 mmHg

OPP = ocular perfusion pressure; MAP = mean arterial pressure;

IOP = intraocular pressure; SBP = systolic blood pressure;

DBP = diastolic blood pressure

´÷Ëß®“° Barbados Eye Studies5 °Áæ∫«à“§à“ mean ocular perfusion pressure ∑’Ë‡æ‘Ë¡§«“¡‡ ’Ë¬ß„π°“√‡°‘¥

μâÕÀ‘πÕ¬à“ß¡’π—¬ ”§—≠§◊Õ < 40 mmHg [RR 2.6 (95% confidence intervals; 1.4-4.6]

·≈–º≈ ”√«®¢Õß Baltimore Eye Survey4 ∑’Ëæ∫«à“ diastolic ocular perfusion pressure ∂â“πâÕ¬°«à“ 30 mmHg

§«“¡™ÿ°¢Õß°“√‡°‘¥μâÕÀ‘π®–‡æ‘Ë¡¢÷Èπ∂÷ß 6 ‡∑à“

„π Early manifestation glaucoma treatment study æ∫«à“ systolic ocular perfusion pressure ∑’Ë < 160

mmHg ‡ªìπªí®®—¬∑”„ÀâμâÕÀ‘π·¬à≈ß (glaucoma progression)8

OPP   =   ΔP    =   Pa -Pv ÇÇ(4)

‚¥¬ Pa = P of artery entering the eye

Pv = P of vein leaving the eye



51Ocular Perfusion Pressure in Glaucoma

Vascular Dysregulation „π‚√§μâÕÀ‘π
„π™à«ß‡«≈“°≈“ß§◊π §«“¡¥—π‚≈À‘μ„π§π∑—Ë«‰ª¡—°®–

μË”°«à“„π‡«≈“°≈“ß«—π (nocturnal hypotension) ´÷Ëß®“°

 ¡°“√∑’Ë°≈à“«¡“¢â“ßμâπ (OPP = BP - IOP) πà“®–∑”„Àâ

ocular perfusion pressure §◊Õª√‘¡“≥‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ßμ“

πâÕ¬≈ß¥â«¬ ·μà„π§π∑—Ë«‰ª°Á‰¡à‰¥â‡°‘¥¿“«–μâÕÀ‘π„π∑ÿ°√“¬

‡π◊ËÕß®“°¡’°≈‰°∑’Ë‡√’¬°«à“ çautoregulationé Õ—π‡ªìπμ—«

 ”§—≠„π°“√ª√—∫ª√‘¡“≥‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ß≈Ÿ°μ“„Àâ§ß∑’Ë æ∫«à“

