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‡æ◊ËÕ∑√“∫ pathophysiology ·≈–°“√ª√–‡¡‘πºŸâªÉ«¬‡æ◊ËÕ¥Ÿ·≈√—°…“„πºŸâªÉ«¬

»—≈¬°√√¡¥—ßμàÕ‰ªπ’È

1. ºŸâªÉ«¬¿Ÿ¡‘§ÿâ¡°—π∫°æ√àÕß (Immunocompromised surgical patients)

2. ºŸâªÉ«¬∑’Ë‚√§ª√–®”μ—« (Co-morbid surgical patients)

3. ºŸâªÉ«¬Õ“¬ÿ¡“° (Elderly surgical patients)

4. ºŸâªÉ«¬μ—Èß§√√¿å (Pregnant surgical patients)

5. ºŸâªÉ«¬‚√§Õâ«π (Obesity surgical patients)

1. ºŸâªÉ«¬¿Ÿ¡‘§ÿâ¡°—π∫°æ√àÕß (Immunocompromised surgical patients) °“√

¥Ÿ·≈ºŸâªÉ«¬‡À≈à“π’È®”‡ªìπμâÕß‡¢â“„®‡°’Ë¬«°—∫¬“∑’ËºŸâªÉ«¬„™â‡æ◊ËÕ√—°…“À√◊Õ§«∫§ÿ¡‚√§∑’ËºŸâªÉ«¬‡ªìπ

1.1 ‚√§¡–‡√Áß (Cancer)

¬“‡§¡’∫”∫—¥ à«π„À≠à¬—∫¬—Èß°“√·∫àßμ—«·≈–‡æ‘Ë¡®”π«π cell ‚¥¬‰¡à·¬°«à“‡ªìπ

cell ª°μ‘À√◊Õ cell ¡–‡√Áß1,2 º≈¢â“ß‡§’¬ß©—∫æ≈—π (Acute side effects) ®÷ß¡—°‡°‘¥„π

√à“ß°“¬ à«π∑’Ë¡’°“√ turnover ¢Õß cell √«¥‡√Á« ‡™àπ gastrointestinal mucosa, Ser-

toli cell ¢ÕßÕ—≥±–, hair follicles ·≈–„π bone marrow

¬“ à«π„À≠à∂Ÿ° metabolize ∑’Ëμ—∫·≈–¢—∫ÕÕ°∑“ßªí  “«– ºŸâªÉ«¬∑’Ë‰¥â√—∫¬“

‡§¡’∫”∫—¥∂â“¡’‚√§μ—∫À√◊Õ‰μ√à«¡¥â«¬ ®–¡’§«“¡‡ ’Ë¬ß∑’Ë§«“¡‡ªìπæ‘… (toxicity) ¢Õß¬“

®–‡æ‘Ë¡¢÷Èπ

Drug interactions ¢Õß¬“‡§¡’∫”∫—¥°ÁμâÕß√–«—ß ‡™àπ

● ¬“°≈ÿà¡ salicylate ®–·∑π∑’Ë¬“ methotrexate „π°“√®—∫°—∫ albumin
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∑”„Àâ toxicity ¢Õß¬“ methotrexate ‡æ‘Ë¡¢÷Èπ

● ¬“ allopurinol ®–¬—∫¬—Èß‡Õπ‰´¡å xanthine oxidase ∑’Ë„™â metabolize

¬“ 6-mercaptopurine ∑”„Àâ toxicity ‡æ‘Ë¡¢÷Èπ

● ¬“‡§¡’∫”∫—¥∫“ß™π‘¥°Á‡ √‘¡º≈°“√√—°…“¢Õß√—ß ’ X-ray À√◊Õ√—ß ’ ultra-

violet ‡™àπ¬“ doxorubicin À√◊Õ dactinomycin   Õ“®∑”„Àâ‡°‘¥ skin erythema ·≈–

skin inflammation À≈—ß‰¥â√—∫√—ß ’√—°…“‡ªìπ‡«≈“ —ÈπÊ ‚¥¬‡©æ“–∫√‘‡«≥∑’Ë‰¥â√—∫√—ß ’√—°…“

¬“‡§¡’∫”∫—¥Õ◊ËπÊ ∑’Ë√“¬ß“π«à“¡’º≈‡ªìπ Photosensitizer ‡™àπ 5-fluorouracil ·≈– meth-

otrexate

● ¬“‡§¡’∫”∫—¥°Á¡’ªØ‘°‘√‘¬“·æâ (allergic reaction) ‰¥â ¡’√“¬ß“π°“√·æâ·∫∫

anaphylaxis ®“°¬“ bleomycin, L-asparaginase ·≈– paclitaxel

Cardiotoxicity ®“°¬“‡§¡’∫”∫—¥

● ¡’√“¬ß“π«à“ doxorubicin ·≈– daunorubicin  —¡æ—π∏å°—∫°“√‡°‘¥ car-

diac injury

● ‡¡◊ËÕ¡’ cardiotoxicity Õ—μ√“μ“¬ Ÿß∂÷ß 61%

● Accumulated dose ¢Õß¬“ doxorubicin ¡“°°«à“ 450 mg ‡ªìπªí®®—¬

‡ ’Ë¬ß ”§—≠ ªí®®—¬‡ ’Ë¬ßÕ◊ËπÊ ‡™àπ §«“¡∂’Ë„π°“√„Àâ¬“ Õ“¬ÿºŸâªÉ«¬ °“√¡’‚√§À—«„®√à«¡¥â«¬

‡§¬‰¥â√—∫√—ß ’√—°…“∫√‘‡«≥°≈“ßÀπâ“Õ° (mediastinum) À√◊ÕÀπâ“Õ°¥â“π´â“¬·≈–¬“‡§¡’

