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ªí≠À“¢Õß°“√∂Õ¥∑àÕ™à«¬À“¬„®‚¥¬‰¡àµ—Èß„® ‡ªìπ
ªí≠À“∑’Ë “¡“√∂ –∑âÕπ∂÷ß§ÿ≥¿“æ¢Õß°“√√—°…“æ¬“∫“≈
„πÀÕÕ¿‘∫“≈ºŸâªÉ«¬«‘°ƒµ‰¥â1,2 ´÷ËßÕ—µ√“°“√∂Õ¥∑ àÕ™à«¬
À“¬„®‚¥¬‰¡àµ— Èß„®π — Èπ æ∫‰¥â√ âÕ¬≈– 3-16  ”À√ —∫
ª√–‡∑»„π‡Õ‡™’¬Õ“§‡π¬åπ—Èπ¡’Õÿ∫—µ‘°“√≥åª√–¡“≥√âÕ¬≈–

8.7-22.53,4 °“√»÷°…“¥—ß°≈ à“«¢â“ßµâπ‰¥â√«∫√«¡∂ ÷ß
ªí®®—¬‡ ’Ë¬ßµàÕ°“√∂Õ¥∑àÕ (µ“√“ß∑’Ë1) ·π«∑“ß°“√·°â ‰¢
(µ“√“ß∑ ’ Ë 2) ·≈–·π«‚π â¡¢ÕßºŸâªÉ«¬∑ ’ ËÕ“®µâÕß„  à∑ àÕ
™à«¬À“¬„®Õ’° (µ“√“ß∑’Ë 3)

«“√ “√«—≥‚√§ ‚√§∑√«ßÕ°·≈–‡«™∫”∫—¥«‘°ƒµ
Thai Journal of Tuberculosis
Chest Diseases and Critical Care

 UNPLANNED EXTUBATION : AN UNWANTED
EVENT THAT WE CANNOT DENY

∫∑∫√√≥“∏‘°“√

µ“√“ß 3  ·π«‚πâ¡¢ÕßºŸâªÉ«¬∑’ËÕ“®µâÕß„  à∑àÕ™à«¬À“¬„®

Higher pre-extubation FiO2 (FiO2 > 50%)  lower PaO2/FiO2 ratio < 200 )
3,6,7,8

Higher ventilatory requirements7

Higher APACHE II score3

Type of mechanical ventilatory support (full ventilatory support)9

 “‡Àµÿ¢Õß°“√„  à∑àÕ®“°‚√§ pneumonia10

µ“√“ß∑’Ë 1 ªí®®—¬‡ ’Ë¬ßµàÕ°“√∂Õ¥∑àÕ™à«¬À“¬„®

®”π«πæ¬“∫“≈‰¡à‡æ’¬ßæÕ4

Anxiety, insufficient sedation5

History of previous unplanned extubation2

µ“√“ß∑’Ë 2  ·π«∑“ß°“√·°â ‰¢

ªí≠À“ ·π«∑“ß°“√·°â‰¢

ª√ —∫®”π«π æ¬“∫“≈: ºŸ âªÉ«¬ „Àâ‡À¡“– ¡
®—¥°“√»÷°…“µàÕ‡π◊ËÕß‡æ ◊ËÕ‡æ‘Ë¡æŸπ∑ —°…–4

ª√–‡¡‘π‚¥¬„™â motor activity assessment
scales (MAAS)5 ·≈–ª√ —∫¬“„Àâ‡À¡“– ¡
∑” CQI ‚¥¬¡ÿàß∑’Ë ®—¥¡“µ√∞“π¢Õß°“√∑”ß“π,
‡æ‘Ë¡∑ —°…–„π¥â“π°“√ ◊ ËÕ “√·≈–§—¥°√ÕßºŸâªÉ«¬
∑’Ë¡’ªí®®—¬‡ ’Ë¬ß·≈–„Àâ°“√‡ΩÑ“√–«—ßÕ¬à“ß„°≈â™‘¥1

®”π«πæ¬“∫“≈
‰¡à‡æ’¬ßæÕ

ºŸâªÉ«¬ anxiety
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°“√¥Ÿ·≈ºŸ âª É«¬„πÀÕÕ¿‘∫“≈ºŸ âª É«¬« ‘°ƒµ„π
ª√–‡∑»‰∑¬ °Á¥”‡π ‘πµ“¡¡“µ√∞“π “°≈·≈–æ∫ºŸâªÉ«¬
∑ ’ Ë∂Õ¥∑ àÕ™à«¬À“¬„®‚¥¬‰¡àµ—Èß„®Õ¬Ÿà∫ àÕ¬§√ — Èß ·µà¬—ß‰¡à¡’
°“√»÷°…“·≈–√“¬ß“π‡ªìπ∑’Ë™—¥‡®π ‡ªìπ∑’Ëπ à“¬‘π¥’∑’Ë πäÕµ
‡µ™–«—≤π«√√≥“ ·≈–§≥–11 ‰¥â∑”°“√»÷°…“·≈–
√“¬ß“πÕÿ∫ —µ‘°“√≥ å∑ ’ Ë‡°‘¥¢÷Èπ æ√ âÕ¡∑ — Èß‰¥â«‘‡§√“–Àå∂ ÷ß
ªí®®—¬‡  ’ Ë¬ß·≈–ªí®®—¬∑ ’ Ë™à«¬∫ àß™’È∂ ÷ß°“√µâÕß„  à∑ àÕ™à«¬
À“¬„®´È” °“√»÷°…“π’Èæ∫«à“Õ—µ√“°“√‡°‘¥¿“«–∑’Ë∂Õ¥∑ àÕ
™à«¬À“¬„®‚¥¬‰¡àµ—Èß„®Õ¬Ÿà∑’Ë√ âÕ¬≈– 4.9 ´÷ËßÕ¬Ÿà„π‡°≥±å∑’Ë
æ∫‰¥âµ“¡¡“µ√∞“π ·≈–ªí®®—¬‡  ’ Ë¬ßÀ≈ —°∑ ’ Ëæ∫§ ◊Õ
√–¥—∫§«“¡√ Ÿ â  ÷°µ—«∑ ’ Ë‡√ ‘ Ë¡‡Õ–Õ–«ÿàπ«“¬ (motor activity
assessment scales √–¥—∫ 4-6) √ à«¡°—∫‰¥â√—∫¬“ ß∫
ª√– “∑‰¡à‡æ’¬ßæÕ ¢âÕ¡Ÿ≈¥—ß°≈ à“«π ’ È “¡“√∂π”¡“
ª√–¬ÿ°µå„™â°—∫ºŸ âªÉ«¬„πª√–‡∑» √«¡∑ — Èß™à«¬„Àâ°“√
æ—≤π“§ÿ≥¿“æ°“√∫√ ‘°“√·≈–¡“µ√°“√¥Ÿ·≈ºŸâªÉ«¬„Àâ¥’
¢÷Èπ1,2 πÕ°®“°π ’ È¬—ßæ∫ºŸâªÉ«¬∑ ’ Ë¡’ minute v entilation
  Ÿß (>10 ≈ ‘µ√/π“∑ ’) ®–¡’·π«‚π â¡∑ ’ ËµâÕß°≈ —∫¡“„  à∑ àÕ
™à«¬À“¬„®Õ’° ¥—ßπ — Èπ∫∑§«“¡π ’ È®÷ß “¡“√∂π”¡“ª√ —∫„™â
µ“¡ ∂“π°“√≥å„π·µà≈–∑’Ë ‰¥â ·µà  ‘Ëß∑’ËÕ“®µâÕß§”π÷ß√ à«¡
§ ◊Õ Õ—µ√“  à«π¢Õß·æ∑¬å·≈–æ¬“∫“≈µàÕºŸâªÉ«¬ √«¡∑ — Èß
∑ —°…–„π°“√¥Ÿ·≈∑ ’ Ë·µ°µà“ß‰ª °“√π”‰ªª√–¬ÿ°µå„™â®√ ‘ß
®÷ß§«√‡°Á∫¢âÕ¡Ÿ≈‡æ ◊ ËÕ‡ª√ ’¬∫‡∑ ’¬∫«à“ ºŸâªÉ«¬„π°“√¥Ÿ·≈
¢Õß‡√“π — Èπ¡’Õÿ∫ —µ‘°“√≥ å‡°‘¥¢÷ Èπ„π™à«ß„¥¢Õß«—π ´÷ Ëß
 “¡“√∂ –∑ âÕπªí≠À“„π¥â“π∫ ÿ§≈“°√‰¥â ®÷ß®–∑”„Àâ
°“√æ—≤π“§ÿ≥¿“æ‡°‘¥¢÷Èπ‰¥â®√‘ß

Õ¥‘»√ «ß…“ æ.∫.
°ÕßÕ“¬ÿ√°√√¡

«‘∑¬“≈—¬·æ∑¬»“ µ√åæ√–¡ß°ÿÆ‡°≈â“
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Septic shock ‡ªìπ¿“«–«‘°ƒµ∑’Ë¡’§«“¡ ”§—≠ ¡’
Õÿ∫—µ‘°“√≥å Ÿß·≈–¡’Õ—µ√“µ“¬ Ÿß ·æ∑¬å·≈–∑’¡®–µâÕß„Àâ
°“√√—°…“‚¥¬‡√Á«·≈–§√∫∂â«π„πª√–‡¥Áπµà“ßÊ ∑’Ë ”§—≠§◊Õ
„Àâ¬“ªØ‘™’«π–·≈–°”®—¥·À≈àß°“√µ‘¥‡™◊ÈÕ √ —°…“ª√–§—∫-
ª√–§Õß„ÀâºŸâªÉ«¬√Õ¥™’«‘µ (intensive life support)
·≈–„™â¬“À√◊Õ “√∑’Ë‰ª¬—∫¬—Èß inflammatory pathway „π
septic shock º≈°“√√—°…“®–¥’À√◊Õ‰¡à ¢÷ÈπÕ¬Ÿà°—∫«à“∑’¡
¡’§«“¡√ Ÿ âæ ◊ Èπ∞“π‡°’Ë¬«°—∫æ¬“∏ ‘ √ ’√«‘∑¬“ æ¬“∏ ‘«‘∑¬“¢Õß
‚√§ °“√¥”‡π ‘π‚√§ °“√√ —°…“ µ≈Õ¥®π°“√ª√–‡¡‘π
·≈–‡Ω Ñ“√–«—ßº≈¢Õß°“√√ —°…“Õ¬à“ß∂ Ÿ°µâÕß ∫∑§«“¡π ’ È®–
§√Õ∫§≈ÿ¡ª√–‡¥Áπ¥—ß°≈à“«‚¥¬‡πâπ„πª√–‡¥Áπ intensive
life support ·≈–¡’«—µ∂ ÿª√– ß§å„Àâ·æ∑¬å„Àâ°“√√ —°…“
ºŸâªÉ«¬°≈ÿà¡π’ÈÕ¬à“ß∂Ÿ°µâÕß ·≈–¡’ª√– ‘∑∏‘º≈°“√√—°…“ Ÿß ÿ¥

§«“¡√Ÿâ‡∫◊ÈÕßµâπ‡°’Ë¬«°—∫ septic shock
§”®”°—¥§«“¡1

Septic shock ‡ªìπ¿“«–™ÁÕ§∑ ’Ë‡°‘¥®“° systemic
inflammatory response ¢Õß√ à“ß°“¬Õ—π‡ªìπº≈¡“®“°
°“√µ‘¥‡™◊ÈÕ√ÿπ·√ßÀ√◊Õ°“√¡’ inflammatory foci

®“° Consensus conference √–À«à“ß Ameri-
can College of Chest Physician ·≈– Society of
Critical Care Medicine „πªï 1992 ‰¥â¡’°“√°”Àπ¥
»—æ∑åÀ≈“¬§”∑ ’Ë‡°’Ë¬«¢âÕß°—∫°≈ÿà¡‚√§π ’È ¥—ßπ’È

Systemic inflammatory response syndrome
(SIRS) ‡ªìπ¿“«–∑’ËºŸâªÉ«¬¡’°“√Õ—°‡ ∫·æ√à°√–®“¬∑—Ë« Ê
‰ª„π√ à“ß°“¬ (widespread inflammation) ‚¥¬¡’
 “‡Àµÿ®“°°“√µ‘¥‡™◊ÈÕ À√◊Õ inflammatory stimuli Õ ◊ËπÊ
‡™àπ µ—∫ÕàÕπÕ—°‡ ∫ °“√∫“¥‡®Á∫√ ÿπ·√ß burns œ≈œ „π
°“√«‘π‘®©—¬¿“«– SIRS ºŸâªÉ«¬®–µâÕß¡’Õ“°“√∑“ß§≈‘π‘°
¥—ßµàÕ‰ªπ’ÈÕ¬à“ßπâÕ¬ 2 ¢âÕ ‚¥¬°“√«‘π‘®©—¬‚¥¬„™âÕ“°“√
∑“ß§≈ ‘π ‘°π ’ È „™â ‰¥â‡©æ“–ºŸâªÉ«¬ºŸâ„À≠ à‡∑ à“π — Èπ ‰¡à “¡“√∂
π”¡“„™â„πºŸâªÉ«¬‡¥Á°

1. Õÿ≥À¿Ÿ¡‘°“¬ ¡“°°«à“ 38oC À√◊ÕπâÕ¬°«à“ 36oC
2. Õ—µ√“‡µâπ¢ÕßÀ—«„® ¡“°°«à“ 90 §√—Èß/ π“∑’
3. Õ—µ√“°“√À“¬„®¡“°°«à“ 20 §√ — Èß/π“∑ ’ À√◊Õ

PaCO2 πâÕ¬°«à“ 32 ¡¡. ª√Õ∑
4. ‡¡Á¥‡≈◊Õ¥¢“« 12,000 ‡´≈≈å/≈∫.¡¡. À√◊ÕπâÕ¬

°«à“ 4,000 ‡´≈≈ å/≈∫.¡¡.À√◊Õ¡’‡¡Á¥‡≈◊Õ¥¢“«™π‘¥ band
form ¡“°°«à“ 10%

Sepsis ®÷ß‡ªìπ à«πÀπ÷Ëß¢Õß ¿“«–SIRS §◊Õ®”°—¥
‡©æ“–„π°≈ ÿà¡∑ ’Ë¡’°“√µ‘¥‡™ ◊ÈÕ‡ªìπ “‡Àµÿ

Severe sepsis ‡ªìπ ¿“«– sepsis ∑ ’Ë¡’ Õ«—¬«–
µà“ßÊ∑”ß“πº‘¥ª√°µ‘ (organ dysfunction) ¡’‡≈◊Õ¥
‰ª‡≈ ’ È¬ßÕ«—¬«–µà“ßÊ≈¥≈ß (hypoperfusion) À√◊Õ¡’
§«“¡¥—π‚≈À‘µµË” (hypotension) „πºŸâªÉ«¬°≈ÿà¡π’È ·æ∑¬å
Õ“®æ∫≈—°…≥–∑“ß§≈‘π‘°‡™àπ lactic acidosis ªí  “«–
ÕÕ°πâÕ¬ À√◊Õ¡’√–¥—∫§«“¡√ Ÿâ µ‘‡ª≈’Ë¬π·ª≈ß ‡ªìπµâπ

THERAPEUTIC APPROACH TO SEPTIC SHOCK

«“√ “√«—≥‚√§ ‚√§∑√«ßÕ°·≈–‡«™∫”∫—¥«‘°ƒµ
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Septic shock ‡ªìπ¿“«– sepsis ∑ ’ËºŸâªÉ«¬¬—ß§ß¡’
§«“¡¥—π‚≈À‘µµË”·¡â ‰¥â√ —∫°“√√ —°…“¥â«¬ “√π È”®π
æÕ‡æ’¬ß·≈ â« ·≈–¬—ß¡’À≈ —°∞“π∑ ’ Ë∫ àß™’È«à“¡’‡≈◊Õ¥‰ª‡≈ ’ È¬ß
Õ«—¬«–µà“ßÊ≈¥≈ß (hypoperfusion) ‡™àπ lactic acido-
sis ªí  “«–ÕÕ°πâÕ¬ À√◊Õ¡’√–¥—∫§«“¡√Ÿâ µ‘‡ª≈’Ë¬π·ª≈ß
ºŸâªÉ«¬∑ ’ Ë ‰¥â√ —∫¬“°√–µÿâπÀ—«„®·≈–¬“∫ ’∫À≈Õ¥‡≈◊Õ¥Õ“®¡’
§«“¡¥—π‡≈◊Õ¥‡ªìπª√°µ‘¢≥–∑’Ë¡’ hypoperfusion

æ¬“∏‘°”‡π‘¥·≈–æ¬“∏ ‘ √’√«‘∑¬“2,3

æ¬“∏ ‘°”‡π‘¥¢Õß¿“«– septic shock „πªí®®ÿ∫—π
¬—ß‰¡à‡ªìπ∑ ’ Ë∑√“∫§√∫∂ â«π ·µàÀ≈ —°∞“π„πºŸâªÉ«¬·≈–„π
 —µ«å∑¥≈Õßæ∫«à“ °“√µ‘¥‡™◊ÈÕÀ√◊Õ inflammatory foci „π
√à“ß°“¬ºŸâªÉ«¬®–°√–µÿâπ immune cells (macrophage,
dendritic cells ·≈– neutrophil) „Àâ¡’°“√µÕ∫ πÕß ºà“π
CD 4 cells ∑ —Èß„π≈—°…≥–°“√Õ—°‡ ∫ (inflammation re-
sponse, Th1) ·≈–°“√µâ“π°“√Õ—°‡ ∫ (anti inflamma-
tory response À√◊Õ anergy, Th2) „π  à«π¢Õß
inflammatory response ®–‡°‘¥¢÷Èπ‚¥¬ cytokines
µà“ß Ê ∑’Ë ”§—≠§◊Õ monocyte, neutrophil ·≈– endot-
helial cell „ÀâÀ≈—Ëß mediators µà“ßÊ ∑ ’Ë ”§—≠§◊Õ tumor
necrotic factor (TNF) interleukin-1(IL-1) ®“°¢âÕ¡Ÿ≈
„πªí®®ÿ∫ —π‡™ ◊ ËÕ«à“ TNF ·≈– IL-1 π ’ È®–‰ª°√–µÿ âπ
°“√ √â“ß·≈–°“√À≈—Ëß cytokines µà“ßÊ ‡™àπ TNF, IL-1,
IL-2 œ≈œ °√–µÿâπ complement pathways, coagula-
tion system, platelet activating factors œ≈œ   àßº≈
„Àâ¡’ inflammatory response ∑—Ë«Ê „π√ à“ß°“¬

 ”À√—∫ anti-inflammatory response ®– àßº≈
„ÀâºŸâªÉ«¬¡’¿“«– anergy À√◊Õ immunosuppressive
state ‰¡à “¡“√∂°”®—¥ infection ·≈–¡’§«“¡‡  ’ Ë¬ßµàÕ
nosocomial infection ´÷Ëß≈ —°…≥–¥—ß°≈ à“«®–æ∫‰¥â
‡¡◊ËÕºŸâªÉ«¬¡’¿“«– sepsis ‰ª™à«ßÀπ÷Ëß

systemic inflammation ·≈–§«“¡º‘¥ª√°µ‘∑’Ë‡°‘¥
¢÷Èππ ’ È¡’º≈µàÕ°“√∑”ß“π¢Õß‡´≈≈ åµà“ßÊ ∑”„ÀâÕ«—¬«–µà“ßÊ
∑”Àπâ“∑ ’Ë‡ ’¬‰ª  à«π°“√‡ ◊ËÕ¡Àπ â“∑’Ë¢Õß√–∫∫‰À≈‡«’¬π
‡≈◊Õ¥‡°‘¥®“°§«“¡º‘¥ª°µ‘µ—Èß·µà√–¥—∫‡´≈≈å microcircu-
lation ‡™àπ vasodilatation, vasoconstriction ·≈–

vascular leakage ·≈– myocardial depression
 àßº≈‚¥¬¿“æ√«¡„Àâ¡’§«“¡º‘¥ª°µ‘À√◊Õ‡°‘¥¿“«– ç™ÁÕ§é

§«“¡º‘¥ª°µ‘¢Õß°“√‰À≈‡«’¬π‡≈◊Õ¥„π√–¥—∫®ÿ≈¿“§
(microcirculation)4

systemic inflammation ®–∑”„Àâ°“√‰À≈‡«’¬π
‡≈◊Õ¥„π√–¥—∫‡π◊ ÈÕ‡¬ ◊ ËÕ®–º‘¥ª√°µ‘ ‡°‘¥ vasodilatation
·≈– vasoconstriction5 „π microvascular bed  ¿“«–
disseminated intravascular coagulation6 ́ ÷Ëß‡°‘¥®“°
°“√°√–µÿâπ coagulation cascade Õ“®∑”„Àâ‡°‘¥ micro-
thombosis ∑”„Àâ°“√‰À≈‡«’¬π‡≈◊Õ¥„π√–¥—∫‡π◊ÈÕ‡¬◊ËÕ ≈¥
≈ß  à«πæ¬“∏‘ ¿“æ¢Õß endothelium π—Èπæ∫«à“         mi-
crovascular permeability ‡æ‘Ë¡¢÷Èπ  àßº≈„Àâ¡’°“√‡  ’¬
 “√πÈ”„πÀ≈Õ¥‡≈◊Õ¥·≈–°“√∫«¡πÈ”µ“¡Õ«—¬«–µà“ßÊ7-10

‡™àπ ªÕ¥ ‰µ º‘«Àπ—ß·≈–°≈â“¡‡π◊ÈÕ À—«„®         ·≈–
 ¡Õß πÕ°®“°π ’ È¬ —ßæ∫À≈ —°∞“π¢Õß ar teriolar
vasoconstriction ·≈– vasodilatation „π°≈ â“¡‡π◊ÈÕ≈“¬
·≈–„πÕ«—¬«–Õ◊ËπÊ Õ’°¥â«¬

„π·ßà¢Õß red blood cells ¡’°“√»÷°…“∑—Èß„π§π
·≈–  —µ«å∑¥≈Õß11 ∑ ’ Ë· ¥ß«à“ red cell deformability
®–≈¥≈ß®“°¿“«– acidosis, mediators µà“ßÊ ·≈–®“°
white cell   àßº≈„Àâ‡¡Á¥‡≈◊Õ¥·¥ß‰À≈ºà“πÀ≈Õ¥‡≈◊Õ¥
ΩÕ¬≈”∫“°¢÷Èπ Õ“®Õÿ¥µ—π„πÀ≈Õ¥‡≈◊Õ¥ΩÕ¬ À√◊Õ‡°‘¥
arteriovenous shunting º≈∑’Ëµ“¡¡“§◊Õ ‡π◊ÈÕ‡¬◊ËÕ®–‰¥â
ÕÕ°´‘‡®π·≈– “√Õ“À“√≈¥≈ßÀ√◊ÕÕ“®‡°‘¥ hemolysis
 à«π white blood cell ®–‰À≈‡«’¬π„π  microcircula-
tion ¢Õß  —µ«å∑¥≈Õß∑ ’ Ë ‰¥â√ —∫ endotoxin ®–‰¡à –¥«°
‡æ√“– cell ®–‡°“–µ‘¥°—∫ endothelium ·≈–¡’°“√À≈—Ëß
enzyme º≈µ“¡¡“§ ◊Õ °“√Õÿ¥°—Èπ¢ÕßÀ≈Õ¥‡≈◊Õ¥·≈–
permeability ‡æ‘Ë¡¢÷Èπ

