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·π«§‘¥ Ideal closure line:
‡∑§π‘§„π°“√Àπ’∫À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß

Concept of ideal closure line:
A clipping technique for cerebral aneurysms

°‘μ‘æ√ »√’Õ¡√√—μπ°ÿ≈, æ.∫. «.«. ª√– “∑»—≈¬»“ μ√å

π“· ß Õ—§√∏√√¡‚™μ‘, æ.∫. «.«. ª√– “∑»—≈¬»“ μ√å

 ¡‡°’¬√μ‘ «ß»å ÿ√‘¬π—π∑å, æ.∫. «.«. ª√– “∑»—≈¬»“ μ√å

Àπà«¬ª√– “∑»—≈¬»“ μ√å ¿“§«‘™“»—≈¬»“ μ√å

§≥–·æ∑¬å»“ μ√å«™‘√æ¬“∫“≈ ¡À“«‘∑¬“≈—¬π«¡‘π∑√“∏‘√“™

∫∑π”
°“√√—°…“‚¥¬°“√ºà“μ—¥‡ªî¥°–‚À≈°»’√…–‡æ◊ËÕÀπ’∫

À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß (craniotomy for aneurysm clip-

ping) ‡ªìπ°“√√—°…“¡“μ√∞“π∑’Ë„™â°—π¡“μ—Èß·μàªï 1950

‚¥¬¡’«—μ∂ÿª√– ß§å‡æ◊ËÕªÑÕß°—π°“√·μ°´È”‚¥¬°“√„™â clip

‰ªÀπ’∫∑’Ë§Õ¢Õß aneurysm (aneurysm neck) ‡æ◊ËÕ‰¡à

„Àâ¡’‡≈◊Õ¥‰À≈‡«’¬π‡¢â“‰ª„π aneurysm1,2 °“√Àπ’∫ an-

eurysm neck ¥â«¬§≈‘ª (aneurysm clip) ¡’«—μ∂ÿª√– ß§å

‡æ◊ËÕªî¥ª“°∑“ß (orifice) ¢Õß aneurysm ÷́Ëß¡’≈—°…≥–

 “¡¡‘μ‘∑”„Àâ‡°‘¥·π«‡ âπμ√ßÀ√◊Õ‡ âπ‚§âß¢÷Èπ∫π parent

artery ÷́Ëß‡°‘¥®“° blade ¢Õß aneurysm clip ‡√’¬°·π«

‡ âπ∑’Ë‡°‘¥¢÷Èπ„À¡àπ’È«à“ çClosure lineé1 ·μàÕ¬à“ß‰√°Áμ“¡

°“√Àπ’∫À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß¥â«¬ clip æ∫«à“ 5.9-

42% ¡’ à«π¢ÕßÀ≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß‡À≈◊ÕÕ¬ŸàÀ≈—ß

°“√ºà“μ—¥ (aneurysm remnant) ‚¥¬æ∫«à“ aneurysm ¢Õß

anterior cerebral artery ‡ªìπμ”·Àπàß∑’Ëæ∫ aneurysm

remnant ∫àÕ¬∑’Ë ÿ¥3-5 Aneurysm remnant ¡’‚Õ°“ ¡’

¢π“¥„À≠à¢÷Èπ·≈–·μ°‰¥â·¡â«à“®–¡’¢π“¥‡æ’¬ß 1-2

¡‘≈≈‘‡¡μ√‡∑à“π—Èπ5,6 ®“°°“√μ√«®μ‘¥μ“¡¥â«¬ cerebral

angiography „π√–¬–¬“«æ∫«à“ 25% ¢Õß aneurysm rem-

nant ∑’Ë¡’¢π“¥‡≈Á° (dog-ear remnant) ·≈– 75% ¢Õß

aneurysm remnant ∑’Ë¡’¢π“¥„À≠à (broad-based rem-

nant) ¡’¢π“¥„À≠à¢÷Èπ7 Aneurysm remnant Õ“® “¡“√∂

Õÿ¥‰¥â¥â«¬«‘∏’°“√ «πÀ≈Õ¥‡≈◊Õ¥ (endovascular techni-

ques)8 ·μà°“√ºà“Àπ’∫À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß„ÀâÀ¡¥

„π°“√ºà“μ—¥§√—Èß·√°‚¥¬‰¡à‡À≈◊Õ aneurysm remnant

À√◊Õ‡À≈◊Õ„ÀâπâÕ¬∑’Ë ÿ¥‡∑à“∑’Ë®–∑”‰¥â‚¥¬μâÕß‰¡à∑”„Àâ‡°‘¥

°“√Õÿ¥μ—πμàÕ parent artery ‡ªìπ ‘Ëß∑’Ë¥’∑’Ë ÿ¥2

¡’À≈“¬∫∑§«“¡∑’Ëæ¬“¬“¡∫√√¬“¬∂÷ß«‘∏’°“√„π°“√

Àπ’∫À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß¥â«¬ clip ‡æ◊ËÕ„Àâ “¡“√∂

°”®—¥À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß„ÀâÀ¡¥À√◊Õ‡À≈◊Õ aneu-

rysm remnant „ÀâπâÕ¬∑’Ë ÿ¥ ·μà°Á¬—ß‰¡à¡’√Ÿª·∫∫À√◊Õ

·π«§‘¥∑’Ë™—¥‡®π  à«π„À≠à¡—°Õ“»—¬ª√– ∫°“√≥å®“°°“√

ºà“μ—¥„π°“√μ—¥ ‘π„®„ à§≈‘ª·∫∫μà“ßÊ9-12

„πªï 2007 Ishikawa ·≈–§≥–13‰¥â‡ πÕ‡∑§π‘§„π

°“√Àπ’∫À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß‚¥¬„™â·π«§‘¥ closure

line (concept of closure line) ·≈– application angle

‚¥¬æ‘®“√≥“®“°√Ÿª√à“ß (morphology) ¢Õß aneurysm

∫∑§«“¡ª√‘∑—»πå (Review article)