∫”∫—¥Õ◊ËπÊ ∑’Ë‰¥â√—∫√à«¡¥â«¬

● Õ“°“√· ¥ß·√°∑’Ëæ∫§◊Õ tachycardia ·≈–μ“¡¡“¥â«¬ congestive heart

failure

Pulmonary toxicity ®“°¬“‡§¡’∫”∫—¥

● æ∫∫àÕ¬∑’Ë ÿ¥®“°¬“ bleomycin

● μ√«®√à“ß°“¬æ∫ basilar rale, rhonchi À√◊Õ pleural friction rub ∑’Ë

Àπâ“Õ°∑—Èß Õß¢â“ß

● øî≈å¡ CXR æ∫ reticular basilar infiltration ·≈â«§«“¡√ÿπ·√ß‡æ‘Ë¡¢÷Èπ

‡ªìπ alveolar ·≈– interstitial infiltration ¢ÕßªÕ¥°≈’∫≈à“ß∑—Èß Õß¢â“ß ®π‡ªìπ lung

consolidation
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● æ∫§à“ oxygen ·≈– bicarbonate μË”®“°°“√μ√«® blood gas

● §«√μ√«® pulmonary function test „πºŸâªÉ«¬∑’Ë√—∫¬“ bleomycin ‡ªìπ

√–¬–‡æ◊ËÕ√–«—ßº≈¢â“ß‡§’¬ßπ’È

● Dose ¢Õß¬“ bleomycin ∑’Ë¡“°°«à“ 500 units ®–‡æ‘Ë¡ lung toxicity

● ªí®®—¬‡ ’Ë¬ßÕ◊ËπÊ ‡™àπ Õ“¬ÿ¡“° °“√¡’‚√§ªÕ¥√à«¡¥â«¬·≈–‡§¬‰¥â√—∫√—ß ’√—°…“

∑’ËªÕ¥

● ¬“‡§¡’∫”∫—¥Õ◊ËπÊ ∑’Ë¡’ pulmonary toxicity ‡™àπ cyclophosphamide,

procarbazine, melphalan, methotrexate, mitomicin C ·≈– carmustine

Hepatotoxicity ®“°¬“‡§¡’∫”∫—¥

● æ∫®“°¬“‡§¡’∫”∫—¥‰¥âÀ≈“¬™π‘¥

● Õ“®æ∫°“√‡æ‘Ë¡¢÷Èπ™—Ë«§√“«¢Õß liver enzymes À√◊Õ√ÿπ·√ß∂÷ß cirrhosis

● ¬“°≈ÿà¡ antimetabolite ‡™àπ methotrexate  —¡æ—π∏å°—∫°“√‡°‘¥ liver

dysfunction

● Azathioprine ·≈– 6-mercaptopurine  —¡æ—π∏å°—∫ intrahepatic

cholestasis ·≈– parenchymal cell necrosis

● Cytosine arabinoside æ∫√à«¡°—∫°“√ Ÿß¢÷Èπ¢Õß liver enzyme

● L-asparaginase ∑’Ë„™â√—°…“ acute lymphoblastic leukemia ¡’ hepa-

totoxicity ‰¥â§◊Õ fatty change, °“√≈¥≈ß¢Õß serum protein ·≈– coagulation

factors ·≈–°“√‡æ‘Ë¡¢÷Èπ¢Õß liver enzyme

Genitourinary toxicity ®“°¬“‡§¡’∫”∫—¥

● ¬“‡§¡’∫”∫—¥∑’Ë¡’ major renal toxicity ‡™àπ cisplatin, methotrexate

·≈– streptozocin

● Cyclophosphamide ·≈– ifosfamide  —¡æ—π∏å°—∫ hemorrhagic cys-

titis ®“° toxic metabolite „πªí  “«– ́ ÷ËßªÑÕß°—π‰¥â¥â«¬°“√„Àâ adequate hydration

● Õ“°“√¢Õß cystitis ‚¥¬∑—Ë«‰ª¡—°¥’¢÷Èπ¿“¬„π 2-6  —ª¥“Àå·≈–À“¬‰¥â‡Õß

¿“¬À≈—ßÀ¬ÿ¥¬“

● Severe hemorrhagic cystitis Õ“®μâÕß√—°…“¥â«¬ cystoscope ∑”°“√
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≈â“ß‡≈◊Õ¥ À¬ÿ¥‡≈◊Õ¥ÕÕ°À√◊ÕÕ“®μâÕß√—°…“¥â«¬ sclerosing agents ‡™àπ formalin

● °“√„™â mesna ́ ÷Ëß‡ªìπ synthetic sulfhydryl  ®–≈¥Õÿ∫—μ‘°“√≥å‡°‘¥ cys-

titis √à«¡°—∫°“√„™â cyclophosphamide À√◊Õ ifosfamide

Neurotoxicity ®“°¬“‡§¡’∫”∫—¥

● ¬“°≈ÿà¡ vinca alkaloid ‚¥¬‡©æ“– vincristine ‡°‘¥ neurotoxicity ‰¥â

¡—°‡ªìπ·∫∫ symmetric À“¬‰¥â‡Õß·≈– —¡æ—π∏å°—∫ dose ¬“ Õ“°“√∑’Ëæ∫‡∫◊ÈÕßμâπ§◊Õ distal

