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À≈“¬Ê¥â“π¢Õß ¡“™‘°‡ªìπÕ¬à“ß‰√ μâÕß°“√ π—∫ πÿπ‡π◊ÈÕÀ“„π∑ÿ°¥â“π

Õ¬à“ß‰¡àªî¥°—Èπ √«¡∑—Èß√“™«‘∑¬“≈—¬ª√– “∑»—≈¬·æ∑¬å·Ààßª√–‡∑»‰∑¬°Á¡’

«—μ∂ÿª√– ß§åÀ≈—° ‡æ◊ ËÕ„Àâ«“√ “√π’ È‡ªìπ»Ÿπ¬å°≈“ß„π°“√æ—≤π“§«“¡

°â“«Àπâ“„πß“π«‘™“°“√·≈–∑”Àπâ“∑’Ë‡ªìπ ◊ËÕ°≈“ß„π°“√‡º¬·æ√àß“π¢Õß

 ¡“™‘°∑ÿ°∑à“π ∑“ß∫√√≥“∏‘°“√·≈–√“™«‘∑¬“≈—¬®–æ¬“¬“¡ π—∫ πÿπº≈

ß“π¢Õß∑ÿ°∑à“π‡æ◊ËÕ„Àâ¡’‚Õ°“ „π°“√‡º¬·æ√à‰¥âÕ¬à“ß¥’∑’Ë ÿ¥

©∫—∫π’È¡’ ¡“™‘° àßß“π«‘®—¬·≈–∫∑§«“¡∑’Ëπà“ π„®¡“®“°À≈“¬ ∂“∫—π

·≈– °“√æ—≤π“ß“π«‘®—¬®“° ∂“∫—πμà“ßÊ ®–‡ÀÁπ‰¥â«à“‡π◊ÈÕÀ“ß“π«‘®—¬¢Õß

 ¡“™‘°¡’°“√æ—≤π“¡“°¢÷Èπ‡√◊ËÕ¬Ê ¡’π«—μ°√√¡ ·≈–·π«§‘¥¢Õß°“√«‘®—¬¡“°

¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß„π√–¬– 2-3 ªï¡“π’È ‰¥â‡ÀÁπ°“√æ—≤π“ß“π«‘®—¬„πÀ≈“¬Ê

‚√ßæ¬“∫“≈ ·≈–‡°‘¥°“√«‘®—¬μàÕ¬Õ¥∑’Ëπà“ π„®‡ªìπÕ¬à“ß¬‘Ëß„πÀ≈“¬Êß“π

 ÿ¥∑â“¬π’Èº¡¢Õ¢Õ∫æ√–§ÿ≥ ºŸâπ‘æπ∏å·≈–§≥–∑ÿ°∑à“π §≥–°√√¡°“√

√“™«‘∑¬“≈—¬ª√– “∑»—≈¬·æ∑¬å·Ààßª√–‡∑»‰∑¬ ·≈–°Õß∫√√≥“∏‘°“√∑ÿ°

∑à“π∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå„π°“√μ√«®μâπ©∫—∫ ß“π«‘®—¬∑’Ë∑à“π àß¡“®–‡ªìπ

 à«πÀπ÷Ëß„π°“√æ—≤π“§ÿ≥¿“æ«“√ “√¢Õß‡√“„Àâ¥’¬‘ËßÊ ¢÷Èπ

√Õß»“ μ√“®“√¬å π“¬·æ∑¬å ¿—∑√«‘∑¬å √—°…å°ÿ≈

∫√√≥“∏‘°“√«“√ “√
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Õÿ∫—μ‘°“√≥å·≈–ªí®®—¬‡ ’Ë¬ß°“√‡°‘¥™—°¢÷Èπ„À¡à¿“¬À≈—ß°“√ºà“μ—¥
¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡  ¡Õß™π‘¥‡√◊ÈÕ√—ß‡ª√’¬∫‡∑’¬∫√–À«à“ß

°≈ÿà¡ºŸâªÉ«¬∑’Ë ‰¥â√—∫¬“°—π™—°ªÑÕß°—π°àÕπºà“μ—¥·≈–°≈ÿà¡ºŸâªÉ«¬∑’Ë ‰¡à ‰¥â
√—∫¬“°—π™—°ªÑÕß°—π°àÕπºà“μ—¥„π‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“

 ÿ«‘∑¬å „À¡‡®√‘≠, æ∫., æ≈μ√’ ‘√√ÿ®πå  °ÿ≈≥–¡√√§“, æ∫.

Àπà«¬»—≈¬°√√¡ª√– “∑ ‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“ °√ÿß‡∑æœ

∫∑§—¥¬àÕ Abstract

§«“¡‡ªìπ¡“: °“√™—°„πºŸâªÉ«¬¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡ ¡Õß™π‘¥‡√◊ÈÕ√—ßÀ≈—ß°“√ºà“μ—¥π—Èπ “¡“√∂æ∫∫àÕ¬

§√—Èß ´÷Ëß‡ªìπ‡Àμÿ°“√≥å∑’Ë‰¡àæ÷ßª√– ß§å∑”„Àâ‡°‘¥§«“¡‡ ’Ë¬ßμàÕ°“√πÕπ‚√ßæ¬“∫“≈π“π¢÷Èπ °“√μ‘¥‡™◊ÈÕ μ≈Õ¥®π

°“√‡ ’¬™’«‘μ·°àºŸâªÉ«¬∑’Ë Ÿß¢÷Èπ „πªí®®ÿ∫—π¬—ß‡ªìπ¢âÕ∂°‡∂’¬ß°—π∂÷ßº≈ª√–‚¬™πå·≈–§«“¡®”‡ªìπ„π°“√„Àâ¬“°—π™—°„π

°≈ÿà¡ºŸâªÉ«¬¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡  ¡Õß™π‘¥‡√◊ÈÕ√—ß®÷ß‡ªìπ∑’Ë¡“„π°“√»÷°…“§√—Èßπ’È

«—μ∂ÿª√– ß§å: ‡æ◊ËÕÀ“Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡à„πºŸâªÉ«¬¥â«¬¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡ ¡Õß™π‘¥‡√◊ÈÕ√—ßÀ≈—ß

°“√‡¢â“ √—∫°“√ºà“μ—¥„π‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“

«‘∏’°“√»÷°…“: »÷°…“À“Õÿ∫—μ‘°“√≥å·≈–ªí®®—¬‡ ’Ë¬ß°“√‡°‘¥Õ“°“√™—°¢÷Èπ„À¡à„πºŸâªÉ«¬¥â«¬¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕ

Àÿâ¡ ¡Õß ™π‘¥‡√◊ÈÕ√—ßÀ≈—ß°“√‡¢â“√—∫°“√ºà“μ—¥„π‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“ μ—Èß·μà 1 ¡°√“§¡ 2554 - 31 ∏—π«“§¡

2558 ∑—ÈßÀ¡¥ 187 √“¬®“°·øÑ¡ª√–«—μ‘‡«™√–‡∫’¬πºŸâªÉ«¬„π·≈–ºŸâªÉ«¬πÕ° ‚¥¬‰¡à√«¡°≈ÿà¡ºŸâªÉ«¬‚√§≈¡™—°·≈–

°≈ÿà¡§πªÉ«¬∑’Ë‰¥â√—∫¬“°—π™—°¡“ °àÕπ®“° “‡ÀμÿÕ◊ËπÊ ·≈â«„™â‚ª√·°√¡∑“ß ∂‘μ‘§”π«≥À“§à“ Independent t-test,

Chi-square test ·≈– Logistic Regression ‡æ◊ËÕ¥Ÿ§«“¡·μ°μà“ß°—π¢Õßμ—«·ª√μà“ßÊ ∑’Ë π„®

º≈°“√»÷°…“: ºŸâªÉ«¬∑’Ë‰¥â√—∫¬“°—π™—°ªÑÕß°—π°àÕπ°“√ºà“μ—¥¡’®”π«π 81 √“¬·≈–ºŸâªÉ«¬∑’Ë‰¡à‰¥â√—∫¬“°—π™—°

ªÑÕß°—π°àÕπ°“√ ºà“μ—¥¡’®”π«π 106 √“¬ ‚¥¬¡’§à“Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥‚¥¬√«¡∑—ÈßÀ¡¥

8.56% ·¬°‡ªìπÕÿ∫—μ‘°“√≥å°“√‡°‘¥™—°„π°≈ÿà¡∑’Ë‰¥â√—∫¬“°—π™—°ªÑÕß°—π°àÕπ°“√ºà“μ—¥‡∑à“°—∫ 4.94% ·≈–„π°≈ÿà¡

∑’Ë‰¡à‰¥â√—∫¬“°—π™—°ªÑÕß°—π°àÕπ°“√ºà“μ—¥¡’ §à“‡∑à“°—∫ 11.32% ‚¥¬‰¡à¡’§«“¡·μ°μà“ß°—π„π∑“ß ∂‘μ‘, p-value 0.18.

 √ÿª: ®“°°“√»÷°…“æ∫«à“Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°„À¡àÀ≈—ß°“√ºà“μ—¥πâÕ¬≈ß„π°≈ÿà¡∑’Ë‰¥â√—∫¬“°—π™—°°àÕπ°“√

ºà“μ—¥·μà‰¡à¡’§«“¡ ·μ°μà“ß°—π„π∑“ß ∂‘μ‘ „π∑“ß°≈—∫°—πæ∫«à“¡’ªí®®—¬Õ◊ËπÊ ∑’Ë∑”„Àâ‡°‘¥°“√™—°‰¥â„πºŸâªÉ«¬ ‰¥â·°à

‚√§æ‘… ÿ√“‡√◊ÈÕ√—ß (Alcoholism), Anticoagulation Drugs used, Antiplatelet Drugs used, Previous Head Trauma,

Heartûs disease, ≈—°…≥–¿“æ¢Õß Non Contrasted CT-Brain °àÕπºà“μ—¥·∫∫ Mixed Type, Postoperative

Pneumocephalus ·≈–§à“ Postoperative Markwalder CSDH Scale ∑’Ë‡æ‘Ë¡¢÷Èππ—Èπ‡ªìπμ—«·ª√ ”§—≠∑’Ë∑”„Àâ

‡°‘¥Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥∑’Ë Ÿß¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

§” ”§—≠: Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡à„πºŸâªÉ«¬¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡ ¡Õß™π‘¥‡√◊ÈÕ√—ß, ¿“«–‡≈◊Õ¥ÕÕ°

„μâ‡¬◊ËÕÀÿâ¡ ¡Õß ™π‘¥‡√◊ÈÕ√—ß, ¬“°—π™—°



«“√ “√ª√– “∑»—≈¬»“ μ√å

ªï∑’Ë 7 ©∫—∫∑’Ë 2 °√°Æ“§¡ - ∏—π«“§¡ 255940

∫∑π” (Introduction)
¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡ ¡Õß™π‘¥‡√◊ÈÕ√—ß (Chronic