Neurological Surgery
Vol. 7 No. 1 January - June 2016 25

neck ‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√Àπ’∫ aneurysm ‰¥âÕ¬à“ß

‡À¡“– ¡‚¥¬‰¡à‡À≈◊Õ neck remnant À√◊Õ‡À≈◊ÕπâÕ¬

∑’Ë ÿ¥1,13,14

·π«§‘¥ Ideal closure line (Concept of ideal
closure line)

çClosure lineé §◊Õ ·π«‡ âπ∑’Ë‡°‘¥∫π parent artery

À≈—ß®“°°“√„ à§≈‘ª ÷́Ëß‡°‘¥®“° clip blade  Õß¢â“ßª√–°∫

°—π13 (√Ÿª∑’Ë 1)

≈—°…≥–√Ÿª∑√ß¢Õß aneurysm (aneurysm configu-

ration) ·∫àßÕÕ°‰¥â‡ªìπ 3 ª√–‡¿∑ §◊Õ13

1. Bifurcation type aneurysm ¡’ª“°∑“ß (orifice)

Õ¬Ÿàμ√ß°≈“ß√–À«à“ß·¢πßÀ≈Õ¥‡≈◊Õ¥∑—Èß Õß (efferent ar-

teries) ‡°‘¥®“°√àÕß‚§âßμ√ß°≈“ß∑“ß·¬°¢Õß·¢πß

À≈Õ¥‡≈◊Õ¥ (bifurcation) ‚¥¬√àÕß‚§âßπ’ÈÕ¬Ÿà„π·π«μ—Èß©“°

(perpendicular) °—∫·π«¢Õß·¢πßÀ≈Õ¥‡≈◊Õ¥ (efferent

artery) ´÷Ëß°Á§◊Õ ideal closure line ¢Õß aneurysm ™π‘¥π’È

°“√ªî¥ orifice ¥â«¬§≈‘ª„π·π« ideal closure line ®–‰¥â

≈—°…≥–¢ÕßÀ≈Õ¥‡≈◊Õ¥‡À¡◊Õπ°—∫°àÕπ®–¡’ aneurysm

(√Ÿª∑’Ë 2)

2. Trunk type aneurysm ¡’ª“°∑“ß (orifice) Õ¬Ÿà

∫π·¢πßÀ≈Õ¥‡≈◊Õ¥¢â“ßÀπ÷Ëß (one of the efferent arter-

ies) ideal closure line §◊Õ‡ âπμ√ß„π·π«¢π“π (paral-

lel) °—∫·¢πßÀ≈Õ¥‡≈◊Õ¥∑’Ë¡’ aneurysm π—Èπ °“√ªî¥ ori-

fice ¥â«¬§≈‘ª„π·π« ideal closure line ∑”„Àâ bulging ∫π

efferent artery À“¬‰ª‡À¡◊Õπ°—∫ ¿“æ°àÕπ¡’ aneurysm

(√Ÿª∑’Ë 3) ·≈–‰¡à‡°‘¥°“√À—°ßÕ (kinking) ¢Õß efferent

artery ∑’Ë¡’ aneurysm Õ¬Ÿà (√Ÿª∑’Ë 7)

3. Combined type aneurysm ¡’≈—°…≥–√«¡°—π¢Õß

bifurcation type ·≈– trunk type §◊Õ ¡’ª“°∑“ß (orifice)

Õ¬Ÿà∫π∑—Èß√àÕß√–À«à“ß·¢πßÀ≈Õ¥‡≈◊Õ¥·≈–∫π·¢πß

À≈Õ¥‡≈◊Õ¥ ideal closure line ®÷ß‡ªìπ√Ÿª çTé ‚¥¬ à«π

À—«¢Õßμ—«Õ—°…√§◊Õ√àÕßμ√ß°≈“ß√–À«à“ß·¢πßÀ≈Õ¥‡≈◊Õ¥

·≈– à«π≈à“ß¢Õßμ—«Õ—°…√Õ¬Ÿà∫π·¢πßÀ≈Õ¥‡≈◊Õ¥¢â“ß

√Ÿª∑’Ë 1 ¿“æ bifurcation type aneurysm √à«¡°—∫ plane „π·π«¢π“π°—∫ efferent artery (plane „ ) ·≈– plane „π·π«μ—Èß©“°

°—∫ efferent artery (plane  ’‡¢’¬«) (√Ÿª A) ¿“æ aneurysm À≈—ß„ à§≈‘ª„π plane ·π«μ—Èß©“°°—∫ efferent artery · ¥ß

closure line (√Ÿª B) ¿“æ aneurysm À≈—ß®“°μ—¥ aneurysm ÕÕ°®“° parent artery „π·π« closure line (¥—¥·ª≈ß®“°

Kamiyama H et al.15)
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√Ÿª∑’Ë 2 Bifurcation type aneurysm · ¥ßª“°∑“ß (orifice) ÷́ËßÕ¬Ÿàμ√ß°≈“ß√–À«à“ß·¢πßÀ≈Õ¥‡≈◊Õ¥∑—Èß Õß (efferent arteries)

·≈–°“√ªî¥ orifice ¥â«¬§≈‘ª„π·π« ideal closure line ®–‰¥â≈—°…≥–¢ÕßÀ≈Õ¥‡≈◊Õ¥‡À¡◊Õπ°—∫°àÕπ®–¡’ aneurysm (√Ÿª