paresthesia ·≈– loss of deep tendon reflex ‡¡◊ËÕ‰¥â√—∫¬“ª√‘¡“≥√«¡¡“°¢÷Èπ®–æ∫

cranial nerve palsy, autonomic neuropathy ·≈– syndrome of inappropriate

antidiuretic hormone secretion

● ¬“ cisplatin ¡’ neurologic toxicity §◊Õ tinnitus ·≈– hearing loss

● 5-FU ∑”„Àâ¡’ cerebellar ataxia

● L-asparaginase  —¡æ—π∏å°—∫ lethargy, confusion ·≈– disorienta-

tion

● °“√‰¥â√—∫¬“ methotrexate ª√‘¡“≥ ŸßÀ√◊Õ∑“ß intrathecal ‚¥¬‡©æ“–

√à«¡°—∫√—ß ’√—°…“Õ“®∑”„Àâ‡°‘¥ progressive encephalopathy

● Paclitaxel ∑”„Àâ‡°‘¥ symmetric polyneuropathy ‚¥¬¢÷Èπ°—∫¢π“¥À√◊Õ

„™â√à«¡°—∫ cisplatin

Myelosuppression ®“°¬“‡§¡’∫”∫—¥

● ¬“‡§¡’∫”∫—¥À≈“¬™π‘¥°¥°“√∑”ß“π¢Õß‰¢°√–¥Ÿ°‚¥¬¡—°¢÷Èπ°—∫ª√‘¡“≥¬“

● °“√μ“¬®“°°“√‰¥â√—∫¬“‡§¡’∫”∫—¥¡—°‡°‘¥®“°°“√μ‘¥‡™◊ÈÕ∑’Ë —¡æ—π∏å°—∫¿“«–

drug induced leucopenia À√◊Õ®“°‡≈◊Õ¥ÕÕ°º‘¥ª°μ‘®“°¿“«– thrombocytopenia

● ºŸâªÉ«¬ à«π„À≠à®–¡’ myelosuppression Õ¬Ÿàπ“π 3-5 «—π·≈â«À“¬‰¥â‡Õß

● ≈—°…≥– ”§—≠¢ÕßºŸâªÉ«¬‡¡Á¥‡≈◊Õ¥¢“«μË”∑’Ë¡’°“√μ‘¥‡™◊ÈÕ§◊Õ¡’‰¢â ́ ÷Ëß∂â“¡’ neu-

tropenia §◊Õ absolute neutrophil count √–À«à“ß 500-1,000 /mm3 §«√‰¥â√—∫ broad

spectrum antibiotic ‚¥¬∑—π∑’∫“ß§√—Èßæ∫«à“·¡â®–¡’°“√μ‘¥‡™◊ÈÕ„πºŸâªÉ«¬‡™àππ’È°Áμ√«®‰¡à

æ∫«à“¡’‰¢â ·μàÕ“®æ∫ sudden onset of weakness, hypotension ·≈– confusion ·∑π

● °“√„™â¬“°≈ÿà¡ recombinant colony-stimulating factors ‡™àπ granu-



°‘μμ‘æß…å  ÿ«—≤π∫√√æμ, ‡»√…∞∫ÿμ√ ‡Õ◊ÈÕæ“π‘™‡®√‘≠ 257

locyte colony stimulating factor (GCSF) À√◊Õ granulocyte-macrophage colony

stimulating factor (GM-CSF) √à«¡°—∫¬“ antibiotic „πºŸâªÉ«¬ febrile neutropenia

æ∫«à“‰¡à‰¥âª√–‚¬™πå‡æ‘Ë¡‡μ‘¡ ®“°√“¬ß“πæ∫«à“¬“ CSF ™à«¬≈¥Õ—μ√“°“√‡°‘¥ febrile

neutropenia ·μà‰¡à≈¥Õ—μ√“μ“¬„πºŸâªÉ«¬

● „π‡¥◊Õπ¡’π“§¡ ªï§.». 2005 The National Comprehensive Cancer

Network (NCCN)3 ‰¥â‡ πÕ„Àâ„™â¬“ CSF „π°√≥’

o Primary prophylaxis ‡¡◊ËÕ§“¥«à“Õÿ∫—μ‘°“√≥å‡°‘¥ febrile neutrope-

nia > 20%

o Secondary prophylaxis ‡¡◊ËÕ‡°‘¥ febrile neutropenia À≈—ß√—∫¬“

‡§¡’∫”∫—¥ cycle °àÕπ‡æ◊ËÕ§ß√–¥—∫¬“‡§¡’∫”∫—¥‰«â„π°“√√—°…“¡–‡√Áß

1.2 ‚√§¿Ÿ¡‘§ÿâ¡°—π∫°æ√àÕß®“°°“√μ‘¥‡™◊ÈÕ HIV

ªí®®ÿ∫—πºŸâªÉ«¬μ‘¥‡™◊ÈÕ HIV ‰¥â√—∫¬“√—°…“·∫∫ Highly active antiviral therapy

(HAART)4-9 ´÷Ëßª√–°Õ∫¥â«¬¬“μâ“π‰«√—  3 „π 4 ™π‘¥¥à“π≈à“ßπ’È

1. Nucleoside or nucleotide reverse transcriptase inhibitors (NRTIs

·≈– NtRTIsμ“¡≈”¥—∫)

2. Non-nucleoside reverse transcriptase inhibitors (NNRTIs)

3. Protease inhibitors

4. Fusion inhibitors

º≈¢â“ß‡§’¬ß¢Õß¬“μâ“π‰«√— ∑’Ë ”§—≠ ‡™àπ

Mitochondrial toxicity

● Toxicities ®“°¬“ NRTIs ·≈– NtRTIs ‡ªìπº≈®“°°“√ √â“ß mitochon-

drial enzymes ∑’Ëº≈‘μ adenosine triphosphate (ATP) ∂Ÿ°¬—∫¬—Èß

● æ∫§«“¡º‘¥ª°μ‘§◊Õ hepatic steatosis, peripheral neuropathy, pe-

ripheral lipoatrophy, pancreatitis, cardiomyopathy, proximal myopathy, renal

tubular acidosis ·≈– neonatal encephalopathy

● ®“°§«“¡º‘¥ª°μ‘¢â“ßμâπ hepatic steatosis ·≈– pancreatitis ¡’§«“¡

√ÿπ·√ß∑’Ë ÿ¥‚¥¬æ∫√à«¡°—∫√–¥—∫ lactate ∑’Ë Ÿß¢÷Èπ
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Lipodystrophy

● ‡ªìπ¿“«– lipoatrophy ∫√‘‡«≥„∫Àπâ“ ·¢π¢“·≈– –‚æ° ·≈–¡’ central

fat accumulation ∫√‘‡«≥∑âÕß ‡μâ“π¡·≈–À≈—ßμâπ§Õ æ∫„πºŸâªÉ«¬∑’Ë‰¥â√—∫¬“ NRTIs ·≈–

protease inhibitors

● æ∫§«“¡º‘¥ª°μ‘∑“ß metabolism Õ◊Ëπ√à«¡¥â«¬‡™àπ hypertriglyce-

ridemia, hypercholesterolemia, low high-density lipoprotein cholesterol, in-

sulin resistance (elevated C-peptide ·≈– insulin), lactic academia ·≈– el-

evated hepatic transaminases

Liver dysfunction

● ¬“μâ“π‰«√— ∑ÿ°™π‘¥ —¡æ—π∏å°—∫ liver dysfunction ∂â“‰¡à¡’Õ“°“√À√◊Õ¡’