Subdural hemotoma, CSDH)1 À¡“¬∂÷ß ¡’‡≈◊Õ¥ÕÕ°„μâ

™—Èπ‡¬◊ËÕÀÿâ¡ ¡Õß (Dura matter) ‚¥¬ √–¬–‡«≈“¡“°°«à“

21 «—π ´÷Ëßæ∫‰¥â¡“°„πºŸâ ŸßÕ“¬ÿ ·≈–√âÕ¬≈– 75 ¢Õß

ºŸâªÉ«¬¡—°¡’Õ“¬ÿ¡“°°«à“ 60 ªï ¡“°°«à“√âÕ¬≈– 50 ¢Õß

ºŸâªÉ«¬¡—°¡’ª√–«—μ‘Õÿ∫—μ‘‡Àμÿ∑’Ë »’√…–¡“°àÕπ2 ªí®®—¬‡ ’Ë¬ß

Õ◊ËπÊ∑’Ë “¡“√∂∑”„Àâ‡°‘¥ ¢Õß¿“«–π’È ‰¥â·°à ‚√§ ¡Õß

¢“¥‡≈◊Õ¥, ‚√§æ‘… ÿ√“‡√◊ÈÕ√—ß, ‡æ»™“¬, ºŸâªÉ«¬∑’Ë¡’ª√–«—μ‘

°“√„™â¬“ªÑÕß°—π °“√·¢Áßμ—«¢Õß‡≈◊Õ¥¡’ª√–«—μ‘ °“√„™â¬“

μâ“π‡°√Á¥‡≈◊Õ¥·≈–‚√§‡≈◊Õ¥ÕÕ°º‘¥ª°μ‘ ‡ªìπμâπ

°“√‡°‘¥™—°„πºŸâªÉ«¬¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡ ¡Õß

™π‘¥‡√◊ÈÕ√—ßÀ≈—ß°“√ºà“μ—¥√à«¡∑—ÈßÀ¡¥π—Èπ “¡“√∂æ∫‰¥â

√âÕ¬≈– 11 ®“°°“√μ‘¥μ“¡Õ“°“√ 18 ‡¥◊Õπ ‚¥¬®–æ∫

°“√‡°‘¥Õ“°“√™—°¡“°∑’Ë ÿ¥„π™à«ß 3 ‡¥◊Õπ ·√°À≈—ß‡¢â“

√—∫°“√ºà“μ—¥4 ´÷Ëß°“√‡°‘¥™—°π—Èπ‡ªìπ‡Àμÿ°“√≥å∑’Ë‰¡àæ÷ß

ª√– ß§å∑”„Àâ‡°‘¥§«“¡‡ ’Ë¬ßμàÕ°“√ πÕπ‚√ßæ¬“∫“≈

π“π¢÷Èπ°“√μ‘¥‡™◊ÈÕ μ≈Õ¥®π°“√ ‡ ’¬™’«‘μ·°àºŸâªÉ«¬∑’Ë

 Ÿß¢÷Èπ

¬—ß¡’¢âÕ∂°‡∂’¬ß°—π (Controversial Debated) ∂÷ßº≈

ª√–‚¬™πå·≈–§«“¡®”‡ªìπ„π°“√„Àâ¬“°—π™—° „π°≈ÿà¡ºŸâªÉ«¬

¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡ ¡Õß™π‘¥ ‡√◊ÈÕ√—ß‡æ◊ËÕªÑÕß°—π

°“√‡°‘¥™—°∑’ËÕ“®®–‡°‘¥¢÷Èπ„π√–À«à“ß°“√√—°…“Õ’°∑—Èß„π

‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“ ‡Õßπ—Èπ°Á¬—ß¡’°≈ÿà¡·æ∑¬å∑’Ë

·π–π”„Àâ„Àâ¬“°—π™—°·≈– ‰¡à„Àâ¬“°—π™—°·°àºŸâªÉ«¬°àÕπ

°“√ºà“μ—¥´÷Ëß¢÷Èπ°—∫¥ÿ≈¬æ‘π‘®¢Õß»—≈¬·æ∑¬å‡Õß‚¥¬¥Ÿ®“°

ªí®®—¬μà“ßÊ¡“ª√–°Õ∫°“√æ‘®“√≥“„π°“√„Àâ¬“°—π™—°‡™àπ

Õ“°“√·≈– Õ“°“√· ¥ß¢ÕßºŸâªÉ«¬  ‚√§ª√–®”μ—«¢ÕßºŸâªÉ«¬

Õ“¬ÿ ¢ÕßºŸâªÉ«¬·≈–ª√–‡¿∑¢Õß°“√ºà“μ—¥‡ªìπμâπ ®÷ß‡ªìπ

∑’Ë¡“¢Õßªí≠À“„π°“√»÷°…“§√—Èßπ’È‡æ◊ËÕÀ“Õÿ∫—μ‘°“√≥å°“√

‡°‘¥™—°¢÷Èπ„À¡à„π°≈ÿà¡ºŸâªÉ«¬¥â«¬¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡

 ¡Õß™π‘¥‡√◊ÈÕ√—ßÀ≈—ß°“√‡¢â“√—∫°“√ºà“μ—¥„π‚√ßæ¬“∫“≈

æ√–¡ß°ÿÆ‡°≈â“«à“¡’®”π«π¡“°πâÕ¬‡æ’¬ß„¥·≈–°“√„Àâ

¬“™—°·°àºŸâªÉ«¬°≈ÿà¡π’È¡’§«“¡®”‡ªìπÀ√◊Õ‰¡à

«‘∏’¥”‡π‘π°“√«‘®—¬ (Material and Methods)
°“√»÷°…“§√â—ßπ’È‡ªìπ°“√»÷°…“‡™‘ß«‘‡§√“–Àå∑’Ë ‡°Á∫

¢âÕ¡Ÿ≈·∫∫¬âÕπÀ≈—ß (Retrospective Analysis Cohort

Study) ‡æ◊ËÕ»÷°…“À“Õÿ∫—μ‘°“√≥å·≈–ªí®®—¬ ‡ ’Ë¬ß°“√‡°‘¥

Õ“°“√™—°¢÷Èπ„À¡à„πºŸâªÉ«¬¥â«¬¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕÀÿâ¡

 ¡Õß™π‘¥‡√◊ÈÕ√—ßÀ≈—ß°“√‡¢â“√—∫°“√ºà“μ—¥„π‚√ßæ¬“∫“≈

æ√–¡ß°ÿÆ‡°≈â“μ—Èß·μà 1 ¡°√“§¡ 2554 - 31 ∏—π«“§¡

2558 ‚¥¬∑∫∑«π·øÑ¡ª√–«—μ‘‡«™ √–‡∫’¬πºŸâªÉ«¬·≈â«π”

¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª∑”°“√«‘‡§√“–Àå ∑“ß ∂‘μ‘ ‚¥¬®”·π°‡ªìπ 2

°≈ÿà¡

°≈ÿà¡∑’Ë 1. ºŸâªÉ«¬∑’Ë‰¥â√—∫¬“°—π™—°ªÑÕß°—π°àÕπ°“√

ºà“μ—¥

°≈ÿà¡∑’Ë 2. ºŸâªÉ«¬∑’Ë‰¡à‰¥â√—∫¬“°—π™—°ªÑÕß°—π°àÕπ°“√

ºà“ μ—¥

°“√‡≈◊Õ°°≈ÿà¡μ—«Õ¬à“ß

‡°≥±å°“√§—¥‡≈◊Õ°‡¢â“ Ÿà°“√»÷°…“ (Inclusion cri-

teria)

1. ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬«à“‡ªìπ¿“«–‡≈◊Õ¥ÕÕ°„μâ

‡¬◊ËÕÀÿâ¡ ¡Õß™π‘¥‡√◊ÈÕ√—ß·≈–¡’¢âÕ∫àß™’È„π°“√ºà“μ—¥

2. ºŸâªÉ«¬‡¢â“√—∫°“√ºà“μ—¥ ¡Õß„πÀπà«¬»—≈¬°√√¡

ª√– “∑‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“μ—Èß·μà 1 ¡°√“§¡

2554 - ∏—π«“§¡ 2558

3. ºŸâªÉ«¬∑’Ë‡¢â“√—∫°“√√—°…“·≈–¡“√—∫°“√μ‘¥μ“¡

√—°…“„π‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“

‡°≥±å°“√§—¥ÕÕ°®“°°“√»÷°…“ (Exclusion crite-

ria)

1. ºŸ âªÉ«¬∑’Ë‰¡à¡’¿“æ‡Õ°´‡√¬å§Õ¡æ‘«‡μÕ√å ¡Õß

(CT-Brain) ·≈–À√◊Õ¿“æ°“√μ√«® ¡Õß¥â«¬§≈◊Ëπ·¡à

‡À≈Á° ‰øøÑ“·√ß Ÿß (MRI Brain) °àÕπ°“√ºà“μ—¥

2. ºŸâªÉ«¬‚√§≈¡™—°∑’Ë‰¥â√—∫¬“°—π™—°¡“°àÕπºà“μ—¥

3. ºŸâªÉ«¬∑’Ë¡’ª√–«—μ‘‚√§≈¡™—°À√◊Õ°“√™—°¡“°àÕπ

4. ºŸâªÉ«¬∑’Ë¡’ª√–«—μ‘°“√‰¥â√—∫¬“°—π™—°®“° “‡Àμÿ

Õ◊ËπÊ¡“°àÕπ

¢âÕ¡Ÿ≈®–‰¥â√ —∫°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß·≈–
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∫—π∑÷°„π√Ÿª·∫∫¢Õß·øÑ¡¢âÕ¡Ÿ≈¥â«¬‚ª√·°√¡ STATA Ver-

sion 13 §”π«≥À“§à“ Independent t-test, Chi-square

test ·≈– Logistic Regression ‡æ◊ËÕ¥Ÿ§«“¡·μ°μà“ß°—π

¢Õßμ—«·ª√μà“ßÊ∑’Ë π„®

º≈°“√«‘®—¬ (Results)

Õ¿‘ª√“¬º≈ (Discussion)

ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬«à“‡ªìπ¿“«–‡≈◊Õ¥ÕÕ°„μâ‡¬◊ËÕ

Àÿâ¡ ¡Õß™π‘¥‡√◊ÈÕ√—ßμ—Èß·μà 1 ¡°√“§¡ 2554 - 31

∏—π«“§¡ 2558 ¡’®”π«π∑—Èß ‘Èπ 232 √“¬ ·μà§ß‡À≈◊ÕºŸâ

ªÉ«¬∑’Ëºà“π‡°≥±å§—¥‡≈◊Õ°‡¢â“»÷°…“®”π«π 187 √“¬ ∑’Ë¡’

¢âÕ∫àß™’È„π°“√ºà“μ—¥·≈–‡¢â“√—∫ °“√ºà“μ—¥ ¡Õß„πÀπà«¬

»—≈¬°√√¡ª√– “∑‚√ß æ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“‚¥¬

®”·π°‡ªìπ 2 °≈ÿà¡ ‰¥â·°à ºŸâªÉ«¬∑’Ë‰¥â√—∫¬“°—π™—°ªÑÕß°—π

μ“√“ß∑’Ë 1 Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥„π‚√ßæ¬“∫“≈æ√–¡ß°ÿÆ‡°≈â“

Incidence of a new onset Postoperative Seizures
Variables n/N (%)

Sex:

Male 12/142 (8.45)

Female 4/45 (8.89)

Age (years) : Mean ±±±±± S.D. 71.32 (10.39

Lesser than 60 year 1/16 (6.25)

Greater than or equal 60 year 15/16 (93.75)

Preoperative Anti Epileptic Drug Prophylaxis.