A) ·π« ideal closure line π’È‡ªìπ®ÿ¥°”‡π‘¥¢Õß aneurysm ™π‘¥π’È (√Ÿª B) (¥—¥·ª≈ß®“° Ishikawa T et al.1, Ishikawa

T13, Kamiyama H et al.15)

√Ÿª∑’Ë 3 Trunk type aneurysm · ¥ßª“°∑“ß (orifice) ÷́ËßÕ¬Ÿà∫π·¢πßÀ≈Õ¥‡≈◊Õ¥¢â“ßÀπ÷Ëß (one of the efferent arteries)

·≈–°“√ªî¥ orifice ¥â«¬§≈‘ª„π·π« ideal closure line „π·π«¢π“π (parallel) °—∫·¢πßÀ≈Õ¥‡≈◊Õ¥∑’Ë¡’ aneurysm

∑”„Àâ bulging ∫π efferent artery (≈Ÿ°»√ ’·¥ß) À“¬‰ª‡À¡◊Õπ°—∫ ¿“æ°àÕπ¡’ aneurysm (√Ÿª A) ·π« ideal closure

line π’È‡ªìπ®ÿ¥°”‡π‘¥¢Õß aneurysm ™π‘¥π’È (√Ÿª B) (¥—¥·ª≈ß®“° Ishikawa T et al.1, Ishikawa T13, Kamiyama H et

al.15)
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Àπ÷Ëß∑’Ë¡’ aneurysm ‚¥¬Õ¬Ÿà„π·π«¢π“π°—∫·¢πßÀ≈Õ¥

‡≈◊Õ¥π—Èπ ·μà„π∑“ßªØ‘∫—μ‘‰¡à “¡“√∂„ à§≈‘ª„Àâ closure

line ‡ªìπ√Ÿªμ—« çTé ‰¥â ®÷ß·π–π”„Àâ„ à§≈‘ª„π·π«‡©’¬ß

°—∫·¢πßÀ≈Õ¥‡≈◊Õ¥·∑π (oblique clip) (√Ÿª∑’Ë 4)

°“√„ à§≈‘ª„π·π«Õ◊Ëπ∑’Ë‰¡à„™à ideal closure line ®–

∑”„Àâ‡À≈◊Õ aneurysm remnant ‰¡à¡“°°ÁπâÕ¬ (√Ÿª∑’Ë 5,

6, 7)

‡π◊ËÕß®“° ideal closure line ¢Õß bifurcation type

·≈– combined type aneurysm ¡’≈—°…≥–‡ªìπ‡ âπ‚§âß

(curve line) °“√„ à§≈‘ª®÷ß®”‡ªìπμâÕß∑”„Àâ closure line

‡ªìπ‡ âπ‚§âß‡æ◊ËÕ‰¡à„Àâ‡À≈◊Õ dog-ear remnant «‘∏’·√°§◊Õ

°“√„™â§≈‘ªμ—«‡¥’¬« (single clip technique) ‚¥¬Õ“®„™â

§≈‘ª‚§âßÀ√◊Õ shank clip (crankshaft clip: clip blade

ßÕ‡ªìπ¡ÿ¡©“°§≈â“¬√Ÿª¢—Èπ∫—π‰¥) (√Ÿª∑’Ë 8) ´÷Ëß¡—°®–‰¡à

√Ÿª∑’Ë 4 Combined type aneurysm · ¥ßª“°∑“ß (orifice) Õ¬Ÿà∫π∑—Èß√àÕß√–À«à“ß·¢πßÀ≈Õ¥‡≈◊Õ¥·≈–∫π·¢πßÀ≈Õ¥‡≈◊Õ¥‡À¡◊Õπ

‡ªìπ√Ÿª çTé ´÷Ëß‡ªìπ ideal closure line ·≈–°“√ªî¥ orifice ¥â«¬§≈‘ª„π·π« ideal closure line ‰¡à “¡“√∂∑”‰¥â„π∑“ß

ªØ‘∫—μ‘ ®÷ß·π–π”„Àâ„ à§≈‘ª„π·π«‡©’¬ß°—∫·¢πßÀ≈Õ¥‡≈◊Õ¥·∑π (oblique clip) (√Ÿª A) ·π« ideal closure line √Ÿª çTé

‡ªìπ®ÿ¥°”‡π‘¥¢Õß aneurysm ™π‘¥π’È (√Ÿª B) (¥—¥·ª≈ß®“° Ishikawa T et al.1, Ishikawa T13, Kamiyama H et al.15)

√Ÿª∑’Ë 5 Bifurcation type aneurysm of MCA bifurcation „ à§≈‘ª·∫∫ parallel clipping ®–‡À≈◊Õ residual neck ∫√‘‡«≥ parent

artery ∂â“„ à§≈‘ª·∫∫ perpendicular clipping (ideal closure line) ®–‰¡à‡À≈◊Õ residual neck (¥—¥·ª≈ß®“° Kamiyama

H et al.15)
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√Ÿª∑’Ë 6 Bifurcation type aneurysm of right internal carotid-posterior communicating artery (IC-PC) aneurysm„ à§≈‘ª·∫∫

parallel clipping ®–‡À≈◊Õ residual neck ∫√‘‡«≥ parent artery ∂â“„ à§≈‘ª·∫∫ perpendicular clipping (ideal closure

line) ®–‰¡à‡À≈◊Õ residual neck (¥—¥·ª≈ß®“° Kamiyama H et al.15)

√Ÿª∑’Ë 7 Trunk type aneurysm of MCA bifurcation „™â§≈‘ªÀπ’∫·∫∫ perpendicular clipping ®–‡À≈◊Õ residual neck (√Ÿª A ≈à“ß)