Cytopathic hypoxia12

°“√∑’Ë‡´≈≈åµà“ßÊ ¡’°“√∑”ß“π≈¥≈ßÀ√◊ÕÀ¬ÿ¥∑”ß“π
„π¿“«– septic shock ¡‘‰¥â‡°‘¥®“°°“√¡’ tissue perfu-
sion ≈¥≈ß·µàÕ¬à“ß‡¥’¬« ‡æ√“–®“°°“√µ√«®»æºŸâªÉ«¬
∑ ’ Ë‡  ’¬™’«‘µ®“° septic shock ®–‰¡àæ∫‡´≈≈ åµ“¬„π
Õ«—¬«–∑’Ë‡ ◊ËÕ¡ ¿“æÀ√◊ÕÀ¬ÿ¥∑”ß“π ‡™àπ „π‰µ¢ÕßºŸâªÉ«¬
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∑ ’ Ë¡’‰µ«“¬®“° sepsis ∫“ß√“¬°Á‰¡àæ∫≈ —°…≥– cell
necrosis ™—¥‡®π ‡™◊ËÕ«à“ organ failure „πºŸâªÉ«¬°≈ÿà¡π’È
Õ∏‘∫“¬‰¥â‚¥¬°≈‰° cellular hibernation À√◊Õ cellular
stunning À√◊Õ‡√’¬°«à“ çcytopathic hypoxiaé  „π¿“«–π’È
‡´≈≈åµà“ßÊ‰¡à “¡“√∂¡’ aerobic respiration ‰¥â ‡π◊ËÕß®“°
¡’°“√∑”ß“π¢Õß mitochondria ‡  ’¬‰ª®“° “‡ÀµÿÀ≈“¬
Õ¬à“ß ∑’Ë ”§—≠§◊Õ ¡’ cellular store ¢Õß NAD/NADH+
≈¥≈ß®“°°“√°√–µÿâπ enzyme poly (ADP-ribose)
polymerase (PARP-1) „π¿“«– sepsis

§«“¡º‘¥ª°µ‘¢Õß√–∫∫‰À≈‡«’¬π‡≈◊Õ¥‚¥¬√«¡2,3

septic shock ‡ªìπ¿“«–™ÁÕ§∑’ËÕ¬Ÿà„π°≈ÿà¡  distribu-
tive shock °≈à“«§◊Õ ™ÁÕ§∑’Ë¡’°“√≈¥≈ß¢Õß systemic
vascular  resistance ·≈– maldistribution ¢Õß blood
flow Õ—π‡°‘¥®“° generalized vasodilatation ·≈– vas-
cular leakage ©–π — Èπ„π√–¬–‡√ ‘ Ë¡µâπ ºŸâªÉ«¬®–¡’¿“«–
hypovolemia ·µàÀ≈ —ß®“°‰¥â√ —∫ “√π È”®πæÕ‡æ’¬ß·≈ â«
®–æ∫ hemodynamic profile ∑’Ëª√–°Õ∫¥â«¬ systemic
vascular resistance (SVR) ∑ ’ ËµË”√ à«¡°—∫ cardiac
output ∑ ’Ëª√°µ‘À√◊Õ  Ÿß¢÷Èπ systemic vascular resis-
tance ∑ ’ËµË”≈ß

§à“ cardiac output ∑ ’ Ë‡æ‘Ë¡¢÷Èππ ’ È¡‘‰¥â  Ÿß¡“°æÕ
∑ ’ Ë®–‡ªìπª√–‚¬™π å„π¿“«–™ÁÕ§ ‡π◊ ËÕß®“° systemic
inflammation ¡’º≈‚¥¬µ√ßµàÕ°≈ â“¡‡π◊ ÈÕÀ—«„® ∑”„Àâ
°“√∫’∫µ—« (ejection fraction) ¢Õß ventricle ∑ —Èß 2 ¢â“ß
≈¥≈ß left ventricle ®–¢¬“¬µ—« (dilate) ·≈– compli-
ance ®–≈¥≈ß

Õ“°“√∑“ß§≈‘π‘°1,2

ª√–°Õ∫¥â«¬ ‰¢â,  Àπ“«  —Ëπ, ™’æ®√‡√ Á«, À“¬„®‡√Á«
§«“¡¥—π‡≈◊Õ¥µË”≈ß √–¥—∫§«“¡√Ÿâ ÷°≈¥≈ß  √à«¡°—∫Õ“°“√
·≈–Õ“°“√· ¥ß¢Õß°“√µ‘¥‡™ ◊ ÈÕ„π·µà≈–Õ«—¬«– Õ“°“√
∑“ß√–∫∫À—«„®·≈–‰À≈‡«’¬π‡≈◊Õ¥ „π√–¬–·√°®–‡ªìπ
≈ —°…≥– warm shock µ“¡æ¬“∏ ‘ √ ’√«‘∑¬“∑ ’ Ë°≈ à“«¡“
¢â“ßµâπ·≈ â« ·µà„πºŸâªÉ«¬∫“ß√“¬Õ“®¡’Õ“°“√¢Õß cold
shock µ—Èß·µà‡√ ‘ Ë¡µâπ Õ“°“√µà“ßÊ ®–¥’¢÷Èπ„π 24-96
™—Ë«‚¡ß„πºŸâªÉ«¬∑ ’ ËµÕ∫ πÕßµàÕ°“√√ —°…“ „πºŸâªÉ«¬∑ ’ Ë¡’
Õ“°“√Àπ —°Õ“®æ∫¿“«–™ÁÕ§√ ÿπ·√ß√ à«¡°—∫Õ“°“√¢Õß
progressive organ dysfunction Õ“®¡’„π√–¬–‡√ ‘ Ë¡
·√°‰¥â ·≈–®–π”‰ª  Ÿà multiple organ failure

„πºŸâªÉ«¬∫“ß°≈ ÿ à¡ª√–®”µ—«Õ¬Ÿà‡¥‘¡ ‡™àπ ¥ ◊ Ë¡  ÿ√“
‡√◊ÈÕ√—ß, ‡∫“À«“π §π™√“ ‡¥Á°·√°‡°‘¥, ‚√§µ—∫·¢Áß ‰µ«“¬
‡√◊ ÈÕ√ —ß, lymphoma, leukemia, neutropenic ·≈–
malnutrition ·≈–ºŸâªÉ«¬∑ ’Ë‰¥â√—∫ corticosteroid ¡“‡ªìπ
‡«≈“π“π Õ“®‰¡à¡’‰¢â ·≈–Õ“°“√¢Õß°“√µ‘¥‡™◊ÈÕ™—¥‡®π
∫“ß√“¬Õ“®¡’Õ“°“√‡≈Á°πâÕ¬ ‡™àπ ¡’ hyperventilation,
÷́¡≈ß ∑“πÕ“À“√‰¥âπâÕ¬ §≈◊Ëπ‰ âÕ“‡®’¬πÀ√◊ÕÕÿ≥À¿Ÿ¡‘°“¬

‡ª≈ ’Ë¬π‰ª (∫“ß√“¬Õ“®¡’ hypothermia) ·æ∑¬åºŸâ√—°…“
®–µâÕßπ ÷°∂ ÷ß¿“«–π ’ È „πºŸâªÉ«¬∑ ’ Ë¡’ ‚√§·≈–§«“¡‡  ’ Ë¬ß
¥—ß°≈à“«

©–π — Èπ°“√ª√–‡¡ ‘πºŸ âª É«¬Õ¬à“ß≈–‡Õ ’¬¥·≈–
√–¡—¥√–«—ß®–™à«¬„Àâ·æ∑¬å«‘π‘®©—¬¿“«– septic shock
√«¡∑ — Èß«‘π ‘®©—¬°“√µ‘¥‡™ ◊ ÈÕÀ√◊Õ¿“«–∑ ’ Ë‡ªìπµâπ‡Àµÿ‰¥â °“√
µ√«®æ∫≈—°…≥–®”‡æ“–µà“ß Ê ®–™à«¬„π°“√«‘π‘®©—¬ ‡™àπ
stellate hemorrhagic skin lesion  √à«¡°—∫ meningeal
sign „π meningococemia À√◊Õ eschar „π scrub
typhus ‡ªìπµâπ

°“√«‘π ‘®©—¬
®“°Õ“°“√∑“ß§≈‘π‘°·≈–§”®”°—¥§«“¡¢â“ßµâπ  °“√

«‘π ‘®©—¬«à“ºŸâªÉ«¬¡’¿“«– septic shock Õ“»—¬Õ“°“√
·≈–Õ“°“√· ¥ß¢Õß¿“«– shock ·≈–À≈ —°∞“π¢Õß
SIRS √à«¡°—∫À≈—°∞“π¢Õß°“√µ‘¥‡™◊ÈÕ„π√à“ß°“¬ ªí≠À“
∑ ’ Ë·æ∑¬åæ∫Õ¬Ÿà‡ ¡Õ§ ◊Õ°“√À“À≈ —°∞“π¬ ◊π¬—π«à“ºŸâªÉ«¬¡’
°“√µ‘¥‡™◊ÈÕÕ¬Ÿà®√‘ß À“µ”·Àπàß∑’Ë¡’°“√µ‘¥‡™◊ÈÕ ·≈–·ª≈º≈
°“√µ√«®∑“ßÀâÕßªØ‘∫—µ‘°“√µà“ßÊ

‚¥¬∑—Ë«‰ª ºŸâªÉ«¬∑’Ë¡’Õ“°“√‡¢â“°—π‰¥â°—∫¿“«–¥—ß°≈à“«
·æ∑¬å§«√‡°Á∫µ—«Õ¬à“ß¢Õß‡≈◊Õ¥ ÀπÕß À√◊Õ “√§—¥À≈ —Ëß
®“°Õ«—¬«–∑ ’ Ëµ‘¥‡™ ◊ ÈÕ „π°“√∑”°“√‡æ“–‡™ ◊ ÈÕ®“°‡≈◊Õ¥
·æ∑¬å§«√‡°Á∫µ—«Õ¬à“ß 2-3 §√ —Èß„π∑’Ëµà“ßÊ °—π ·µà∂â“ºŸâªÉ«¬
¡’Õ“°“√√ÿπ·√ßÕ“®‡®“–‡≈◊Õ¥®“°À≈“¬ Ê ∑’Ë„π‡«≈“‡¥’¬«°—π

·π«∑“ß°“√ªØ‘∫ —µ‘√ —°…“‰¥â· ¥ß„π·ºπ¿“æ∑ ’ Ë 1
®“°¢âÕ¡Ÿ≈¢ÕßÀÕºŸâªÉ«¬ ‰Õ ´’ ¬Ÿ ¿“§«‘™“Õ“¬ÿ√»“ µ√ å
‚√ßæ¬“∫“≈»‘√ ‘√“™ æ∫«à“ ºŸâªÉ«¬„π°≈ÿà¡π’È   à«π„À≠à‡ªìπ
ºŸâªÉ«¬∑’Ë¡’Õ“°“√ sepsis syndrome À√◊Õ septic shock
À√◊Õ¡’ multiple organ dysfunction syndrome (MODS)
®“°°“√µ‘¥‡™◊ÈÕ„πÕ«—¬«–µà“ßÊ ∑’Ë·æ∑¬å “¡“√∂µ√«®æ∫‰¥â



80  ‰™¬√—µπå ‡æ‘Ë¡æ‘°ÿ≈ ·≈– «√°“√ «‘‰≈™π¡å                                     «“√ “√«—≥‚√§ ‚√§∑√«ßÕ°·≈–‡«™∫”∫—¥«‘°ƒµ

Fever with life threatening organ failure in immunocompetent patients

·ºπ¿“æ∑’Ë 1 ·π«∑“ß°“√ªØ‘∫—µ‘√—°…“ºŸâªÉ«¬∑’Ë¡’‰¢â√à«¡°—∫ life threatening organ failure
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‡™àπ urinary tract infection, biliary tract infection
œ≈œ  ”À√—∫ºŸâªÉ«¬∑’Ë·æ∑¬åµ√«®‰¡àæ∫µ”·Àπàß∑’Ë¡’°“√µ‘¥
‡™ ◊ ÈÕ·≈–¡’Õ“°“√√ ÿπ·√ß·æ∑¬å§«√À“¢âÕ¡Ÿ≈∑“ß§≈ ‘π ‘°
‡æ‘Ë¡‡µ‘¡‡æ ◊ ËÕ™à«¬®”°—¥«ß¢Õß°“√«‘π ‘®©—¬‚√§„Àâ·§∫≈ß
µ—«Õ¬à“ß¢Õß‚√§„π°≈ÿà¡π’È ‰¥â·°à systemic infection µà“ßÊ
‡™àπ Salmonellosis  À√◊Õ disseminated infection Õ◊ËπÊ
°≈ ÿ à¡‚√§‡¢µ√ âÕπÀ≈“¬‚√§®–Õ¬Ÿà„π°≈ ÿ à¡π ’ È ©–π — Èπ ºŸâªÉ«¬
∑’Ë¡’ª√–«—µ‘‡¢â“ªÉ“À√◊Õ¡“®“°∫√‘‡«≥∑’Ë¡’°“√µ‘¥‡™◊ÈÕ¡“‡≈‡√’¬
ª√–«—µ‘‡¢â“ «π À√◊Õª√–«—µ‘‰ª¬Ë”À√◊Õ≈ ÿ¬π È”∑ à«¡ °ÁÕ“®
™à«¬ π—∫ πÿπ°“√«‘π ‘®©—¬‚√§ malaria, scrub typhus
À√◊Õ leptospirosis µ“¡≈”¥—∫ ª√–«—µ‘‚√§‡∫“À«“π
À√◊Õª√–«—µ ‘°“√¡’π ‘ Ë«„π∑“ß‡¥‘πªí  “«– ®–™à«¬
 π —∫ π ÿπ°“√µ‘¥‡™ ◊ ÈÕ Burkholderia pseudomallei
  à«πª√–«—µ‘‚√§π ’ ÈºŸ âªÉ«¬‡ªìπÕ¬Ÿà‡¥‘¡√«¡∑ — Èß°“√√ —°…“∑ ’ Ë
ºŸâªÉ«¬‰¥â√ —∫®–∫Õ°¿“«–∑“ß¿Ÿ¡‘§ÿâ¡°—π¢ÕßºŸâªÉ«¬‰¥â ‡™àπ
ª√–«—µ‘‚√§¿Ÿ¡‘§ÿ â¡°—π∫°æ√ àÕß ª√–«—µ‘‰¥â√ —∫ steroid
À√◊Õ‡§¡’∫”∫—¥ ‡ªìπµâπ

°“√µ√«®√à“ß°“¬°Á¡’§«“¡ ”§—≠ ‡æ√“–„π∫“ß°√≥’
ºŸâªÉ«¬Õ“®¡’Õ“°“√· ¥ß∑’Ë‡ªìπ≈—°…≥–®”‡æ“–¢Õß‚√§ ‡™àπ
eschar „π scrub typhus µàÕ¡π È”‡À≈◊Õß‚µÕ“®æ∫‰¥â
„π«—≥‚√§, melioidosis À√◊Õ scrub typhus Õ“°“√
meningeal irritation À√◊Õ°“√µ√«®æ∫≈ —°…≥–¢Õßπ È”
‰¢ —πÀ≈—ß∑’Ë‡¢â“°—π‰¥â°—∫ aseptic meningitis Õ“®æ∫‰¥â
„π scrub typhus À√◊Õ leptospirosis °“√µ√«®æ∫µ—∫
‚µæ∫‰¥â„πÀ≈“¬‚√§ ‡™àπ Dengue hemorrhagic fever,
scrub typhus, leptospirosis ∂ â“æ∫√ à«¡°—∫®ÿ¥‡≈◊Õ¥
ÕÕ°®–‡æ‘Ë¡πÈ”Àπ—°¢Õß Dengue hemorrhagic fever „Àâ
¡“°¢÷Èπ ºŸâ∑ ’ Ë¡’¢âÕ¡Ÿ≈∑“ß§≈ ‘π ‘°‡¢â“°—π‰¥â°—∫‚√§µà“ßÊÕ“®
∑”„Àâ·æ∑¬å„Àâ°“√«‘π ‘®©—¬‡∫◊ ÈÕßµâπ‰¥âßà“¬¢÷Èπ ·≈–„Àâ°“√
√—°…“‡∫◊ÈÕßµâπ‰¥â∑—π∑ à«ß∑’

„π¢≥–‡¥’¬«°—π ·æ∑¬å§«√∑”°“√µ√«®§âπ‡æ◊ËÕ„Àâ
‰¥â°“√«‘π‘®©—¬∑ ’Ë·πàπÕπ (specific diagnosis) Õ’°¥â«¬
„πºŸâ∑ ’ Ë ‰¡à¡’¢âÕ¡Ÿ≈∑“ß§≈ ‘π ‘°∑ ’ Ë®”‡æ“–µàÕ‚√§„¥ ·æ∑¬å
§«√∑”°“√µ√«®§âπ„π‚√§∑ ’ Ë ß  —¬ ´÷Ëß°“√µ√«®‡À≈ à“π ’ È
®–„™â‡«≈“π“π°«à“®–‰¥âº≈ ·æ∑¬å®–µâÕß„Àâ°“√√ —°…“
‡∫◊ÈÕßµâπ∑’Ë§√Õ∫§≈ÿ¡°≈ÿà¡‚√§∑’ËÕ“®‡ªìπ‰ª‰¥â ‡™àπ‡¡◊ËÕ ß —¬

«à“ºŸâªÉ«¬Õ“®‡ªìπ septic shock ®“° Burkholderia
pseudomallei À√◊ÕÕ“®‡ªìπ severe leptospirosis  ·æ∑¬å
§«√„Àâ¬“∑ ’Ë§√Õ∫§≈ ÿ¡°“√µ‘¥‡™ ◊ÈÕ∑—Èß ÕßÕ¬à“ß ‡ªìπµâπ

πÕ°®“°π’È„πºŸâªÉ«¬∑’Ë‰¡à¡’¢âÕ¡Ÿ≈ π—∫ πÿπ‚√§µ‘¥‡™◊ÈÕ
„¥Ê ·æ∑¬å§«√¡Õß„Àâ°«â“ß«à“ºŸâªÉ«¬¡’‰¢â·≈–Õ“°“√∑ ’ Ë
√ ÿπ·√ß®“°°“√µ‘¥‡™ ◊ ÈÕ®√ ‘ßÀ√◊Õ‰¡à ‡æ√“–„π∫“ß°√≥ ’
°“√‰¥â√ —∫ “√æ‘… °“√¡’ metabolic illness ∫“ßÕ¬à“ß
‡™àπ thyroid storm ¿“«– pancreatitis √«¡∑ —Èß¡–‡√Áß
∫“ß™π ‘¥ Õ“®∑”„ÀâºŸâªÉ«¬¡’‰¢â·≈– multiple organ
dysfunction ‰¥â‡™àπ°—π

„π°“√§âπÀ“¢âÕ¡Ÿ≈∑“ß§≈ ‘π ‘°π — Èπ ·æ∑¬å®–µâÕß
∂“¡ª√–«—µ‘ ·≈–µ√«®√ à“ß°“¬Õ¬à“ß∂’Ë∂â«π ‡™àπ·æ∑¬å®–
‰¡à “¡“√∂µ√«®æ∫ eschar ‰¥â‡≈¬∂â“‰¡à‰¥â ß  —¬ ·≈–
∑”°“√µ√«®∫√ ‘‡«≥¢“Àπ’∫ perineal area ·≈– gluteal
cleft ‡ªìπµâπ   à«π°“√  àß‡≈◊Õ¥À√◊Õµ—«Õ¬à“ßÕ ◊ ËπÊ ‡æ ◊ ËÕ
∑”°“√µ√«®π—Èπ ·æ∑¬å®–µâÕß√ Ÿâ®—°«‘∏’µ√«®∑ ’Ë„™â §«“¡‰«
·≈–§«“¡®”‡æ“–µàÕ«‘∏ ’π — Èπ Ê µ—«Õ¬à“ß‡™àπ °“√µ√«®
Weil-Felix test  ”À√ —∫ scrub typhus π — Èπ ‡ªìπ∑ ’ Ë
∑√“∫°—π‚¥¬∑ — Ë«‰ª«à“ ¡’§«“¡‰«·≈–§«“¡®”‡æ“–µË”
´÷Ëß„πªí®®ÿ∫ —π °“√µ√«®‚¥¬„™â«‘∏ ’ indirect immuno-
fluorescent antibody ®–¡’ª√–  ‘∑∏ ‘¿“æ‡Àπ◊Õ°«à“
πÕ°®“°π’È·æ∑¬å§«√µ√–Àπ—°∂÷ß§à“„™â®à“¬ ®”π«π§√—Èß∑’Ë
 àßµ√«® ·≈–√–¬–‡«≈“∑ ’Ë√Õº≈°“√µ√«®Õ’°¥â«¬

°“√√—°…“
À≈—°°“√√—°…“ª√–°Õ∫¥â«¬   à«π ”§—≠  3 Õ¬à“ß

§◊Õ 1) °“√°”®—¥‡™◊ÈÕ·≈–·À≈àßµ‘¥‡™◊ÈÕ  2) „Àâ intensive
life support ·≈– 3) æ¬“¬“¡ neutralize toxin ·≈–
ª√ —∫ host inflammatory response

°“√„Àâ¬“ªØ‘™’«π–·≈–°“√°”®—¥·À≈àßµ‘¥‡™◊ÈÕ
·æ∑¬å§«√„Àâ¬“ªØ‘™’«π–∑ —π∑ ’ À≈ —ß®“°‰¥â‡°Á∫

µ—«Õ¬à“ß‡≈◊Õ¥ body fluid À√◊Õ exudate ∑ ’Ë ß —¬«à“‡ªìπ
·À≈ àßµ‘¥‡™ ◊ ÈÕ„πºŸâªÉ«¬ septic shock °“√‡°Á∫µ—«Õ¬à“ß
hemoculture §«√‡®“–‡≈◊Õ¥Õ¬à“ßπâÕ¬®“° 2 ·À≈àß