Yes 4/81 (4.94)

No 12/106 (11.32)

μ“√“ß∑’Ë 2 ª√–‡¿∑¢Õß¬“°—π™—°·≈–·®°·®ß®”π«πºŸâªÉ«¬∑’Ë‰¥â√—∫¬“°—π™—°°àÕπ°“√ºà“μ—¥

Total Cases (81)
List of Anti-Epileptic Drugs Usage

n %

Phenytoin or Fosphenytoin 70 86.42

Sodium Valproic 3 3.70

Levetiracetam 8 9.88

°àÕπ°“√ºà“ μ—¥¡’®”π«π 81 √“¬·≈–ºŸâªÉ«¬∑’Ë‰¡à‰¥â√—∫¬“

°—π™—° ªÑÕß°—π°àÕπ°“√ºà“μ—¥¡’®”π«π 106 √“¬ ‚¥¬¡’§à“

Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥‚¥¬ √«¡

∑—ÈßÀ¡¥ 16/187 (8.56%) ÷́Ëß·∫àß‡ªìπ°≈ÿà¡ºŸâ-ªÉ«¬∑’Ë‰¥â

√—∫¬“°—π™—°ªÑÕß°—π°àÕπ°“√ºà“μ—¥¡’§à“ Õÿ∫—μ‘°“√≥å°“√

‡°‘¥™—°‡∑à“°—∫ 4/81 (4.94%) °—∫ °≈ÿà¡ºŸâªÉ«¬∑’Ë‰¡à‰¥â√—∫

¬“°—π™—°ªÑÕß°—π°àÕπ°“√ºà“μ—¥¡’§à“Õÿ∫—μ‘°“√≥å°“√‡°‘¥

™—°‡∑à“°—∫ 12/106 (11.32%) ·≈–‰¡àæ∫§«“¡·μ°

μà“ß°—π„π∑“ß ∂‘μ‘ (p-value 0.186) ¥—ß· ¥ß„πμ“√“ß

∑’Ë 1

¡’ºŸâªÉ«¬®”π«π 81 √“¬∑’Ë‰¥â√—∫¬“°—π™—° ªÑÕß°—π

°“√ºà“μ—¥‚¥¬¡’√“¬≈–‡Õ’¬¥„πμ“√“ß∑’Ë 2 ·≈–®“°°“√

»÷°…“‰¡àæ∫ºŸâªÉ«¬‡°‘¥Õ“°“√·æâ¬“ Õ“°“√·∑√°´âÕπ

À√◊Õº≈¢â“ß‡§’¬ß∑’Ë‡°‘¥®“°°“√„™â¬“°—π™—°·μàÕ¬à“ß„¥·≈–

æ∫Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥π—Èπæ∫„π
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μ“√“ß∑’Ë 3 §«“¡ —¡æ—π∏å√–À«à“ß°“√‡°‘¥™—°°—∫°“√‰¥â·≈–‰¡à‰¥â√—∫¬“°—π™—°°àÕπ°“√ºà“μ—¥¢ÕßºŸâªÉ«¬

AED Prophylaxis

Variables Seizure Yes No p-value

(Case) (Cases) (Cases)

Sex

Male 12 3 9 1.000

Female 4 1 3 1.000

Age (years): Mean ±±±±± S.D. 71.31±10.39 84±3.37 67.08±8.13 0.052

Lesser than 60 year 1 0 1 1.000

Greater than or equal 60 year 15 4 11 1.000

Clinical Presentations :

Mental disturbance 9 3 6 0.585

Hemiparesis 3 1 2 1.000

Headache 3 0 3 0.529

Gait disturbance 3 1 2 1.000

Other 3 1 2 1.000

Past History and Medication History :

Unknown Underlying diseases 0 0 0 N/A**

Diabetes Mellitus 6 1 5 1.000

Hypertension 15 3 12 0.250

Hyperlipidemia 4 2 2 0.245

Heart Disease 5 2 3 0.547

History of Stroke 1 0 1 1.000

Alcoholism 3 0 3 0.048*

Chronic Kidney Disease 1 1 0 0.250

Dementia / Alzheimer’s Disease 0 0 0 N/A**

Post VP Shunt Procedure 0 0 0 N/A**

Hemorrhagic Disease 0 0 0 N/A**

Anticoagulation Drugs used 3 1 2 1.000

Antiplatelet Drugs used 3 1 2 1.000

Previous Head Trauma 3 1 2 1.000

MC Score Pre-Operation:

Grade 0 0 0 0 N/A**

Grade 1 3 2 1 0.136

Grade 2 9 0 9 0.059

Grade 3 2 0 2 1.000

Grade 4 2 2 0 0.060

CT Classifications:

Hypodensity (<25 HU) 1 0 1 0.250

Homogeneous Isodensity (25-35 HU) 3 0 3 0.529
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Layered Type 8 4 4 0.698

Mixed Type 4 4 0 0.040*

CSDH Thickness (cm.) Mean ± S.D. 2.05±0.32 3.00±01 2.58±0.67 0.054

1-1.5 cm. 1 0 1 0.250

1.51-2.0 cm. 3 0 3 0.529

2.01-2.5 cm. 12 4 8 0.085

2.51-3 cm. 0 0 0 N/A**

Mid line shift (cm.) Mean ± S.D. 1.93±0.60 1.95±0.47 1.92±0.66 0.938

Lateralization:

Right 10 3 7 0.756

Left 2 0 2 N/A**

Bilateral 4 1 3 1.000

Location:

Frontal(F) area 0 0 0 N/A**

Frontoparietal(FP) area 0 0 0 N/A**

Frontotemporal(FT) area 0 0 0 N/A**

Frontotemporoparietal(FPT) area 13 3 10 0.136

FPTO area 3 1 2 0.050

Surgeon:

Staff 5 0 5 0.245

Resident 11 4 7 0.245

Type of operation:

Burr hole with subdural irrigation and drainage 8 3 5 0.569

Craniotomy for clot removal 8 1 7 0.569

MC Score Post-Operation:

Grade 0 1 0 1 0.250

Grade 1 4 1 3 1.000

Grade 2 3 0 3 0.529

Grade 3 3 1 2 0.050

Grade 4 5 2 3 0.019*

Onset of Seizure:

Immediate (within 1st 24 hr. postoperative) 3 0 3 0.048*

Early (<2 weeks.) 12 4 8 0.036*

Late (>=2 weeks.) 1 0 1 0.250

Type of seizure:

Focal Seizure 1 1 0 0.250

μ“√“ß∑’Ë 3(μàÕ) §«“¡ —¡æ—π∏å√–À«à“ß°“√‡°‘¥™—°°—∫°“√‰¥â·≈–‰¡à‰¥â√—∫¬“°—π™—°°àÕπ°“√ºà“μ—¥¢ÕßºŸâªÉ«¬

AED Prophylaxis

Variables Seizure Yes No p-value

(Case) (Cases) (Cases)
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Generalized Tonic-Clonic Seizure 15 3 12 0.359

Postoperative Risk Factors:

Dextrostix Test*** 16 4 12 N/A**

AED Level**** 4 4 0 N/A**

Electrolyte Abnormality 13 4 9 0.039*

Pneumocephalus 12 3 9 0.042*

New postoperative ICH 1 1 0 0.250

Postoperative Fever 11 3 8 0.046*

Sepsis (Systemic) 10 3 7 0.038*

Coagulopathy 7 2 5 0.040*

DEAD 8 2 6 1.000

LOS (Days) Mean ± S.D. 25.93±25.25 39.25±18.03 20.08±25.45 0.189

*Indicates statistical significant at the p-value < 0.05 level.
** N/A (abbreviation.) means çNot Applicableé.
** §à“ Dextrostix test ‰¥â∑”°“√μ√«®ºŸâªÉ«¬∑ÿ°√“¬∑’Ë‡°‘¥°“√™—°æ∫«à“‰¥â§à“∑’Ë‡ªìπª°μ‘ (70-100 mg/dL%).
***§à“ AED Level ‰¥â∑”°“√ àßμ√«®„π°√≥’∑’Ë‰¥â√—∫¬“°—π™—°°àÕπ°“√ºà“μ—¥ (ºŸâªÉ«¬¡’®”π«π 4 √“¬) æ∫«à“Õ¬Ÿà„π§à“Õ¬Ÿà„π™à«ß ¢Õß°“√√—°…“
(Therapeutic Level)‰¥â·°à 10-20 mg/ml  ”À√—∫ Phenytoin ·≈– 50-100 mg/ml  ”À√—∫ Sodium Valproic.

μ“√“ß∑’Ë 3(μàÕ) §«“¡ —¡æ—π∏å√–À«à“ß°“√‡°‘¥™—°°—∫°“√‰¥â·≈–‰¡à‰¥â√—∫¬“°—π™—°°àÕπ°“√ºà“μ—¥¢ÕßºŸâªÉ«¬

AED Prophylaxis

Variables Seizure Yes No p-value

(Case) (Cases) (Cases)

°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¥â √—∫¬“ Phenytoin ¡“°∑’Ë ÿ¥‡π◊ËÕß®“°‡ªìπ

¬“∑’Ë∂Ÿ°π” ¡“„™â‡ªìπ®”π«π¡“°∑’Ë ÿ¥„π°“√»÷°…“§√—Èßπ’È

„π¿“æ√«¡‰¡àæ∫§«“¡·μ°μà“ß¢ÕßÕÿ∫—μ‘°“√≥å°“√

‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥„π°≈ÿà¡ºŸâªÉ«¬∑’Ë¡’‚√§ª√–®”μ—«

°“√„™â¬“μâ“π‡°√Á¥‡≈◊Õ¥ °“√„™â¬“ªÑÕß°—π‡≈◊Õ¥·¢Áßμ—«

¢Õß‡≈◊Õ¥·≈–°“√¡’ª√–«—μ‘Õÿ∫—μ‘‡Àμÿ∑“ß»’√…–¡“°àÕπ

Àπâ“π’È°—∫°“√ ‰¥âÀ√◊Õ‰¡à‰¥â√—∫¬“°—π™—°‚¥¬ à«π„À≠à ¥—ß

μ“√“ß∑’Ë 4 ¬°‡«âπ„πºŸâªÉ«¬‚√§æ‘… ÿ√“‡√◊ÈÕ√—ß (Alcoho-

lism) ¡’§«“¡·μ°μà“ß°—π√–À«à“ß°≈ÿà¡∑’Ë‰¥â·≈– ‰¡à‰¥â√—∫

¬“Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (0 vs 3, p - value < 0.048)

À“°¡“«‘‡§√“–Àå¿“æ Non Contrasted CT Brain °àÕπ

°“√ºà“μ—¥π—Èπæ∫«à“ Mixed Type ¢Õß CT brain Classifi-

cation According to CT density ¡’Õÿ∫—μ‘°“√≥å°“√‡°‘¥

™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥ 4/19 (21.05%) ·≈–¡’§«“¡

·μ°μà“ß°—π√–À«à“ß °≈ÿ à¡∑’ Ë‰¥â·≈–‰¡à‰¥â√—∫¬“°—π™—°

ªÑÕß°—π°àÕπ°“√ ºà“μ—¥Õ¬à“ß¡’π—¬ ”§—≠∑“ß  ∂‘μ‘ (4 vs

0, p - value < 0.04)

 à«π CSDH Thickness π—Èπæ∫Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°

¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥ 12/35 (34.29%) „π™à«ß§«“¡

Àπ“∑’Ë 2.01-2.5 cm., Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¥â“π¢«“ 10/

79 (12.66%), ·≈–Õÿ∫—μ‘°“√≥å °“√‡°‘¥™—°∑’Ëμ”·Àπàß

FPTO area 3/11 (27.27%) ·μà‰¡àæ∫§«“¡·μ°μà“ß

°—π∑“ß  ∂‘μ‘ ¥—ß· ¥ß„πμ“√“ß∑’Ë 3

‰¡àæ∫§«“¡·μ°μà“ß°—π¢ÕßÕÿ∫—μ‘°“√≥å °“√‡°‘¥™—°

¢÷ Èπ„À¡àÀ≈—ß°“√ºà“μ—¥∑—Èß·æ∑¬åºŸ â∑”∑’Ë °“√ºà“μ—¥·≈–

ª√–‡¿∑¢Õß°“√ºà“μ—¥ ¥—ß· ¥ß„π μ“√“ß∑’Ë 3

æ∫«à“À“°§–·ππ Markwalder Grading Scale

(MGS) À≈—ß°“√ºà“μ—¥∑’Ë Grade 4 ®–¡’Õÿ∫—μ‘°“√≥å°“√

‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥∑’Ë Ÿß∂÷ß 5/11 (45.45%)

·≈–¡’§«“¡·μ°μà“ß°—π√–À«à“ß °≈ÿà¡∑’Ë„Àâ¬“·≈–‰¡à„Àâ¬“
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°—π™—°Õ¬à“ß¡’π—¬ ”§—≠ ∑“ß ∂‘μ‘ (2 vs 3, p - value <

0.019) ¥—ß· ¥ß„π μ“√“ß∑’Ë 3

®“°°“√»÷°…“æ∫Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—° ¢÷Èπ„À¡à

À≈—ß°“√ºà“μ—¥„π Immediate (within 1st first 24 hr.)