Trunk type aneurysm ¢π“¥„À≠à „™â§≈‘ªÀπ’∫·∫∫ perpendicular clipping ®–‡°‘¥°“√À—°ßÕ (kinking) ¢Õß efferent

artery ∑’Ë¡’ aneurysm Õ¬Ÿà (√Ÿª B ≈à“ß) (¥—¥·ª≈ß®“° Kamiyama H et al.15)
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æÕ¥’°—∫√Ÿª√à“ß¢Õß aneurysm neck ́ ÷Ëß¡’√Ÿª∑√ßÀ≈“°À≈“¬

Õ’°«‘∏’∑’Ë¥’°«à“§◊Õ °“√„ à§≈‘ªÀ≈“¬μ—« (multiple clip tech-

nique) „ à‡√’¬ß°—π (tandem clipping) ‚¥¬„™â§≈‘ªμ—«·√°

(primary clip) ´÷Ëß¡—°®–‡ªìπ§≈‘ª‚§âß Àπ’∫ à«π„À≠à¢Õß

aneurysm neck ¥â“π∑’Ëºπ—ß∫“ß°«à“°àÕπ (thinner wall)

·≈â«„™â§≈‘ªÕ’°μ—« (second clip) Àπ’∫μàÕ®“°§≈‘ªμ—«

·√°‡æ◊ËÕÀπ’∫ dog-ear remnant ‡æ◊ËÕªÑÕß°—π°“√©’°¢“¥

¢Õß¥â“π∑’Ëºπ—ß∫“ß (√Ÿª∑’Ë 9) «‘∏’π’È “¡“√∂‡≈◊Õ°√Ÿª∑√ß

¢Õß§≈‘ª·≈–®—¥‡√’¬ß§≈‘ª„Àâ‰¥â¡ÿ¡·≈–√Ÿª√à“ß∑’Ë‡À¡“– ¡

‰¥âÀ≈“°À≈“¬1 (√Ÿª∑’Ë 10)

°“√„ à§≈‘ªÀ≈“¬μ—«‡√’¬ß°—π (tandem clipping) ¡’

À≈“¬«‘∏’ ‡™àπ under clipping, back-to-back clipping À√◊Õ

cross clipping (√Ÿª∑’Ë 10) ‚¥¬„™â fenestrated clip ÷́Ëß¡’

∑—Èß fenestrated standard-clip ·≈– fenestrated mini-

clip (√Ÿª∑’Ë 11) ÷́ËßÕÕ°·∫∫‡©æ“–¡“‡æ◊ËÕ‡°Á∫ dog-ear

remnant16

çClosure planeé §◊Õ √–π“∫¢Õß closure line ∑’Ë‡ªìπ

‡ âπ‚§âß (curve closure line) ·∫àßÕÕ°‡ªìπ axial, coronal

·≈– sagittal plane (√Ÿª∑’Ë 12) ·≈– ¿“æ· ¥ß closure

plane ¢Õß anterior communicating artery aneurysm

√Ÿª∑’Ë 8 Crankshaft (Shank) clip μ√ß∫√‘‡«≥ clip blade ßÕ‡ªìπ¡ÿ¡©“°§≈â“¬√Ÿª¢—Èπ∫—π‰¥ ´÷Ëß·π« closure line °—∫√Ÿª√à“ß¢Õß

crankshaft clip ‰¡àæÕ¥’°—π (¥—¥·ª≈ß®“° Ishikawa T et al.1)

√Ÿª∑’Ë 9 °“√„ à§≈‘ªÀ≈“¬μ—«‡√’¬ß°—π (tandem clipping) ‚¥¬„™â§≈‘ªμ—«·√° (primary clip) Àπ’∫ à«π„À≠à¢Õß aneurysm neck

¥â“π∑’Ëºπ—ß∫“ß°«à“°àÕπ (thinner wall) ·≈â«„™â§≈‘ªÕ’°μ—« (second clip) Àπ’∫μàÕ®“°§≈‘ªμ—«·√°‡æ◊ËÕÀπ’∫ dog-ear remnant

(¥—¥·ª≈ß®“° Ishikawa T et al.1)
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(√Ÿª∑’Ë 13)14

çApplication planeé §◊Õ √–π“∫∫π clip applier ∑’Ë

‡°‘¥®“°º‘«¥â“π„π¢Õß clip blade ∑’Ëª√–°∫°—π ÷́Ëß‡ªìπ

·π«√–π“∫‡¥’¬«°—∫ Closure plane (√Ÿª∑’Ë 14)14

çApplication angleé §◊Õ ∑‘»∑“ß„π°“√„ à clip applier

‡æ◊ËÕÀπ’∫ aneurysm13

„π∫“ß surgical approach °“√„ à§≈‘ª„π∫“ß¡ÿ¡

‡æ◊ËÕ„Àâ‰¥â closure plane „π∫“ß plane ‰¡à “¡“√∂∑”‰¥â

®√‘ß ‡π◊ËÕß®“°∂Ÿ°®”°—¥¥â«¬¢Õ∫°–‚À≈°»’√…– ‡™àπ „π

√Ÿª∑’Ë 10 °“√„ à§≈‘ª·∫∫ tandem clipping back-to-back clipping (√Ÿª A) cross clipping (√Ÿª B) ·≈– under clipping (√Ÿª C)

(¥—¥·ª≈ß®“° Ishikawa T et al.1)

√Ÿª∑’Ë 11 Fenestrated mini-clip 2 ™π‘¥ (√Ÿª A) °“√„ à fenestrated mini-clip ‡æ◊ËÕ‡°Á∫ dog-ear remnant (√Ÿª B) (¥—¥·ª≈ß

®“° Ota N et al.16)