°“√„Àâ¬“ªØ‘™’«π–∑’Ë‡À¡“– ¡Õ¬à“ß√«¥‡√Á«„π√–¬–
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·√°¢Õß septic shock ®–∑”„ÀâÕ—µ√“√Õ¥‡æ‘Ë¡¢÷ Èπ
°“√∑√“∫¢âÕ¡Ÿ≈¢ÕßºŸâªÉ«¬Õ¬à“ß≈–‡Õ’¬¥√«¡∑ — Èß·À≈ àß
µ‘¥‡™◊ÈÕ ·≈–°“√µ√«®¬âÕ¡µ—«Õ¬à“ßµà“ß Ê ®“°ºŸâªÉ«¬ (‡™àπ
gramûs stain, AFB œ≈œ ) ®–∑”„Àâ°“√µ—¥ ‘π°“√„Àâ¬“
ßà“¬¢÷Èπ ¬“∑ ’ Ë „Àâ„π™à«ß·√°®–µâÕß§√Õ∫§≈ ÿ¡‡™ ◊ ÈÕ∑ ’ Ë‡ªìπ
‰ª‰¥â„π¢≥–π — ÈπÊ ·≈–‡¡ ◊ ËÕº≈°“√‡æ“–‡™ ◊ ÈÕµà“ß Ê °≈ —∫
¡“·≈ â« §«√ª√ —∫¬“„Àâ‡ªìπ™π ‘¥∑ ’ Ë®”‡æ“–µàÕ‡™ ◊ ÈÕπ — Èπ „π
ºŸâªÉ«¬∑ ’ Ë·æ∑¬å‰¡à “¡“√∂∫Õ°·À≈ àß°“√µ‘¥‡™ ◊ ÈÕ·≈–™π ‘¥
¢Õß‡™◊ÈÕ‰¥â ‡™àπ „πºŸâªÉ«¬∑’Ë¡’¿“«– febrile neutropenia
·æ∑¬å§«√„Àâ¬“∑ ’ Ë§√Õ∫§≈ ÿ¡‡™ ◊ ÈÕ∑ ÿ°™π ‘¥°àÕπ √“¬≈–‡Õ’¬¥
¢Õß°“√„™â¬“ªØ‘™’«π–®–‰¡à°≈à“«„π∫∑§«“¡π ’È

Intensive life support
®ÿ¥ª√– ß§å ‡æ◊ËÕª√–§—∫ª√–§Õß„ÀâºŸâªÉ«¬√Õ¥™’«‘µ

‚¥¬„ÀâÕ«—¬«–µà“ß Ê ‡ ◊ËÕ¡ ¿“æπ âÕ¬∑’Ë  ÿ¥ „π™à«ß·√° Ê
æ√ âÕ¡‰ª°—∫°“√√ —°…“®”‡æ“– § ◊Õ ¬“ªØ‘™’«π– ·≈–
°”®—¥·À≈àßµ‘¥‡™◊ÈÕ ‡π◊ËÕß®“° inflammatory response
∑’Ë√ÿπ·√ß¢Õß√à“ß°“¬∑”„ÀâÕ«—¬«–µà“ßÊ ∑”Àπ â“∑’Ëº‘¥ª°µ‘
‰ª¥—ß∑ ’ Ë ‰¥â°≈ à“«¡“·≈ â« ºŸâªÉ«¬∑ ’ Ë ‰¥â√ —∫°“√√ —°…“®πæâπ
®“°¿“«–™ÁÕ§Õ¬à“ß√«¥‡√Á«∑’ËÀâÕß©ÿ°‡©‘π‚¥¬°“√„Àâ “√πÈ”
¬“°√–µÿ âπÀ—«„®·≈–¬“∫ ’∫À≈Õ¥‡≈◊Õ¥ µ≈Õ¥®π°“√
„Àâ‡≈◊Õ¥‡¡ ◊ ËÕ¡’¢âÕ∫ àß™’È ‡æ ◊ ËÕ„Àâ tissue perfusion °≈ —∫
‡ªìπª°µ‘‚¥¬‡√ Á«®–¡’Õ—µ√“√Õ¥  Ÿß°«à“°≈ ÿ à¡∑ ’ Ë ‰¥â√ —∫°“√
√—°…“µ“¡ª√°µ‘∑’ËÀÕºŸâªÉ«¬Àπ—°13

ºŸâªÉ«¬∑ ’ Ë ‰¥â√ —∫°“√√ —°…“‡∫◊ ÈÕßµâπ®π “¡“√∂‡§≈◊ ËÕπ
¬â“¬‰¥â·≈ â« §«√‰¥â√ —∫°“√√ —°…“„πÀÕºŸâªÉ«¬Àπ —° ¡’°“√
»÷°…“æ∫«à“ºŸâªÉ«¬∑ ’ Ë ‰¥â√ —∫°“√√ —°…“„πÀÕºŸâªÉ«¬Àπ —°∑ ’ Ë¡’
∫ ÿ§≈“°√ª√–®”µ≈Õ¥‡«≈“·≈–‡§√◊ ËÕß¡ ◊Õ‡Ω Ñ“√–«—ßµà“ßÊ
®–¡’Õ—µ√“√Õ¥¡“°°«à“ºŸâªÉ«¬„πÀÕºŸâªÉ«¬ “¡—≠

Hemodynamic management and monitoring14

ºŸâªÉ«¬§«√‰¥â√—∫°“√¥Ÿ·≈√—°…“„πÀÕºŸâªÉ«¬Àπ—° ´÷Ëß
¡’°“√‡ΩÑ“√–«—ßÕ“°“√∑“ß§≈‘π‘° vital signs   ¡’°“√µ√«®
continuous EKG ‡π◊ ËÕß®“°ºŸ âªÉ«¬¡’§«“¡‡  ’ Ë¬ßµàÕ

À—«„®‡µâπº‘¥®—ßÀ«–®“°‚√§À√◊Õ¬“°√–µÿâπÀ—«„®∑’Ë„Àâ ·≈–
§«√ª√–‡¡‘π intake output „π·µà≈–™—Ë«‚¡ß ·≈–°“√
ª√–‡¡‘π intravascular volume ¥â«¬ CVP ‡ªìπÕ¬à“ß
πâÕ¬   à«π°“√‡ΩÑ“√–«—ß¥â«¬ pulmonary artery catheter
·≈– intraarterial catheter „π ∂“π∑’Ë∑’Ë∑”‰¥â®–¡’ª√–‚¬™πå
„πºŸâªÉ«¬∑ ’ Ë¡’§«“¡¥—π‡≈◊Õ¥µË”À√◊Õ°”≈ —ß‡ª≈ ’ Ë¬π·ª≈ß
∂ ÷ß·¡â«à“¢âÕ¡Ÿ≈∑ ’ Ë¡’Õ¬Ÿ à „πªí®®ÿ∫ —π‰¡à “¡“√∂æ‘  Ÿ®π å ‰¥â
«à“°“√‡Ω Ñ“√–«—ß¥—ß°≈ à“«®–∑”„ÀâÕ—µ√“√Õ¥ºŸâªÉ«¬  Ÿß¢÷Èπ16

·µà·æ∑¬å®–ª√ —∫°“√„Àâ “√π È” µ—¥  ‘π°“√„Àâ¬“°√–µÿâπ
À—«„®·≈–∫’∫À≈Õ¥‡≈◊Õ¥‰¥âßà“¬¢÷Èπ‚¥¬Õ“»—¬§à“ pulmonary
capillary wedge pressure (PCWP), cardiac output
·≈– continuous BP  µ≈Õ¥®π “¡“√∂§”π«≥ systemic
vascular resistance (SVR) ·≈–¥Ÿ¥‡≈◊Õ¥„π pulmonary
artery ‰ªµ√«® mixed venous blood gas ‰¥â

„π°“√„™â§à“ CVP „π°“√ª√–‡¡‘π intravascular
volume ·æ∑¬åºŸâ√ —°…“®–µâÕß√–¡—¥√–«—ßªí®®—¬∑ ’ Ë∑”„Àâ
CVP   Ÿß‡°‘πª√°µ‘ ‡™àπ ºŸâªÉ«¬∑ ’ Ë¡’§«“¡¥—π„π™àÕßªÕ¥
À√◊Õ™àÕß∑âÕß Ÿß ·µà„π∑’ËÊ‰¡à “¡“√∂„ à “¬ «π pulmo-
nary ‰¥â °“√„  à “¬ CVP Õ“®™à«¬„π°“√∑” fluid
challenge ∂ â“∑”Õ¬à“ß√–¡—¥√–«—ß

®ÿ¥À¡“¬„π°“√√ —°…“ (Goal of therapy)14

∑’Ë ”§—≠§◊Õ°“√®—¥°“√„Àâ tissue perfusion À√◊Õ
tissue oxygenation °≈ —∫¡“‡ªìπª√°µ‘ ∑ —π∑ ’∑ ’ Ë«‘π ‘®©—¬
¿“«–™ÁÕ§‰¥â ‚¥¬°“√„Àâ “√π È”·≈–°“√„™â¬“°√–µÿâπ
À—«„®·≈–¬“∫’∫À≈Õ¥‡≈◊Õ¥‡¡◊ËÕ¡’¢âÕ∫àß™’È °“√ª√–‡¡‘π«à“
tissue perfusion °≈—∫¡“‡ªìπª√°µ‘·≈â« ‚¥¬„™â vital sign,
organ blood flow ·≈–°“√µ‘¥µ“¡ tissue oxygenation
¥—ßπ’È

● Mean arterial pressure ¡“°°«à“ 65 ¡¡.ª√Õ∑
● CVP 8-12 ´¡.πÈ” (12-15 ´¡.πÈ” „πºŸâªÉ«¬∑’Ë¡’

§«“¡¥—π„π™àÕßªÕ¥  Ÿß)
● ®”π«πªí  “«–¡“°°«à“ 0.5 ¡≈./°°./™—Ë«‚¡ß
● Central venous (superior vena cava) or

mixed venous oxygen saturation  70%
(∂â“∑”°“√µ√«®‰¥â)
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°“√„Àâ “√π È” (fluid therapy)
°“√„Àâ “√π È”·≈–¬“°√–µÿâπÀ—«„®∫ ’∫À≈Õ¥‡≈◊Õ¥

¡’§«“¡ ”§—≠‡∑ à“‡∑ ’¬¡°—∫°“√„Àâ antibiotics „π¿“«–
septic shock ·æ∑¬å§«√‡√ ‘ Ë¡„Àâ “√π È”‡ªìπÕ—π¥—∫·√°
‚¥¬‡√ Á« ‡π◊ ËÕß®“°ºŸâªÉ«¬¡’°“√¢“¥ “√π È”Õ¬à“ß¡“°®“°
æ¬“∏ ‘ √ ’√«‘∑¬“¥—ß∑ ’ Ë ‰¥â°≈ à“«¡“¢â“ßµâπ ™π ‘¥¢Õß “√π È”
‰¡à«à“®–‡ªìπ crystalloid À√◊Õ colloid ®–‰¡à¡’º≈µàÕ
Õ—µ√“°“√√Õ¥Õ¬à“ß™—¥‡®π„πºŸâªÉ«¬∑ — Ë«‰ª ¢âÕ¥’¢Õß “√
colloid §◊Õ®–§ßÕ¬Ÿà„πÀ≈Õ¥‡≈◊Õ¥‰¥âπ“π°«à“ ·≈–∑”„Àâ
·√ß¥—π‡≈◊Õ¥°≈ —∫¡“‡ªìπª√°µ‘‰¥â‡√ Á«°«à“·µà¢âÕ‡  ’¬§ ◊Õ
√“§“·æß·≈– synthetic colloid ∫“ß™π ‘¥Õ“®∑”„Àâ
‡°‘¥°“√·æâ√ÿπ·√ßÀ√◊Õ√∫°«π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥  à«π
human albumin π — Èπ ∂ ÷ß·¡â«à“®–¡’°“√»÷°…“Àπ ÷ Ëß∑ ’ Ë
· ¥ß«à“º≈°“√√—°…“Õ“®®–¥’°«à“°“√„Àâ crystalloid15 ·µà
‰¡à¡’π —¬ ”§—≠∑“ß ∂ ‘µ‘   à«π¢âÕ‡  ’¬§ ◊ÕÕ“®¡’‡™ ◊ ÈÕ‚√§∑ ’ Ë
µ‘¥µàÕÀ√◊Õ‡°‘¥°“√·æâÕ¬à“ß√ ÿπ·√ß‰¥â

Õ—µ√“°“√„Àâ “√πÈ”¡’§«“¡ ”§—≠¡“° §«√‡√‘Ë¡„Àâ “√
πÈ”„πÕ—µ√“‡√Á« ‡™àπ 500-1,000 ¡≈. ¢Õß crystalloid
§√ ÷ Ëß™— Ë«‚¡ßÀ√◊Õ„Àâ “√ colloid 300-500 ¡≈. „π
15 π“∑ ’∂ ÷ß 1 ™—Ë«‚¡ß ·≈ â«·µà ¿“æ¢ÕßºŸâªÉ«¬·≈–‚√§
∑“ß√–∫∫À—«„®À√◊Õ‰À≈‡«’¬π‡≈◊Õ¥∑ ’ Ë¡’Õ¬Ÿà‡¥‘¡·≈–„Àâ´È”
‚¥¬°“√ª√–‡¡‘π§«“¡¥—π‚≈À‘µ ·≈–§à“ CVP (fluid
challenge) √ à«¡°—∫°“√ª√–‡¡‘π®”π«πªí  “«–µàÕ
™—Ë«‚¡ß‡æ◊ËÕ¥Ÿ«à“ organ perfusion °≈—∫¡“‡ªìπª°µ‘·≈â«
À√◊Õ‰¡à

„π°√≥ ’∑ ’ Ë„Àâ°“√√ —°…“„π™à«ßµâπ®π§«“¡¥—π‚≈À‘µ
·≈– tissue perfusion °≈—∫¡“‡ªìπª°µ‘·≈â« ºŸâ√—°…“®–
µâÕß§”π÷ß∂÷ß continuing leakage ´÷Ëß¬—ß§ß¡’Õ¬Ÿà„π™à«ß
24 ™—Ë«‚¡ß (À√◊Õπ“π°«à“„π°√≥ ’∑’Ë·À≈àß°“√µ‘¥‡™◊ÈÕÀ√◊Õ
µ—«‡™◊ÈÕ‰¡à‰¥â√—∫¬“ªØ‘™’«π–‰¡à∂Ÿ°°”®—¥∑’Ë‡À¡“– ¡) °“√„Àâ
maintenance fluid ∑’Ë‡À¡“– ¡®÷ß¡’§«“¡ ”§—≠·≈–µâÕß

§Õ¬‡Ω Ñ“ª√–‡¡‘π∫ àÕ¬Ê „π™à«ßπ ’ È ¡‘©–π — ÈπºŸâªÉ«¬Õ“®¡’
prolonged tissue hypoxia ‡°‘¥ multiorgan dysfunc-
tion ‰¥â

°“√„™â inotropic drugs ·≈– vasopressors14

„π°√≥ ’∑ ’ Ëµ√«®æ∫«à“ª√ ‘¡“≥ “√π È”„πÀ≈Õ¥‡≈◊Õ¥
¢ÕßºŸâªÉ«¬‡æ’¬ßæÕ·≈ â« ·µàºŸ âªÉ«¬¬—ßÕ¬Ÿà„π¿“«–™ÁÕ§
·æ∑¬å§«√‡√ ‘ Ë¡„Àâ¬“°√–µÿâπÀ—«„®‚¥¬µ—¥  ‘π°“√„™â¬“µ“¡
hemodynamic profile ·≈–ƒ∑∏ ‘ Ï¢Õß¬“ ‚¥¬∑ — Ë«‰ª¡’
ºŸâ·π–π”„Àâ„™â dopamine À√◊Õ norepinephrine ‡ªìπ
¬“‡√‘Ë¡µâπ ‚¥¬ dopamine ¢π“¥µË” Ê (1-5 ¡§.°./°°./
π“∑ ’) ®–ÕÕ°ƒ∑∏ ‘ Ï‡ªìπ inotropic ‡æ‘Ë¡§«“¡¥—π‡≈◊Õ¥
¢π“¥¢Õß dopamine Õ“®ª√ —∫¢÷Èπ‰ª‰¥â∂ ÷ß 20 ¡§.°./
°°./π“∑ ’ ´÷ Ëß„π¢π“¥∑ ’ Ë  Ÿßπ ’ È¬“®–¡’ƒ∑∏ ‘ ÏÀ¥À≈Õ¥‡≈◊Õ¥
dopamine ∑”„ÀâÀ—«„®‡µâπ‡√ Á«·≈–Õ“®∑”„ÀâÀ—«„®‡µâπ
º‘¥®—ßÀ«–‰¥â  à«π norepinephrine ÕÕ°ƒ∑∏ ‘Ï∫ ’∫À≈Õ¥
‡≈◊Õ¥ ∑”„ÀâÕ—µ√“‡µâπ¢ÕßÀ—«„®·≈– stroke volume
‡æ‘Ë¡¢÷Èπ‰¡à¡“°

„πºŸâªÉ«¬∑ ’ Ë¡’ cardiac dysfunction Õ¬à“ß¡“°
¡’ cardiac output µË”·≈– SVR   Ÿß ·æ∑¬å§«√„Àâ
¬“°√–µÿâπ β adrenergic receptor √ à«¡°—∫ vasocon-
strictor ºŸâªÉ«¬∑’Ë‰¡àµÕ∫ πÕßµàÕ norepinepherine ·≈–
dopamine §«√‡ª≈ ’ Ë¬π¡“„™â dobutamine √ à«¡°—∫
norepinepherine À√◊Õ dopamine ‡æ’¬ßÕ¬à“ß‡¥’¬«À√◊Õ
„™â adrenaline  °“√„™â¬“∑’Ë¡’ƒ∑∏‘Ï¢¬“¬À≈Õ¥‡≈◊Õ¥‡æ’¬ß
Õ¬à“ß‡¥’¬«Õ“®°àÕ„Àâ‡°‘¥º≈‡ ’¬Õ¬à“ß¡“°„π°√≥’π’È

„π°√≥ ’∑ ’ ËºŸâªÉ«¬¬—ß§ß¡’§«“¡¥—π‚≈À‘µµË” ∂ ÷ß·¡â«à“
®–„™â¬“„π¢π“¥ Ÿß  ÿ¥·≈â«Õ“®‡ª≈’Ë¬π‡ªìπ epinephrine
‡æ√“–Õ“®∑”„Àâ§«“¡¥—π‡≈◊Õ¥‡æ‘Ë¡‰¥â®√ ‘ß ·µà®–∑”„Àâ
‡≈◊Õ¥‰ª‡≈’È¬ßÕ«—¬«–¿“¬„π≈¥≈ß17
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·ºπ¿“æ∑’Ë 2  ·π«∑“ß°“√√—°…“¿“«– Septic shock

‡ªÑ“À¡“¬¢Õß°“√√ —°…“ (Goal) ¥—ß∑’Ë· ¥ß¢â“ßµâπ
Acceptable BP  §«“¡¥—π‚≈À‘µ∑’Ëπà“®–‡æ’¬ßæÕ ”À√—∫ tissue perfusion § ◊Õ MAP   65 mmHg „πºŸâªÉ«¬∑’Ë ‰¡à¡’¿“«–
§«“¡¥—π‚≈À‘µ Ÿß À√◊Õ MAP ‡¥‘¡ - 40 mmHg „πºŸâªÉ«¬∑ ’Ë‡§¬¡’¿“«–§«“¡¥—π‚≈À‘µ Ÿß¡“°àÕπ
Organ perfusion ª√–‡¡‘π‰¥â‚¥¬ urine output  0.5 ml/kg/hr, Arterial Blood pH °≈ —∫  Ÿ àª°µ‘, Blood lactate
≈¥≈ßÀ√◊Õ mixed venous saturation   70%
°“√„Àâ¬“°√–µÿâπÀ—«„® ¬“∫’∫À≈Õ¥‡≈◊Õ¥  ¥—ß∑’Ë· ¥ß¢â“ßµâπ
‡¡◊ËÕ√—°…“ºŸâªÉ«¬®π∂÷ß goal ·≈â«

 ‘Ëß∑’Ë·æ∑¬å§«√√–«—ß§◊Õ persistent leakage ¢Õß intravascular fluid ´÷Ëß®–æ∫‰¥â„π™à«ß 24 ™—Ë«‚¡ß·√° ®÷ß®”‡ªìπ
∑ ’ Ë®–µâÕß¡’°“√„Àâ maintenance fluid „πÕ—µ√“∑ ’ Ë‡À¡“– ¡ ‡æ ◊ ËÕ∑”„Àâª√ ‘¡“≥ intravascular volume ‡æ’¬ßæÕ (Õ“®„™â JVP, CVP
À√◊Õ PCWP ‡ªìπ·π«∑“ß‰¥â) „πºŸâªÉ«¬∑ ’ Ë¡’¿“«– persistent hypotension ∂ ÷ß·¡â ‰¥â√ —∫°“√√ —°…“‡µÁ¡∑ ’ Ë·≈ â« Õ“®µâÕß§‘¥∂ ÷ß¿“«–Õ ◊ ËπÊ
√à«¡¥â«¬ ‡™àπ adrenal insufficiency, anaphylactic shock ·≈–Õ◊ËπÊ

°“√„™â moderate dose steroid §«√„™â„π√“¬∑’Ë ß  —¬«à“¡’¿“«– relative adrenal insufficiency ·≈–§«√∑” ACTH
stimulation test  √ à«¡¥â«¬‡ ¡Õ„π∑’ËÊ  “¡“√∂∑”‰¥â

1

2
3

4
5
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„π√–¬– 10 ªï∑’Ë·≈â«¡’ºŸâ°≈à“«∂÷ß°“√‡æ‘Ë¡ oxygen
delivery „π√–¥—∫∑’Ë Ÿß‡°‘πª°µ‘ (supranormal level) ‚¥¬
°“√„™â “√π È”À√◊Õ dopamine ‡π◊ ËÕß®“°¡’§«“¡‡™ ◊ ËÕ«à“
oxygen consumption ∑’Ë≈¥≈ß„π¿“«– sepsis  “¡“√∂
®–‡æ‘Ë¡‰¥â‡¡ ◊ ËÕ‡æ‘Ë¡ oxygen delivery ·µà°“√»÷°…“ „π
√–¬–À≈ —ßæ∫«à“Õ—µ√“µ“¬‰¡à‡ª≈ ’ Ë¬π·ª≈ß18 ©–π — Èπ
°“√„Àâ supranormal oxygen delivery ®–‰¡à¡’¢âÕ∫àß™’È
„π¢≥–π’È

°“√ª√–‡¡‘πº≈°“√√ —°…“ §«√„™âÕ“°“√∑“ß§≈ ‘π ‘°
‡™àπ vital signs, ·≈–µ‘¥µ“¡ signs ¢Õßhypoperfusion
‡™àπ urine output ( ÷́Ëß§«√®–¡“°°«à“ 0.5 ¡°./°°./™¡.),
consciousness level œ≈œ  À√◊ÕÕ“®µ‘¥µ“¡§à“ pH ®“°
blood gas À√◊Õ§à“ lactate „π ∂“π∑ ’Ë∑’Ë∑”‰¥â