°“√‡°‘¥μâÕÀ‘ππà“®–¡’ à«π®“°°“√∑’Ë°≈‰°π’È‡ ’¬‰ª À√◊Õ‡√’¬°

«à“ çDysregulationé9,10

®“°√Ÿª∑’Ë 2 ®–‡ÀÁπ«à“„π™à«ß∑’Ë autoregulation ¬—ß

∑”ß“π‰¥â ª√‘¡“≥ blood flow ®–§ß∑’Ë ·μà‡¡◊ËÕ‡°‘π™à«ß

∑’Ë autoregulation ®–∑”ß“π‰À« („π√Ÿª§◊Õ  < 30 mmHg,

> 70 mmHg) ª√‘¡“≥  blood flow °Á®–·ª√º—π‚¥¬μ√ß

°—∫ª√‘¡“≥ perfusion pressure9 ´÷Ëß‰ª„π∑“ß‡¥’¬«°—π°—∫

°“√»÷°…“«‘®—¬¢Õß Riva11 ·≈– Pillunat12 ∑’Ëæ∫«à“ª√‘¡“≥

blood flow ∑’Ë‰ª¬—ß®Õª√– “∑μ“·≈–¢—È«ª√– “∑μ“π—Èπ§ß∑’Ë

¬°‡«âπ ocular perfusion pressure ®–≈¥≈ß¡“°°«à“√âÕ¬≈–

50 „π∑“ß°≈—∫°—π autoregulation °Á “¡“√∂§«∫§ÿ¡„Àâ

ª√‘¡“≥ blood flow §ß∑’Ë‰¥â®π ocular perfusion pres-

sure ‡æ‘Ë¡¢÷Èπ¡“°°«à“√âÕ¬≈– 34 ®“°ª°μ‘13

¬“√—°…“μâÕÀ‘π·≈– ocular perfusion pressure
„π¿“æ√«¡π—Èπ¬“∑’Ë¡’º≈„π°“√≈¥§«“¡¥—π≈Ÿ°μ“ °Áπà“

®–‡æ‘Ë¡ ocular prefusion pressure ‰¥â (OPP = BP - IOP)

Õ¬à“ß‰√°Áμ“¡¬“∫“ß°≈ÿà¡∑’Ë„™â√—°…“μâÕÀ‘π ¡’ƒ∑∏‘Ï¢â“ß‡§’¬ß

„π°“√≈¥§«“¡¥—π‚≈À‘μ¥â«¬ ‡™àπ ¬“°≈ÿà¡ β-blocker ÷́Ëß

∂â“‡ªìπ™π‘¥√—∫ª√–∑“π°Á∑√“∫°—π¥’«à“„™â„π°“√√—°…“‚√§

§«“¡¥—π‚≈À‘μ Ÿß  ”À√—∫„π√Ÿª·∫∫À¬Õ¥μ“ æ∫«à“¡’ƒ∑∏‘Ï

∑—Èß≈¥§«“¡¥—π≈Ÿ°μ“ ·≈–≈¥§«“¡¥—π‚≈À‘μ14

·μà®“°°“√»÷°…“¢Õß Drance15 ́ ÷Ëß∑”°“√«‘®—¬‡æ◊ËÕ«—¥

ocular perfusion pressure ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªÀ≈—ß®“°

À¬Õ¥¬“ 0.5% timolol ‡∑’¬∫°—∫ 0.005% latanoprost

æ∫«à“°≈ÿà¡∑’ËÀ¬Õ¥ latanoprost ¡’ ocular perfusion

pressure ‡æ‘Ë¡¢÷Èπ ®“°°àÕπÀ¬Õ¥¬“‡©≈’Ë¬√âÕ¬≈– 8 ·μà°≈ÿà¡

∑’ËÀ¬Õ¥ timolol ‡æ‘Ë¡¢÷Èπ√âÕ¬≈– 2 ·¡â«à“∑—Èß 2 °≈ÿà¡ ®–≈¥

√Ÿª∑’Ë 1 §«“¡ —¡æ—π∏å√–À«à“ß  diastolic perfusion pressure ·≈–§«“¡™ÿ°¢Õß‚√§μâÕÀ‘π™π‘¥¡ÿ¡‡ªî¥
(®“° Tielsch JM et al., 1995 4)
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§«“¡¥—π≈Ÿ°μ“‰¥â ‰¡à·μ°μà“ß°—π · ¥ß„Àâ‡ÀÁπ«à“ ¡°“√¢â“ß