‡æ’¬ß‡≈Á°πâÕ¬·≈–™—Ë«§√“«°Á‰¡à®”‡ªìπμâÕßÀ¬ÿ¥¬“ ®–À¬ÿ¥¬“‡¡◊ËÕºŸâªÉ«¬¡’ progressive À√◊Õ

persistent hepatitis À√◊Õ¡’ hepatic synthetic dysfunction

1.3 ºŸâªÉ«¬∑’Ë‰¥â√—∫Õ«—¬«– (organ transplant recipients)

¡’¬“À≈“¬™π‘¥∑’Ë„™â√—°…“ºŸâªÉ«¬∑’Ë√—∫Õ«—¬«–‡™àπ

Corticosteroids

● ‡ªìπ¬“°¥¿Ÿ¡‘§ÿâ¡°—π (immunosuppressive drug) ™π‘¥·√°∑’Ë„™â„πºŸâªÉ«¬

√—∫Õ«—¬«– (transplant recipients)

● ¿“«–·∑√°´âÕπ√–¬–·√° ‡™àπ „™â bolus steroid ‡æ◊ËÕ√—°…“ acute al-

lograft injection ®–æ∫§«“¡‡ ’Ë¬ßμàÕ opportunistic infection ∑’Ë Ÿß¢÷Èπ, avascular

necrosis ¢Õß femoral head, altered mental status ·≈– glucose intolerance

● ¿“«–·∑√°´âÕπ√–¬–À≈—ß ‡™àπ cosmetic change (Cushingnoid face,

acne ·≈– hypertrichosis)

● º≈¢â“ß‡§’¬ßÕ◊ËπÊ Õ’°‡™àπ impaired wound healing, dermal atrophy,

hypertension, proximal muscle wasting, cataract, glaucoma, growth impair-

ment ·≈– osteoporosis10

● Glucocorticoid ¬—∫¬—Èß°“√À“¬¢Õß∫“¥·º≈‚¥¬¬—∫¬—Èß°√–∫«π°“√ hy-

droxylation ¢Õß prolene ·≈– lysine ∑’Ë„™â √â“ß collagen type I ´÷Ëß “¡“√∂·°â‰¢
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‰¥â∫“ß à«π¥â«¬°“√„Àâ zinc, ascorbic acid ·≈– vitamin A11 ‡ √‘¡·°àºŸâªÉ«¬ πÕ°®“°

π’È glucocorticoid ¬—ß¬—∫¬—Èß°“√À“¬¢Õß∫“¥·º≈¥â«¬°“√¬—∫¬—Èß inflammation ¬—∫¬—Èß

°“√º≈‘μ cytokine ·≈–¬—∫¬—Èß°“√¡“∑’Ë∫“¥·º≈¢Õß monocyte ·≈– macrophage

● °“√‰¥â√—∫¬“ glucocorticoid ‡ªìπ‡«≈“π“π®–¡’º≈μàÕ°“√ √â“ß cortisol

„π°“√§«∫§ÿ¡ hypothalamic-pituitary-adrenal axis

Calcineurin inhibitors

● ¬“„π°≈ÿà¡π’È‡™àπ cyclophosphamide ·≈– tacrolimus ¡’º≈¬—∫¬—Èß°“√

∑”ß“π¢Õß calcineurin ∑’Ë®– àß —≠≠“≥‰ª°√–μÿâπ°“√∑”ß“π¢Õß T cell

● °“√ºà“μ—¥™àÕß∑âÕß∑’Ë∑”„Àâ‡°‘¥ ileus À≈—ßºà“μ—¥ ®–¡’º≈μàÕ°“√¥Ÿ¥´÷¡¢Õß

¬“‡¢â“ Ÿà√à“ß°“¬12

● ¬“∑—Èß Õß™π‘¥π’È¢—∫ÕÕ°∑“ßπÈ”¥’ ‰¡à¢—∫ÕÕ°∑“ßªí  “«–

● Renal toxicity ‡ªìπº≈¢â“ß‡§’¬ß∑’Ë√ÿπ·√ß¢Õß¬“°≈ÿà¡π’È °“√‰¥â√—∫¬“°≈ÿà¡

π’È‡ªìπ‡«≈“π“π®–∑”„Àâ‡°‘¥ renal parenchymal interstitial fibrosis Õ¬à“ß∂“«√·≈–

‡ªìπ chronic renal insufficiency „π∑’Ë ÿ¥

● ¬“°≈ÿà¡π’È¡’ neurotoxicity ¥â«¬‡™àπ tremor, insomnia, headache, sei-

zure ·≈– coma12

● °“√‰¥â√—∫¬“‡ªìπ‡«≈“π“π¬—ßÕ“®∑”„Àâ‡°‘¥ hypertension, hypercholes-

terolemia, hypomagnesemia ·≈– hyperglycemia ´÷Ëß∑”„ÀâºŸâªÉ«¬∑’Ë¡’‚√§‡À≈à“π’È¡’

§«“¡‡ ’Ë¬ßμàÕ°“√ºà“μ—¥∑’Ë¡“°¢÷Èπ

Antimetabolites

● ¬“„π°≈ÿà¡π’È‡™àπ Azathioprine ‡ªìπ purine analog ∑’Ë¬—∫¬—Èß°“√ √â“ß DNA

·≈–¬—∫¬—Èß°“√‡æ‘Ë¡ª√‘¡“≥¢Õß T ·≈– B lymphocyte

● º≈¢â“ß‡§’¬ß¢Õß¬“„π°≈ÿà¡π’È¡’‡™àπ‡¥’¬«°—∫¬“‡§¡’∫”∫—¥Õ◊ËπÊ

¬“°¥¿Ÿ¡‘§ÿâ¡°—π∑ÿ°™π‘¥∑’Ë‡°’Ë¬«¢âÕß°—∫ solid organ transplantation ®–∑”„Àâ

√–∫∫¿Ÿ¡‘§ÿâ¡°—π∑”ß“π≈¥≈ß·≈–‡æ‘Ë¡§«“¡‡ ’Ë¬ßμàÕ°“√μ‘¥‡™◊ÈÕ ºŸâªÉ«¬∑’Ë‰¥â√—∫¬“‡À≈à“π’È