‚¥¬¿“æ√«¡¢Õß°“√„Àâ hemodynamic support
·æ∑¬åºŸâ√—°…“µâÕß optimize tissue oxygenation ‚¥¬
ª√—∫ preload „ÀâæÕ‡À¡“–·≈–„™â inotropes „π¢π“¥
æÕ¥’∑ ’ Ë ‰¡à√∫°«πª√ ‘¡“≥‡≈◊Õ¥∑ ’ Ë®–‰ª‡≈ ’ È¬ß splanchnic
organ

·π«∑“ß°“√„Àâ hemodynamic support ‰¥â √ÿª
‰«â„π·ºπ¿“æ∑ ’Ë 2

Pulmonary support
ºŸâªÉ«¬‡°◊Õ∫∑ ÿ°√“¬®–¡’ acute lung injury À√◊Õ

ARDS ®“°°≈‰°¢Õß septic shock ·≈–„π∫“ß√“¬
Õ“®¡’°“√µ‘¥‡™ ◊ ÈÕ∑ ’ ËªÕ¥µ—Èß·µà‡√ ‘ Ë¡µâπ °“√·≈°‡ª≈ ’ Ë¬π
°ä“´∑ ’ËªÕ¥®–‡ ’¬‰ª®“° shunting perfusion compli-
ance ¢Õß‡π◊ ÈÕªÕ¥°Á®–‡  ’¬‰ª®“°æ¬“∏ ‘ ¿“æ∑ ’ Ë‡°‘¥¢÷Èπ
airway resistance °Á®–‡æ‘Ë¡¢÷Èπ ∑”„ÀâºŸâªÉ«¬µâÕßÕÕ°·√ß
À“¬„®‡æ‘Ë¡¢÷Èπ ∑ — ÈßÀ¡¥π ’ È√ à«¡°—∫¿“«– hypercatabolic
state Õ“®∑”„ÀâºŸâªÉ«¬¡’¿“«–À“¬„®«“¬‰¥âßà“¬¢÷Èπ ·æ∑¬å
§«√„ÀâÕÕ°´‘‡®π„π√“¬∑ ’ ËÀ“¬„®‰¥â‡Õß „πºŸ âªÉ«¬∑ ’ Ë¡’
Õ“°“√¢Õß respiratory failure §«√‰¥â√—∫°“√™à«¬À“¬„®
‡æ◊ËÕ≈¥ respiratory load ·≈–∑”„Àâ oxygenation ¥’¢÷Èπ

«‘∏ ’°“√™à«¬À“¬„®„πºŸâªÉ«¬∑’Ë¡’ acute lung injury
À√◊Õ ARDS ®“°¿“«– septic shock °Á‡ªìπ‡™àπ‡¥’¬«°—∫
ARDS14 ®“° “‡ÀµÿÕ◊ËπÊ °≈à“«§◊Õ „™âª√‘¡“µ√≈¡À“¬„®µË”
(6-8 ¡≈./°°.) „™â PEEP „πºŸâªÉ«¬∑ÿ°√“¬‡æ ◊ËÕ‡æ‘Ë¡ lung
compliance ‡æ‘Ë¡ oxygenation ·≈–≈¥ end tidal

collapse ‚¥¬‡√ ‘Ë¡®“° 5-8 ´¡.πÈ” ª√—∫µ“¡§à“ PaO2,
compliance ‚¥¬®ÿ¥À¡“¬°“√√ —°…“∑ ’ ËµâÕß°“√ PaO2
∑ ’ ËæÕ‡À¡“– (PaO2>60 ¡¡.ª√Õ∑) À√◊Õ oxygen
saturation ≥ 90% ‚¥¬„™â§«“¡‡¢â¡¢âπ¢ÕßÕÕ°´‘‡®π
(FiO2) < 0.6 ·≈–√–«—ß¡‘„Àâ plateau airway pressure
‡°‘π 35 ´¡. πÈ”  °“√„™â PEEP „π¢π“¥ Ÿß„πºŸâªÉ«¬∑’Ë¡’
septic shock induced ARDS §«√√–¡—¥√–«—ß ‡æ√“–
PEEP Õ“®≈¥ cardiac output   àßº≈„Àâ oxygen
delivery ≈¥≈ß À√◊Õ‡°‘¥ pressure complication ¢÷Èπ‰¥â

°“√™à«¬À“¬„®‚¥¬ noninvasive ventilator ∂÷ß·¡â
®–¡’¢âÕ∫àß™’È„πÀ≈“¬¿“«– ·µà‰¡à·π–π”„Àâ„™â„π°√≥’π’È

Renal support
°“√∑’Ë¡’‡≈◊Õ¥∑’Ë‰ª‡≈’È¬ß‰µ≈¥≈ß„π septic shock ‡ªìπ

ªí®®—¬ ”§—≠∑ ’ Ë∑”„ÀâÀπ â“∑ ’ Ë¢Õß‰µ‡ ◊ ËÕ¡≈ß ·µàº≈‚¥¬µ√ß
¢Õß sepsis § ◊Õ systemic arterial vasodilatation
  àßº≈„Àâ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß arginine vasopressin ´÷Ëß
  àßº≈„Àâ rennin angiotensin-aldosterone system
∂Ÿ°°√–µÿâπ ‡°‘¥ renal vasoconstriction ∑”„Àâ‡≈◊Õ¥‰ª
‡≈’È¬ß‰µ≈¥≈ß ¡’ salt ·≈– water retention ‡æ‘Ë¡¢÷Èπ19

„π°“√√—°…“·æ∑¬å§«√·°â‰¢¿“«–™ÁÕ§‚¥¬‡√Á« ‚¥¬°“√
„Àâ “√πÈ” °“√¥Ÿ·≈√–¥—∫πÈ”µ“≈‰¡à„Àâ Ÿß‡°‘π·≈–µ‘¥µ“¡
¢âÕ∫ àß™’È¢Õß renal replacement therapy ·≈–√ ’∫∑”
‡¡ ◊ ËÕ¡’¢âÕ∫ àß™’È®–∑”„ÀâºŸâªÉ«¬√Õ¥™’«‘µ‰¥â¡“°¢÷Èπ19 °“√„™â
dopamine „π¢π“¥µË” (renal dose, 2-4 ¡§.°./°°./
π“∑ ’) ‡æ ◊ ËÕÀ«—ß«à“®–‡æ‘Ë¡‡≈◊Õ¥‰ª‡≈ ’ È¬ß‰µ·≈–≈¥ renal
complication π —Èπ„πªí®®ÿ∫—π‡™◊ËÕ«à“‰¡à‰¥âº≈·≈–‰¡à¡’°“√
»÷°…“∑’Ë‡ªìπ¡“µ√∞“π„¥Ê ∑’Ë π—∫ πÿπ°“√„™â«‘∏’¥—ß°≈à“«
°“√§«∫§ÿ¡√–¥—∫π È”µ“≈

„πªí®®ÿ∫ —π¡’°“√»÷°…“∑ ’ Ë· ¥ß«à“°“√§«∫§ÿ¡√–¥—∫
πÈ”µ“≈ºŸâªÉ«¬À≈—ßºà“µ—¥„ÀâÕ¬Ÿà„π√–¥—∫ 80-110 ¡≈/¥≈ ¥â«¬
insulin infusion ®–≈¥Õ—µ√“µ“¬‰¥â20 ·µàºŸâªÉ«¬µâÕß‰¥â√—∫
°“√ª√–‡¡‘π√–¥—∫π È”µ“≈Õ¬à“ß ¡Ë”‡ ¡Õ·≈–„°≈ â™‘¥
‡æ√“–Õ“®¡’√–¥—∫πÈ”µ“≈µË”®π‡°‘¥Õ—πµ√“¬‰¥â °“√»÷°…“
¢âÕ¡Ÿ≈µàÕ¡“æ∫«à“ºŸ âªÉ«¬°≈ ÿ à¡∑ ’ Ë¡’√–¥—∫π È”µ“≈µË”°«à“
150 ¡°/¥≈ ¬—ß§ß¡’Õ—µ√“µ“¬µË”°«à“ºŸâªÉ«¬∑’Ë¡’πÈ”µ“≈ Ÿß
©–π—Èπ‡¡◊ËÕÕ“»—¬º≈°“√»÷°…“¥—ß°≈à“« ·æ∑¬å§«√§«∫§ÿ¡
√–¥—∫πÈ”µ“≈„ÀâµË”°«à“ 150 ¡°./¥≈. ‡ªìπÕ¬à“ßπâÕ¬ ‡æ◊ËÕ
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≈¥Õ—µ√“µ“¬·≈–À≈’°‡≈’Ë¬ß¢âÕ·∑√° ấÕπ®“°°“√„Àâ insu-
lin ¡“°‡°‘π

°“√„™â corticosteroid
„π™à«ß 20-30 ªï∑ ’ Ëºà“π¡“π ’ È¡’¢âÕ∂°‡∂ ’¬ß°—π¡“°

‡°’Ë¬«°—∫°“√„Àâ steroid „πºŸâªÉ«¬ septic shock „π·ßà
¢Õß anti-inflammatory agent ‚¥¬¡’°“√»÷°…“∑ ’ Ë
 π—∫ πÿπ·≈–§—¥§â“π ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°“√„™â steroid
„π¢π“¥ ŸßÊ21 ·µà®“°°“√»÷°…“Àπâ“∑’Ë¢ÕßµàÕ¡À¡«°‰µ
¢ÕßºŸâªÉ«¬„π¿“«–π ’ Èæ∫«à“ ∫“ß√“¬¡’°“√µÕ∫ πÕßµàÕ
¿“«– stress ≈¥≈ß§◊Õ¡’√–¥—∫ cortisol À≈—ß°“√°√–µÿâπ
πâÕ¬°«à“∑ ’Ë§«√ ®÷ß¡’°“√»÷°…“°“√„™â corticosteroid „π
¢π“¥π âÕ¬ Ê ‡æ ◊ ËÕ∑¥·∑π°“√∑”ß“π¢ÕßµàÕ¡À¡«°‰µ
∑’Ë≈¥≈ß °“√»÷°…“‚¥¬ Annane ·≈–§≥–22 „™â hydro-
cortisone „π¢π“¥ 50 ¡°. ∑“ßÀ≈Õ¥‡≈◊Õ¥¥” ∑ ÿ°
6 ™—Ë«‚¡ß√ à«¡°—∫ fludocortisone 50 ¡§.°./«—π ‡ªìπ
‡«≈“ 7 «—π„πºŸâªÉ«¬∑ ’ Ë¡’¿“«–™ÁÕ§∑ ’ Ë ‰¡àµÕ∫ πÕßµàÕ¬“
°√–µÿâπÀ—«„®·≈–¬“∫ ’∫À≈Õ¥‡≈◊Õ¥®–≈¥Õ—µ√“µ“¬·≈–
°“√„™â¬“¥—ß°≈à“«≈ß

¢âÕ‡ πÕ·π–®“°ºŸâ‡™’Ë¬«™“≠∑—Ë«‰ª § ◊Õ „™â hydro-
cortisone „π¢π“¥¥—ß°≈ à“« (Õ“®√ à«¡°—∫ fludocor-
tisone) „πºŸâªÉ«¬∑’Ë¡’≈—°…≥–¢â“ßµâπ‡ªìπ‡«≈“ 7 «—π À≈—ß
®“°∑ ’Ë ‰¥â∑” ACTH stimulation test ·≈ â« („π∑ ’ËÊ ∑”‰¥â)
∂â“º≈‡≈◊Õ¥ºŸâªÉ«¬´÷Ëß°≈—∫¡“°àÕπ 7 «—π ‰¡à· ¥ß≈—°…≥–
¢Õß adrenal insufficiency (baseline cortisol level
< 15 ¡§.°./¥≈. À√◊Õ √–¥—∫√–À«à“ß 15 - 34 ¡§.°./¥≈.
·µà√–¥—∫ cortisol À≈ —ß°√–µÿâπ  Ÿß¢÷Èπ < 9 ¡§.°./¥≈.)
°Á„ÀâÀ¬ÿ¥¬“‰ª23,14

°“√„ÀâÕ“À“√14

°“√„ÀâÕ“À“√∑ ’ ËæÕ‡À¡“–¡’§«“¡ ”§—≠∑ — Èß„π·ßà
°“√√ —°…“·≈–°“√ªÑÕß°—π¿“«– sepsis ‚¥¬∑ — Ë«‰ª «‘∏ ’
°“√„Àâ enteral nutrition ‡ªìπ«‘∏’∑’Ë‡À¡“– ¡∑ ’Ë  ÿ¥ ·µà„π
°√≥’∑ ’ËºŸâªÉ«¬‰¡à “¡“√∂√ —∫ enteral nutrition ‰¥â §«√„Àâ
parenteral nutrition ‚¥¬°”Àπ¥„Àâ ‰¥âæ≈—ßß“π 25-30
Kcal/°°./«—π ´÷Ëßª√–°Õ∫¥â«¬‚ª√µ’π 1.3-2.0 °./°°./«—π
·≈–„Àâ glucose 30-70% ¢Õß total non-protein
calories ‚¥¬√ —°…“√–¥—∫π È”µ“≈„π‡≈◊Õ¥„ÀâµË”°«à“

225 ¡°./¥≈. „Àâ lipids 15-30% ¢Õß total non-
protein calories
°“√„™â Antiinflammatory substance

¡’°“√»÷°…“∑’ËÕ¬Ÿà„π¢—Èπ∑¥≈Õß®”π«π¡“°∑’Ëæ¬“¬“¡
≈¥ inflammatory response ¢Õß√ à“ß°“¬ ‡™àπ °“√„™â
¬“‡æ◊ËÕ neutralize toxins µà“ß Ê ‡™àπ antiendotoxins
antibody, core lipolysaccharide antibody œ≈œ À√◊Õ
°“√ª√—∫ host mediators ‚¥¬°“√„™â antibody TNF24

IL-1 PAF C5A œ≈œ  µ≈Õ¥®π°“√„™â antithrombin III
¬—ß‰¡à¡’¬“µ—«„¥¡’ª√–  ‘∑∏ ‘¿“æ‡æ’¬ßæÕ„π°“√√ —°…“
ºŸ âª É«¬‡≈¬ ¡’¬“∫“ßµ—«Õ“®∑”„ÀâÕ—µ√“µ“¬‡æ‘ Ë¡¢÷ Èπ
„πªí®®ÿ∫ —π¡’¬“™π ‘¥‡¥’¬«∑ ’ Ë¡’º≈„π°“√√ —°…“Õ¬à“ß™—¥‡®π
§◊Õ°“√„™â recombinant human activated protein C

¢âÕ¡Ÿ≈®“°°“√»÷°…“æ∫«à“√–¥—∫ protein C „π
‡≈◊Õ¥¢ÕßºŸâªÉ«¬ septic shock ®–π âÕ¬°«à“ª°µ‘·≈–°“√
„Àâ recombinant activated protein C „πºŸâªÉ«¬°≈ÿà¡∑’Ë
¡’Õ“°“√√ÿπ·√ß (APACHE II score ¡“°°«à“ 25) ®–≈¥
Õ—µ√“µ“¬‰¥âÕ¬à“ß¡’π—¬ ”§—≠25 ‚¥¬Õ—µ√“µ“¬ ≥ «—π∑’Ë 28
À≈ —ß°“√√ —°…“„π°≈ ÿ à¡∑ ’ Ë ‰¥â√ —∫¬“ ·≈–°≈ ÿ à¡∑ ’ Ë ‰¡à‰¥â√ —∫¬“=
24.7% ·≈– 30.8% µ“¡≈”¥—∫  P < 0.005 ·≈– abso-
lute risk of death reduction = 6.1% ¿“«– serious
bleeding side effect æ∫‰¥â¡“°°«à“°≈ÿà¡ control ·µà
‰¡àµà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂ ‘µ‘ (P = 0.06)

ºŸâ‡™’Ë¬«™“≠‚¥¬∑ — Ë«‰ª·π–π”„Àâ„™â recombinant
human activated protein C „πºŸâªÉ«¬∑’Ë¡’Õ“°“√√ÿπ·√ß
(APACHE II score ¡“°°«à“ 25) ‚¥¬µâÕß√–«—ßªí≠À“
‡≈◊Õ¥ÕÕ°º‘¥ª√°µ‘ ·≈–µâÕß·πà„®‡√◊ËÕß§à“„™â®à“¬
 √ ÿª

Septic shock ‡ªìπ¿“«–«‘°ƒµ∑ ’ Ë¡’§«“¡ ”§—≠
·≈–æ∫∫ àÕ¬„πÀÕºŸâªÉ«¬Àπ —° ∫∑§«“¡¢â“ßµâπ‰¥â°≈ à“«
‚¥¬¬àÕ∂ ÷ß°≈‰°°“√‡°‘¥‚√§Õ—ππ”‰ª  Ÿ à§«“¡‡¢â“„®„π
°“√ªØ‘∫ —µ‘√ —°…“ ´÷Ëß®–µâÕß§√Õ∫§≈ ÿ¡∑ — Èß°“√°”®—¥·À≈ àß
°“√µ‘¥‡™ ◊ ÈÕÀ√◊ÕÕ—°‡ ∫√«¡∑ — Èß°“√ª√–§—∫ª√–§ÕßÕ«—¬«–
µà“ß Ê „ÀâÕ¬Ÿà√Õ¥„π™à«ß«‘°ƒµ„πÀÕºŸâªÉ«¬Àπ—° §«“¡‡¢â“„®
„π  ‘Ëßµà“ßÊ ®–  àßº≈„ÀâÕ—µ√“√Õ¥¢ÕßºŸâªÉ«¬ Ÿß¢÷Èπ ¡’¿“«–
·∑√°´âÕπ≈¥≈ß ‡«≈“„π°“√Õ¬Ÿà„π‚√ßæ¬“∫“≈  — Èπ≈ß
·≈–≈¥§à“„™â®à“¬
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Abstract:
Objective:  To investigate incidence, clinical characteristics, and outcomes of unplanned extubation
(UE) in medical intensive care unit in King Chulalongkorn Memorial Hospital during June 1st, 2002
to January 31st, 2003.
Research Design: A descriptive study.
Methods: All intubated medical ICU patients who underwent unplanned removal of endotracheal tube
was enrolled to this study. Clinical characteristics, sedation scores to evaluate sedation adequacy and
outcomes of unplanned extubation were collected.
Results: 471 patients were intubated in medical ICU during an eight-month study. 23 unplanned
extubations (4.9%) in 21 patients have been documented. The majority of unplanned extubated cases
(16 of 23, 69.6 %) occurred in the first 48 hours after intubations. There was no significant difference
in extubations between shifts of work of medical personnel. The motor activity assessment scales
(MAAS) were equal to 4 to 6 (çRestless and Cooperativeé to çDangerously Agitatedé) in the majority
(17 of 23, 73.9 %) of UE, however, only one (5.9%) of them was sedated, and nine (58.8%) of them
were restrained. The ventilation assessment scales (VAS) were from A to B (çComfortableé to çMildly
Distressé) in most (21 of 23, 91.3%) of self-extubated patients. Reintubations were required in 12
episodes (52.2 %), mostly in 1 hour after extubation. There was no serious adverse event attributed
to unplanned extubation. No significant difference in age, gender distribution, diagnosis, and duration
of intubation between the reintubated and non-reintubated group was observed. Of the respiratory
support modes and parameters studied, the mean pre-extubation ventilator-delivered minute ventilation
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was significantly higher in reintubated group (11.1 L/min) than in non-reintubated group (4.0 L/min,
p-value = 0.027).
Conclusion: Unplanned extubation accounts for 4.9% in intubated medical ICU patients, mostly
occurred in the first 48 hours after intubations. Lack of sedation in agitated patients is one of
predisposing factors of unplanned extubation. Motor activity assessment scale (MAAS) may be used
as a predictor of unplanned extubation and need to be evaluated. Patients who required reintubations
have higher preextubation ventilatory assistance than patients in successfully extubated group.
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·≈–‡«™∫”∫—¥«‘°ƒµ 2548;26:89-100.
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«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“‡°’Ë¬«°—∫ Õÿ∫—µ‘°“√≥ å ≈—°…≥–∑“ß§≈ ‘π‘° ·≈–º≈∑’Ëµ“¡¡“ ¢Õß°“√∂Õ¥∑àÕ™à«¬À“¬„®‚¥¬
‰¡àµ—Èß„® „πÀÕºŸâªÉ«¬«‘°ƒµ∑“ßÕ“¬ÿ√°√√¡„π‚√ßæ¬“∫“≈®ÿÃ“≈ß°√≥å√–À«à“ß‡¥◊Õπ ¡‘∂ÿπ“¬π æ.». 2545 ∂÷ß‡¥ ◊Õπ
¡°√“§¡ æ.». 2546
√Ÿª·∫∫°“√«‘®—¬ °“√»÷°…“·∫∫‰ª¢â“ßÀπ â“‚¥¬°“√∫√√¬“¬
«‘∏ ’¥”‡π ‘π°“√«‘®—¬‰¥â√«∫√«¡¢âÕ¡Ÿ≈®“°ºŸâªÉ«¬„πÀÕºŸâªÉ«¬«‘°ƒµ∑“ßÕ“¬ÿ√°√√¡∑ ÿ°√“¬∑ ’ Ë¡’°“√∂Õ¥∑ àÕ™à«¬À“¬„®
‚¥¬‰¡à‰¥â¡’°“√«“ß·ºπ¡“°àÕπ √«¡∑ — Èß„™â°“√„Àâ§–·ππ‡æ ◊ ËÕª√–‡¡‘π§«“¡µâÕß°“√¬“§≈“¬ª√– “∑ ·≈–º≈∑ ’ Ë
µ“¡¡“®“°°“√∂Õ¥∑àÕ™à«¬À“¬„®
º≈°“√»÷°…“  ºŸâªÉ«¬ 471 √“¬∑’Ë ‰¥â√ —∫°“√„  à∑àÕ™à«¬À“¬„®„πÀÕºŸâªÉ«¬«‘°ƒµ∑“ßÕ“¬ÿ√°√√¡„π™à«ß∑ ’Ë∑”°“√»÷°…“
8 ‡¥ ◊Õπæ∫«à“¡’ºŸâªÉ«¬ 21 √“¬¡’°“√∂Õ¥∑ àÕ™à«¬À“¬„®‚¥¬‰¡à‰¥âµ—Èß„® 23 §√ — Èß§‘¥‡ªìπ√ â âÕ¬≈– 4.9   à«π„À≠ à
16 „π 23 §√—Èß (√ âÕ¬≈– 69.6) ‡°‘¥¢÷Èπ„π 48 ™—Ë«‚¡ß·√°À≈—ß„  à∑àÕ™à«¬À“¬„®  ”À√—∫‡«≈“∑ ’Ë¡’°“√∂Õ¥∑àÕ™à«¬
À“¬„®·∫∫‰¡àµ—Èß„®π — Èπ ‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π —¬ ”§—≠√–À«à“ß·µà≈–√Õ∫¢Õß°“√∑”ß“π¢Õß∫ ÿ§≈“°√
∑“ß°“√·æ∑¬å ®“°°“√„™â Motor activity assessment scales (MAAS) æ∫«à“¡’§à“µ—Èß·µà 4 ∂÷ß 6 ´÷ËßÀ¡“¬∂÷ß
√–¥—∫§«“¡√ Ÿ â  ÷°µ—«∑ ’ Ë°√–«π°√–«“¬·µà¬—ß„Àâ§«“¡√ à«¡¡ ◊Õ¥’ ‰ª®π∂ ÷ß°≈ ÿ à¡∑ ’ Ë¡’§«“¡°√–«π°√–«“¬¡“°®πÕ“®‡ªìπ
Õ—πµ√“¬‰¥â 17 „π 23 §√—ÈßÀ√◊Õ§‘¥‡ªìπ√âÕ¬≈– 73.9 ¢Õß°“√∂Õ¥∑àÕ™à«¬À“¬„®·∫∫‰¡àµ—Èß„® Õ¬à“ß‰√°Áµ“¡æ∫«à“
¡’‡æ’¬ß 1 √“¬‡∑à“π—Èπ„π°≈ ÿà¡π ’È∑’Ë ‰¥â√—∫°“√„Àâ¬“‡æ◊ËÕ∫√√‡∑“§«“¡°√–«π°√–«“¬ ·≈– ¡’ 9 √“¬∑ ’Ë‰¥â√—∫°“√¡—¥‡æ◊ËÕ
ªÑÕß°—πÕ—πµ√“¬∑’ËÕ“®‡°‘¥¢÷Èπ‰¥â®“°§«“¡°√–«π°√–«“¬  ”À√—∫°“√„™â ventilation assessment scales (VAS)
æ∫«à“¡’§à“®“° A ∂ ÷ß B ´÷ËßÀ¡“¬∂ ÷ß Õ¬ŸàÕ¬à“ß ∫“¬∂÷ß√–¥—∫∑ ’Ë¡’§«“¡‰¡à ∫“¬‡≈Á°πâÕ¬„π 21 ®“° 23 §√ —Èß¢Õß
°“√∂Õ¥∑ àÕÀ“¬„®‡Õß (√ âÕ¬≈– 91.3) „π 23 §√ —Èß∑ ’Ë∂Õ¥∑àÕ™à«¬À“¬„®‡Õßπ—Èπ ¡’ 12 §√ —Èß À√◊Õ√âÕ¬≈– 52.2 ∑’ËµâÕß
‰¥â√ —∫°“√„  à∑ àÕ™à«¬À“¬„®°≈ —∫‡¢â“‰ª„À¡à´÷Ëß  à«π¡“°µâÕß„  à„π 1 ™—Ë«‚¡ßÀ≈ —ß°“√∂Õ¥∑ àÕ™à«¬À“¬„® ‰¡àæ∫º≈‡  ’¬
√ ÿπ·√ß®“°°“√∂Õ¥∑ àÕ™à«¬À“¬„®·∫∫‰¡àµ—Èß„® „π°≈ ÿ à¡∑ ’ ËµâÕß„  à∑ àÕ™à«¬À“¬„®°≈ —∫‡¢â“‰ª„À¡à ·≈–°≈ ÿ à¡∑ ’ Ë “¡“√∂
À“¬„®‰¥â‡ÕßÀ≈ —ß®“°∂Õ¥∑ àÕ™à«¬À“¬„®π — Èπ æ∫«à“¡’§«“¡·µ°µà“ßª√–°“√‡¥’¬«§ ◊Õª√ ‘¡“≥Õ“°“»„πÀπ ÷ Ëßπ“∑ ’
∑ ’ Ë‡§√◊ ËÕß™à«¬À“¬„®™à«ß°àÕπ°“√∂Õ¥∑ àÕ™à«¬À“¬„®¡’§à“  Ÿß°«à“Õ¬à“ß¡’π —¬ ”§—≠„π°≈ ÿ à¡∑ ’ ËµâÕß‰¥â√ —∫°“√„  à∑ àÕ™à«¬
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À“¬„®°≈—∫‡¢â“‰ª„À¡à§◊Õ ‡©≈ ’Ë¬ 11.1 ≈‘µ√µàÕπ“∑’‡∑’¬∫°—∫ 4.0 ≈‘µ√µàÕπ“∑’ (p ‡∑ à“°—∫ 0.027) ‰¡àæ∫§«“¡·µ°µà“ß
„π¥â“πÕ“¬ÿ ‡æ» °“√«‘π‘®©—¬‚√§∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√„ à∑àÕ™à«¬À“¬„® ™à«ß‡«≈“∑’Ë‰¥â√—∫°“√„ à∑àÕ™à«¬À“¬„®¡“°àÕπ
„π√–À«à“ß Õß°≈ÿà¡π ’È
 √ ÿª æ∫°“√∂Õ¥∑ àÕ™à«¬À“¬„®‚¥¬‰¡àµ—Èß„® √âÕ¬≈– 4.9    à«π„À≠à‡°‘¥¢÷Èπ„π 48 ™—Ë«‚¡ß·√°À≈—ß„ à∑àÕ™à«¬À“¬„®
°“√¢“¥°“√„Àâ¬“§≈“¬ª√– “∑„πºŸâªÉ«¬∑ ’Ë°√–«π°√–«“¬ Õ“®‡ªìπ “‡ÀµÿÀπ÷Ëß °“√„™â Motor activity assess-
ment scale (MAAS) Õ“®™à«¬∑”π“¬°“√∂Õ¥∑ àÕ™à«¬À“¬„®·∫∫‰¡àµ—Èß„®‰¥â´÷ËßµâÕß°“√°“√»÷°…“‡æ‘Ë¡‡µ‘¡ æ∫
ºŸâªÉ«¬∑ ’ ËµâÕß„  à∑ àÕ™à«¬À“¬„®°≈ —∫‡¢â“‰ª„À¡à √ âÕ¬≈– 52.2 ·≈–„π°≈ ÿ à¡π ’ ÈµâÕß°“√°“√™à«¬‡À≈◊Õ®“°‡§√◊ ËÕß™à«¬
À“¬„®°àÕπ∂Õ¥∑àÕ™à«¬À“¬„®¡“°°«à“°≈ÿà¡∑’Ë‰¡àµâÕß„ à∑àÕ™à«¬À“¬„®°≈—∫‡¢â“‰ª„À¡à