·≈– Early (<2 wk.) æ∫Õÿ∫—μ‘°“√≥å °“√‡°‘¥™—°¢÷Èπ„À¡à

À≈—ß°“√ºà“μ—¥ 3/16 (18.75%) ·≈– 12/16 (75%)

μ“¡≈”¥—∫·≈–æ∫§«“¡·μ°μà“ß °—π√–À«à“ß°≈ÿà¡∑’Ë„Àâ¬“

·≈–‰¡à„Àâ¬“Õ¬à“ß¡’π—¬ ”-§—≠∑“ß ∂‘μ‘ (0 vs 1, p - value

< 0.048), (4 vs 8, p - value < 0.036) μ“¡≈”¥—∫ ¥—ß

· ¥ß„πμ“√“ß∑’Ë 3

 à«π√Ÿª·∫∫°“√™—° à«π„À≠à‡ªìπ·∫∫ Generalized

Tonic-Clonic Seizure 15/16 (93.75%) ·≈–‰¡àæ∫

§«“¡·μ°μà“ß°—π„π∑“ß ∂‘μ‘ √–À«à“ß°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¥â·≈–

‰¡à‰¥â√—∫¬“°—π™—° °àÕπ°“√ºà“μ—¥ ¥—ß· ¥ß„πμ“√“ß∑’Ë 3

‡¡◊ËÕ‡°‘¥°“√™—°‡°‘¥¢÷Èπ·æ∑¬å®–‡ªìπºŸâ‡¢â“ ‰ªμ√«®

‡¬’Ë¬¡ºŸâªÉ«¬·≈– —Ëß°“√√—°…“‚¥¬μ√«®¥Ÿ Õ“°“√ Clinical

semiology ¥Ÿ§à“ vital sign °“√¡’‰¢â(Fever) μ√«®

√–¥—∫§«“¡√Ÿâ ÷°μ—«¢ÕßºŸâ ªÉ«¬ (GCS) ‡æ◊ËÕ„™â®”·π°

ª√–‡¿∑¢Õß°“√™—° π—ÈπÊ·≈â« —Ëßμ√«®‡≈◊Õ¥‡æ◊ËÕμ√«®À“

§à“πÈ”μ“≈„π °√–· ‡≈◊Õ¥, §à“ Electrolyte μà“ßÊ ∑’Ë∑”„Àâ

‡°‘¥°“√ ™—°‰¥â‡™àπ Hypernatremia, Hyponatremia, Hy-

pocalcemia, Hypercalcemia, ·≈– Hypomagnemia

√à«¡∂÷ß‡®“–¥Ÿ§à“√–¥—∫¬“°—π™—° „π‡≈◊Õ¥„π°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¥â

√—∫¬“°—π™—°°àÕπ°“√ ºà“μ—¥«à“∂÷ß√–¥—∫¢Õß°“√√—°…“À√◊Õ

‰¡àæ√âÕ¡∑—Èß  àßºŸâªÉ«¬∑” CT Brain Non-Contrast ‡æ◊ËÕ¥Ÿ

§«“¡ º‘¥ª°μ‘·≈–æ¬“∏‘ ¿“æ∑’Ë°àÕ„Àâ‡°‘¥°“√™—°‰¥â·≈–

 ÿ¥∑â“¬¬—ß¡’°“√¢Õ§”ª√÷°…“®“°Õ“¬ÿ√·æ∑¬å√–∫∫

ª√– “∑√à«¡ª√–‡¡‘π·≈– æ‘®“√≥“∑” EEG ‡æ◊ËÕ‡ªìπ Defi-

nite Diagnosis

 ”À√—∫ªí®®—¬‡ ’Ë¬ß∑’Ë»÷°…“À≈—ß°“√ºà“μ—¥æ∫«à“¡’

§«“¡·μ°μà“ß°—π√–À«à“ß°≈ÿà¡∑’Ë‰¥â·≈–‰¡à‰¥â√—∫¬“°—π™—°

ªÑÕß°—π°àÕπºà“μ—¥Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘‡°◊Õ∫∑ÿ°μ—«

·≈–æ‘®“√≥“∑’ Ë®–π”μ—«·ª√∑’ Ë¡’π—¬ ”§—≠∑“ß ∂‘μ‘‰ª

«‘‡§√“–Àå·∫∫À≈“¬μ—«·ª√‡æ◊ËÕÀ“§«“¡ —¡æ—π∏åμàÕ‰ª

®“°°“√»÷°…“Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ „À¡àÀ≈—ß°“√

ºà“μ—¥π—Èπæ∫«à“‡¡◊ËÕπ”μ—«·ª√∑’Ë¡’º≈μàÕ°“√‡°‘¥™—°¡“

§”π«≥À“§«“¡ —¡æ—π∏å·∫∫À≈“¬μ—«·ª√·≈—«π—Èπæ∫«à“

≈—°…≥–¿“æ¢Õß Postoperative Pneumo-cephalus, Non

Contrasted CT-Brain °àÕπºà“μ—¥·∫∫ Mixed Type, ·≈–

Postoperative Markwalder CSDH Scale ∑’ Ë·¬à≈ß

À≈—ß®“°°“√ºà“μ—¥π—Ëπ‡ªìπμ—«·ª√ ”§—≠∑’Ë∑”„Àâ‡°‘¥Õÿ∫—μ‘

°“√≥å°“√‡°‘¥™—°¢÷ Èπ„À¡àÀ≈—ß°“√ ºà“μ—¥Õ¬à“ß¡’π—¬

 —¡æ—π∏å∑“ß ∂‘μ‘‚¥¬¡’§«“¡‡ ’Ë¬ß ‡ªìπ 11.48, 7.18 ·≈–

2.32 ‡∑à“ μ“¡≈”¥—∫ ¥—ß· ¥ß„πμ“√“ß∑’Ë 4

°“√‰¡à‰¥â√—∫¬“°—π™—°°àÕπ°“√ºà“μ—¥π—Ëπ‡¡◊ËÕπ”¡“

§”π«≥À“§«“¡ —¡æ—π∏å·∫∫À≈“¬μ—« ·ª√æ∫«à“¡’§«“¡

‡ ’Ë¬ß∑’Ë Ÿß¡“°∂÷ß 10.30 ‡∑à“·μà ¬—ß‰¡à¡’π—¬ ”§—≠∑“ß

 ∂‘μ‘´÷Ëß‡ªìπªí®®—¬∑’Ë·æ∑¬å  “¡“√∂§«∫§ÿ¡¡‘„Àâ‡°‘¥°“√

™—°¢÷Èπ„À¡àÀ≈—ß°“√ ºà“μ—¥‰¥â ¥—ß· ¥ß„πμ“√“ß∑’Ë 4

®“°°“√»÷°…“æ∫«à“°≈ÿà¡ºŸâªÉ«¬∑’Ë™—°®–¡’ Outcome

∑’Ë·¬à°«à“„π°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¡à™—° ‚¥¬æ∫ °“√‡°‘¥ ™—°„π™à«ß

Early (< 14 days) ¡“°∑’Ë ÿ¥ ·≈–≈—°…≥–°“√™—°‡ªìπ·∫∫

Generalized Tonic-Clonic Seizure ¡’§«“¡·μ°μà“ß°—π

Õ¬à“ß¡’π—¬  ”§—≠∑“ß ∂‘μ‘ (p-value < 0.04 ·≈– <0.001)

μ“¡≈”¥—∫ ¥—ßμ“√“ß∑’Ë 5

¡’®”π«πºŸâªÉ«¬∑’Ë¢“¥°“√¡“√—∫°“√μ√«®μàÕ‡π◊ËÕß

μ“¡π—¥ (Loss follow up) 13 §π∑’Ë‡¥◊Õπ 1 ·≈– 15

§π∑’Ë‡¥◊Õπ∑’Ë 3 ‚¥¬§à“‡©≈’Ë¬¢Õß mRS ∑—Èß 2 °≈ÿà¡¡’°“√

·μàμà“ß°—πÕ¬à“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ¥—ßμ“√“ß∑’Ë 5.

°“√‡°‘¥™—° àßº≈∑”„Àâ¡’°“√μ“¬‡æ‘Ë¡„πºŸâªÉ«¬∑—Èß

 Õß°≈ÿà¡ (‰¥â·≈–‰¡à‰¥â√—∫¬“°—π™—°ªÑÕß °—π°àÕπ°“√ ºà“μ—¥)

‚¥¬„π°≈ÿà¡ºŸâªÉ«¬∑’Ë‡°‘¥°“√ ™—°®–æ∫Õÿ∫—μ‘°“√≥å°“√μ“¬

‡∑à“°—∫ 8/19 (42.11%) ·≈–¬—ßæ∫Õ’°«à“°“√‡°‘¥™—°¡’

§«“¡ —¡-æ—π∏å°—∫«—π∑’ËπÕπæ—°„π‚√ßæ¬“∫“≈∑’Ë¬“«π“π

¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡ºŸâªÉ«¬∑’Ë‰¡à™—°Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

(p-value<0.001) ¥—ßμ“√“ß∑’Ë 5

®“°μ“√“ß∑’Ë 5 æ∫«à“‰¥â·∫àß°≈ÿà¡ºŸâªÉ«¬∑’Ë¡’ Favorable

outcome °—∫ Unfavorable outcome ‚¥¬„™â‡°≥∑å

æ‘®“√≥“·¬°°—π‰¥â·°à °“√‡°‘¥™—°°“√μ“¬°“√πÕπ‚√ß

æ¬“∫“≈π“π¡“°°«à“À√◊Õ‡∑à“°—∫ 10 «—π·≈–°“√
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μ“√“ß∑’Ë 5 º≈≈—æ∏å°“√μ‘¥μ“¡°“√√—°…“ºŸâªÉ«¬∑’Ë 7 «—π 1 ‡¥◊Õπ·≈– 3 ‡¥◊ÕπÀ≈—ß‡¢â“√—∫°“√ºà“μ—¥

OUTCOME
Variables p - value

Favorable Unfavorable

Sex:

Male 57 85 0.604

Female 16 29 0.604

Age (years.) (Mean±±±±±SD.) 68.53±13.05 70.61±9.70 0.216

Anti Epileptic Drug Prophylaxis 34 47 0.546

Post operative Seizure 0 16 <0.001*

Seizure Onset

Immediate (within first 1st 24 hr.) 0 3 0.282

Early (< 14 days) 0 12 0.004*

Late (≥ 14 days) 0 1 1.000

Type of Seizure

Focal Seizure 0 1 1.000

Generalized Tonic-Clonic Seizure 0 15 <0.001*

mRs at 7th date (Mean±SD.) 1.41±0.50 2.81±1.70 <0.001*

mRs at 1 months (Mean±SD.) 1.01±0.12 2.5±02.07 <0.001*

mRs at 3 months (Mean±SD.) 1.01±0.12 2.44±2.08 <0.001*

Dead 0 19 <0.001*

Length of Stay (LOS) : Mean ± S.D. 6.37±1.75 16.83±12.10 <0.001*

*Indicates statistical significant at the p-value < 0.05 level.