°“√„ à§≈‘ª‡æ◊ËÕÀπ’∫ anterior communicating artery

(AcoA) aneurysm ºà“π∑“ß Transsylvian approach ‰¡à

 “¡“√∂„ à§≈‘ª„π sagittal plane ‰¥â (√Ÿª∑’Ë 14) ·≈– Basal

interhemispheric approach ‰¡à “¡“√∂„ à§≈‘ª„π coro-

nal plane ‰¥â (√Ÿª∑’Ë 15) 14

Nakayama æ∫«à“ anterior communicating artery

aneurysm ‡ªìπ bifurcation type 90.6%, trunk type 5.6%,

·≈– combined type 3.8% ‚¥¬„π bifurcation type æ∫

«à“¡’ ideal closure plane „π·π« sagittal 66%, axial



Neurological Surgery
Vol. 7 No. 1 January - June 2016 31

16.1% ·≈– coronal 17.9% · ¥ß„Àâ‡ÀÁπ«à“  à«π„À≠à

¢Õß anterior communicating artery aneurysm ¡’ closure

plane „π·π« sagittal plane °“√„™â transsylvian approach

®–‰¡à “¡“√∂„ à§≈‘ª„Àâ closure plane Õ¬Ÿà„π·π«π’È ‰¥â

·μà “¡“√∂∑”‰¥â¥â«¬ interhemispheric approach14

Ishikawa ·≈–§≥–æ∫«à“ middle cerebral aneurysm

‡ªìπ bifurcation type 76.5%, trunk type 17.6%, ·≈–

combined type 5.9% ‚¥¬„™â transsylvian approach

 “¡“√∂„ à§≈‘ª„π·π« ideal closure line ‰¥â 92%1 °“√

§≈‘ª middle cerebral aneurysm ‚¥¬ºà“π∑“ß transsylvian

approach π—Èπ “¡“√∂„ à§≈‘ª‰¥â„π·π« axial ·≈– coro-

nal plane ‰¥â‰¡à¬“° ·μà°“√„ à§≈‘ª„π·π« sagittal plane

√Ÿª∑’Ë 12 Closure plane §◊Õ √–π“∫¢Õß closure line ∑’Ë‡ªìπ

‡ âπ‚§âß (curve closure line) (¥—¥·ª≈ß®“°

Kamiyama H et al.15)

√Ÿª∑’Ë 13 Closure plane ¢Õß anterior communicating artery aneurysm ¡Õß®“° basal interhemispheric approach (¥—¥·ª≈ß

®“° Nakayama N14)
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√Ÿª∑’Ë 14 Transsylvian approach ‡æ◊ËÕÀπ’∫ anterior communicating artery (AcoA) aneurysm  “¡“√∂„ à§≈‘ª„π·π« coronal

·≈– axial plane ‰¥â ·μà‰¡à “¡“√∂„ à§≈‘ª„π·π« sagittal plane ‰¥â (¥—¥·ª≈ß®“° Nakayama N14)

√Ÿª∑’Ë 14 Application plane §◊Õ √–π“∫∫π clip applier ∑’Ë‡°‘¥

®“°º‘«¥â“π„π¢Õß clip blade ∑’Ëª√–°∫°—π (√Ÿª A)

clip applier ™π‘¥∑’Ë “¡“√∂°√–¥°ª≈“¬§≈‘ª‰¥â

‡æ◊ËÕ„Àâ “¡“√∂„ à§≈‘ª‰¥âÀ≈“¬¡ÿ¡„π application

plane ‡¥‘¡ (√Ÿª B) (¥—¥·ª≈ß®“° Nakayama N14)

π—ÈπÕ“®∑”‰¥â¬“°À“°∂Ÿ°®”°—¥¥â«¬ bony exposure ∑’Ë‡≈Á°

À√◊Õ°“√‡ªî¥ sylvian fissure ∑’Ë‰¡à°«â“ßæÕ (√Ÿª∑’Ë 16)

„π∑”πÕß‡¥’¬«°—∫°“√Àπ’∫ internal carotid artery (ICA)

aneurysm ‚¥¬ºà“π∑“ß transsylvian approach °“√„ à

§≈‘ª„π·π« sagittal plane °Á∑”‰¥â§àÕπ¢â“ß¬“°‡™àπ‡¥’¬«°—π

°“√„ à§≈‘ª„Àâ‰¥â ideal closure line μâÕßæ‘®“√≥“∂÷ß

closure plane ·≈– application angle ´÷Ëß∫“ß§√—Èß°“√„ à

clip applier ∂Ÿ°®”°—¥¥â«¬¢Õ∫°–‚À≈°»’√…–¢Õß·μà≈– sur-

gical approach ®÷ß¡’§«“¡®”‡ªìπμâÕß¡’°“√ mobilize μ—«

parent artery À√◊Õ·¢πßÀ≈Õ¥‡≈◊Õ¥ (efferent artery)

‡æ◊ËÕ‡ª≈’Ë¬π·π« closure plane ∫π aneurysm neck „Àâ

 “¡“√∂„ à clip applier ‡æ◊ËÕ«“ß§≈‘ª„Àâ closure plane

Õ¬Ÿà„π·π«∑’Ë‡À¡“– ¡∑’Ë ÿ¥‰¥â °“√·¬° aneurysm ÕÕ°

®“°À≈Õ¥‡≈◊Õ¥·≈–‡π◊ÈÕ ¡Õß∑’ËÕ¬Ÿà√Õ∫ (complete dissec-
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√Ÿª∑’Ë 15 Basal interhemispheric approach ‡æ◊ËÕÀπ’∫ anterior communicating artery (AcoA) aneurysm  “¡“√∂„ à§≈‘ª„π