·≈–®”‡ªìπμâÕß‰¥â√—∫°“√ºà“μ—¥ §«√„Àâ¬“ perioperative antibiotics ‚¥¬æ‘®“√≥“®“°

™π‘¥¢ÕßÀ—μ∂°“√·≈–·º≈ºà“μ—¥ (clean, clean-contaminated À√◊Õ contaminated
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‡ªìπμâπ)

2. ºŸâªÉ«¬∑’Ë¡’‚√§ª√–®”μ—« (Co-morbid surgical patients)

»—≈¬·æ∑¬å®–·π–π”„ÀâºŸâªÉ«¬∑’Ë‚√§ª√–®”μ—«√—°…“¥â«¬«‘∏’ºà“μ—¥‡¡◊ËÕª√–‚¬™πå¢Õß

°“√ºà“μ—¥À√◊Õ intervention ¡“°°«à“§«“¡‡ ’Ë¬ßÀ√◊ÕÕ—πμ√“¬∑’Ë®–‡°‘¥¢÷Èπ®“°À—μ∂°“√π—Èπ

»—≈¬·æ∑¬å®÷ß§«√∑√“∫«‘∏’ª√–‡¡‘π§«“¡‡ ’Ë¬ß¢ÕßºŸàªÉ«¬∑’Ë¡’‚√§ª√–®”μ—«‡À≈à“π’È

2.1 Preoperative cardiac risk assessment

°“√ª√–‡¡‘π cardiac risk ¢ÕßºŸâªÉ«¬°àÕπºà“μ—¥¥—ß·ºπ¿Ÿ¡‘∑’Ë 1

·ºπ¿Ÿ¡‘∑’Ë 1

high risk
surgery 

intermediate
risk surgery 

Consider peri-opera�ve Beta 
Blocker 

? Non-invasive test if will

Step1 
Need for emergency 
Non-cardiac surgery? 

Step2 
Ac�ve cardiac 
Condi�ons? 

Step3 
Low-risk surgery? 

Step4 
Func�onal capacity 

≥4 METs without 
symptom 

 
Step5 

Presence of clinical  
risk factors? 

Peri-opera�ve surveillance:
Post-op risk stra�fica�on 
& risk factor management 

Further evalua�on
Prior to OR; 

treatment As indicated 

Consider peri-opera�ve Beta 
Blocker if CAD or > 1 clinical risk 

factors. 

Opera�ng 
Room 

Peri-opera�ve Beta 
Blocker  
if to OR 

Yes 

Yes 

No 

No 

No 

No  or unknown 

Yes 

Yes 

none 

≥ 

Consider non-invasive 
Test if will change 

management

1-2 

3
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μ“√“ß∑’Ë 1

Clinical Assessment

Active Cardiac Conditions Clinical Risk Factors

● MI within 30 d or current unstable or severe angina ● History of Coronary Arterial Disease
● Decompensated Heart Failure ● History of Heart Failure
● Significant arrhythmia (e.g., high-grade AVB, Mobitz II, ● History Cerebrovascular disease

3rd AVB, New or symptomatic VT, SVT with HR > 100, ● Diabetes mellitus
symptomatic bradycardia) ● Renal insufficiency (Cr >2 mg/dL)

● Severe AS or symptomatic MS

Surgery-Specific Risk

High (>5% risk) Intermediate (1-5%) Low (<1%)

● Aortic or other major ● Intrathoracic: intraperitoneal: ● Endoscopic
vascular prostate ● Breast; superficial

● Peripheral vascular ● Cancer of; head & neck ● Cataract; ambulatory
● Orthopedic

Functional Capacity

1-4 METs 4-10 METs >10 METs

● ADLs ● Climb a flight of stairs/hill ● Strenuous sports
● Walk indoors ● Walk briskly; heavy housework
● Walk 1-2 level blocks ● Golf, doubles tennis

Noninvasive Testing Result

High risk Intermediate risk Low risk

Ischemia at <4 METs Ischemia at 4-6 METs No Ischemia or at > 7 METs wl
manifested by ≥ 1 of; manifested by ≥ 1 of; ● ST ↓≥ 1 mm or

● Horizontal/down ST ● Horizontal/down ST ● 1-2 abnormal leads
↓≥ 1 mm or STE ↓≥ 1mm

● ≥5 abnormal leads ● 3-4 abnormal leads
or > 3 min after exert ● 1-3 min after exert

● SBP ≥ 10 mmHg or
typical angina
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2.2 Preoperative pulmonary risk assessment

»—≈¬·æ∑¬å§«√μâÕßª√–‡¡‘π§«“¡‡ ’Ë¬ß∑’Ë®–‡°‘¥ pulmonary complication

À≈—ßºà“μ—¥‡ ¡Õμ—Èß·μà°àÕπ°“√ºà“μ—¥ ‚¥¬æ∫«à“ºŸâªÉ«¬∑’Ë¡’ ASA class > 2 ¡’§«“¡‡ ’Ë¬ß

∑’Ë®–‡°‘¥ pulmonary complication À≈—ßºà“μ—¥ Ÿß¢÷Èπ 1.5-3.2 ‡∑à“13

μ“√“ß∑’Ë 2

ASA Revised
(Grade) classification (Grade) classification

1 class 1 1a Normal healthy patient.
1b Patient with mild systemic disease

Normal health patients, with operative or anes-
thetic risk(s)

2 class 2 2a Patient with moderate systemic disease,
Patient with mild systemic disease, with operative
or anesthetic risk(s)

2b Patient with moderate to severe systemic disease
that does not limit activity
Patient with mild systemic disease, with operative
and Anesthetic risks.
Patient with moderate systemic disease, with
Operative or anesthetic risk(s)

3 class 3 3 Patient with severe systemic disease that limits
activity, but is not incapacitating.
Patient with moderate systemic disease that does
not
Limit activity, with operative and anesthetic risk(s)
Patient with moderate to severe systemic disease
that does not limit activity, with operative or anes-
thetic risks.

4 class 4 4 Patient with an incapacitating systemic disease that
is a constant threat to life.
Patient with severe systemic disease that limits
Activity, incapacitated.

5 class 5 5 Moribund patient no expected to survive 24 hours
with or without operation.