μ“√“ß∑’Ë 4 °“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å·∫∫À≈“¬μ—«·ª√ (Multivariate Analysis) ¢Õßμ—«·ª√μà“ßÊ ∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√‡°‘¥™—°¢÷Èπ

„À¡àÀ≈—ß°“√ºà“μ—¥

Variables Adjust RR [95.0%C.I] p - value

Alcoholism 6.67 [0.73 - 61.43] 0.094

CSDH Classification according to CT density : Mixed Type 7.18 [1.56 - 32.99] 0.011*

No Preoperative Anti Epileptic Drug Prophylaxis 10.30 [1.68 - 63.29] 0.052

Postoperative Pneumocephalus 11.48 [1.83 - 71.82] 0.009*

Postoperative Serum Electrolytes Imbalance 2.28 [0.52 - 9.90] 0.272

Postoperative Coagulopathy 1.47 [0.29 - 7.52] 0.642

Postoperative Markwalder CSDH Scale 2.32 [1.13 - 4.79] 0.023*

Postoperative Fever 5.44 [0.63 - 47.09] 0.124

Sepsis (Systemic) 0.41 [0.04 - 4.24] 0.452

New Postoperative ICH 0.80 [0.06 - 10.28] 0.863

*Indicates statistical significant at the p-value < 0.05 level.
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μ“√“ß∑’Ë 6 °“√‡ª√’¬∫‡∑’¬∫º≈°“√»÷°…“§à“Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥¢ÕßºŸâ«‘®—¬ ‡∑’¬∫‡§’¬ß°—∫º≈°“√»÷°…“¢Õß

ºŸâ«‘®—¬∑à“πÕ◊Ëπ°àÕπÀπâ“π’È

Anti Epileptic Drug Prophylaxis

[Incidence of Seizure] p-value within p - value

Studies. (Year) [N cases] Yes (%) No (%) their studied Yes No

Rubin et al.5 (1993) [138] [4/83] (4.80) [2/55] (3.4) 1.000 1 0.142

Ohno et al.6 (1993) [129] [0/73] (0) [2/56] (3.8) 0.187 0.122 0.141

Sabo et al.7 (1995) [92] [1/42] (2.4) [16/50] (32) <0.001* 0.66 0.003*

Fabric et al.12 (2015) [99] [5/48] (10.42) [7/51] (13.72) 0.761 0.291 0.794

Our study (2016) [187] [4/81] (4.94) [12/106] (11.32) 0.186 Ref Ref

*Indicates statistical significant at the p-value < 0.05 level.

ª√–‡¡‘π§à“ mRs À≈—ß°“√ºà“μ—¥∑’Ë¡“°°«à“ 2 ®—¥‡ªìπ°≈ÿà¡

Unfavo-rable outcome ´÷Ëßæ∫«à“°“√‰¥â·≈–‰¡à‰¥â√—∫¬“

°—π™—°°àÕπ°“√ºà“μ—¥π—Èπ¡’º≈‰¡à·μ°μà“ß°—π∑“ß ∂‘μ‘

  ÿ¥∑â“¬®“°°“√ Review Literature ß“π«‘® —¬

 à«π„À≠àæ∫«à“°“√‡°‘¥™—°À≈—ßºà“μ—¥π—Èπ¡’§à“‰¥âª√–¡“≥

1-23%7 ÷́Ëß‡¡◊ËÕπ”º≈°“√»÷°…“ ¢ÕßºŸâ«‘®—¬‰ª‡∑’¬∫‡§’¬ß

°—∫¢ÕßºŸâ«‘®—¬∑à“πÕ◊Ëπæ∫«à“º≈°“√»÷°…“π—Ëπ‰¡à¡’§«“¡

·μ°μà“ß°—π„π∑“ß ∂‘μ‘ ¬°‡«âπ„π°“√»÷°…“¢Õß Sabo et

al.7 ‚¥¬„π°≈ÿà¡ ºŸâªÉ«¬∑’Ë‰¡à‰¥â√—∫¬“°—π™—°π—Èπ¡’§à“Õÿ∫—μ‘

°“√≥å°“√ ‡°‘¥™—°∑’Ë·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

(11.32% vs 32%, p-value<0.003). ·≈–®”π«π

ª√–™“°√∑’Ë∑”°“√»÷°…“¡’®”π«π¡“°°«à“°“√ »÷°…“§√—Èß

°àÕπÀπâ“π’È ¥—ß· ¥ß„πμ“√“ß∑’Ë 6.

 √ÿªº≈°“√«‘®—¬ (Conclusion)

Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“-μ—¥‚¥¬√«¡

∑—ÈßÀ¡¥ 8.56% ´÷Ëß·∫àß‡ªìπ°≈ÿà¡ºŸâªÉ«¬ ∑’Ë‰¥â√—∫¬“°—π™—°

ªÑÕß°—π°àÕπ°“√ºà“μ—¥‡∑à“°—∫ 4.94% ·≈–°≈ÿà¡ºŸâªÉ«¬∑’Ë

‰¡à‰¥â√—∫¬“°—π™—°ªÑÕß°—π °àÕπ°“√ºà“μ—¥‡∑à“°—∫ 11.32%

‚¥¬‰¡àæ∫ §«“¡·μ°μà“ß°—π„π∑“ß ∂‘μ‘ (p-value

0.186).

Õ¬à“ß‰√°Áμ“¡®“°»÷°…“∂÷ß§«“¡ —¡æ—π∏å¢Õßªí®®—¬

‡ ’Ë¬ßÕ◊ËπÊ∑’Ë∑”„Àâ‡°‘¥°“√™—°À≈—ß°“√ºà“μ—¥‰¥â„π°≈ÿà¡ºŸâ

ªÉ«¬‰¥â·°à ‚√§æ‘… ÿ√“‡√◊ÈÕ√—ß (Alcoholism), Heartûs dis-

ease, Anticoagulation and Antiplatelet Drugs Used, Pre-

vious Head Trauma, ≈—°…≥–¿“æ¢Õß Non Contrasted

CT-Brain °àÕπºà“μ—¥·∫∫ Mixed Type, Postoperative

Pneumocephalus ·≈– Postoperative Markwalder CSDH

Scale ∑’Ë‡æ‘Ë¡¢÷ÈπÀ≈—ßºà“μ—¥π—Èπ‡ªìπ μ—«·ª√ ”§—≠∑’Ë∑”„Àâ

‡°‘¥Õÿ∫—μ‘°“√≥å°“√‡°‘¥™—°¢÷Èπ„À¡àÀ≈—ß°“√ºà“μ—¥∑’Ë Ÿß¢÷Èπ

Õ¬à“ß¡’π—¬ ”§—≠∑“ß  ∂‘μ‘.

°“√‰¡à‰¥â√—∫¬“°—π™—°°àÕπ°“√ºà“μ—¥π—Ëπ ‡¡◊ËÕπ”¡“

§”π«≥À“§«“¡ —¡æ—π∏å·∫∫À≈“¬μ—« ·ª√æ∫«à“¡’§«“¡

‡ ’Ë¬ß∑’Ë Ÿß¡“°∂÷ß 10.30 ‡∑à“·μà¬—ß ‰¡à¡’π—¬ ”§—≠∑“ß

 ∂‘μ‘´÷Ëß‡ªìπªí®®—¬‡ ’Ë¬ß∑’Ë·æ∑¬å “¡“√∂§«∫§ÿ¡¡‘„Àâ‡°‘¥

°“√™—°¢÷Èπ„À¡àÀ≈—ß°“√ ºà“μ—¥‰¥â

º≈≈—æ∏å„π°“√√—°…“¢Õß°“√»÷°…“„π §√—Èßπ’Èæ∫«à“ºŸâ

ªÉ«¬∑’Ë‡°‘¥°“√™—°®–¡’ Outcome ∑’Ë·¬à °«à“„π°≈ÿà¡ºŸâªÉ«¬∑’Ë

‰¡à‡°‘¥°“√™—°Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p-value <0.001)

·≈–°“√™—°¬—ß‡ªìπ  “‡Àμÿ∑’Ë∑”„ÀâºŸâªÉ«¬μâÕßπÕπæ—°„π

‚√ßæ¬“∫“≈∑’Ëπ“π¢÷Èπ·≈–‡°‘¥°“√μ“¬∑’Ë¡“°¢÷Èπ‡¡◊ËÕπ”

¡“‡∑’¬∫ °—π√–À«à“ß°≈ÿà¡∑’Ë‰¥â·≈–‰¡à‰¥â√—∫¬“°—π™—°ªÑÕß

°—π°àÕπ°“√ºà“μ—¥æ∫«à“¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬

 ”§—≠∑“ß ∂‘μ‘„π∑ÿ°Ê¥â“π∑’Ë°≈à“«¢â“ßμâπ
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Introduction
The meninges covering the brain include the pia

mater, arachnoid mater and dura mater. The dura mater

is the farthest of the three layers of meninges from the

brain. The dura mater is a thick, tough and fibrous-like

tissue. To protect the brain, prevent infection and for

CSF leakage shielding, neurosurgeons have to pay spe-

cial attention to closing the dura mater tightly when

finishing an operation. An incomplete dural closure is

one of the most serious problems that can occur with

an operation. Commonly, when finishing a brain op-

eration, surgeons tightly close the dura mater by pri-

mary closure or dural graft with pericranium. On the

other hand, if dura closure is not feasible, in some

cases a dura substitute is needed. Generally, there

are several types of dura substitute including autolo-

gous, allografts, xenografts and synthetic material.

Autologous grafts are tissues that are donated from

one part of the individual who is undergoing surgery,

such as fascia lata, temporalis fascia or pericranium.

Autologous grafts are the best & safest choice be-

cause they do not induce toxicity or severe inflamma-

tory or immunologic reactions, and also do not trans-

mit diseases, but the drawbacks are insufficient avail-

ability of the desired size and shape of donor tissue,

particularly when the dural defect is large. Harvesting

fascia lata requires an additional operation, so com-

plications at the donor site can occur as well, such as

wound infection, hematoma and pain. Allografts are

tissues that are obtained from the same species with

a different genotype donor, such as cadaveric human

skin and cadaveric lyophilized dura mater. The draw-

backs are immunomediated inflammatory reactions

induction and disease transmission such as HIV in-

fection, hepatitis and also fatal neurodegenerative dis-

order, Creutzfeldt-Jakob disease (CJD), thus human

allografts were banned for further use. Xenografts are

tissues taken from a different species donor. The xe-

nograft dura substitutes that are available today are

bovine or ovine pericardium, porcine intestinal sub-
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mucosa (peritoneum), and collagen-based material

obtained from equine achilles tendon. The disadvan-

tages of using dura substitute, which is composed of a

different species donor tissue graft, are tissue rejec-

tion and zoonotic diseases. At present there is a lack

of evidence about the formulation and the results of

commercialized synthetic dura substitutes. In this

present study, the author would like to propose a new

synthetic dural substitute based on the mixture of oxi-

dized regenerated cellulose (ORC) and polycaprolactone

(PCL). The primary objective is to fabricate a new syn-

thetic dural substitute based on the mixture of oxi-

dized regenerated cellulose (ORC) and polycaprolactone

(PCL) and the secondary objective is to characterize

the properties and effectiveness of this combination

(ORC/PCL) as a novel dural substitute.

Materials and Metods

Materials

Poly (ε -caprolactone) (PCL) is a semi crystal-

line aliphatic polyester. It is common used as a medi-

cal biomaterial. It is gradually biodegradable by an out-

door microorganisms and hydrolytic mechanisms and

is biocompatible, so it is very suitable for the design of

long-term implants as a primary scaffold.

Oxidized regenerated cellulose (ORC) is a water

insoluble cellulose derivative, which is prepared by the

oxidation of cellulose fibers with nitrogen dioxide. This

property enhances the intracellular digestion of ORC

via several resident hydrolytic enzymes. So it can be

absorbed in 7 to 14 days after implantation in a por-

cine model, and produces no foreign body reactions,

so it is more suitable for the design of short-term

implants as a secondary scaffold. It also possesses

hemostatic and broad-spectrum antimicrobial proper-

ties.