·π« axial ·≈– sagittal plane ‰¥â ·μà‰¡à “¡“√∂„ à§≈‘ª„π·π« coronal plane ‰¥â (¥—¥·ª≈ß®“° Nakayama N14)

tion) ·≈– surgical approach ∑’Ë‡À¡“– ¡·≈–°«â“ßæÕ¡’

 à«π ”§—≠Õ¬à“ß¡“°„π°“√„ à§≈‘ª„π·π« ideal closure

line „π°√≥’∑’Ë‰¡à “¡“√∂„ à§≈‘ª„π·π« ideal closure line

‰¥â „Àâæ‘®“√≥“„ à§≈‘ª„π·π«∑’Ë„°≈â‡§’¬ß°—∫ ideal closure

line „Àâ¡“°∑’Ë ÿ¥‡æ◊ËÕ„Àâ‡À≈◊Õ aneurysm remnant πâÕ¬

∑’Ë ÿ¥1,15 (√Ÿª∑’Ë 17)15

°“√ºà“μ—¥‡æ◊ËÕÀπ’∫ anterior communicating artery

aneurysm ‚¥¬ à«π„À≠à®–∑”ºà“π pterional approach

‰¡à«à“®–‡ªìπ subfrontal approach À√◊Õ transsylvian ap-

proach ́ ÷Ëß‡À¡“–°—∫ aneurysm ∑’Ë¡’ closure plane „π·π«

coronal À√◊Õ axial plane (æ∫ª√–¡“≥ 34% ¢Õß aneu-

rysm ™π‘¥π’È14) °“√æ‘®“√≥“‡≈◊Õ°¢â“ß∑’Ë®–ºà“μ—¥¡’ à«π

 ”§—≠∑’Ë®–∑”„Àâ “¡“√∂„ à§≈‘ª‰¥âÕ¬à“ß‡À¡“– ¡ „πªï

2009 Chen ·≈–§≥–‰¥â‡ πÕ·π«∑“ß°“√æ‘®“√≥“

‡≈◊Õ°¢â“ß„π°“√ºà“μ—¥ anterior communicating artery

aneurysm ºà“π pterional transsylvian approach ‚¥¬„π

°√≥’∑’Ë aneurysm dome ™’È‰ª¥â“π¢â“ß (lateral) ¢÷Èπ∫π

(superior) À√◊Õ¥â“πÀπâ“ (anterior) ·π–π”„Àâºà“μ—¥¢â“ß

∑’Ë ipsilateral A2 Õ¬ŸàÀ≈—ß°«à“ contralateral A2 (side of

open A2 fork) °√≥’∑’Ë aneurysm dome ™’È‰ª¥â“πÀ≈—ß

(posterior) ·π–π”„Àâºà“μ—¥¢â“ß∑’Ë ipsilateral A2 Õ¬Ÿà

Àπâ“°«à“ contralateral A2 (side of closed A2 fork)
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‡π◊ËÕß®“° “¡“√∂‡ÀÁπ A2 ‰¥â∑—Èß Õß¢â“ß (√Ÿª∑’Ë 18) ·≈–

°√≥’ aneurysm dome ™’È≈ß≈à“ß (inferior) ·π–π”„Àâ

ºà“μ—¥¢â“ß∑’Ë dominant A1 ‡π◊ËÕß®“°°“√ retract frontal

lobe Õ“®∑”„Àâ‡°‘¥ premature rupture17

¥â«¬‡∑§‚π‚≈¬’∑“ß√—ß ’«‘∑¬“∑’Ëæ—≤π“‰ªÕ¬à“ß¡“°„π

ªí®®ÿ∫—π ‡™àπ 3D-CT angiography (3D-CTA) À√◊Õ 3D-

digital subtraction angiography (3D-DSA) ∑”„Àâ

 “¡“√∂‡ÀÁπ√Ÿª√à“ß≈—°…≥–¢Õß aneurysm ‰¥âÕ¬à“ß

™—¥‡®π°àÕπ°“√ºà“μ—¥ √à«¡°—∫°“√π” concept of ideal clo-

sure line ¡“„™â‡ªìπ·π«∑“ß„π°“√«“ß·ºπ°àÕπ∑”ºà“μ—¥

™à«¬„Àâ∑√“∫°àÕπ°“√ºà“μ—¥«à“ ideal closure line ·≈– clo-

sure plane Õ¬Ÿà„π·π«„¥ application angle Õ¬Ÿà„π¡ÿ¡„¥

∑”„Àâ “¡“√∂‡≈◊Õ° surgical approach ·≈–™π‘¥¢Õß

§≈‘ª∑’Ë‡À¡“– ¡°—∫ aneurysm π—ÈπÊ‰¥â ™à«¬„Àâ°“√ºà“μ—¥

‡ªìπ‰ªÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ¡“°∑’Ë ÿ¥

‡∑§π‘§„π°“√Àπ’∫À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß„π∫“ß°√≥’

„π°√≥’∑’Ë aneurysm wall À√◊ÕÀ≈Õ¥‡≈◊Õ¥‚¥¬√Õ∫

¡’∫“ß à«π à«π∑’Ë¡’ atherosclerotic change °“√„ à§≈‘ª

§«√À≈’°‡≈’Ë¬ß°“√Àπ’∫∫√‘‡«≥¥—ß°≈à“«‡æ◊ËÕªÑÕß°—π¿“«–

 ¡Õß¢“¥‡≈◊Õ¥Õ—π‡°‘¥®“°≈‘Ë¡‡≈◊Õ¥À≈ÿ¥≈Õ¬ (emboli)

·≈– °“√Õÿ¥μ—π¢Õß parent artery À√◊Õ·¢πßÀ≈Õ¥‡≈◊Õ¥

(efferent artery)1,18 (√Ÿª∑’Ë 19)