μâπ “¡“√∂Õ∏‘∫“¬§«“¡ —¡æ—π∏å√–À«à“ß §«“¡¥—π‚≈À‘μ §«“¡

¥—π≈Ÿ°μ“ ·≈– ocular perfusion pressure ‰¥â®√‘ß Õ¬à“ß‰√

°Áμ“¡‚¥¬¿“æ√«¡ timolol °Á “¡“√∂‡æ‘Ë¡ ocular perfu-

sion  pressure ‰¥â

¬“Õ’°°≈ÿà¡Àπ÷Ëß∑’Ë¡’º≈≈¥§«“¡¥—π‚≈À‘μ‰¥â ®“°ƒ∑∏‘Ï

diuretic π—Ëπ§◊Õ carbonic anhydrase inhibitor „π√Ÿª

·∫∫√—∫ª√–∑“π ·μà°≈—∫æ∫«à“¬“π’È∑”„Àâ ocular perfusion

pressure ‡æ‘Ë¡¢÷Èπ Õ∏‘∫“¬®“°°“√ÕÕ°ƒ∑∏‘Ï∑’Ë‰ª¬—∫¬—Èß car-

bonic anhydrase enzyme ∑”„Àâ¡’ª√‘¡“≥ CO2 ´÷Ëß‡ªìπ

potent vasodilator ‡æ‘Ë¡¡“°¢÷Èπ ‡ªìπº≈„Àâ≈¥§«“¡

μâ“π∑“π¢Õß‡ âπ‡≈◊Õ¥≈ß ·≈–‡æ‘Ë¡ª√‘¡“≥ ocular blood

flow μ“¡¡“16

 ”À√—∫ carbonic anhydrase inhibitor „π√Ÿª·∫∫

À¬Õ¥μ“ ‡™àπ dorzolamide æ∫«à“¡’º≈πâÕ¬μàÕ§«“¡¥—π‚≈À‘μ

·μà “¡“√∂‡æ‘Ë¡ ocular pulse amplitude ‰¥â®÷ß∑”„Àâ ocu-

lar blood flow ‡æ‘Ë¡¢÷Èπ17  ´÷Ëß°Á π—∫ πÿπ‚¥¬ß“π«‘®—¬ ¥â«¬

°“√μ√«®ª√‘¡“≥‡≈◊Õ¥∑’Ë ‰ª‡≈’È¬ß¬—ß¢—È«ª√– “∑μ“ (optic

nerve head blood flow) ‚¥¬„™â laser Doppler flowmetry

æ∫«à“°“√À¬Õ¥μ“¥â«¬¬“ dorzolamide  “¡“√∂‡æ‘Ë¡ op-

tic nerve head blood flow ‰¥â18

∫∑ √ÿª
Ocular perfusion pressure ´÷Ëß‡ªìπ§«“¡ —¡æ—π∏å

¢Õß§«“¡¥—π‡≈◊Õ¥°—∫§«“¡¥—π≈Ÿ°μ“ ‡ªìπªí®®—¬∑’Ë ”§—≠Àπ÷Ëß

„π°“√‡°‘¥μâÕÀ‘π∑—Èß§«“¡™ÿ° Õÿ∫—μ‘°“√ ·≈–°“√·¬à≈ß (pro-

gression) ‡√“ “¡“√∂π”‰ªª√–‡¡‘πºŸâªÉ«¬μâÕÀ‘π‰¥â ‡™àπ

„π°√≥’∑’ËºŸâªÉ«¬¡’°“√¥”‡π‘π‚√§∑’Ë·¬à≈ß ·¡â«à“®– “¡“√∂

§«∫§ÿ¡§«“¡¥—π≈Ÿ°μ“„π™à«ß‡«≈“∑’Ë¡“μ√«®‰¥â °“√μ√«®

‡æ‘Ë¡‡μ‘¡πÕ°®“°«—¥ diurnal IOP ·≈â«®÷ß§«√«—¥§«“¡¥—π

‚≈À‘μºŸâªÉ«¬§«∫§Ÿà‰ª¥â«¬ ‡æ◊ËÕ§”π«≥§à“ ocular perfusion

pressure «à“Õ¬Ÿà„π‡°≥±åª°μ‘À√◊Õ‰¡à ´÷ËßÕ“®π”‰ª Ÿà°“√

«“ß·ºπ°“√√—°…“∑’Ë¡’ª√– ‘∑∏‘¿“æμàÕ‰ª

√Ÿª∑’Ë 2 · ¥ßª√‘¡“≥ blood flow ‡¡◊ËÕ ocular perfusion pressure ‡ª≈’Ë¬π·ª≈ß‰ª „π°√≥’∑’Ë¡’·≈–
‰¡à¡’ autoregulation (From Pillunat, et al. 1997 12)
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