In the event of emergency operation, precede that number with an E.
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‚√§ chronic obstructive pulmonary disease (COPD) ‡ªìπ risk factor ∑’Ë

 ”§—≠∑’Ë ÿ¥„π°“√‡°‘¥ pulmonary complication À≈—ßºà“μ—¥‚¥¬¡’§«“¡‡ ’Ë¬ß√–À«à“ß 6-

28% ¢÷ÈπÕ¬Ÿà°—∫§«“¡√ÿπ·√ß¢Õß airflow obstruction

‚√§Õâ«π (obesity) ‰¡à‡ªìπ major risk factor ∑’Ë∑”„Àâ‡°‘¥ pulmonary com-

plication À≈—ßºà“μ—¥ gastric bypass13, laparoscopic cholecystectomy14 À√◊Õ car-

diac surgery15 ·μà¿“«– obstructive sleep apnea ∑’Ë —¡æ—π∏å°—∫‚√§Õâ«π‡ªìπ minor

risk factor ∑’Ë —¡æ—π∏å°—∫°“√∑”„ÀâºŸâªÉ«¬μâÕßπÕπ„π intensive care unit (ICU) ‚¥¬

‰¡à‰¥â«“ß·ºπÀ√◊ÕμâÕßπÕπ„π ICU π“π¢÷Èπ16

ªí®®—¬‡ ’Ë¬ßÕ◊ËπÊ ∑’Ë®–‡°‘¥ pulmonary complication À≈—ßºà“μ—¥‡™àπ °“√¡’·º≈

ºà“μ—¥„°≈â diaphragm13 æ∫«à“°“√ºà“μ—¥À√◊Õ∑”À—μ∂°“√∫√‘‡«≥™àÕß∑âÕß à«π∫π¡’§«“¡

‡ ’Ë¬ß¡“°°«à“∫√‘‡«≥™àÕß∑âÕß à«π≈à“ßÀ√◊Õ∑”°“√ºà“μ—¥·∫∫ laparoscopic proce-

dures17 √–¬–‡«≈“∑’Ë∑”°“√ºà“μ—¥π“π¡“°°«à“ 3 ™—Ë«‚¡ß°Á‡æ‘Ë¡§«“¡‡ ’Ë¬ß‡™àπ°—π13

»—≈¬·æ∑¬å§«√ª√–‡¡‘πºŸâªÉ«¬¥â«¬°“√μ√«® pulmonary function test ‡¡◊ËÕ

ºŸâªÉ«¬¡’ª√–«—μ‘°“√ Ÿ∫∫ÿÀ√’Ë COPD À√◊Õ¡’Õ“°“√∑’Ë‰¡à “¡“√∂Õ∏‘∫“¬‰¥â‚¥¬Õ“®®–‡°‘¥

®“°§«“¡º‘¥ª°μ‘∑’ËªÕ¥´÷Ëß¬—ß‰¡à∂Ÿ°«‘π‘®©—¬

°“√μ√«® arterial blood gas ¡’ª√–‚¬™πå„πºŸâªÉ«¬∑’Ë¡’¿“«– hypoxia À√◊Õ

hypercarbia

ºŸâªÉ«¬∑’ËÀ¬ÿ¥ Ÿ∫∫ÿÀ√’ËÕ¬à“ßπâÕ¬ 8  —ª¥“Àå°àÕπ°“√ºà“μ—¥ elective ®–≈¥§«“¡

‡ ’Ë¬ß¢Õß°“√‡°‘¥ pulmonary complication À≈—ßºà“μ—¥‰¥â¡“°°«à“ºŸâªÉ«¬∑’ËÀ¬ÿ¥ Ÿ∫∫ÿÀ√’Ë

‰¡à∂÷ß 8  —ª¥“ÀåÀ√◊Õ¬—ß Ÿ∫Õ¬Ÿà πÕ°®“°°“√À¬ÿ¥ Ÿ∫∫ÿÀ√’Ë «‘∏’Õ◊Ëπ∑’Ë™à«¬≈¥§«“¡‡ ’Ë¬ß‰¥â§◊Õ

°“√«“ß·ºπ∑”°“√ºà“μ—¥„Àâπ“ππâÕ¬°«à“ 3 ™—Ë«‚¡ß18 „™â°“√ºà“μ—¥·∫∫ laparoscopic

technique ∂â“‡ªìπ‰ª‰¥â17 ·≈–≈¥¢Õ∫‡¢μ¢Õß°“√∑”À—μ∂°“√À√◊Õ°“√ºà“μ—¥„πºŸâªÉ«¬∑’Ë

¡’§«“¡‡ ’Ë¬ß Ÿß

ºŸâªÉ«¬∑’Ë‰¡à “¡“√∂‰Õ‡Õ“‡ ¡À–ÕÕ°¡“‡Õß‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ¡’‡ ¡À–

ª√‘¡“≥¡“°À√◊Õ¡’ functional capacity ¢ÕßªÕ¥∑’Ë‰¡à¥’ §«√‰¥â√—∫ chest physical

therapy μ—Èß·μà°àÕπºà“μ—¥ ºŸâªÉ«¬∑’Ë‡ªìπ asthma À√◊Õ COPD ·≈–¡’ bacterial bronchi-

tis À√◊Õ pneumonia √à«¡¥â«¬μ—Èß·μà°àÕπºà“μ—¥ §«√‰¥â√—∫°“√√—°…“¥â«¬¬“ antibiotics
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‡™àπ‡¥’¬«°—∫ºŸâªÉ«¬∑’Ë‰¡àºà“μ—¥13

»—≈¬·æ∑¬å§«√μâÕß∑”°“√ª√–‡¡‘πºŸâªÉ«¬À≈—ßºà“μ—¥∑ÿ°«—π«à“‰¥â√—∫¬“·°âª«¥Õ¬à“ß

‡æ’¬ßæÕ‡æ◊ËÕ≈¥°“√‡°‘¥ pulmonary complication À≈—ßºà“μ—¥

2.3 Preoperative assessment of renal and hepatic dysfunction

and other comorbidities

ºŸâªÉ«¬∑’Ë‰μ∑”ß“π≈¥≈ß (renal dysfunction) ¡—°‰¡à¡’Õ“°“√ ·μà‡ªìπμ—«™’È«—¥∑’Ë ”§—≠

∑’Ë®–‡°‘¥ perioperative cardiac morbidity19 ·≈– pulmonary complica-

tion20 ‰¥â ¥—ßπ—Èπ®÷ß§«√μ√«® renal function „πºŸâªÉ«¬∑ÿ°§π∑’Ë¡’Õ“¬ÿ¡“°°«à“ 50 ªï·≈–