Introduction
Unplanned extubation (UE) is a major com-

plication of translaryngeal intubation occurring in
3% to 16% of mechanically ventilated patients 1-11.
Recent studies have clearly shown its impact on
duration of mechanical ventilation, length of ICU
and hospital stay, and need for chronic care, but
not on mortality 11. Factors contributing to this event
are multifactorial and not well clarified in adult pa-
tients.

Patients in ICU face several unpleasant prob-
lems from severe diseases and therapeutic inter-
ventions. Agitated patients tend to have more
chances of UE than normal. Sedation has been
accepted as one of important methods to alleviate
anxieties and difficulties in ICU patients. The motor
activity assessment scale (MAAS) has recently been
shown as a valid and reliable scoring system to
assess levels of distress and consciousness and
to evaluate adequate sedation in ICU setting12.
Because most patients in ICU need ventilatory sup-
port, some parameters such as high respiratory
rate, high airway pressure and frequent cough may
be helpful signs reflecting patient-ventilator
asynchrony or other discomforts in ventilated
patients which may result in UE. Although the ven-

tilation-adjusted motor activity assessment scale
(VA-MAAS) or ventilation assessment scale (VAS),
have been used for more accuracy (13-15), its ben-
efit over MAAS have not been clearly studied.

We prospectively studied incidence, clinical
characteristics, and outcome of UE in medical ICU
in King Chulalongkorn Memorial Hospital, a
tertiary care university hospital. Two assessment
scales, MAAS and VAS, were applied for evalua-
tion of adequacy of sedation in these patients.

Methods
King Chulalongkorn Memorial Hospital is a

university hospital with 1400 beds. Of these, 358
beds are in medical department. Two medical ICUs
are an 8-bed closed unit each with the similar
facilities and criteria of admission. More than 80
per cent of the patients need intubation and venti-
latory assistance. Nursing care in both ICUs was
provided by registered nurses experienced in ICU
care. Physicians, consisting of first-year residents,
senior residents, attending staff physicians and
attending pulmonologists, work as a team of
24-hour coverage medical ICU care.

From June 1, 2002 to January 31, 2003, all
medical ICU patients who were intubated more
than 12 hours and had unplanned removal of
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endotracheal tube in medical ICU in King
Chulalongkorn Memorial Hospital were included
in this study.

Endotracheal tubes were secured with cloth
adhesive tape, using the recommended çhead
halteré technique. Sedation was prescribed by at-
tending physician based on individual judgement.
Restraints were used as necessary by the nursing
staff after patient relativesû informed consent.
Decisions regarding intubation, ventilatory support,
weaning and extubation were based on standard
medical indication.

Unplanned extubation (UE) was defined as
patient’s extubation that could be done by the
patient himself (deliberately or accidentally) or
accidentally by members of the nursing and
medical staffs during procedures at the bedside
or transportation. Unplanned extubations were
subdivided into failure and success groups based
on whether or not reintubation was required
within 72 hrs of extubation.

Data collection
A standard form detailing pertinent data sur-

rounding each UE case was completed by
researcher. Data included:

1. Clinical characteristics such as age, gen-
der, diagnosis, duration of intubation, and outcome
of each patient.

2. Onset and nature of UE, MAAS, VAS,
sedation, restraint, ventilatorûs settings, adverse
events related with UE, and reintubation. The MAAS
and VAS used was detailed in Table 1 and 2.
Ethics

All medical treatment and nursing cares were
judged as indicated by physicians and nursing staffs.
Patientsû consents were performed at the time of
admission in all cases.

Statistical Analysis
Unpaired t-test and Chi-Square test were used

for evaluation of statistical difference between two
compared groups.

Do not move or response to noxious stimulus
Open eyes or raise eyebrows or turn head or
move limbs towards noxious stimulus
Open eyes or raise eyebrows or turn head or
move limbs when touched or called
Conscious ,no stimulus is required to elicit
movement and follow commands
Conscious ,no stimulus is required to elicit
movement and follow commands but picking at
sheets or tubes or uncovering himself
Do not consistently follow commands and
attempting to sit up or move limbs out of  bed
Do not follow any commands and attempting to
sit up or thrashing side to side or trying to climb
out of bed

Table 1  Motor Activity Assessment Scale (MAAS)

DefinitionScale Description
Unresponsive
Response only to noxious stimuli

Response to touch or name calling

Calm and cooperative

Restless and cooperative

Agitated

Dangerously Agitated

0
1

2

3

4

5

6
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Table 2  Ventilation Assessment Scale (VAS)

Minimal coughing ,comfortable respiratory rate, rare high airway pres-
sure or rate alarms, tolerable to any movement or stimulation
Coughing, having high respiratory rate when stimulated but easily settled
with removal of stimulation
Frequent episodes of coughing, or competing with the respirator, or
having high respiratory rate or high airway pressure alarms
Prolonged coughing, difficult to control ventilation or deliver adequate
tidal volume

DefinitionScale Description

Comfortable

Mildly distress

Moderately distress

Markedly distress

Results
Four hundred and seventy-one patients were

intubated more than 12 hours in medical ICU.
Assisted ventilation is an indication of endotra-
cheal intubation in all patients. Twenty-three UE
(4.9%) in twenty-one patients were documented
and enrolled into this study; two patients had
two episodes. Most of the cases were deliberately
extubated. Only one patient had accidental UE
during nursing care. The clinical characteristics
of all patients are presented in Table 3. Sixteen

Figure 1 Onset of unplanned extubation

of twenty-three (69.6%) of UE occurred in the
first 48 hours after intubations as shown in
Figure 1 (p < 0.01) (average onset = 77.7 hours
after intubation). There was no significant differ-
ence of UE rate between shift-work of medical
personnel: in the morning (8.00 AM-16.00 PM),
the evening (16.00 PM-0.00 AM), and the night
(0.00-8.00 AM) shift (p-value = 0.55). Only four
patients (17.4 %) had received recent sedation
and twelve patients (52.2%) were restrained at
the time of extubation.

A

B

C

D
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Figure 2 Distribution of unplanned extubation patients based on Motor Activity Assessment Scales
(MAAS) and prevention methods used.

Figure 3  Time to reintubation after unplanned extubation.

Reintubations were required in 12 episodes
(52.2 %) by several indications including apnea,
severe tachypnea, hypoxemia with hypercapnia and
upper airway obstruction. There were no other

serious complications or death attributed to UE. All
reintubations were performed within 24 hours of
UE and most of them (10 of 12, 82 %) were done
within the first hour (p<0.01) (Fig.3).

The motor activity assessment scales (MAAS)
were from 4 to 6 (çRestless and Cooperativeé to
çDangerously Agitatedé) in the majority (17 of 23,
73.9 %) of the cases, but only one (5.9%) of them
was sedated, and nine (58.8%) of them were

restrained (Fig.2). The ventilation assessment scales
(VAS) were from A to B (çComfortableé to çMildly
Distressé) in most (21 of 23, 91.3%) of the extu-
bated patients. MAAS and VAS are detailed in
Table 3.
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Table 3.  Clinical characteristics and outcomes of unplanned extubated patients

1
2

3
4
5

6
7

8
9

10

11

12

13/1

13/2

14/1
14/2
15

16

17

18

19

20

21

52/M
70/M

33/F
73/M
25/M

78/F
49/F

73/F
58/F

49/M

35/M

79/M

22/M

22/M

44/M
44/M
78/M

54/F

72/M

73/F

75/F

71/M

58/M

Congestive heart failure
Necrotizing fasciitis,
sepsis
Severe preechampsia
Aspiration pneumonia
Hepatic
Encephalopathy
Pneumonia
Pulmonary
tuberculosis
COPD, pneumonia
Neutropenia,
pneumonia
Acute cholangitis,
sepsis
Cerebellar atrophy,
pneumonia
Necrotizing fasciitis,
sepsis
ANLL, subdural
hematoma
ANLL, subdural
hematoma
Pneumonia
Pneumonia
CA parotid gland
with lung metastasis
ANLL, hepatic
candidiasis
CA lung, cardiac
tamponade
Dissecting AAA,
heart failure
Hepatic
encephalopathy
Acalculous
cholecystitis
Infected wound post
amputation

24
30

92
288
48

20
48

72
14

36

240

6

16

21

132
140
30

40

6

422

6

48

10

Mo
Ev

Ev
Ni
Ev

Ni
Mo

Ni
Ni

Ni

Mo

Ev

Ni

Mo

Ni
Mo
Ev

Ni

Mo

Ni

Ni

Mo

Ev

N
N

N
N
N

N
N

Y
N

N

N

N

N

N

N
N
N

Y

N

N

N

Y

Y

N
N

Y
N
Y

Y
N

N
N

N

Y

Y

Y

N

Y
Y
N

Y

Y

N

Y

N

Y

3/B
4/A

5/A
4/B
4/B

6/A
4/B

3/A
4/B

3/A

5/A

5/A

5/B

4/A

6/C
6/C
5/A

5/B

4/B

4/A

2/A

3/A

3/A

N
N

N
N
N

N
Y

N
Y

N

Y

Y

Y

N

Y
Y
Y

Y

N

Y

Y

Y

N

Improved
Improved
Improved
Improved
Imporved
Improved

Improved
Dead

Dead
Dead

Improved

Dead

Dead

Improved

Improved

Improved
Improved
Dead

Improved

Improved

Improved

Dead

Dead

Improved

Abbreviations:
M = male, F = female, CA = carcinoma, COPD = Chronic Obstructive Pulmonary Disease, ANLL = Acute Non-Lymphocytic
Leukemia, AAA = Abdominal Aortic Aneurysm, Mo = morning, Ev = evening, Ni = night, Y = yes, N = no, UE = unplanned
extubation, MAAS = Motor Activity Assessment Scale, VAS = Ventilation Assessment Scale, RI = reintubation, D/C = discharge

No Age/
Sex Diagnosis

Onset of
UE (hr after
intubation)

Shift Seda-
tion

Res-
traint

MASS/
VAS RI D/C

condition
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No.

Table 4  Respiratory support parameters and need for reintubation

Mode FIO2 RR
Ventilator-
supported
TV(mL)

Ventilator-
supported

MV(L)

PEEP
(cmH2O)

PS
(cmH2O) RI

1
2
3
4
5
6
7
8
9
10
11
12

13/1
13/2
14/1
14/2
15
16
17
18
19
20
21

T-piece
CPAP
CPAP

T-piece
T-piece
CMV
CMV

T-piece
CMV
CMV
CMV
CMPA
CMV

T-piece
CMV
CMV
CMV

T-peice
T-peice
T-piece
T-piece
CMV

T-piece

34
32
24
28
26
14
28
22
35
22
24
18
24
26
42
30
20
30
22
27
21
28
24

0.40
0.35
0.40
0.40
0.40
0.40
0.50
0.40
0.50
0.40
0.45
0.60
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.35
0.60
0.40

--
420
680
--
--

400
450
--

400
500
650
920
500
--

500
500
500
--
--
--
--

600
--

--
13.4
14.4
--
--
5.6
12.6
--

14.0
11.0
15.6
16.5
12.0
--

21.0
15.0
10.0
--
--
--
--

16.8
--

0
3
5
0
0
0
3
0
4
5
10
5
10
0
5
5
3
0
0
0
0
5
0

--
10
15
--
--
--
--
--
--
--
2.0
--
--
--
--
--
--
--
--
--
--
--
--

No
No
No
No
No
No
Yes
No
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No

Abbreviation: RR = respiratory rate, TV = tidal volume, MV = minute ventilation, PEEP = positive end expiratory pressure,
PS = pressure support, RI = reintubation, CMV = controlled mandatory ventilation, CPAP = continuous positive airway
pressure ventilation.
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Table 5  Demograhics and respiratory parameters of reintubated patients compared wth successfully extubated patients.

Reintubation (mean (SD))
Parameters

Yes
Age (years)
Gender (M/F)
Onset of UE (hours after intubation)
FiO2 (%)
Respiratory rate (breaths/min)
Tidal volume (ml)
PEEP (cmH2O)
Minute ventilation (L)
Ventilator-assisted ventilation(L)

No
P-value

0.758
0.469
0.644
0.054
0.458
0.474
0.070
0.123
0.027

56.2(18.6)
7/5

95.2(124.9)
45.0(8.3)
27.3(6.7)

557.8(154.7)
3.3(3.0)
14.2(3.2)
11.1(7.2)

55.0(20.5)
8/3

58.8(80.4)
39.5(1.5)
24.9(5.4)

500.0(127.5)
1.2(2.1)
11.1(3.9)
4.0(6.0)

Abbreviation: M = male, F= female,  UE = unplanned extubation, PEEP = positive end expiratory pressure
P-value < 0.05 was considered statisticallly significant.

Discussion
Unplanned extubation (UE) is a frequent event

encountered in adult intensive care unit. We
observed 4.9% of UE in this study, a rate which is
similar to the rates of 3% to 16% as previously
described 1-10. Onset of UE is controversial. Zwillich
et al1 described an increasing incidence with pro-
longed intubation, whereas consistent with our
results, Coppolo and May3 reported 70% of UE in
the first 48 hours after intubation. To prevent UE,
we suggest that patients should be closely
observed especially in the first 48 hours after
intubation, the time that patients need full respira-
tory support and mostly agitated. Late onset of UE
may result from new stress effecting on levels of
agitation and consciousness in each patient.

Timing of UE is different in the literatures.
Coppolo and May3 reported 69% of unplanned
extubated cases in the evening shift, but Tindol

Considering factors that may contribute to
reintubations (Table 3, 4, 5), we found that there
was no significant differences in age, gender, diag-
nosis, and duration of intubation between
reintubated and non-reintubated group. Of respira-
tory parameters studied, ten episodes (43.5%) of
UE occurred while the patients were breathing spon-
taneously through endotracheal tubes without
respiratory support. However, most of them (7 of
10, 70%) did not require reintubations. In contrast,
nine of thirteen (69.2%) patients with mechanical
ventilation in CMV or CPAP with pressure support
mode needed reintubations. The mean ventilator-
delivered minute ventilation before extubation was
significantly higher in reintubated group (11.1
L/min) than in non-reintubated group (4.0 L/min,
p-value = 0.027). Other ventilatorûs parameters such
as FiO2, respiratory rate, tidal volume, PEEP, and
total minute ventilation did not show statistically
differences between these two groups.
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et al7 found that the morning shift, while physi-
cians are making rounds, families are visiting, and
new orders are being carried out-activities that
lead to increased distractions for the staff, had
the highest incidence. Our results showed no
significant difference between shifts suggesting
that timing of extubation events may depend
on patientsû condition, different hospitalûs work
schedule and interfering circumstances.

Although factors contributing in UE are still in
debate, we hypothesized that inadequate seda-
tion plays an important role. Correlation of the
motor activity assessment scale (MAAS) and UE
revealed that majority (17 of 23, 73.9 %) of the
cases occurred when the patients were restless
or agitated, but only one (5.9%) of them was
sedated, and nine (58.8%) of them were restrained.
It may be considered that sedation in our ICU may
be overlooked in some cases. Inadequate sedation
in agitated patients is one of predisposing factors
for UE4 and may place critically ill patients in dan-
ger of self-injury10,16. In contrast, adequate seda-
tion and analgesia delivered by continuous infu-
sion may prevent UE in alert, intubated patient17.
In some studies, it has been suggested that
restrained, agitated patients who extubated them-
selves should have been attached more securely7,18,

however, determined patients are often able to
extubate themselves even when they are strongly
restrained3. Adequate intravenous sedation should
be used to control harmful agitation in critical
care19,20, however, oversedation may prolong wean-
ing and intubation. Monitoring and adjusting dos-
ages of sedation is crucial to balance its appro-
priateness. Additionally, high percentage of restraint
in agitated patient could result from contraindications

of sedation in some diseases such as hepatic
encepahalopathy, neurological diseases that con-
sciousness needs to be closely observed. In other
cases, sedation should be considered before
restraint in prevention of harm in agitated patients.

Ventilation assessment scale (VAS) has been
described as a good scoring system used in
ventilator-assisted patients. However, we found that
VAS is not sensitive enough to evaluate adequacy
of sedation or predict UE. Additionally, two events
that have çCé from VAS scoring have MAAS score
equals to 6 reflecting that VAS did not increase
benefits of MAAS in our study (Table 3). We sug-
gest that MAAS scoring system should be used as
a predictor of UE in medical ICU, which need to be
evaluated in the larger population.

Although UE did not affect mortality in ICU
patients, it could result in serious complications3, 21, 22.

We observed immediate laryngeal complications in
1 of 23 events. Cautious clinical evaluation can
often avoid immediate reintubation of extubated
patient1,3,6, but reintubation remains necessary in
31% to 78% of the patient3,7. In our series,
reintubations were required in 52.2 % after UE
with indications including apnea, tachypnea,
hypoxemia, hypercapnia and upper airway obstruc-
tion. Patients who had successfully UE imply
delayed planned extubation and stress the impor-
tance of weaning protocol in ICU.