N-methyl-2-pyrrolidone (NMP) is a slightly yel-

low clear liquid with low volatility and flammability. It is

used as a biodegradable solvent in different fields of

applications, particularly in pharmaceutical industry, and

has gained Food and Drug Administration (FDA) ap-

proval.

Methods

1. Fabrication of PCL/ORC composite sheet

Polycaprolactone (PCL)/oxidized regenerated cel-

lulose (ORC) composite was prepared by the solution

infiltration process. The composite formulations were

divided into 2 groups, designated P10: PCL 10 g in

100mL N-methyl-2-pyrrolidone and P20: PCL 20g

in 100mL N-methyl-2-pyrrolidone. ORC sheets

(Surgicel®, Ethicon Inc.) were used as a receiver in

both groups by casting on the one side of the ORC

sheet and drying out the solvent in the oven at 40oc.

Formulations Polycaprolactone N-methyl-2-

(PCL) pyrrolidone

P10 10 g 100 mL

P20 20 g 100 mL

2. Dural implantation study

The study groups were separated by the types of

dura substitute into 3 groups, which were pericranium

as the control group, P10 and P20. The study sub-

jects were observed for 3 periods of time which were

1, 3 and 6 months. The sample size for each group as

calculated by one-way analysis of variance (ANOVA)

formulation was 5 subjects. There were also 5 sub-

jects for pilot study, which we decided to terminate in
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3 months. As a result, the total number of subjects

was 50. However, this preliminary study reports on

only the 1-month period group along with four rabbits

of the 3-month pilot subjects. As a result the total

number of subjects in this preliminary study was19.

After animal IRB approval, five 2.5-3kg, young

adult, male, New Zealand white rabbits were recruited

into 3 groups (Pericranium group as a control group,

P10 and P20). The rabbits were all out bred from the

National Laboratory Animal Centre of Thailand, Salaya,

Nakhon Pathom, which met the requirements for re-

search animals. All of them were supported at the Cen-

tral Animal Facility (CAF), the Faculty of Science,

Mahidol University, Bangkok under strict hygienic con-

ventional conditions pre- and post-operatively. They

were kept in suspended cages, fed by standard diet.

Their health conditions were monitored daily by a vet-

erinarian and CAF staff.

The rabbits were premedicated by the combina-

tion of Ketamine (7 mg/kg), Dextomitor (5 μg/kg)

and Midazolam (0.5 mg/kg) for providing sedation and

analgesia prior to anesthetic induction in order to al-

low endotracheal intubation. After intubation succeeded,

the level of anesthesia was maintained with an induc-

tion dose of 5% Isoflurane inhalational anesthesia and

followed by a maintenance dose of 3% Isoflurane, which

was delivered via endotracheal tube. The levels of deep

and stable anesthesia were monitored by a corneal

and toe pinch reflex. The rabbits were kept warm by

using heating pads throughout the operation.

The rabbits were in prone position. The scalp was

shaved and prepped with Chlorhexidine under the sterile

technique. The 5cm rostral-to-caudal linear incision

was done at the right parietal region, caudal to the eye

globe level. The 1x1cm section of pericranium was

harvested in the control group. The scalps were dis-

sected subpericranially until the skulls with the junc-

tion of the sagittal-coronal suture were identified as

shown in Figure 1.

After the self-retractor was placed at the scalp

layer, a high-speed electrical drill and Kerrisonûs

rongeur were used to perform a 2x4 cm osteoclastic

craniectomy at the right side of the sagittal suture and

caudal to the coronal suture quadrant. Under the mi-

croscopic view, the durotomy was done by using No.24

needle and extended by hook dissector. The diameter

of dural defect was about 4 mm as shown in figure 2.

Figure 1: Area of craniectomy

Figure 2: Durotomy site
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The 6 mm dura substitutes would be laid to cover

the dural defects. In the THEKA dura substitute groups,

we designed the ORC surface to be in contact with the

brain cortex surface. After that, the dural substitute

was sutured with the edge of the dura defect by using

5-0 non-absorbable silk for 2-3 stitches as shown

in Figure 3. Saline irrigation was done. The bleeding

was checked and stopped by using Fibrillar® absorb-

able hemostat (Ethicon, Inc.). The scalps were closed

by using 4-0 non-absorbable Nylon as shown in fig-

ure 4.

Following the operation, the rabbits were given

Enrofloxacin (Baytril®) (4.0 mg/kg) via subcutane-

ous injection once daily for 5 consecutive days to pre-

vent an infection, Metoclopramide (0.5 mg/kg) via

subcutaneous injection once daily for 2 consecutive

days to stimulate gastrointestinal tract movement and

Carprofen (Rimadyl®) (4.0 mg/kg) once daily and

Tramadol (2.0 mg/kg) twice daily via subcutaneous

injection for 3 consecutive days to relieve the pain.

The rabbits were housed in individual cages with free

access to food and water. Postoperative complications

were monitored by a veterinarian and CAF staff for any

signs of infection and CSF leakage through the inci-

sion site.

At the end of the each time point, the rabbits

were anesthetized by Xylazine (1 mg/kg) and Zoletil

(5 mg/kg) via intravenous injection to allow endotra-

cheal intubation then maintained by 3-5% Isoflurane

inhalation anesthesia via endotracheal tube. After the

deep levels of anesthesia were reached, CSF was col-

lected via cisterna magna punctures for cell differen-

tiation, then the rabbits were euthanized by an over-

dose of Sodium pentobarbital (Nembutal®) (100 mg/

kg) via intravenous injection. The rabbits were decapi-

tated and degloved. The whole brain with the overlying

dura and dura substitutes were preserved in neutral

formalin buffer for 5 days, then skulls were decalcified

by 10% EDTA immersion for 2 weeks and embedded

in paraffin and microtomed for 5 μm sections for fur-

ther histopathological study.

Figure 3: Dura substitute suture

Figure 4: Immediate postoperatively result
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Analysis
1. Cerebrospinal fluid (CSF) examination

CSF was drawn from the cisterna magna punc-

ture for cell differentiation to identify any inflammation

or infection.

2. Microscopic histopathological study of implants

The tissue was blocked and stored in neutral for-

malin buffer then decalcified by 10% EDTA immersion,

processed and embedded in paraffin. The samples were

microtomed to 5 μm sections and stained in H&E, then

assessed. The assessments were done in a semi quan-

titative scale and the categories of evaluation are shown

in the table-1.

After the assessment scores were done in all cat-

egories, mean and standard deviation were calculated

in each group then analyzed by using one-way analy-

sis of variance (ANOVA), followed by Newman-Keuls

for multiple comparisons. P<0.05 designated a sig-

nificant different between groups.

Results

1. Cerebrospinal fluid (CSF) examination

All of the subjects (19 rabbits) showed no signs

of infection or inflammation (fever, surgical site D/C,

anorexia, neurological deficit, seizure) postoperatively

in this study and the CSF examinations at the termi-

nation point were confirmed by showing no WBC was

found in the cell differentiation.

2. Microscopic histopathological study of implants

The tissue samples were blocked and stored in

neutral formalin buffer, then decalcified, processed and

embedded in paraffin; after that microtomed to be 5

μm sections and finally stained in H&E. The represen-

tative of most slides of each group are as shown be-

low.

Table 1: Scoring criteria of implant histopathology

Scoring criteria
1. Adhesion to adjacent tissue

4 Extensive adhesion
3 Moderate adhesion
2 Mild adhesion
1 Few adhesion
0 None

2. Anchorage of dura substitute to dura
4 Complete anchorage (100%)
3 > 75% anchorage
2 50-75% anchorage
1 < 50% anchorage
0 None

3. Replacement of dura substitute with host tissue
4 Complete replacement (100%)
3 > 75% replacement
2 50-75% replacement
1 < 50% replacement
0 None

4. Degree of fibrosis
4 Severe fibrosis
3 Moderate fibrosis
2 Mild fibrosis
1 Few fibrosis
0 None

5. Vascularization
4 Severe vascularization
3 Moderate vascularization
2 Mild vascularization
1 Few vascularization
0 None

6. Hemorrhage
4 Severe hemorrhage
3 Moderate hemorrhage
2 Mild hemorrhage
1 Few hemorrhage
0 None

7. PMN infiltration
4 Abundant infiltration of PMN
3 Moderate infiltration of PMN
2 Occasional infiltration of PMN
1 Few infiltration of PMN
0 None

8. Foreign body response (Macrophages or Foam cells)
4 Abundant infiltration of macrophages and giant cells
3 Moderate infiltration of macrophages and giant cells
2 Occasional infiltration of macrophages
1 Few infiltration of macrophages
0 None

9. Osteoclasts
4 Abundant osteoclasts
3 Moderate number of osteoclasts
2 Small number of osteoclasts
1 Few osteoclasts
0 None
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Figure 5: Microscopic examination of dura substitutes

5A: Autologous tissue from the pericranium (control) group - bone edges of craniectomy site are visible at the

left & right sides and the brain cortex is seen below. Pericranium tissue could be identified in the middle

between the bone edges with adipose tissue inside appearing as multiple bubbles with the fibrous tissue

around it and there are slightly inflamed cells around a foreign body, which could be the silk suture, above

it. There was a little bone formation as shown near the left bone edge. There was a neo-dura lining

formation seen as a thin blue epithelium cells line between the fibrous tissue-brain cortex surfaces. There

was also shown a minimal adhesion of the brain surface.

5B: THEKA P10 dura substitute - bone edge is shown at the right side of image and the brain cortex above.

THEKA P10 is shown in the middle of the image. Because ORC was placed in contact with the brain surface

and is more degradable than PCL, the ORC acted as a secondary scaffold for the neovascularization

process, fibrous tissue infiltration and osteoclastic activity induction. Because PCL is less stainable and

less degradable, the PCL layer shows in a loose cavity with minimal staining of proteinaceous content,

which might be collagen. Neo-dura lining formation is detectable as a thin line of blue epithelium cells, but

appeared to be slightly appeared less than in the autologous tissue group, and there was also new fibrous

tissue near the bone edge without brain surface adhesion. There were also no active inflammatory cells

such as neutrophils.

5C: THEKA P20 dura substitute - bone edge is seen at the left side of the image and the brain cortex below.

THEKA P20 can be seen in the middle-to-right side of the image. The healing process was appeared to be

just like the THEKA P10, with the thicker loose stained area of PCL observed, as a greater concentration of

PCL made a thicker layer of PCL. There were also neo-dura lining and fibrous tissue formation apparent

without brain surface adhesion or active inflammatory cells.

A B

C
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lose (ORC). The PCL is the primary scaffold and the

ORC is the secondary scaffold. The primary scaffold is

the main structure that will maintain the strength of

the regenerated cellular aggregation such as fibroblast,

osteoclast and neovascularization while the secondary

scaffold will create the tiny space for regenerated cel-

lular aggregation when it is dissolved.

After the animal IRB approval, we had already

tested THEKA both in vitro and in vivo. Regarding in

vitro test, tensile modulus, tensile strength, breaking

elongation, degradation test and cell proliferation and

Table 2 summary the microscopic examination of the histopathological study

The data above were calculated and analyzed sta-

tistically. The results are shown in Table 3.