∑’ËμâÕß‰¥â√—∫ major surgery

°“√ºà“μ—¥„πºŸâªÉ«¬∑’Ë°”≈—ß‡ªìπ acute hepatitis ¡’Õ—μ√“μ“¬¡“°°«à“ 10%

ºŸâªÉ«¬∑’Ëμ—∫∑”ß“π≈¥≈ß (hepatic dysfunction) ∑’Ë‡°’Ë¬«¢âÕß°—∫ alcoholic liver

disease, cirrhosis À√◊Õ nutritional deficiency ‡ªìπμ—«™’È«—¥∑’Ë ”§—≠¢Õß°“√¡’º≈°“√

ºà“μ—¥∑’Ë‰¡à¥’21 √“¬ß“πÀ≈“¬©∫—∫æ∫«à“ °“√¡’¿“«– cirrhosis ·≈–√–¥—∫§«“¡√ÿπ·√ß¢Õß

cirrhosis ‡°’Ë¬«¢âÕß°—∫º≈°“√ºà“μ—¥∫√‘‡«≥™àÕß∑âÕß·≈–∑’ËÕ◊ËπÊ ∑’Ë‰¡à¥’

¿“«– hypoalbuminemia °Á∂Ÿ°√“¬ß“π«à“‡ªìπμ—«™’È«—¥¢Õß°“√‡°‘¥ perioperative

morbidity À≈—ß®“°ª√—∫ªí®®—¬∑’Ë‡ªìπμ—«™’È«—¥Õ◊ËπÊ ∑“ß ∂‘μ‘·≈â«22 ‚¥¬æ∫Õ’°«à“√–¥—∫ se-

rum albumin ·≈– ASA Physical Status °àÕπºà“μ—¥‡ªìπμ—«™’È«—¥∑’Ë‡°’Ë¬«¢âÕß°—∫ mor-

bidity ·≈– mortality À≈—ßºà“μ—¥ 30 «—π∑’Ë ”§—≠„π°“√ºà“μ—¥ general surgery, ortho-

pedic surgery, urology, vascular surgery, neurosurgery, otolaryngology, non-

cardiac thoracic surgery ·≈– plastic surgery23,24

ºŸâªÉ«¬‡∫“À«“π∑’Ë¬—ß§«∫§ÿ¡√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥‰¥â‰¡à¥’°àÕπºà“μ—¥®–¡’¿“«– vol-

ume depletion, hyperosmolar state ·≈– poor wound healing ·≈–æ∫Õ’°«à“º≈

√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥„π«—π·√°À≈—ßºà“μ—¥ ¡“°°«à“ 220 mg/dl ‡ªìπμ—«™’È«—¥¢Õß°“√‡°‘¥

°“√μ‘¥‡™◊ÈÕμ“¡¡“25

3. Physiology in geriatric patients

„πªí®®ÿ∫—π§«“¡√Ÿâ ·≈–‡∑§‚π‚≈¬’„π¥â“π “∏“√≥ ÿ¢‰¥âæ—≤π“¢÷Èπ‚¥¬μàÕ‡π◊ËÕß àß

º≈„ÀâºŸâ§π¡’Õ“¬ÿ¬◊π¬“«¢÷Èπ ºŸâªÉ«¬∑’Ë¡“‚√ßæ¬“∫“≈ °Á¡’ —¥ à«π¢ÕßºŸâ ŸßÕ“¬ÿ¡“√—∫∫√‘°“√
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‡ªìπ®”π«π¡“°¢÷Èπμ“¡‰ª¥â«¬ ®“°¢âÕ¡Ÿ≈¢Õß ”π—°ß“π ∂‘μ‘·Ààß™“μ‘ºŸâ ŸßÕ“¬ÿ„πª√–‡∑»

‰∑¬∑’ËÕ“¬ÿ¡“°°«à“ 60 ªï ¡’√âÕ¬≈– 13 ®“°ª√–™“°√∑—ÈßÀ¡¥26 ºŸâ ŸßÕ“¬ÿ¡’§«“¡·μ°μà“ß

®“°§π«—¬Àπÿà¡ “« ∑—Èß∑“ß¥â“π°“¬«‘¿“§ ·≈–∑“ß √’√–«‘∑¬“ §«“¡·μ°μà“ßπ’È∑”„Àâ°“√

ª√–‡¡‘πºŸâªÉ«¬°àÕπ°“√ºà“μ—¥ ·≈–°“√¥Ÿ·≈√—°…“À≈—ßºà“μ—¥∫“ßÕ¬à“ß·μ°μà“ß‰ª®“°§π

Õ“¬ÿπâÕ¬

§«“¡‡ª≈’Ë¬π·ª≈ß°“√∑”ß“π¢Õß√–∫∫μà“ßÊ „π√à“ß°“¬ºŸâ ŸßÕ“¬ÿ ∑’Ë®–°≈à“«„π

∫∑§«“¡π’È§◊Õ

1. Cardiovascular physiology

2. Pulmonary physiology

3. Renal physiology

Cardiovascular physiology

°“√‡ª≈’Ë¬π·ª≈ß¢Õß cardiovascular system ¡’∑—Èß°“√‡ª≈’Ë¬π·ª≈ß∑“ß¥â“π

morphology ·≈– function

°“√‡ª≈’Ë¬π·ª≈ß„π¥â“π morphology ¢Õß À—«„®∑’Ë‡°‘¥®“°Õ“¬ÿ∑’Ë¡“°¢÷Èπ æ∫‰¥â∑—Èß

myocardium, conducting pathway, valves ·≈–À≈Õ¥‡≈◊Õ¥μà“ßÊ „π à«π¢Õß myo-

cardium æ∫«à“¡’ myocyte ®”π«π≈¥≈ß ·μà¡’ collagen ·≈– elastin ‡æ‘Ë¡¡“°¢÷Èπ

®÷ß‡ªìπº≈„Àâæ∫∫√‘‡«≥∑’Ë‡ªìπ fibrotic area ‡æ‘Ë¡¡“°¢÷Èπ°«à“§πÕ“¬ÿπâÕ¬  àßº≈„Àâ com-