√Ÿª∑’Ë 16 °“√„ à§≈‘ª‡æ◊ËÕÀπ’∫ middle cerebral artery (MCA) aneurysm ‚¥¬ºà“π∑“ß transsylvian approach „π·π« axial,

coronal ·≈– sagittal plane (¥—¥·ª≈ß®“° Nakayama N14)
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®“°°“√»÷°…“°“√‰À≈‡«’¬π‡≈◊Õ¥„πμ—«À≈Õ¥‡≈◊Õ¥

 ¡Õß‚ªÉßæÕß (hemodynamics of aneurysm) æ∫«à“ ®ÿ¥

∑’Ë‡≈◊Õ¥‰À≈‡«’¬π‡¢â“‰ª„π aneurysm (inflow zone) π—Èπ

§◊Õ distal neck of aneurysm ´÷Ëß‡ªìπ à«π∑’Ë‰¥â√—∫ hemo-

dynamic stress ¡“°∑’Ë ÿ¥ ®÷ß‡ªìπ∫√‘‡«≥∑’Ë aneurysm

®–¡’°“√¢¬“¬¢π“¥¢÷Èπ‰¥âÕ’° (aneurysm enlargement

zone)  à«π®ÿ¥∑’Ë‡≈◊Õ¥‰À≈‡«’¬πÕÕ°®“° aneurysm (out-

flow zone) §◊Õ proximal neck ‰¥â√—∫ hemodynamic stress

‰¡à¡“°  à«π∫√‘‡«≥μ√ß°≈“ß¢Õß aneurysm dome ‡ªìπ

∫√‘‡«≥∑’Ë¡’°“√‰À≈¢Õß‡≈◊Õ¥μË”19-21 (√Ÿª∑’Ë 20)

Aneurysm ™π‘¥∑’ËÕ¬Ÿà√–À«à“ß·¢πßÀ≈Õ¥‡≈◊Õ¥ Õß

·¢πß (bifurcation aneurysm) æ∫«à“ ∂â“·¢πßÀ≈Õ¥

‡≈◊Õ¥∑—Èß Õß∑”¡ÿ¡‰¡à‡∑à“°—π (asymmetrical outflow) in-

flow zone ®–Õ¬Ÿà∫√‘‡«≥ distal neck ·≈–‡ªìπ∫√‘‡«≥∑’Ë¡’

hemodynamic stress ¡“°∑’Ë ÿ¥ ∂â“·¢πßÀ≈Õ¥

‡≈◊Õ¥∑”¡ÿ¡‡∑à“°—π (symmetrical outflow) inflow ¡’

∑‘»∑“ßºà“π aneurysm neck ‰ª∑’Ë dome ‚¥¬μ√ß hemo-

dynamic stress ∫√‘‡«≥π’È®–¡“°À√◊ÕπâÕ¬¢÷Èπ°—∫

≈—°…≥–¢Õß°“√‰À≈„πμ—« aneurysm ·μà∫√‘‡«≥∑’Ë¡’ he-

modynamic stress ¡“°§◊Õ aneurysm neck ∑—Èß Õß¥â“π

(√Ÿª∑’Ë 21)19

„π°√≥’∑’ËÕ—μ√“ à«πæ◊Èπ∑’Ë¢Õß aneurysm dome μàÕ

√Ÿª∑’Ë 18 °“√ºà“μ—¥‡æ◊ËÕÀπ’∫ anterior communicating artery

aneurysm ‚¥¬ºà“π∑“ß Transsylvian approach

∑“ß¥â“π¢«“À√◊Õ ấ“¬ „π aneurysm ∑’Ë¡’ projection

μà“ßÊ (¥—¥·ª≈ß®“° Chen L et al.17)

√Ÿª∑’Ë 17 Left transsylvian approach ‡æ◊ËÕ§≈‘ª anterior communicating artery aneurysm ÷́Ëß¡’ ideal closure line Õ¬Ÿà„π·π«

sagittal plane ÷́Ëß‰¡à “¡“√∂„ à§≈‘ª„π plane π’È‰¥â‚¥¬„™â approach π’È ®÷ß„ à§≈‘ª„π plane ∑’Ë„°≈â‡§’¬ß°—∫ ideal closure

line ¡“°∑’Ë ÿ¥ (oblique clipping) (√Ÿª A) °“√§≈‘ª anterior communicating artery aneurysm ∑’Ë¡’ ideal closure line

„π·π« coronal plane ‚¥¬ºà“π∑“ß basal interhemispheric approach ÷́Ëß‰¡à “¡“√∂„ à§≈‘ª„π plane π’È‰¥â‚¥¬„™â ap-

proach π’È ®÷ß„ à§≈‘ª„π plane ∑’Ë„°≈â‡§’¬ß°—∫ ideal closure line ¡“°∑’Ë ÿ¥ (parallel clipping) (√Ÿª B) (¥—¥·ª≈ß®“°

Nakayama N14)