Discussion

In this present study, we would like to propose

the fabrication of synthetic dura substitute (SDS) which

is available to use, can be stored at the room tem-

perature with no need to freeze, has a long shelf-life

time storage and no risk of zoonotic transmitted dis-

ease. This SDS is named THEKA. It is composed of

polycaprolactone (PCL) & oxidized regenerated cellu-

 
 

Adhesion 
to  

adjacent 
tissue 

Anchorage of  

dura substitute 

to dura 

Replacement of 
dura  

substitute with 
host tissue 

Degree of 

fibrous 

tissue  

Vasculariza 
tion 

  

Hemor 
rhage 

  

PMN 
infiltration 

 

Macrophages 

(Foamy cells) 

Osteoclasts 

   
Autologous          

1 month          

Boonden 0 4 3 3 2 0 0 2 1 

Boonroong 0 4 3 3 2 0 0 3 1 

Boondong 1 3 2 2 2 0 0 1 1 

Boonsak 0 4 with bone 3 2.5 2 0 0 2 1 

Boonyai 0 4 2 2 2 0 0 1 1 

P10          

1 month          

Boontuem 2 3 with bone 2 2 3 0 0 3 3 

Boonkwan 0 4 with bone 2 3 3 0 0 2 3.5 

Boonwaen 1 3 with bone 2 3 3 0 0 4 3.5 

Boonploy 0 3 2 2 3 0 0 2 3.5 

Boonphet 2 4 2 2 3 0 0 2 3.5 

P20          

1 month          

Boonsoong 0 3.5 with bone 3 2 3 0 0 2.5 3.5 

Boonsawang 0 3.5 with bone 3 2.5 3 0 0 2 4 

Boonsawai 0 4 with bone 3 2 3 0 0 3 4 

Boonnak 1 3 with bone 2.5 2 3 0 0 3 4 

Boonnoon 1 3 with bone 2.5 2.5 2.5 0 0 1.5 4 

3 months          

Autologous          

Boonrod N 2 0 3 1 0 0 0.5 0 

P10          

Boonruer 0 3 2 3 2 0 0 1 4 

Boonchai 1.5 2 with bone 1.5 2 2 0 0 0.5 4 

P20          

Boonmee 2.5 2 2 2.5 2 0 0 1.5 3.5 
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cell viability had been done. Additionally, in vivo test

was performed with 50 rabbits by implanting the SDS

then short-term and long-term effects have been

monitored for 1, 3 and 6 months in separate groups.

In this present study, a preliminary report of the 1st

month is reported. The compatibility of SDS in animal

study has revealed the feasibility of fabrication and

implanting in animals. The further study is on going for

the next year and also we are looking forward to iden-

tifying the compatibility at the cellular level after 6

months of the animal implantation.

Conclusion

Synthetic dura substitute is emerging as one of

the choices for dural repair and preventing CSF leak-

age. THEKA is an example of a synthetic dura substi-

tute with in vitro and in vivo experimental support. Fur-

ther study is needed to identify the compatibility in

human model.

Table 3

Autologous P10 P20

Mean Mean Mean

Adhesion to adjacent tissue 0.2±0.45 1.0±1.00 0.4±0.55

Anchorage of dura substitute to dura 3.8±0.45 3.4±0.55 3.4±0.42

Replacement of dura substitute with host tissue 2.6±0.55 2.0±0.00 2.8±0.27##

Degree of fibrous tissue 2.5±0.50 2.4±0.55 2.2±0.27

Vascularization 2.0±0.00 3.0±0.00**** 2.9±0.22***

Hemorrhage 0.0±0.00 0.0±0.00 0.0±0.00

PMN infiltration 0.0±0.00 0.0±0.00 0.0±0.00

Macrophages (Foam cells) 1.8±0.84 2.6±0.89 2.4±0.65

Osteoclasts 1.0±0.00 3.4±0.22**** 3.9±0.22****, ###

Data represent the standard deviation (SD) of five animals in each group. Values were expressed as mean ± SD. * p<0.05, ##p<0.01,
***p<0.001, ****, #### p<0.0001
Statistically significant differences were determined using one-way analysis of variance (ANOVA), followed by Newman-Keuls for multiple
comparisons. ***, **** Significant differences from autologous group. ##, #### Significant differences from P10 group.
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Abstract

Background: The natural history of giant intracranial aneurysms is generally morbid. Mortality and

morbidity associated with giant aneurysms is also higher than for smaller aneurysms. The reported experi-

ences of surgery for giant intracranial aneurysm is slightly limited in Thailand institutes and South-East Asia.

Objectives: The objective of this investigation was to study the clinical presentation, diagnosis,

treatment, and outcome of patients with giant intracranial aneurysm in King Chulalongkorn Memorial Hospi-

tal (KCMH).

Materials and Methods: We retrospectively analyzed data collected between 2005 - 2010 about

patientûs demographic, management, and outcome.

Results: Giant intracranial aneurysm was found in 12 patients during a 6 year period. The 2 males

and 10 females range in age from 16 to 74 years (mean: 53.6 years). The ICA and MCA were the most

frequently involved arteries. Compression of adjacent intracranial structures was the usual course of symp-

toms, and only 2 patients experienced subarachnoid hemorrhage. No patient present with ischemic stroke.

Proximal parent vessel occlusion or trapping and bypass were dominant among the treatment methods.

Excellent and good outcome occurred in 50% and 25% of patient with aneurysm in the anterior circulation,

respectively. Fifty percent of patient with posterior circulation aneurysm had poor outcome. Two patients in

this series died from bleeding before treatment.

Conclusions: In this series, the anterior circulation, especially ICA, is the most frequently involved

artery. Mass effect from the aneurysm is the most common clinical presentation followed by features of SAH.

Various neurosurgical techniques were used for proper case. With proper case selection, optimal radiological

evaluation and appropriate surgical strategy, it is possible to achieve a favorable outcome in 70% of case.

Keywords: surgical treatment, giant intracranial aneurysms
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Introduction
Intracranial aneurysms larger than 25 mm in

maximum diameter are classified as giant.1 The natu-

ral history of giant intracranial aneurysms is generally

morbid as a result of hemorrhage, neural compres-

sion, and thromboembolic episodes. Left untreated,

the majority of patients suffer from ruptures of these

aneurysms. Once ruptured, the cumulative frequency

of rebleed at 14 days is 18.4%. It has been shown

that mortality is above 60% within 2 years and 80%

of patients with untreated symptomatic giant aneu-

rysms are dead or totally incapacitated within 5 years

of diagnosis.2,3

The goal of aneurysm obliteration with mainte-

nance of adequate cerebral blood flow (CBF) and re-

lief of mass effect therefore remains a definite surgi-

cal challenge. The reasons for the higher complication

rates are the occlusion of perforators or parent arter-

ies by the aneurysm clipping itself, or temporary oc-

clusion of main arteries.4 The reported experiences

of surgery for giant intracranial aneurysm is slightly lim-

ited in Thailand institutes and South-East Asia. Most

of the reported experiences of surgery for giant intrac-

ranial aneurysms are from the west. This study was

carried out to assess the demographic profile, pre-

senting features, complications, and outcome after

surgical treatment of giant intracranial aneurysms at a

tertiary referral centre in Thailand.

Materials and Methods

Patient population

We retrospectively analyzed data collected be-

tween 2005 - 2010 about patientûs demographic,

management, and outcome.

Between 2005 and 2010, 12 patients (2 males,

10 females) with symptomatic giant aneurysm were

treated at the King Chulalongkorn Memorial Hospital

(KCMH). The patient range in age from 16 to 74 years

(mean 53.6 years). Ten patients underwent surgery

but two dead due to bleeding before surgical treatment

begin. Postoperative neurological function was evalu-

ated using modified Rankin scale grade (mRS), in which

a mRS grade 0 is excellent, 1 is good, 2-5 is poor

outcome, and dead.

Aneurysm location

Ten aneurysms were located in the anterior cir-

culation, and two aneurysms were located in the pos-

terior circulation. Among the anterior circulation aneu-

rysms, six involved ICA (one: petrous-cavernous seg-

ment, one: cavernous segment, one: ICA terminus, one:

C3-4 segment ICA, and two: supraclinoid segment),

three involved MCA, and one involved A1-AcoA. Among

the posterior circulation aneurysms, two involved the

vertebral artery (VA). (Table1 and 2)

Clinical presentation (Table1 and 2)

Seven patients with anterior circulation aneurysm

presented with mass effect, including double vision,

blur vision, hemiparesis, headache and dysarthria. Three

patients presented with subarachnoid hemorrhage

(SAH). Preoperative neurological deficits were present

in ten patients with anterior circulation aneurysms, in-

cluding 5 patients with cranial nerve deficit, 2 patients

with abnormal motor examinations.

Two patients with posterior circulation aneurysms

presented with brainstem compression, including ataxia

and weakness of leg. There were no incidental, as-

ymptomatic posterior circulation aneurysms. No pa-
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tients presented with SAH or thromboembolic symp-

toms.

Treatment (Table 1 and 2)

Of the anterior circulation lesion, three aneurysms

were treated directly with bypass and trapping (case

1,4,9). Two aneurysms were treated with proximal

occlusion of parent vessel (case 6,8). Case 6 was

passed the preoperative balloon test occlusion of right

ICA before right cervical ICA was ligated. Case 8 (Fig.

3, 4) had good cross-flow from left A1 to right ACA on

preoperative DSA (left ICA injection with right carotid

artery compression). The remaining three patients un-

derwent clip reconstruction (case 2), bypass with proxi-

mal occlusion of parent vessel (case 11), and bypass

with partially clip proximal MCA in first stage then clip

reconstruction in second stage due to residual aneu-

rysm (case 12).

Of the two posterior circulation aneurysms, all of

them were treated surgically. One saccular Rt. VA-PICA

aneurysm (case 10, Fig. 6, 7) were treated by proxi-

mal occlusion of parent vessel (using Selverstone clamp

to V3 segment of vertebral artery for gradually occlu-

sion of right VA). Another aneurysm were Lt. VA aneu-

rysm (case 7), underwent direct clipping procedure.

All two aneurysm were exposed via the far-lateral ap-

proach.

Two of the intracranial giant aneurysm (case 3,5)

were treated by non-operative management due to

rupture (case 5) and re-rupture (case 3) caused poor

neurological status before surgical intervention.

Results

Surgical outcome and modified Rankin scale grade

(Table 3)

There was no surgical mortality in this patient

series. Six patients (60%, case 1,2,4,6,7,12) en-

countered the surgical complication (Table 1). Two

patients (case 4, 12) had postoperative bypass graft

occlusion (40% of bypass procedure). One case of

bypass graft occlusion (case 4) developed right MCA

territory infarction that required decompressive craniec-

tomy and frontotemporal lobectomy. Another case of

bypass graft occlusion (case 12), had residual aneu-

rysm of left M2 segment of MCA on the first-postop-

erative angiography after left ECA-M2 bypass with

partial clip of left MCA was accomplished. Second op-

eration was performed for clip reconstruction. The sec-

ond-postoperative angiograpghy was shown complete

absence of aneurysm and total occlusion of left MCA

bifurcation with leptomeningeal collateral vessels from

left ACA and PCA branches to supply left MCA territory.

The patient had no neurological deficit at postopera-

tive period and at follow-up period.

Case 6 was stable in neurological assessment

during preoperative balloon test occlusion (BTO) of

right ICA. Large right MCA territory infarction occurred

following right cervical ICA ligation. No surgical treat-

ment was performed for this large infarction. The sub-

sequent deficits include left hemiparesis (upper limb

grade 1, lower limb grade 2) and left side neglect.

These deficits improved during subsequent 6 months.

Case 2 had postoperative hematoma required

surgical evacuation and then developed deep vein

thrombosis and pulmonary embolism. Case 1 had post-

operative subdural hygroma required subduro-perito-

neal shunt. Case 7 had postoperative right true vocal

cord paralysis and dysphagia that required tracheo-

stomy.

A postoperative check DSA was performed in 8
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patients (case 1,2,6,8,9,10,11,12) and revealed well

obliterated aneurysm. A residual aneurysm observed

in one patient (case 12) on first-postoperative DSA.