We found that preextubation ventilatory sup-
port is the sole factor associated with reintubation.
Most of UE that occurred during spontaneous
breathing through endotracheal tubes did not
require reintubations. In contrast, most of UE cases
with preextubation ventilatory support by controlled
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mandatory ventilation (CMV) or pressure support
ventilation (PSV) needed reintubations. Reintubated
group has higher mean preextubation ventilator-
delivered minute ventilation than non-reintubated
group (11.1, 4.0 L respectively, p-value = 0.027). Of
the predictors of successful termination of ventila-
tory support, Whelan et al6 reported significantly
higher preextubation FiO2 and ventilator-delivered
minute ventilation in patients who require
reintubation than successfully-extubated patients.
Chenûs work23 supported indirectly that respiratory
failure caused by pneumonia is the most important
predictor of reintubation. Although our studies did
not show the difference of preextubation FiO2
between these two groups, the p-value is nearly
significant (p = 0.054). In addition to the need of
CMV, Jayamanne and coworkers24 noted that
multisystem failure and altered mental status also
have strong association with reintubation. Due to
various factors contributing to reintubation, Listello
et al5 later developed seven parameters to deter-
mine the likelihood of reintubation in self-extubated
patient.

In conclusion, we reported 4.9% of UE in
medical ICU patients. Outcome of UE is good.
Reintubations were required in half of the cases,
and associated with degrees of ventilatory support
before extubation documented by ventilator-deliv-
ered minute ventilation. Lack of sedation in agi-
tated patients is one of the predisposing factors
for UE, which may be predicted by the motor
activity assessment scale (MAAS). To solve this
problem, an action plan consisting of education
and awareness of risks associated with UE, stan-
dard protocols for weaning and sedation in ICU
should be developed based on individual ICU with

cooperation of all medical personnel25. Survey of
UE could be used as one of parameters evaluat-
ing quality of ICU cares.
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PERCEPTION OF EXERTIONAL DYSPNEA,
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Abstract :
Study Objectives:  1. To find the pulmonary function parameters that could predict the exercise
tolerance in both subjective and objective evidence 2. To verify the correlation between the change
of pulmonary function and the perception of exertional dyspnea as well as the work at the level of
maximal exertional dyspnea. 3. To assess  whether the pulmonary function is really worsening during
exertional dyspnea.
Design:  The cross-sectional study.
Patients and Method:  Fifteen patients with stable COPD and functional and class I-II, were
recruited. The spirometry, lung volume and capacity studies were performed before and after the
exercise. An incremental symptom-limited exercise test was performed by using an electrical braked
cycle ergometer. The degree of exertional dyspnea was evaluated by using the modified Borg scale
at the baseline. A visual analog scale was used to measure the change of dyspnea after exercise.
Results: It w as found that some baseline pulmonary function parameters  correlated with evidence
of exertional dyspnea. Additionally, baseline FEV1 had not only the best significant negative corre-
lation with perceptional dyspneic symptom but also had the best significant positive correlation with
exercise tolerance.  After the patients felt exertional dyspneic, there was significant worsening in FEV1.
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INTRODUCTION
The perception of dyspnea varies consider-

ably among COPD patients with similar degrees
of airflow limitation.1,2 It was postulated that an
increased central output with ineffective inspira-
tory muscle response3-6 and the development of
dynamic hyperinflation (DH)7,8 contributed to the
cause of exertional dyspnea. The relationship
between the resting pulmonary function and exer-
cise tolerance had been extensively studied in this
group of patients.9,13 In most previous studies,
they found loose association between maximal
exercise capacity (Wmax) and Forced expiratory
volume in one second (FEV1), Forced vital capac-
ity (FVC) or even Diffusing lung capacity (DLCO).9,11

Conclusion:  FEV1 might be used as the predictor of exercise tolerance in patients with COPD.
When the patients felt exertional dyspneic, there would be a real change in FEV1. The suggestion
of an inhaled bronchodilator as needed based on symptom should thus be reasonable.
∫∑§—¥¬àÕ : π“Ææ∏ Ÿ  ß«π«ß»å. §«“¡√ Ÿ â  ÷°‡Àπ◊ ËÕ¬‡¡ ◊ ËÕÕÕ°°”≈ —ß°“¬,  ¡√√∂¿“æªÕ¥·≈–°“√∑πµàÕ°“√
ÕÕ°°”≈—ß°“¬„πºŸâªÉ«¬‚√§ªÕ¥Õÿ¥°—Èπ‡√◊ÈÕ√—ß‰∑¬.  «“√ “√«—≥‚√§ ‚√§∑√«ßÕ°·≈–‡«™∫”∫—¥«‘°ƒµ 2548;26:101-109.
¿“§«‘™“Õ“¬ÿ√»“ µ√ å  ∂“∫ —π∫”√“»π√“¥Ÿ√ ππ∑∫ ÿ√’
«—µ∂ÿª√– ß§å 1. ‡æ ◊ ËÕÀ“«‘∏ ’µ√«® ¡√√∂¿“æªÕ¥∑ ’ Ë “¡“√∂æ¬“°√≥ å°“√∑πµàÕ°“√ÕÕ°°”≈ —ß°“¬„πºŸâªÉ«¬‚√§
ªÕ¥Õÿ¥°—Èπ‡√◊ÈÕ√—ß 2. ‡æ ◊ ËÕÀ“§«“¡  —¡æ—π∏ å¢Õß°“√‡ª≈ ’ Ë¬π·ª≈ß ¡√√∂¿“æªÕ¥ §«“¡√ Ÿ â  ÷°‡Àπ◊ ËÕ¬‡¡ ◊ ËÕÕÕ°°”≈ —ß
·≈–ß“π∑ ’ Ë∑”¢≥–∑ ’ Ë‡Àπ◊ ËÕ¬¡“°∑ ’ Ë  ÿ¥ 3. ‡æ ◊ ËÕæ‘  Ÿ®π å«à“¢≥–∑ ’ Ë√ Ÿ â  ÷°‡Àπ◊ ËÕ¬‡¡ ◊ ËÕÕÕ°°”≈ —ßπ — Èπ ¡√√∂¿“æªÕ¥·¬à≈ß
®√‘ßÀ√◊Õ‰¡à
«‘∏’°“√»÷°…“  ‡ªìπ·∫∫ cross sectional study  ºŸâªÉ«¬‡ªìπ‚√§ªÕ¥Õÿ¥°—Èπ‡√◊ÈÕ√—ß√ ÿπ·√ß√–¬–∑ ’Ë 1 ·≈– 2 ∑ ’Ë‰¡à¡’
Õ“°“√°”‡√ ‘∫ 11 √“¬  ∑ ÿ°√“¬‰¥â√—∫°“√µ√«® ‰ª‚√‡¡µ√ ’¬å ª√ ‘¡“µ√ §«“¡®ÿ¢ÕßªÕ¥°àÕπ·≈–À≈—ßÕÕ°°”≈—ß°“¬
(„™â‡§√◊ËÕß electrical braked cycle ergometer) √–¥—∫°“√‡Àπ◊ËÕ¬°àÕπÕÕ°°”≈—ß«—¥¥â«¬ modified Borg scale
√–¥—∫°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡Àπ◊ËÕ¬À≈—ß°“√ÕÕ°°”≈—ß°“¬«—¥¥â«¬ Visual analog scale
º≈°“√»÷°…“ æ∫«à“ ¡√√∂¿“æªÕ¥‚¥¬‡©æ“– FEV1 °àÕπ°“√»÷°…“   —¡æ—π∏ å°—∫Õ“°“√‡Àπ◊ ËÕ¬‡¡ ◊ ËÕÕÕ°°”≈ —ß
°“√µ√«® ¡√√∂¿“æªÕ¥‚¥¬‡©æ“– FEV1  —¡æ—π∏å‡ªìπ —¥ à«π°≈—∫°—∫§«“¡√Ÿâ ÷°‡Àπ◊ËÕ¬‡¡◊ËÕÕÕ°°”≈—ß°“¬·≈–‡ªìπ
 —¥ à«π‚¥¬µ√ß°—∫°“√∑π∑“πµàÕ°“√ÕÕ°°”≈ —ß æ∫«à“‡¡◊ËÕºŸâªÉ«¬√Ÿâ ÷°‡Àπ◊ËÕ¬¡“°¢÷Èπ®–¡’ FEV1 ≈¥πâÕ¬≈ß
 √ÿª ‡™◊ËÕ«à“ FEV1 ®–‡ªìπµ—«æ¬“°√≥ å§«“¡∑π∑“πµàÕ°“√ÕÕ°°”≈—ß°“¬„πºŸâªÉ«¬ COPD ·≈–°“√„Àâ¬“¢¬“¬
À≈Õ¥≈¡‡¡◊ËÕºŸâªÉ«¬√ Ÿâ ÷°‡Àπ◊ËÕ¬ π —Èπ¡’‡Àµÿº≈‡æ’¬ßæÕ

Recently, it has been shown that indices
related to dynamic hyperinflation, such as inspira-
tory capacity (IC), are more closely related
to exercise tolerance than FEV1.

12,13 With COPD
patients tidal volume (VT) during exercise increases
only at the expense of the inspiratory reserve
volume (IRV); thus the maximal VT during exercise
(VT max) should depend mostly on the magnitude
of resting IC. Since Wmax is related to VT max,
there should be a close association of Wmax and
IC.7,14

The inhaled bronchodilator reduces exercise
DH and improves inspiratory pressure reserve and
neuroventilator coupling. So the change in DH and
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neuroventilatory coupling may be the main
determinants in reducing breathlessness7. However,
the inhaled bronchodilator is usually prescribed;
as needed, therefore, the frequency and dosage
of the inhaled bronchodilator may be directly
related to the perception both of the dyspneic
symptom and the level of symptom relief afforded
by the medication. To our knowledge, the correla-
tion between the perception of exertional dyspnea
and the baseline pulmonary function or even the
change of pulmonary function after exertional
dyspnea have never been investigated in Thai
patients with COPD.

The goals of this study are, firstly, to find the
pulmonary function parameters that could predict
the exercise tolerance in the patients with COPD
and, secondly, to verify the correlation between
the change of pulmonary function after exercise
and the perception of exertional dyspnea, as well
as the work at the level of maximal exertional
dyspnea, as exercise tolerance.

Materials and Methods
Subjects

Fifteen Thai male COPD patients, with func-
tional class I-II according to the New York Heart
Association function Classification were recruited.
The diagnosis was made according to GOLD guide-
lines15. All patients had previously attended the
COPD clinic at Siriraj Hospital and had been
receiving  the optimal medical therapy for at least
8 weeks before being enrolled. Their clinical and
functional classes were stable at the time of the
study, i.e., there were no exacerbation, no change
in the dosage of bronchodilator medication and no
significant change in spirometric values during the

preceding 8 weeks.  All patients had stopped smok-
ing for at  least 6 months before the study. None
was participating in a respiratory training program
nor was receiving home oxygen therapy or home
noninvasive mechanical ventilation. All of them
agreed to participate in the study and signed the
informed consent form.

The patients were excluded if they had
evidence of asthma, other concomitant lung
diseases, cardiovascular diseases, peripheral
vascular diseases, neuromuscular diseases, mus-
culoskeletal disorders or other disabling condi-
tions that would interfere with the tests. The study
was also stopped if the patients were unable to
cooperate, or had oxygen desaturation of less than
80% in  room air during exercise.

Methods
Pulmonary function tests

Each patient underwent pulmonary function
studies, including the spirometry and lung volume
with capacity study, both before and after exer-
cise. All pulmonary function tests were measured
three times (using spirometer: Sensor-Medics Vmax
229; Yorba Linda, CA). The acceptance of spiro-
metric data was made according to the American
Thoracic Society standard15. Absolute lung volume
was measured with the nitrogen washout method
(Sensor-Medics Vmax 229: Yorba Linda, CA).
The reference values from the reference spiro-
metric values for healthy lifetime nonsmokers
in Thailand17 were used. Because there was no
current equation for predicting normal spirometric
IC value, a predicted normal value for IC was
calculated as predicted TLC minus predicted FRC.
Oxygen saturation was indirectly measured usings
pulse oxymeter (BCI international 3301; Waukesha,
Wisconsin).
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Perception of exertional dyspnea
Symptom severity was assessed using two

scales: a modified Borg scale18 and a visual ana-
log scale (VAS).19 The modified Borg scale was
baseline evaluated before the exercise. The VAS
was used after the exertional dyspnea to rate any
changes in their sensation compared with their
baseline states.

The modified Borg scale is from 0 to 10; the
subject was instructed that 0 represented no dys-
pneic sensation at all and that 10 represented the
most severe dyspneic sensation that they could
imagine. The VAS was an interval scale, which was
anchored at one end by ùvery much betterû and at
the other end by ùvery much worseû. The middle of
the scale was marked with the phrase ùno changeû.
The VAS was 20 cm. in length and a value in cm.
was measured from the ùno changeû point to the
point marked by the subject on the scale.

Exercise study
An incremental symptom-limited exercise test

was performed using an electrical braked cycle
ergometer (Sensor medics: Yorba Linda, CA).
Subjects were cycled at the rate of 50-60 revolu-
tion-min-1 (rmp), with the external power started
at 60% of target work rate ( = (53.76* measured
FEV1) -11.07) 20 for 5 minutes and then increased
the work rate 10% each minute until their maxi-
mal work rate was called as ùWfinalû and the total
work load (Wtotal) was calculated as the sum of
the work rate at each step of exercise (from
start to finish) multiplied  at each step.

Nevertheless, if the patient stopped the exer-
cise because of leg fatigue or other causes other

than exertional dyspnea, he then would be
excluded from the study.

Statistical analysis
Data were presented as mean ± S.D. The

conventional level of statistical significance (p < 0.05)
was used for all analyses. The association between
Wfinal, Wtotal or VAS (dependent variables) and the
baseline Borg scale, the resting pulmonary func-
tion, and the change of pulmonary function after
exertional dyspnea (independent variables) were
determined using Pearsonûs correlation co-efficiency
analysis. The best-value was selected as the
strongest significant contributor.

Results
Fifteen patients from the COPD clinic of  the

Division of Respiratory Disease and Tuberculosis,
Department of Medicine, Faculty of Medicine Siriraj
Hospital, were recruited; four patients were excluded,
ie, two patients were not able to complete the
pulmonary function test and two patients stopped
the exercise due to leg fatigue. Only 11 patientsû
data were analyzed. The patientsû demographic data,
baseline modified Borg scale and baseline pulmo-
nary function are shown in Table 1 to 3. The mean
age was 67.6 year with appropriate mean BMI
(23.3) and all had normal mean baseline vital
signs. The baseline Borg scale ranged from 3 to 7.
The mean FEV1 was 48.53% predicted and the
mean FEV1/FVC  ratio was 54.43% predicted.  Most
patients had lung hyperinflation as reflected by
high RV (mean 133% predicted) and high TLC
(mean 108.93% predicted). The mean PImax was
78 cm H2O. None had hypoxemia at rest or
after exercise.
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Mean±±±±± SD Range

Age (year)
Height (cm)
Weight (kg)
BMI
Smoking (pack-year)

67.6± 7.7
163.5± 5.6
62.7± 13.3
23.3± 4.4
40.8± 26.4

57-81
156-173
47-91
19.3-33
2.5-80

Mean±±±±± SD Range

Modified Borg scale
Pulse (/min)
Mean B.P. (mmHg)
R.R. (/min)

5.2± 1.3
83.46± 9.59
99.67± 14.04

20± 2.97

3-7
68-104
70-127
16-24

Plmax (cmH2O)
O2sat (%)
FVC (L)
FEV1 (L)
FEV1/FVC (%)
PEFR (L/min)
TLC (L)
SVC (L)
RV (L)
FRC (L)
IC (L)
VT (L)

Pulmonary function
Baseline value

Table 2  Symptom and vital signs at entry of 11 COPD patients

Table 1  Demographic data of 11 COPD patients

Table 3  Pulmonary function : baseline and per cent change after exercise of 11 COPD patients

% change

After exercise
mean±±±±± SD

(-1.13) ± 12.24
(-0.45)±  2.12

3.11± 4.7
7.7± 8.92
5.1± 8.97

1.88 ± 21.18
(-3.47)± 13.11
(-0.44)± 7.49
(-2.96)± 24.81
(-4.43)± 16.14
(-4.67)± 10.93

3.78± 16.8

% predicted
mean±±±±± SD

-
-

86.67 ± 7.77
48.53± 13.01
54.43± 9.25
45.21± 13.62
108.93± 18.47
96.1± 15.87

133.17± 50.99
126.29± 31.78
81.78± 15.84

-

78± 19.28
96.73 ± 1.9
2.53 ± 0.65
1.1 ± 0.42
43.1 ± 7.6
3.3 ± 0.89
5.58 ± 1.26
2.77 ± 0.62
2.81 ± 1.16
3.95± 1.8
1.63± 0.43
0.8 ± 0.27

Absolute
mean ±±±±± SD
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The mean final levels of work rate ( Wfinal),
the mean total work rate (Wtotal) and VAS are shown
in Table 4. The mean Wfinal was 45.8 Watt and
positively correlated with all pulmonary function
parameters (Table 5) and it was shown that FEV1,
had the best correlation (r = 0.973 and p-value
< 0.001). The mean Wtotal was 242.4 Watt-min and
positively correlated with all pulmonary function

parameters (Table 6). The FEV1 again showed to
have the best correlations (r = 0,964 and p - value
< 0.001).

In our study, there was no significant correla-
tion between exercise tolerance either Wfinal or even
Wtotal and the per cent change of pulmonary func-
tion after exercise.

p-valueRPulmonary function

Mean±±±±± SD Range

p-valueRPulmonary function

SVC
IC
FEV1 (% predicted)
FEV1/FVC (% predicted)
FVC
FEV1
FEV1/FVC (%)
PEFR

0.781
0.692
0.789
0.613
0.836
0.973
0.678
0.657

0.005
0.018
0.004
0.045
0.001

< 0.001
0.022
0.028

FVC
FEV1
FEV1/FVC (%)
PEFR
SVC
IC
FEV1 (% predicted)

0.833
0.964
0.664
0.65
0.785
0.681
0.781

0.001
< 0.001
0.026
0.03
0.004
0.021
0.005

Table 6  Significant correlation between baseline pulmonary functions and total work
rate of 11 COPD patients

Table 4  Work of 11 COPD patients

Table 5 Significant correlation between baseline pulmonary functions and final work
rate of 11 COPD patients

Final level of work rate (watt)
Total work rate (watt* min)
Change of symptom (VAS)

45.8± 30.9
242.4± 178.2

(-7)± 21

16-130
58-725

(-10)-(-3)
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DISCUSSION
The main findings of the presented study were

as follows: 1). Some baseline pulmonary function
parameters had correlation with measures of
exertional dyspnea. Baseline FEV1 had not only the
best significant negative correlation with percep-
tional dyspneic symptom (r = -0.698, p = 0.017)
but also the best significant positive correlation
with exercise tolerance (r = 0.973, p < 0.001). 2.)
After the patients felt exertional dyspnea, it was
significantly worse in FEV1 (r = 0.824, p = 0.002).

Although we found a significant correlation
between perceptional dyspnea and baseline FEV1
(negative correlation) and also a correlation
between exercise tolerance and baseline FEV1
(positive correlation), more subjects were needed
to calculate a predictive equation using multiple
regression analysis for practical implications.

The presented data also confirmed the find-
ing of Calson et al11, that FEV1 was the best pre-
dictor in all baseline pulmonary function param-
eters with exercise tolerance in patients with COPD
(r = 0.70). However, Murariu et al12 found that there
were 3 baseline pulmonary function parameters that
correlated with exercise tolerance: IC (r = 0.81,
p = < 0.001), FVC (r = 0.64, p = < 0.001), FEV1
(r = 0.54, p < 0.01). In addition, Diaz et al21 also
found that the baseline IC still showed the best
correlation to exercise tolerance (r = 0.75, p < 0.0001).
Compared to our study, although IC was signifi-
cantly correlated with exercise tolerance (r = 0.692,
p = 0.018), it was not one of the most significant
determinants. However, there were many explana-
tions such as, in the Murariu study, the patients
were both COPD and asthmatic and they also had
less severe disease (mean FEV1% predicted =

The VAS, which was rated after exercise,
ranged from 3 to 10 (mean = 7) in the ùvery much
worseû end and negatively correlated with only 2
parameters (Table 7); i.e: FEV1 ( both absolute
values and % predicted) and FEV1/FVC ratio (both
absolute values and % predicted). However, FEV1

revealed the best correlation (r = -0.698 and
p-value = 0.017). Regarding the change of pulmo-
nary function, there was a positive correlation
between per cent change or FEV1 and VAS.
(r = 0.824 and p- value = 0.002).

Table 7  Significant correlation between baseline pulmonary functions and change
of symptom (VAS) of 11 COPD patients

p-value

0.036
0.017
0.026
0.027
0.002

R

-0.633
-0.698
-0.634
-0.661
0.824

FEV1
FEV1 (% predicted)
FEV1/FVC (%)
FEV1 /FVC (% change)
FEV1 (% change)

Pulmonary
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68± 21) than the patients in our study (mean FEV1
% predicted = 48.53± 13.01). The study designs
were also different. In the Diaz study, the demo-
graphic data was similar to our study, thus IC was
shown the same degree of correlation. However,
the correlation of exercise tolerance with FEV1 was
not reported.

Considering the perception of exertional dys-
pnea, Martin et al22 demonstrated a correlation
between the change of the Borg scale and the
change of IC (r=0.49, p=0.00001). In our study, we
chose VAS to represent the perception of exertional
dyspnea; and there was also the difference in study
design.

The limitations of our study was: 1) small
population, (only patients in FC I-II)  2)  We used
an electrical braked cycle ergometer that might
have represented the real daily activities of same
people and the target for exercise was subjective
by perception of exertional dyspnea, so the indi-
vidual final work rate might not be the real maxi-
mal work rate. 3) In real life, beyond FEV1, there
were other factors that might have contributed to
the exertional dyspnea i.e. respiratory muscle
strength, deconditioning, individual difference in
the perception of  symptoms.

The clinical implications of  our study  shows,
firstly, that the FEV1 was one of the predictors to
estimate the exercise tolerance of COPD patients
and, secondly, that the exertional dyspnea was
correlated to the changed FEV1 which was the
objective evidence of increasing airway obstruc-
tion. Therefore the suggestion of an inhaled bron-
chodilator as needed based on symptoms might
be reasonable. However, further study is necessary
to prove the benefit of the inhaled bronchodilator
in symptom relief by improving pulmonary function.
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The emergence and spread of multidrug-
resistant tuberculosis (MDR-TB) could threaten
global TB control. The treatment of patients with
MDR-TB is prolonged, expensive and often
unsuccessful. Many experts assert that standard
TB control prevents the emergence of MDR-TB
in a cost-effective way. Others argue that it is
unethical to abandon patients with MDR-TB and
maintain that, if untreated, MDR-TB strains will
become dominant and undermine TB control
in future generations. These arguments are of
particular consequence in settings where resources
are scarce.  While additional evidence would help
to define the right point between efficiency and
equity, we propose a preliminary rational frame-
work for addressing the problem of MDR-TB in
various circumstances.