æ◊Èπ∑’Ë¢Õß aneurysm neck ¡’§à“¡“°®–‡°‘¥°“√‰À≈‡«’¬π

‡≈◊Õ¥∑’Ë™â“ (stagnant flow) ¿“¬„πμ—« aneurysm ∑”„Àâ

aneurysm π—Èπ¡’‚Õ°“ ‡°‘¥≈‘Ë¡‡≈◊Õ¥¿“¬„π (thrombotic

aneurysm) ‰¥â¡“° ‚¥¬ à«π∑’Ë¡’°“√‰À≈‡«’¬π‡≈◊Õ¥

¿“¬„πμ—« thombotic aneurysm π—Èπ¡—°®–‡ªìπ inflow

zone21 (√Ÿª∑’Ë 22)
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®“°§«“¡√Ÿâ‡√◊ËÕß hemodynamics ∑”„Àâ∑√“∫«à“  à«π

distal neck ¢Õß aneurysm ‡ªìπ∫√‘‡«≥∑’ËμâÕß„Àâ§«“¡

 ”§—≠‡ªìπæ‘‡»…∑’Ë®–μâÕßÀπ’∫„ÀâÀ¡¥¥â«¬§≈‘ª ‡æ√“–

‡ªìπ∫√‘‡«≥∑’Ë aneurysm ¡’°“√¢¬“¬¢π“¥21 ‚¥¬ à«π

proximal neck ÷́Ëß¡—°¡’·¢πß¢ÕßÀ≈Õ¥‡≈◊Õ¥Õ¬Ÿà „π

∫“ß°√≥’∑’Ë‰¡à “¡“√∂Àπ’∫ à«ππ’È‰¥âÀ¡¥‡æ√“–®–∑”„Àâ

·¢πßÀ≈Õ¥‡≈◊Õ¥π—ÈπÕÿ¥μ—π °“√‡À≈◊Õ proximal neck ‰«â

‡æ’¬ß‡≈Á°πâÕ¬°Á‡ªìπ ‘Ëß®”‡ªìπ‡æ◊ËÕ„Àâ “¡“√∂√—°…“·¢πß

À≈Õ¥‡≈◊Õ¥‰«â ‚¥¬‚Õ°“ ∑’Ë aneurysm ®–¢¬“¬¢π“¥®“°

∫√‘‡«≥π’Èπ—Èπ‰¡à¡“°π—° «‘∏’°“√§◊Õ °“√∫‘¥§≈‘ª (rotation)

„Àâ clip blade ¥â“π distal neck °¥≈ß∫π distal neck

„Àâ™‘¥¡“°∑’Ë ÿ¥ Õ“®„™â suction tube ™à«¬¥—π aneurysm

dome ‡æ◊ËÕ„Àâ‡°‘¥·√ß°√–∑”„π·π«μ√ß¢â“¡ (√Ÿª∑’Ë 23)15

 √ÿª

°“√„™â§≈‘ªÀπ’∫À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß„ÀâÀ¡¥„π

°“√ºà“μ—¥‡æ’¬ß§√—Èß‡¥’¬«‡ªìπ ‘Ëß∑’Ë¥’∑’Ë ÿ¥ °“√∑’Ë®–∑”‡™àπ

π—Èπ‰¥âμâÕß¡’§«“¡‡¢â“„®∂÷ß≈—°…≥–√Ÿª∑√ß¢ÕßÀ≈Õ¥‡≈◊Õ¥

∑’Ë‚ªÉßæÕß «‘∏’°“√„ à§≈‘ª∑’Ë‡À¡“– ¡„π·μà≈–·∫∫ ·≈–

°“√‰À≈‡«’¬π‡≈◊Õ¥„πμ—«À≈Õ¥‡≈◊Õ¥ ¡Õß‚ªÉßæÕß Ideal

closure line ‡ªìπ·π«§‘¥∑’Ë‡ªìπ√Ÿª∏√√¡™—¥‡®π “¡“√∂

π”¡“„™â‡ªìπ·π«∑“ß„π°“√«“ß·ºπ°àÕπºà“μ—¥ „™â‡≈◊Õ°

surgical approach ·≈–™π‘¥¢Õß§≈‘ª∑’Ë‡À¡“– ¡ ∑”„Àâ

√Ÿª∑’Ë 20 Hemodynamics ¿“¬„π aneurysm ‚¥¬ inflow zone

Õ¬Ÿà∫√‘‡«≥ distal neck (¥—¥·ª≈ß®“° Bederson

JB21)

√Ÿª∑’Ë 21 Hemodynamics ¢Õß bifurcation aneurysm ∂â“‡ªìπ

™π‘¥ asymmetrical outflow inflow zone ∫√‘‡«≥∑’Ë¡’

stress ¡“°∑’Ë ÿ¥ ®–Õ¬Ÿà∑’Ë distal neck ∂â“‡ªìπ™π‘¥

symmetrical outflow ∫√‘‡«≥∑’Ë¡’ stress ¡“°∑’Ë ÿ¥

®–Õ¬Ÿà∑’Ë aneurysm neck ∑—Èß Õß¥â“π (¥—¥·ª≈ß®“°

Bederson JB21)

√Ÿª∑’Ë 19 °“√Àπ’∫ atherosclerotic aneurysm ∑’Ë¡’≈—°…≥–

μà“ßÊ (√Ÿª A, B) §«√À≈’°‡≈’Ë¬ß°“√Àπ’∫∫√‘‡«≥∑’Ë¡’

atherosclerotic change ( ’‡À≈◊Õß) (¥—¥·ª≈ß®“°

Sakarunchai I et al.18)

√Ÿª∑’Ë 22 °“√‡°‘¥ thrombotic aneurysm  à«π∑’Ë¡’°“√‰À≈‡«’¬π

‡≈◊Õ¥®–Õ¬Ÿà∑’Ë∫√‘‡«≥ distal neck (¥—¥·ª≈ß®“°

Bederson JB21)
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√Ÿª∑’Ë 23 °“√∫‘¥§≈‘ª (clip rotation) „Àâ clip blade ¥â“π distal neck °¥≈ß∫π distal neck „Àâ™‘¥¡“°∑’Ë ÿ¥ ‚¥¬„™â suction tube

™à«¬¥—π aneurysm dome ‡æ◊ËÕ„Àâ‡°‘¥·√ß°√–∑”„π·π«μ√ß¢â“¡ (¥—¥·ª≈ß®“° Kamiyama H et al.15)
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