In this case, the residual aneurysm was well obliter-

ated with clip reconstruction. One case (case 7) was

shown complete obliteration of aneurysm on postop-

erative MRA.

For the entire series, the mean follow-up period

was 1 year. Overall for surgical treatment, four pa-

tients had excellent outcome (mRS grade 0, 40%),

three had good outcome (mRS grade 1, 30%), and

three had poor outcome (mRS grade 2-5, 30%). Pa-

tients with anterior circulation aneurysms had better

outcomes than patients with posterior circulation an-

eurysms. In the former group, four patients (50%)

received mRS grade 0, two patient (25%) had mRS

grade 1, and two patients (25%) had mRS grade 2-

5 (poor outcome). The latter group included 1 patient

(50%) with mSR grade 1 (good outcome), one pa-

tient (50%) with mRS grade 3 (poor outcome).

Two patients (case 3,5) in this series died, one

patient (case 3) with ruptured right giant ICA-PcoA

aneurysm died from rebleeding before treatment; one

(case 5) with unruptured right giant ICA terminus an-

eurysm died from rupture before cerebral angiography

was performed.

At the last follow-up period, three patients (30%,

case 4,6,7) were neurologically worse after treatment,

one (case 1) had returned to his preoperative condi-

tion, and six patients (60%, case 2,8,9,10,11,12)

were improved after treatment.

Discussion

The most common clinical presentation of giant

aneurysm mentioned in previous reports is local mass

effect.5,6,7 It has been observed that 25-40% of gi-

ant aneurysms present initially with SAH.2,6 In our

series, local mass effect was the most common pre-

senting feature, found in 75% of the cases. This is in

contrast to the report by Gewirts et al., which described

68% patients presenting with SAH.8 Unruptured gi-

ant aneurysms have a higher probability of subsequent

Table 2 Aneurysm location, presenting symptoms, and surgical procedures

Location No. of Symptoms of Clip Clip Prox. Bypass + Bypass + Bypass No

of patient aneurysm recon. Parent vessel trapping prox. then surgery

aneurysm (%) SAH Mass occlusion occlusion clip recon

ICA 6 1 5 0 1 1 2 0 0 2

(50%) (NO.2) (NO.6) (NO.1,9) (NO.3,5)

MCA 3 2 1 0 0 0 1 1 1 0

(25%) (NO.4) (NO.11) (NO.12)

A1-AcoA 1 0 1 0 0 1 0 0 0 0

(8%) (NO.8)

VA 2 0 2 1 0 1 0 0 o 0

(17%) (NO.7) (NO.10)

Total 12 3 9 1 1 3 3 1 1 2
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rupture and thrombosis, and giant size does not pre-

clude rupture.2,9

Intracranial giant aneurysms have a propensity to

occur at certain locations. Our observation that 83%

of all aneurysms are located in the anterior circulation

and the single most common site of giant aneurysm is

the ICA is consistent with previous findings.2,5,10,11

The treatment strategy is imperative to carefully

consider multiple factors before the mode of treat-

ment is decided upon for an individual patient: clinical

presentation, age of the patient, comorbid conditions,

the location, morphology, and type of aneurysm, he-

modynamic factors, and circulation within the normal

brain. Preoperative assessment of cross-flow, size, and

patency of the opposite vertebral artery, anatomical

variation in circle of Willis is important in planning a

surgical strategy.

In our series, direct surgical clipping was per-

formed as soon as possible. The direct clipping was

possible in two cases (case 2,7). The majority of treat-

ment in our case is proximal parent vessel occlusion

(case 6,8,10) and bypass with trapping (case 1,4,9).

(Table 2)

Giant aneurysms require adequate deflation of the

aneurysm sac prior to clipping (case 2 used suction

decompression technique, Fig.1). When there is a risk

of mass effect, giant aneurysm may required opening

and thrombus evacuation after they have been elimi-

nated completely from circulation (case 12).

For all aneurysms, direct clipping is usually the

first choice. Some aneurysm which are not clippable

due to incorporation of branches or lack of aneurysm

neck can be treated with trapping with bypass proce-

dure, proximal ligation with or without bypass proce-

dure, and wrapping.

In complex aneurysm, bypass procedure may be

required for preservation of CBF.12 An indirect proce-

dure to achieve aneurysm occlusion from the circula-

tion is required in 20-40% of case, which was also

observed in the present series.13 We treated giant

aneurysms of cavernous ICA, MCA, VA, and A1-AcoA

with proximal parent vessel occlusion with bypass

(case11) (Fig.2) or without bypass (case 6,8,10)

(Fig. 3, 4) and trapping with bypass (case 1,4,9)

Table 3  Aneurysm location and outcome

Outcome of surgical treatment at last follow up

Aneurysm Modified Rankin scale grade Compare to pre op. status

Excellent Good Poor Dead Total Improve Same Worse Dead Total

(mRS (mRS (mRS

grade 0) grade 1) grade 2-5)

Anterior circulation 4 2 2 0 8 5 1 2 0 8

(50%) (25%) (25%) (0%) (62.5%) (12.5%) (25%) (0%)

Posterior circulation 0 1 1 0 2 1 0 1 0 2

(0%) (50%) (50%) (0%) (50%) (0%) (50%) (0%)

Total 4 3 3 0 10 6 1 3 0 10

(40%) (30%) (30%) (0%) (60%) (10%) (30%) (0%)
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(Fig. 5).

As seen in our study, ICA and VA occlusion is

safe and effective therapeutic method in selected pa-

tients with adequate collaterals. Preoperative trial oc-

clusion of the ICA has been used to predict the prob-

ability of a patient to tolerate permanent occlusion for

treatment an ICA aneurysm. Case 6 had good cross-

flow to right M4 segment on angiographic compres-

sion study (Lt.ICA injection with Rt.CCA compression)

and was stable in neuroclinical assessment during BTO

of left ICA. Right cervical ICA ligation was performed

after passing the preoperative neuroclinical assess-

ment. However, postoperative infarction of right MCA

territory was occurred. This early permanent deficit is

possibly due to thromboembolic phenomenon or de-

creased blood flow. CBF insufficiency after ICA occlu-

sion, despite of passing preoperative BTO, is due to

false-negative finding of BTO, which has been reported

about 7.5-20%.14 This false-negative rate can be

reduced by using of BTO with specific testing para-

Fig. 1 A 69-year-old female (case NO.2) presented with visual field defect. A contrast CT scan (A) revealed a vivid

contrast enhancing mass at suprasellar region. CTA and MRI revealed a giant saccular supraclinoid Lt. ICA aneu-

rysm (B,C). Clip reconstruction was performed with suction decompression technique. Post-operative DSA (D)

showed a well obliterated aneurysm and patent Lt ICA. Lt. frontal lobe hematoma was occurred at postoperative

period, which required hematoma removal. Vision gradually improved at 1.83 year-follow up.
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Fig. 2 A 56-year-old female (case NO.11) presented with severe headache and loss of consciousness. A non-contrast

CT scan (A) revealed a subarachnoid hemorrhage and partially thrombosed mass at right temporal region. CT

angiography, 3D reconstruction angiography and digital subtraction angiography (DSA) revealed a giant right M1

aneurysm with turbulent flow (B,C,D). Right ECA-M2 bypass (radial artery) with proximal occlusion of right M1

was performed. Post-operative DSA (E,F) showed a well obliterated aneurysm and patent bypass graft. The patient

had no focal deficit at immediate postoperative period and at 7-month follow-up.
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Fig. 3 A 41-year-old female (case NO.8) presented with headache and visual field defect. A CT angiography (A,B) and

MRI (C,D) revealed a partially thrombosed giant A1-AcoA aneurysm. DSA revealed a giant A1-AcoA aneurysm fed

from Rt.A1(E). Good cross-flow from Lt.A1 to Rt.ACA with patent AcoA was demonstrated on Lt.ICA injection with

compress Rt. carotid artery (F).
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Fig. 4 (case NO.8) Three-dimension reconstruction DSA showed a giant fusiform A1-AcoA aneurysm (A). Proximal

occlusion of Rt. A1 was performed. Postoperative DSA revealed a well obliterated aneurysm (B,C) and good cross-

flow from Lt.A1 to both ACA (D).

digm, that compose of 4 modalities (1.neuroclinical

assessment, 2.hemodynamic evaluation, 3.neurophysi-

ological EEG, and 4.provacative test).15 This testing

method was highly correlated with tolerance to vessel

sacrifice in 95% of patient in one study.16 Preopera-

tive DSA of case 10 (Fig. 6, 7) revealed partially throm-

bosed giant aneurym at PICA segment of left vertebral

artery, smaller right VA, dominant left VA, and no cross-

flow between both VA. Proximal parent vessel occlu-

sion was planned. BTO of VA was not performed due to

high risk. Therefore, cross-flow and CBF after occlu-

sion of left VA was not assessed. Gradual occlusion of

left VA at V3 segment using a Selverstone clamp was

performed. Complete occlusion of V3 segment of left

VA and aneurysm with good collateral flow from right

VA were shown in postoperative DSA. No postopera-

tive neurological deficit was detected. Case 8 (Fig. 3,

4) was found to have a giant fusiform A1-AcoA aneu-

rysm. Preoperative DSA showed the aneurysm involv-

ing and have major feeder from right A1. Cross-flow

assessment revealed patent AcoA and good cross-

flow from left A1 to right ACA. Proximal trapping of right
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Fig. 5 A 21-year-old male (case NO.9) presented with diplopia due to Rt. ophthalmoparesis. A contrast CT scan (A)

and post-gadolinium T1WI MRI (B) revealed a inhomogeneous contrast enhancing mass involved Rt. Petrous,

temporal fossa and CP angle region. DSA showed a fusiform giant right ICA aneurysm (C) and poor cross-flow from

Lt.ICA through AcoA and minimal retrograde flow from posterior circulation through Rt.PcoA (D). Rt. ECA-M1

bypass and trapping was performed. Post-operative DSA (E,F) showed a well obliterated aneurysm and patent

bypass graft. The ophthalmoparesis was improved at immediate postoperative period and completely recovered at

2-month follow-up.
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Fig. 6 A 63-year-old female (case NO.10) presented with Lt. leg weakness. MRI (A,B,C) revealed a partially throm-

bosed giant aneurysm at Lt. CP angle region. DSA showed a saccular giant aneurysm at PICA segment of Lt. VA

(D).

A1 segment was achieved for flow reversal. Postop-

erative DSA demonstrated complete absence of an-

eurysm and bilateral distal ACA supplied from left A1.

Trapping allows decompression of the thrombus

responsible for symptoms in giant aneurysm with focal

mass effect.15 Two patients in this series (case 1,9)

underwent trapping of aneurysm with good result. An-

other case (case 4) with trapping with bypass proce-

dure had poor outcome due to graft occlusion.

Surgical mortality rate vary from 4-21% (aver-

age 10%) in previous reports.15 No surgical mortality

was observed in this series. The most common com-

plication was ischemia. Excellent/good results in sur-

gically treated patients have been reported in 63-85%

of case.15 The favorable outcome in 70% of patients

observed in this series.

Conclusions

In this series, the anterior circulation, especially

ICA, is the most frequently involved artery. Mass effect

from the aneurysm is the most common clinical pre-

sentation followed by features of SAH. Various neuro-

surgical techniques were used for proper case. With

proper case selection, optimal radiological evaluation
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Fig. 7 Post-operative DSA (C,D) revealed a well obliterated aneurysm and good supplement flow from Rt. VA to basilar

artery and both PCA. The weakness was improved at immediate postoperative period and at 1-month follow-up.

and appropriate surgical strategy, it is possible to

achieve a favorable outcome in 70% of case.
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