Genesis and magnitude of multidrug-
resistant TB1

Treatment with only one effective drug,
because of inappropriate prescription or poor

adherence,  suppresses the growth of organisms
susceptible to it but  permits the multiplication of
isolated strains with spontaneous drug-resistance
mutations. This phenomenon is called acquired drug
resistance. Subsequent transmission leads to TB
disease in new patients which is drug-resistant
at the outset, a phenomenon known as primary
resistance. Independent, cumulative events result
in MDR-TB, defined as resistance to at least iso-
niazid and rifampicin.  Both the creation and the
transmission of drug resistance contribute to its
incidence.

Resistance to TB drugs emerged soon after
their introduction 50 years ago. A survey con-
ducted by the International Union Against Tuber-
culosis and Lung Disease  in 17 countries during
the late 1950s found primary resistance of 3.7%
for streptomycin, 3% for isoniazid, and 1% for
both drugs together. Clinical outcomes were poorer
with dual resistance (analogous to MDR-TB
today), but the problem was deemed unimportant

«“√ “√«—≥‚√§ ‚√§∑√«ßÕ°·≈–‡«™∫”∫—¥«‘°ƒµ
Thai Journal of Tuberculosis
Chest Diseases and Critical Care

CONTROLLING MULTIDRUG-RESISTANT
TUBERCULOSIS AND  ACCESS TO EXPENSIVE

DRUGS: A RATIONAL FRAMEWORK
Attapon Cheepsattayakorn  M.D., FACP, FCCP

10th Zonal Tuberculosis and Chest Disease Center, 10th Office of Disease Prevention and Control,
Department of Disease Control, Ministry of Public Health, Thailand

Received for publication November 24, 2004



112  Attapon Cheepsattayakorn                                      «“√ “√«—≥‚√§ ‚√§∑√«ßÕ°·≈–‡«™∫”∫ —¥«‘°ƒµ

because it accounted for only a small proportion
of treatment failures. Furthermore, clinical trials
demonstrated that standard treatment without
routine baseline testing for drug susceptibility
produced outcomes similar to those obtained
where such testing was applied and individual-
ized treatment was given. The introduction of
rifampicin in the early 1970s brought about am-
bulatory short-course chemotherapy, a regimen
of three or four drugs including rifampicin for at
least the first two months,  given over six to nine
months. This reinforced hopes for the elimination
of TB.

By the early 1990s the incidence of TB had
increased in the USA,  following reductions in con-
trol programmes associated with the  HIV epidemic,
growing poverty,  and homelessness.  Poor adher-
ence to recommended treatment regimens by
doctors and patients fostered high levels of MDR-
TB. MDR-TB came to widespread attention with
the occurrence of nosocomial and prison outbreaks.
High case-fatality rates and cases of MDR-TB
among health care workers and others led to an
increase in public concern. WHO declared TB a
global emergency in 1993,  focusing on developing
countries where  95% of cased occurred.

Although MDR-TB was one of many concerns
in global TB control, there were no data on the
magnitude of the problem.  For this reason,  WHO
and the International Union Against  Tuberculosis
and Lung Disease began the Global Project on
Anti- tuberculosis Drug Resistance Surveillance
in 1994. A network of supranational reference
laboratories provided quality control for drug sus-
ceptibility-testing. It emerged that the prevalence
of multidrug resistance among new patients
was generally low, the median value being 1%,

especially in Africa.  However, several hot spots,
i.e. countries or regions where the prevalence of
multidrug resistance among new TB patients
exceeded 3%, were identified, particularly in the
former Soviet Union.  Drug resistance was found in
all 72 countries surveyed by 2000.

International response to growing
problem of multidrug-resistant TB1

Because of the low prevalence of multidrug-
resistance in most countries, WHO  stressed   basic
TB control as the priority for the prevention of
MDR-TB  in low-income countries. The world body
did not advocate treatment against MDR-TB on
a large scale but recommended that individual
patients with MDR-TB be referred to clinical
experts. The reasons for these recommendations
included: i) uncertainties about the risk posed
by MDR-TB and the rapidity of its spread;  ii) the
high costs and poor results of treatment in
patients with chronic MDR-TB before the 1990s;
and iii) the potential diversion of resources to
MDR-TB instead of expanding the DOTS strategy
(the TB control strategy recommended by WHO
and the International Union Against Tuberculosis
and Lung  Disease).

The scenario changed in the second half of
the 1990s. In Now York City, individualized che-
motherapy based on drug susceptibility-testing
became nearly as effective in new patients with
MDR-TB as in those with drug-susceptible TB and
the number of MDR-TB cases decreased by more
than 90%  during the decade.  The relatively large
number of cased in rich countries made second-
line drugs (amikacin, kanamycin, capreomycin,
cycloserine, para-aminosalicylic acid  (PAS),
ethionamide, and the fluoroquinolones) more avail-
able and affordable. Yet questions remained about
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which interventions had led to New York Cityûs
success,  and about the need, feasibility and cost-
effectiveness of this approach in countries with
fewer resources.

A pilot project involving community-based
treatment of MDR-TB in northern Lima,  Peru,  chal-
lenged the status quo:  it was shown that it was
possible to cure MDR-TB on an out-patient basis
in a country where TB was endemic.  Advocated of
individualized treatment for the control of MDR-TB
argued that empirical short-course chemotherapy
regimens could amplify the problem of MDR-TB in
patients already infected with strains resistant to
one or more drugs.  The human rights of patients
dying with MDR-TB in Russian prisons were high-
lighted.  The spectre of an explosive, transnational
epidemic of MDR-TB was raised, and the price of
inaction became a subject of intense debate.

In 1999, WHO created a working group on
çDOTS-Plus for multidrug-resistant tuberculosisé  to
address the management of MDR-TB under
programme conditions. This initiative seeks to as-
sess the feasibility and cost-effectiveness of treat-
ing MDR-TB in low-income and middle-income
countries. Several pilot projects, using different
management and therapeutic strategies, are
under way. DOTS-Plus has already successfully
negotiated a 90% price reduction for selected
projects with the pharmaceutical industry.

Significance of multidrug-resistant  TB1

MDR-TB  is still infrequent in most countries.
Its global prevalence in new patients remains
below 2%, decades after the introduction of
tuberculosis drugs. Increases, although rapid in out-
break settings with immunocompromised people,
e.g. those affected by AIDS or malnutrition,

have generally been gradual. On the other hand,
in hot spots in Eastern Europe and elsewhere the
levels of MDR-TB are alarming.

While some strains of  MDR-TB have caused
large outbreaks, recent analyses based on
molecular epidemiology suggest that they are, on
average, less infectious than drug-susceptible
organisms.Genetic mutations that confer a sur-
vival advantage in the presence of an environ-
mental factor may become a functional burden
in the absence of such selective pressure. The
selection factor for MDR-TB is inadequate drug
treatment, which is prevented by directly observed
therapy. Thus, even in the absence of widespread
treatment of MDR-TB, the prevalence of the
latter does not necessarily increase.

After TB control was strengthened in
New York City the number of MDR-TB cases fell
much faster than the total number of TB cased.
Similarly, during the 1960s in Kolin, then in
Czechoslovakia, the number of chronic cases
fell ten times faster than new TB cases. While
second-line drugs were used in those instances,
strains that were virtually pan-resistant also
disappeared and declines in MDR-TB were
achieved with standard short-course chemotherapy.
With DOTS in place, curing MDR-TB appears
to accelerate such trends, with a time-limited
increase in costs.

Globally, an estimated 20% of patients with
TB default or fail to respond to therapy but less
than 2% have MDR-TB. The vast majority of
patients who are not successfully treated do not
have MDR-TB, even in hot spots, indicating
failure to ensure that drugs are taken properly.
This represents inadequacy in the implementation
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of basic  DOTS  programmes more than failure in
the drugs themselves.

Furthermore,  a poorly functioning programme
can create MDR-TB much faster than it can be
treated,  even if unlimited resources are available.
MDR-TB results from poor TB management, i.e.
inadequate drug treatment followed by lapses in
infection control, and its prevalence is up to ten
times higher in previously treated patients than in
new patients. The highest priority in stopping  MDR-
TB must therefore be its prevention. The estab-
lishment  of  DOTS programmes has been shown
to reduce the development of  MDR-TB in addi-
tion to cutting TB mortality by 70%.

The programme benefits of treatment against
MDR-TB are being evaluated. The costs are
substantial. Such treatment requires the adminis-
tration of drugs that are more toxic and less
effective and are given for at least three times
as long and at 100 times the  cost of basic short-
course chemotherapy regimens TB control pro-
grammes could spend over 30% of their budgets
on less 3% of their cases. Cost-effectiveness
analyses are needed before treatment against
MDR-TB is implemented in national programmes.

Susceptibility-testing for second-line anti-TB
drugs has not been standardized and has yet to
be systematically evaluated for individual clinical
management in developing countries. In a com-
munity with a true prevalence of  MDR-TB of 3%,
a laboratory with an average drug susceptibility-
testing specificity for rifampicin of 98% and a
sensitivity of 96% would report a prevalence of
4.8%, but one-third of patients reported as having
MDR-TB would not have it. Widespread testing
and treatment of MDR-TB might subject some
patients without it to unnecessary expense and
toxicity.

The  DOTS  strategy,  developed and field-
tested during the 1970s and 1980s, was not
designed to cure patients with MDR-TB, espe-
cially those with chronic disease.  However,  DOTS
can prevent MDR-TB from becoming a serious
problem in a population. This has been demon-
strated in Benin, Cuba, the Czech Republic, and
Kenya,  where  MDR-TB  is virtually non-existent.
It is also possible that DOTS can reduce MDR-TB
once it has occurred; in Burkina Faso,  Hong Kong
(China), Chile, Sierra Leone, and Uruguay,
MDR-TB is rare and decreasing.

Worldwide, less than one-third of patients
with TB are treated in DOTS programmes. At most,
half the estimate number of patients with TB are
officially detected and barely  60% of these com-
plete treatment.  From a global public health per-
spective, therefore, the top priority should be the
expansion of DOTS. In individual countries or parts
of countries, however, additional strategies may
be appropriate. In settings where there are large
outbreaks of MDR-TB an intensive approach,
including infection control, is essential.

Rational strategy for controlling
multidrug-resistant TB1

On the basis of data from the WHO/Interna-
tional Union Against Tuberculosis and Lung
Disease surveillance project, groups countries
according to the proportion of TB patients com-
pleting treatment successfully and the level of
MDR-TB among previously untreated patients.
Specific cut-points for what constitutes good clini-
cal outcomes and high levels of MDR-TB have
not been empirically validated. The resulting matrix
provides a reasonable framework for deciding
whether to implement treatment against MDR-TB.
Since approximately 70% of new cases of MDR-
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TB occur in only 10 countries a global strategy
could emerge while individual countries take
appropriate action.

Countries in which the treatment success rate.
i.e. the proportion of new patients who complete
the scheduled treatment whether bacteriological
cure is documented or not, is less than 70%
should give top priority to the introduction or
improvement of the DOTS programme. Second-line
drugs should not be widely available in such
settings. Similarly, in countries with multidrug
resistance levels below 1.5% the treatment of
MDR-TB is not a priority, although it could be
undertaken on individual clinical grounds with
appropriate laboratory support. This category
would include most African countries, where it is
more important to expand DOTS and to consider
interventions to limit the impact of HIV on TB.

Almost no country with treatment success
above  85% has a rate of primary  MDR-TB  above
5%. Countries in quadranth with intermediate
levels of multidrug resistance and achieving more
than 85% treatment success, generally countries
where DOTS has been well implemented in recent
years, are prime locations for DOTS-Plus pro-
grammes. A good laboratory and directly observed
therapy are essential for the avoidance of patient
misclassification and the selection of resistance
to second-line drugs. In these few countries,
resource mobilization and international assistance
for the treatment of MDR-TB is justified.

Resource-rich countries would generally
offer treatment for patients with MDR-TB. In
resource-poor countries, where national pro-
grammes can barely afford DOTS, nongovern-
mental organization could provide assistance in

the implementation and evaluation of DOTS-Plus
pilot projects.

The hot spots with multidrug resistance
levels above 5% represent international public health
emergencies. The countries concerned cannot
administer individualized treatment against MDR-
TB without creating even more drug resistance.
If a programme cannot deliver two to four non-
toxic drugs for six to nine months after sputum
smear microscopy has been performed, the
delivery of five to eight drugs that are often toxin
for 18-30 months with culture and first-line and
second-line drug susceptibility-testing is nearly
impossible. Such settings require a complete
overhaul of control activities and outbreak control
operations, and coordinated, intensive and sustained
international assistance.

The importance of infection control practices
should be emphasized. Outbreaks in crowded
settings such as hospitals, shelters or prisons,
particularly among immuno-compromised indi-
viduals (with AIDS or malnutrition), are a common
denominator in  MDR-TB  hot spots.  Ending such
outbreaks was vital in turning the tide of MDR-TB
in New York City and Milan. No single intervention
can control MDR-TB but the various tools avail-
able should be applied wisely: firstly, good  DOTS
and infection control; then second-line drug treat-
ment. The interval between the two depends on
the local context and resources.

TB control and access to second-line
drugs: better model needed1

Pablos-Me @ndez et al rightly point out that
multidrug-resistant tuberculosis (MDR-TB) is not
a major pandemic. However, as drug-susceptible
TB is a worldwide problem, the first priority for
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national TB programmes should be the imple-
mentation or expansion of the DOTS strategy,
MDR-TB is in most cases a sign of poor programme
performance, although there may be highly
virulent strains spreading rapidly. A weak national
programme can do more harm than good if
its main focus is the widespread introduction of
second-line drugs to manage this problem.

To tackle MDR-TB Pablos-Me @ndez et al.
propose a matrix based on two variables: treat-
ment success for new TB cases, and prevalence
of primary MDR-TB. They propose that the use of
second-line drugs should be limited to countries
which belong in specified quadrants according to
these two variables. We find it questionable that
the management of an MDR-TB, or any other
disease, should be based on only two variables.
We live in a world in which the control of illness
calls for modern multidisciplinary approaches.
We will come back to this point.

The proposal of Pablos-Me @ndez et al is
difficult to accept for at least two reasons. Firstly,
more than two variables are needed to decide if
a country should treat MDR-TB. For instance, a
country may score well on treatment success, have
a low number of primary MDR-TB cases but still
have a high number of treatment failure cases
(a variable not taken into account in the proposed
model), which are likely to have MDR. Such a
country may need to implement management of
MDR-TB as well as DOTS, regardless of its level
of primary MDR  and treatment success.  Further-
more, treatment success could be a very mislead-
ing variable since it is the result of cure plus treat-
ment completion. There are some examples of
poor national TB programmes having high rates

of success upon completion of treatment but low
cure rates.

Secondly, do we really need cut-off points
to manage a disease? On what basis can we
choose 5% and not, say, 3% for MDR prevalence,
or 70% and not, say, 60% for treatment success?
No biological, statistical or epidemiological reason
is given for choosing such cut-off points. A straight-
forward indication of the point at which to start
management of MDR-TB could be helpful, but
the issue is not that simple, and other matters
need to be carefully looked at when taking such
a decision. The assertion that DOTS can reduce
MDR-TB has not been fully proved, although it is
clear that short-course chemotherapy can prevent
MDR-TB. Countries that have reduced MDR-TB
have also used second-line drugs and it is not
clear to what extent the use of both first-line and
second-line drugs have contributed to reducing
MDR-TB.  It is also well known that short-course
chemotherapy, one of the pillars of DOTS, only
cures an unacceptable low fraction of MDR-TB.

The approach  suggested by  Pablos-Me@ndez
et al needs rethinking. First of all, any model for
managing MDR-TB  must recognize that such a
decision has to be made by the countries con-
cerned. It will depend on several national factors,
including the resources available, the epidemio-
logical profile, the status of TB control, and ethical
and humanitarian issues. Certainly an economic
threshold is likely to exist. A country choosing
whether to manage MDR-TB may benefit from a
comprehensive multidisciplinary assessment of  its
situation, in order to decide if such drugs are
needed or not. If the decision to go ahead is made,
the path to follow should be a strategy that in-



ªï∑’Ë 26 ©∫ —∫∑’Ë 2  ‡¡…“¬π-¡‘∂ÿπ“¬π 2548  Controlling multidrug-resistant tuberculosis œ  117

cludes−but is not limited to−DOTS to reduce
transmission of MDR M. tuberculosis strains.

The international community needs to pur-
sue a feasible and cost-effective strategy to man-
age MDR-TB, which enables countries to  offer a
cure to patients. Although current evidence is lim-
ited,  there are indications that treatment of MDR
in  resource-limited setting with strong TB control
programmes may be feasible and cost-effective.
This information can benefit patients even in
setting where MDR-TB  rates are below or above
the threshold proposed by Pablos-Me @ndez et al.

First requirement for control of multi-
drug-resistant TB: realism1

The primary cause of an uncontrolled and
increasing TB epidemic worldwide is the neglect of
TB control programmes. This neglect is evidenced
by lack of political support, scarce financial
resources, and little or no leadership. Successful
programmes in both industrialized and  developing
countries indicate that a DOTS strategy prevents
multidrug-resistant tuberculosis (MDR-TB). The
timely and appropriate diagnosis and treatment of
new and previously-treated TB patients is the
focus in  DOTS. As Pablos-Me@ndez et al. suggest,
a DOTS-Plus strategy is needed to control MDR-
TB only after the DOTS programme has been
established and is being adequately implemented.

However, besides the epidemiological and
operative factors involved in implementing a
DOTS-Plus strategy, there is an international
debate about the ethics and humanism  involved.
To deny treatment to patients with MDR-TB is to
violate their human rights. Experience in Peru
indicates the need for sustained and long-term
efforts in preventing the emergence of MDR-TB

with a DOTS strategy. Only  then does it become
possible to treat MDR-TB by applying a DOTS-
Plus strategy in the context of an efficient,
sustainable and comprehensive TB control
programme.

The major area of controversy in applying a
DOTS-Plus strategy is about the use of standard-
ized or individualized regimens to treat MDR-TB
in countries with limited resources. In high income
countries with a low incidence of TB and suffi-
cient financial, technical and human resources,
MDR-TB treatment with individualized regimens is
based on drug susceptibility tests. The feasibility
of using this approach in low-or medium-income
countries has not been assessed. The options for
using  standardized or individualized regimens for
MDR-TB in these countries should be examined
in pilot projects. These should obtain comparable
data and have the following aims: to develop an
evidence-based approach; to design and imple-
ment the most appropriate strategy according to
the epidemiology and operational conditions in
each country;  and to be subject to rigorous evalu-
ation by international standards. A DOTS-Plus strat-
egy should  also be based on national and inter-
national technical assistance to tackle  MDR-TB.

The major components for the implementa-
tion of a  DOTS-Plus  strategy would then be: (i)
an efficient, effective and integrated TB control
programme; (ii) first-line and second-line anti-TB
drugs provided free of charge to each patient  with
MDR-TB; (iii) drug susceptibility tests for first-line
and second-line anti-TB drugs, not charged to
the patients; (iv) appropriately designed regimens
for MDR-TB, standardized or individualized; (v) a
reporting system for data management, monitor-
ing and evaluation of individual and aggregated
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data on MDR-TB cases; (vi) community-based
strategies, with the participation of local govern-
ments in order to enhance adherence to the
regimens; and (vii) the adequate training and
organization of health professionals responsible
for the care of  MDR-TB  patients.

Countrywide public health and political com-
mitment to sustaining the DOTS  strategy remains
the most important element for implementing
DOTS-Plus strategies.  In reality it may be the only
means of achieving MDR-TB control.

Multidrug-resistant TB-unexamined
costs and complexities1

Pablos-Me @ndez et al touch on many prob-
lems that have to be considered carefully before
even the first steps towards comprehensive con-
trol of multidrug-resistant tuberculosis (MDR-TB)
can be contemplated. I will mention only three of
these, and only very briefly.

The first is the administration of second-line
drugs, once they have been obtained. Such slight
experience as currently exists in cohort treatment
of MDR-TB comes mainly from relatively controlled
situations. In these places it has been possible to
marshal the resources needed to ensure compli-
ance over the long period of treatment and the
management of its manifold side-effects. Even in
an urban situation such as Lima,  Peru, the cost of
establishing the basis for ambulatory care was
enormous, and those arrangements cannot yet be
contemplated for the rural areas.

As the authors point out, case-holding and
compliance are the major difficulties in first-line
DOTS programmes and a potent cause of
MDR-TB. Yet few of the situations which might

qualify as MDR sites on the authorsû matrix have
anything like the support mechanisms in place
to ensure an effective control programme. Also,
control must,  presumable,  imply legislative regu-
lation of the drug supply.

A second issue is how countries, until now
supposedly not exposed to heavy burdens of
MDR-TB, discover they have problems. Many
countries, especially in sub-Saharan Africa, have
managed to institute effective  DOTS  programmes
on the basis of microscopy alone. Few have
culture facilities for the majority of patients, let
alone the quality control mechanisms to maintain
their performance. In these countries, the outcome
çtreatment failureé tends to play a much smaller
role than elsewhere, and it is rarely subjected to
further investigation. To set up culture facilities
in order to investigate and treat MDR-TB would
entail costs that few of these countries could
contemplate.

A third difficulty, common to all too many
WHO papers,  is to base statements about a whole
country on findings from a small, often atypical,
model area. Yet the difference between a special,
usually heavily funded,  trial area and the rest of a
country is often greater than differences between
countries. With suitable caveats, such matters
are not of great importance in a summary paper
except that they may inhibit discussion of the
potential for disease control in isolated circum-
stances such as prisons, displaced personsû camps
etc. Such sites may meet criteria for MDR-TB
control which exist nowhere else in the country
and they should be considered eligible, even in
isolation.
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These thoughts are proffered only as an
addendum to what seems to me a very useful and
well-written paper.

DOTS-Plus in the Philippines, a high-
burden country: funds needed1

Multidrug-resistant tuberculosis (MDR-TB) is
a global problem requiring a global solution. The
article of Pablos-Me @ndez et al provides a rational
framework for finding such a solution.

The Philippines is ranked No.7 on the list
of 22 high-burden countries for TB DOTS was
introduced at the public health centres only in 1992,
and treatment success was 87% (J. Lagahid on
the DOTS strategy at the Department of Health,
Personal communication). MDR-TB is estimated
to be present in 1.5% of new cases, although a
precise assessment still has to be made. These
rates would put the Philippines in the çfé category
on the matrix of Pablos-Me@ndez et al for ratio-
nalizing the control of MDR-TB. Here MDR-TB
treatment is not seen as a priority of the national
TB control service, but to be allowed in specialized
centres with appropriate laboratory support and
help from nongovernmental organizations.

Only a third of the patients who seek medical
care for TB in the Philippines are treated at a
public health centre. The majority are treated by
private practitioners. The Makati Medical Center,
a tertiary referral private hospital, established a
DOTS Clinic in 1999 in the spirit of private-public
collaboration in TB control. Re-treatment cases
in this clinic steadily increased, and now account
for 44% of the patients enrolled. Treatment
success in two cohorts analyses showed a decline
from 85.3% in the first year to 68.2% in the

second, with a corresponding increase in failure
rates from 5.6% to 10.3%. All the failures were
MDR-TB among the re-treatment cases. Treatment
for these MDR-TB cases, in spite of logistical
constraints, was called for clinical, public health,
and socioeconomic reasons.

The transmissibility of MDR-TB, contrary
to previously held beliefs, is equal to that of pan-
susceptible strains. Most of our patients live
in poverty, under the most adverse conditions,
characterized by heavy population density and
malnutrition. To leave them untreated would pro-
long the period of their contagiousness and
increase the number of MDR-TB cases among
the highly susceptible malnourished members
of their community.

Despite severely limited resources, outpatient
treatment was made possible for 117 patients
with MDR-TB through the DOTS-Plus pilot
project. Support was provided by the national TB
programme of the Department of Health, the
Philippines Charity Sweepstakes, and the local
government unit. Results so far have been
encouraging, with a 75% preliminary estimate of
cure and likely cute, and 9.1% failure or likely
failure, and a default rate of 7.7%. Patients who
are household heads and have responded to therapy
have gone back to work and are now gainfully
employed.

DOTS expansion in the country, which
includes harnessing the private sector to the
programme, remains the priority, as this should
put a stop to the generation of more MDR-TB.
However, with a large segment of the population
very susceptible owing to malnutrition and crowd-
ing, treatment for MDR-TB should also be
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pursued, in a well-supervised fashion as practised
at the Makati Medical Centerûs DOTS-Plus pilot
project. An epidemiological study of the extent
of MDR-TB in the country is urgently needed,
to determine whether the Philippines should be
regarded as a hot spot fuelling a global pandemic.
If it is,  funds for DOTS-Plus  are urgently needed.

Examining assumptions about
multidrug-resistant TB control1

The first assumption−that strains of MDR-TB
çare, on average, less infectiousé−is not supported
by the literature. The cluster studies referenced
found that drug-susceptible TB was more likely to
occur in clusters than drug-resistant TB. None-
theless, other such studies have identified MDR-
TB as a risk factor for clustering. Similarly, mul-
tiple observational reports describe the widespread
dissemination of MDR clones from the W-strain
family. Other groups have also raised questions
about the interpretability of cluster studies for
inference. Finally, longitudinal epidemiological
studies of TB transmission among household
contacts have failed to support this finding.

A second assumption that DOTS çcan
reduce MDR-TB once it has occurredé is sup-
ported only by examples of falling MDR-TB rates:
no evidence has causally linked the use of DOTS
alone to observed declines. In fact, the claim that
DOTS can reduce rates of MDR-TB is not sup-
ported by the growing body of evidence that
patients with MDR-TB have poor outcomes with
short-course chemotherapy.  New York City is cited
as an example of successful control, yet this
success was achieved through comprehensive
interventions that included massive investments
in infrastructure, infection control, improved case

detection, and treatment of active cases of
MDR-TB.

The third assumption−that çthe need to
introduce second-line therapy should be deter-
mined by countrywide statistics on treatment suc-
cess rates and the proportion of all cases caused
by MDR strainsé−may result in dangerous policy
decisions. The authors suggest an arbitrary thresh-
old for their çrationalé framework; however, they
note that çspecific cut-points for ... good clinical
outcomes and high levels of MDR-TB have not
been empirically validated.é Because MDR-TB
outbreaks are focal, countrywide averages may
underestimate the seriousness of the problem.
Additionally, focal outbreaks present an opportu-
nity to develop a control strategy before the
MDR-TB rates compromise the efficacy of DOTS
programmes.

Lastly, it is assumed that to  prioritize  DOTS
expansion  çmost national TB  programmes do not
need to introduce second-line anti-TB therapyé.
Poor outcomes of DOTS re-treatment regimens
documented in patients who fail their initial round
of short-course chemotherapy, however, raise an
important ethical challenge to this assertion. As a
result, WHO must now make a decision about
whether or not to recommend second-line drugs
as part of standard re-treatment regimens for all
DOTS programmes.

DOTS  expansion is the first priority in global
TB control,  but it is short-sighted to conclude
that the latter can be achieved without effective
strategies to treat and control MDR-TB. Rather
than pit DOTS expansion against MDR-TB therapy,
the task at hand is to obtain dramatically increased
funds for comprehensive global TB control.
With the new Global Fund to Fight AIDS, TB and
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Malaria,  these resources  may soon be forthcom-
ing. We would argue that now, to deny access
to effective treatment for those already sick on
the grounds that resources are scarce would be
irrational or worse.

Management of Tuberculosis Caused by
Drug-resistant Organisms2

Tubercle bacilli are continually undergoing
spontaneous mutation that create resistance to
individual antituberculosis drugs. However, the
frequency of these single mutations is sufficiently
low that with appropriate combination chemotherapy
that is reliably ingested,  clinically significant resis-
tance will not develop.  Most commonly the devel-
opment of acquired drug resistance occurs when
there is a large bacillary population, such as
in pulmonary cavities, when an inadequate
drug regimen is prescribed (inappropriate drugs,
insufficient dosage) or when there is a combined
failure of both the patient and the provider to
ensure that an adequate regimen is taken.
Rarely, malabsorption of one or more antitubercu-
losis drugs may account for acquired resistance.
Drug resistance is much more likely to occur in
cavitary pulmonary tuberculosis  because of the
immense number of rapidly multiplying bacilli in
the cavity(ies). During extended or repeated
treatment, resistance to multiple agents may evolve.
Patients with acquired drug resistance may
transmit their strains to others who, if they
develop tuberculosis, will have primary drug resis-
tance.

Drug resistance in a patient with newly
diagnosed tuberculosis may be suspected on
the basis of historical (previous treatment) or
epidemiologic information (contact with a known

drug-resistant case or coming from a region
in which drug resistance is common). In such
situations it is prudent to employ an empirically
expanded regiment, as described previously,
especially if the patient is seriously ill (Table 1).

Drug resistance can be proven only by drug-
susceptibility testing performed in a competent
laboratory (Table 2). The steps taken when resis-
tance is shown to be present are of critical impor-
tance.  Patients harboring strains of M. tuberculo-
sis resistant to both  INH  and  RIF (MDR) are at
high risk for treatment failure and further acquired
resistance; they must be referred immediately
to a specialist or consultation obtained from
specialized treatment centers. Patients with strains
resistant to RIF alone have a better prognosis
than MDR cases, but also are at increased risk
for failure and additional resistance. Thus, their
management should also be subject to special
scrutiny.

Definitive randomized or controlled studies
have not been performed among patients with
the various patterns of drug resistance. In the
absence of ideal evidence, practices in the
treatment of patients are based on a mixture
of general principles, extrapolations and expert
opinion. The WHO and IUATLD have formulated
standard algorithmic regimens for the management
of treatment failure or chronic cases, largely based
on the principles listed below, as well as on
expert opinion. This approach is best suited to
regions without in vitro susceptibility testing
capacity and access to the full array of retreatment
medications, but it is not appropriate for industrial-
ized nations with more ample resources.
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In BMRC trials, 6-mo regimens have yielded
 95% success rates despite resistance to INH if

four drugs were used in the initial phase and RIF
plus EMB of SM was used throughout.* Additional
studies suggested that results were best if PZA
was also used throughout the 6 mo (Rating BII).✝
(Fluoroquinolones were not employed in BMRC
studies, but may strengthen the regimen for pa-
tients with more extensive disease (Rating BIII).
INH should be stopped in cased of INH resistance.

In such cases, extended treatment is needed to
lessen the risk of relapse. In case with extensive
disease, the use of an additional agent (alternative
agents) may be prudent to lessen the risk of failure
and additional acquired drug resistance. Resectional
surgery may be appropriate.
Use of the first-line agents to which there is
susceptibility.  Add two or more alternative agents
in case of extensive disease. Surgery should be
considered.
Daily and three times weekly regimens of INH, PZA,
and SM given for 9 mo were effective in a BMRC
trial✢ (Rating BI). However, extended use of an
injectable agent may not be feasible. It is not known
if EMB would be as effective as SM in these
regimens. All all-oral regimen for 12 mo should be
effective (Rating BII). But for more extensive
disease and/or to shorten duration, an injectable
agent may be added in the initial 2 mo of therapy
(Rating BIII)

Table 1 POTENTIAL REGIMENS FOR THE MANAGEMENT OF PATIENTS WITH  DRUG-RESISTANT
PULMONARY TUBERCULOSIS

Definition of abbreviations: BMRC = British Medical Research Council; EMB = ethambutol; FQN = fluoroquinolone;
IA = injectable agent;  INH =  isoniazid;  PZA = pyrazinamide;  RIF = rifampin; SM = streptomycin.

FQN = Fluoroquinolone; most experience involves ofloxacin, levofloxacin, or ciprofloxacin.
IA  = Injectable agent; may include aminoglycosides (streptomycin, amikacin, or kanamycin) or the polypeptide capreomycin.
Alternative agents = Ethionamide, cycloserine, p-aminosalicylic acid, clarithromycin, amoxicillin/clavulanate, linezolid.
* Mitchison DA, Nunn AI. Influence of initial drug resistance on the response to short-course chemotherapy of pulmonary

tuberculosis. Am Rev Respir Dis 1986;133:423-430.
✝ Hong Kong Chest Service, British Medical Research Council. Five-year follow-up of a  controlled trial of five, 6 month

regimens of chemotherapy for tuberculosis.  Am Rev Respir Dis 1987;136:1339-1342.
✢ Hong Kong Chest Service,  British Medical Research Council. Controlled trial of 6-month and 9-month regimens of daily

and intermittent streptomycin plus isoniazid plus pyrazinamide for pulmonary tuberculosis in Hong Kong. Am Rev Respir Dis
1977;115:  727-735.

CommentsPattern of Drug
Resistance Suggested Regimen Duration of

Treatment (mo)

FQN (EMB or PZA if
active),  IA, and two
alternative agents

INH, RIF (±SM), and
EMB or PZA

6

18-24

24

9-12

RIF, PZA, EMB (a FQN may
strengthen the regimen of
patients with extensive
disease)

INH (±SM)

FQN, PZA, EMB, IA ±
alternative agent

INH and RIF (±SM)

INH, PZA, EMB (a FQN
may strengthen the
regimen of  patients with
more extensive disease)

RIF
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Definition of abbreviations: ESP Myco  =  ESP (Extra Sensing Power) Culture System II;  BacT/ALERT MB = BacT/ALERT MB
susceptibility kit; MGIT = mycobacterial growth indicator tube;  NR = not recommended.

Adapted from the following: (1) Woods GL. Clin Infect Dis 2000;31:1209-1215;  (2) National Committee for Clinical Laboratory
Standards (NCCLS). Susceptibility testing of mycobacteria, Nocardia, and other aerobic actinomycetes, 2nd edition. Tentative
standard M24-T2. Wayne, PA: National Committee for Clinical Laboratory Standard; 2000.  www.nccls. org/microbiology.htm

* Concentration in micrograms per milliliter.
✝ BacT/ALERT MB is not currently FDA approved for susceptibility tests.
✢ Critical concentration of the drug in this medium.
✛ Rifampin is the class agent for rifapentene.
❙ Isolates of M. tuberculosis that are to rifampin or resistant to any two primary drugs should be tested for susceptibility to

the secondary drugs. In addition, NCCLS recommends a higher concentration of ethambutol (i.e., 10  µg/ml in both 7H10 and 7H11
agar) should be tested.

ξ Kanamycin is the class agent for amkicacin.
** Some investigators also test a higher concentration (usually 1.0 or 2.0  µg/ml)  of rifabutin.

Table 2  RECOMMENDED DRUG CONCENTRATION* FOR SUSCEPTIBILITY TESTING

Proportion Method Broth-based Systems

Drug 7H10 agar  7H11 agar  Radiometric (BACTEC) ESP Myco MGIT BacT/ALERT MB✝

   0.2✢
 1.0

  1.0✢
  5.0✢
NR

   2.0✢
10.0
10.0
10.0
 5.0
 5.0
 2.0
 2.0
 0.5

0.1
0.4
1.0
5.0

100.0

1.0
4.0
7.5

0.09
0.4
0.9
2.3

200.0

0.9
_
_

First-line drugs
Isoniazid
Isoniazid (high)
Rifampin✢
Ethambutol
Pyrazinamide

Second-line drugs
Streptomycin
Streptomycin (high)
Streptomycin (high)❙

Capreomycin
Ethionamide
Kanamycinξ

Ofloxacin
p-Aminosalicylic acid
Rifabutin**

1.0
1.0
7.5
NR

2.0
10.0
10.0
10.0
10.0
6.0
2.0
8.0
0.5

 0.2✢ 0.1✢
0.4
2.0✢
2.5✢

2.0✢
6.0
7.5

100.0

0.1✢
0.4
1.0✢
5.0
_

_
_
_
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Guidelines for management of patients with
tuberculosis caused by drug-resistant organisms
are based on the following guidelines, all of which
are rated A III :

● A  Single new drug should never be added
to a failing regimen.

● When initiating or revising therapy, always
attempt to employ at least three previ-
ously unused drugs to which there is in
vitro susceptibility. One of these should
be an injectable agent.

● Do not limit the regimen to three agents if
other previously unused drugs that are likely
to be active are available. In patients with
MDR organisms in whom there is resis-
tance to first-line agents in addition to INH
and  RIF,  regimens employing four to six
medications appear to be associated with
better results.

● Patients should receive either hospital-
based or domiciliary DOT. The implica-
tions of treatment failure and further
acquired resistance are such that these
cases should receive highest priority for
DOT.

● Intermittent therapy should not be used in
treating tuberculosis caused by drug-
resistant organisms, except perhaps for
injectable agents after an initial period (usu-
ally 2-3 months) of daily therapy.

● The use of drugs to which there is dem-
onstrated in vitro resistance is not encour-
aged because there is little or no efficacy
of these drugs  (assuming the test results
are accurate), and usually, alternative medi-
cations are available. However, the clini-
cal significance and effectiveness of the

use of INH in the setting of low-level INH
resistance is unclear. It should be noted
that the use of INH was associated with
better survival rates in patients with the
strain-W variety of MDR M. tuberculosis
that was susceptible to higher concentra-
tions of INH.

● Resistance to RIF  is associated in nearly
all instances with cross-resistance to
rifabutin and rifapentine.  Rare strains with
RIF resistance retain susceptibility to
rifabutin; this is associated with uncom-
mon mutations of the RNA-polymerase
locus in the bacillus. However, unless
in vitro susceptibility to rifabutin is demon-
strated, this agent should not be employed
in cases with RIF resistance. Cross-resis-
tance  between RIF and rifapentine
appears  almost universal.

● There is no cross-resistance between  SM
and the other injectable agents:  amikacin,
kanamycin, and capreomycin (although
resistance to all may occur as indepen-
dent events); however, cross-resistance
between amikacin and kanamycin is uni-
versal. Simultaneous use of two injectable
agents is not recommended due to the
absence of proof of efficacy and potential
amplification of drug toxicity.

● Determination of resistance to PZA  is tech-
nically problematic and,  thus,  is not made
in many laboratories. However,  resistance
to PZA is uncommon in the absence of
resistance to other first-line drugs. If
monoresistance to PZA is observed,  con-
sideration must be given to the possibility
that the etiologic agent is M. bovis, not
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M. tuberculosis (M. bovis is genotypically
resistant to PZA  and is not distinguished
from M tuberculosis by nucleic acid
hybridization-probe assays that are com-
monly used for identification).

Table 1 Contains regimens suggested for use
in patients with various patterns of drug-resistant
tuberculosis.

A 6-month regimen of isoniazid, rifampin,
pyrazinamide, and either ethambutol or strepto-
mycin has been demonstrated to be effective for
the treatment of TB resistant only to isoniazid.
When resistance to isoniazid is documented
during the recommended initial four-drug therapy,
the regimen should be adjusted by discontinuing
isoniazid and continuing the other three drugs for
the entire  6  months of therapy.  TB resistant only
to isoniazid may also be treated with rifampin and
ethambutol for 12 months.3

When isoniazid resistance is documented in
the 9-month regimen without pyrazinamide, iso-
niazid should be discontinued. If ethambutol was
included in the initial regimen, treatment with
rifampin and ethambutol should be continued for
a minimum of 12 months. If ethambutol was not
included initially, susceptibility tests should be
repeated,  isoniazid should be discontinued, and
two other drugs, to which the isolate is suscep-
tible  (e.g.,  ethambutol and streptomycin),  should
be added. The regimen can be adjusted when the
results of the susceptibility tests become avail-
able.3

Multidrug-resistant TB (i.e., TB resistant to
at least isoniazid and rifampin)  presents difficult
treatment problems. Treatment must be individu-
alized and based on the patientûs medication
history and susceptibility studies.3

Unfortunately, adequate data are not avail-
able on the effectiveness of various regimens and
the necessary duration of treatment for patients
with organisms resistant to both isoniazid
and rifampin. Moreover, many of these patients
also have resistance to other first-line drugs
(e.g., ethambutol and streptomycin) when drug
resistance is discovered. Because of the poor
outcome in such cases, it is preferable to give at
least three new drugs to which the organism is
susceptible. This regimen should be continued
until culture conversion is documented, followed
by at least 12 months of two-drug therapy. Often,
a total of 24 months of therapy is given empiri-
cally. Some experts recommend that at least
18-24 months of three-drug therapy be given
after culture conversion. MDR TB should be treated
using a daily regimen under direct  observation
(DOT).  Intermittent administration of medications
is not possible in treatment of MDR TB.3

Clinicians who are unfamiliar with the treat-
ment of drug-resistant TB should seek expert
consultation. Because second-line drugs can cause
serious adverse reactions, patients taking these
drugs should be monitored closely throughout
the course of treatment. The role of agents such
as the quinolone derivatives and amikacin in the
treatment of multidrug-resistant disease is not well
characterized, although these drugs are commonly
being used in such cases. Surgery may offer
considerable benefit and a significantly improved
cure rate for patients who have multidrug-
resistant TB if the bulk of disease can be resected.
However, drug therapy is usually required to
sterilize the remaining disease.3
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Conclusion
At present, most national TB programmes

do not need to introduce second-line anti-TB
therapy in order to control the disease. Access,
in this case, is a secondary question. First-line
DOTS remains one of the most cost-effective of
all public health strategies. Relatively simple,
standardized short-course chemotherapy regimens
can cure more than 90% of new TB patients
and prevent transmission of the disease.

The emergence and spread of MDR-TB
is a symptom of poor programme performance.
In the absence of an effective TB control

TB treatment for HIV-Positive Patients
with Drug-Resistant TB3

TB disease resistant to isoniazid only. The
treatment regimen should generally consist of a
rifamycin (rifampin or rifabutin), pyrazinamide,
and ethambutol for the duration of treatment.
Because the development of acquired rifamycin
resistance would result in MDR TB, clinicians
should carefully supervise and manage TB
treatment for these patients.

TB disease resistant to rifampin only.
The  9-month treatment regimen should generally
consist of an initial 2-month phase of isoniazid,
streptomycin,  pyrazinamide, and ethambutol.  The
second phase of treatment should consist of
isoniazid, streptomycin, and pyrazinamide admin-
istered for 7 months. Because the development
of acquired isoniazid resistance would result in
MDR TB,  clinicians should carefully supervise and
manage TB  treatment for these patients.

Multidrug-resistant TB (resistant to both
isoniazid and rifampin). These patients should be
managed by or in consultation with physicians
experienced in the management of  MDR TB. Most
drug regimens currently used to treat MDR TB
include an aminoglycoside (e.g., streptomycin,
kanamycin, amikacin) or capreomycin, and a fluoro
quinolone, along with other agents to which the
organism is sensitive. The recommended duration
of treatment for MDR TB in HIV-positive patients
is 24 months after culture conversion, and post-
treatment follow-up visits to monitor for TB
relapse should be conducted every 4 months for
24 months. Because of the serious personal and
public health concerns associated with MDR TB,
health departments should always use DOT for

these patients and take whatever steps are needed
to ensure their adherence to the treatment regi-
men.

Role of Surgery in MDR Tuberculosis2

The role of resectional surgery in the man-
agement of patients with extensive pulmonary MDR
tuberculosis has not been established in random-
ized studies. In one series, patients with severe
drug resistance (on average, having resistance to
more than 5 drugs) appeared to benefit from the
resection of cavitary or badly damaged lung
tissue when compared with historical controls.
In contrast, other clinicians have reported patients
with drug resistance having similar cure rates
without surgery. The disparity in these reports may
be due to long-standing disease with extensive
fibrosis in the former group. If surgery is to be
done, it should be performed by and experienced
surgeon after the patient has received several
months of intensive chemotherapy. Even with
successful resection, 12-24 additional months of
chemotherapy, using drugs to which there is
demonstrated susceptibility, should be given.
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programme,  a narrow focus on  MDR-TB  therapy
could, paradoxically,  make a bad situation worse.
In countries where TB is endemic,  resources spent
curing a single case of MDR-TB could be used to
treat 100  new TB patients.  Many lives could thus
be saved and the development of new MDR-TB
cases could be reduced. This would be funda-
mentally in keeping with human rights and public
health principles. Drug resistance is ubiquitous,
but primary MDR-TB is still infrequent after
decades of drug treatment. However, the several
hot spots that have emerged require urgent
attention.

The framework that we propose for dealing
with MDR-TB highlights important differences in
various programmes. Countries differ not only in
their resources but also in matters of epidemiol-
ogy and health care. The differences may deter-
mine which strategy is most appropriate for pre-
venting and controlling TB  and  MDR-TB.  Formal
modelling and cost-effectiveness analyses are
needed in order to refine the framework, as is
research on  the transmissibility and overall impact
of MDR-TB under programme conditions. As a
recent paper put it, çthe future may not be so
darké.

The DOTS-Plus initiative has led to dramatic
reductions in the prices of second-line drugs.  Pilot
projects around the world have qualified for
implementation and can be expected to provide

important guidance on the evidence-based
expansion of treatment against MDR-TB. As
funds are allocated for the treatment of MDR-TB
in hot spots it is essential to increase human
and financial resources for the expansion of
DOTS worldwide. The top priority should continue
to be the improvement of basic treatment pro-
grammes in order to prevent the emergence of
MDR-TB. For treatment to be undertaken on a
large scale it is important to reduce further the
cost of second-line drugs, implement outbreak
control, maintain surveillance, improve diagnostic
testing, and develop new anti-TB drugs. Only
a comprehensive approach, tailored to local
conditions, can be expected to prevent a global
epidemic of MDR-TB.
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