pliance ¢Õß ventricle ≈¥≈ß27

∫√‘‡«≥ autonomic tissue „π sinoatrial node °Á∂Ÿ°·∑π∑’Ë¥â«¬ fat, con-

nective tissues ·≈– fibrosis ∑”„Àâ¡’°“√π”°√–· ‰øøÑ“º‘¥ª°μ‘ „π§π ŸßÕ“¬ÿ®÷ß

æ∫¿“«–À—«„®‡μâπº‘¥®—ßÀ«–‰¥â∫àÕ¬ ‡™àπ sick sinus syndrome, atrial arrhythmia

À√◊Õ bundle branch block27,28

 à«π¢ÕßÀ≈Õ¥‡≈◊Õ¥°Á¡’°“√‡ª≈’Ë¬π·ª≈ß ¡’ sclerosis ·≈– calcification ¢Õß

À≈Õ¥‡≈◊Õ¥ ∑”„Àâ peripheral vascular resistant ·≈– àßº≈„Àâ systolic blood pres-

sure  Ÿß¢÷Èπ‡¡◊ËÕÕ“¬ÿ¡“°¢÷Èπ

‡¡◊ËÕ peripheral vascular resistance À√◊Õ afterload  Ÿß®–∑”„Àâ‡°‘¥ ven-
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tricular hypertrophy, loss of myocyte ·≈– increase size of myocyte

Ventricular hypertrophy ∑”„Àâ ventricular compliance ≈¥≈ß∑”„Àâ end

diastolic volume ·≈– cardiac output ≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫§π∑’ËÕ“¬ÿπâÕ¬°«à“

‡¡◊ËÕÕÕ°°”≈—ß À√◊Õ¡’ stress „π§πª°μ‘°≈‰°∑’Ë maintained cardiac output

‡°‘¥®“°°“√‡æ‘Ë¡ heart rate ‚¥¬ β-adrenergic stimulation ·μà„πºŸâ ŸßÕ“¬ÿ¡’°“√μÕ∫

 πÕßμàÕ β-adrenergic stimulation πâÕ¬°«à“ ∑”„Àâ°“√∑’Ë maintain cardiac output

„π™à«ß∑’ËÕÕ°°”≈—ß À√◊Õ¡’ stress ‰¡à‰¥â‡°‘¥®“°°“√‡æ‘Ë¡ heart rate ‡ªìπÀ≈—° ·μà®–‡°‘¥

®“°°“√‡æ‘Ë¡ stroke volume ¥—ßπ—ÈπÀ“°¡’¿“«– hypovolemia „πºŸâ ŸßÕ“¬ÿÕ“®∑”„Àâ àß

º≈μàÕ cardiac function ‰¥â28

°“√∑’ËμÕ∫ πÕßμàÕ β-adrenergic stimulation πâÕ¬≈ß∑”„Àâ maximal heart

rate ≈¥≈ß‡¡◊ËÕÕ“¬ÿ¡“°¢÷Èπ¥â«¬  Ÿμ√§”π«≥ maximal heart rate §◊Õ

Maximal heart rate = 220 - Age (year)

πÕ°®“°π’ÈÕ“¬ÿ∑’Ë‡æ‘Ë¡¡“°¢÷Èπ∑”„Àâ diastolic function ·¬à≈ß ·≈–°√–∫«π°“√

myocardial relaxation „™âæ≈—ßß“π·≈– oxygen ¡“°°«à“ myocardial contraction

¥—ßπ—Èπ∂â“¡’¿“«– hypoxemia ·¡â‡ªìπ mild hypoxemia °Á àßº≈„Àâ‡°‘¥ cardiac dys-

function ‰¥â ‡π◊ËÕß®“°‡°‘¥ prolong relaxation time, diastolic pressure  Ÿß¢÷Èπ ·≈–‡°‘¥

pulmonary congestion ‰¥â28

μ“√“ß∑’Ë 3 Major Cardiovascular Changes With Age29

Major Cardiovascular Changes With Age

Decreased number of myocytes

Fibrosis of conducting pathways with increased arrhythmias

Decrease ventricular and arterial compliance (increased afterload)

Decreased β-adrenergic responsiveness

Increased dependence on preload (including atrial kick)

Increased diastolic dysfunction

Increased silent ischemia
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®“°∑’Ë°≈à“«¡“°“√‡ª≈’Ë¬π·ª≈ß¢Õß cardiovascular system „πºŸâ ŸßÕ“¬ÿ∑”„Àâ

‰¡à “¡“√∂∑πμàÕ¿“«– hypovolemia ‰¥â μâÕß„Àâ “√πÈ”„Àâ‡æ’¬ßæÕ‡æ◊ËÕ„Àâ¡’ preload ∑’Ë

‡À¡“– ¡ ·≈–Õ“®®–®”‡ªìπμâÕß„™â¬“∑’Ë≈¥ afterload À√◊Õ‡ªìπ non-vasoconstricting

inotropes30

Pulmonary physiology28,31

°“√‡ª≈’Ë¬π·ª≈ß√–∫∫°“√À“¬„®„πºŸâ ŸßÕ“¬ÿ ‡°‘¥®“° loss of elastic recoil of

lung ·≈– impaired chest wall movement ´÷Ëß¡’ “‡Àμÿ®“° muscular atrophy,

joint stiffening ·≈– skeletal changes °“√‡ª≈’Ë¬π·ª≈ß¢Õß√–∫∫°“√À“¬„®¡’¥—ßπ’È

Changes in volume

ª√‘¡“μ√√«¡¢ÕßªÕ¥ (total lung capacity) ‰¡à‡ª≈’Ë¬π·ª≈ß‰ªμ“¡Õ“¬ÿ∑’Ë¡“°

¢÷Èπ ·μà à«π∑’Ë‡ª≈’Ë¬π·ª≈ß§◊Õ vital capacity ·≈– residual volume „πºŸâ ŸßÕ“¬ÿ Õ“¬ÿ

65 ªï ®–¡’ à«π¢Õß residual volume ∑’Ë‡æ‘Ë¡¡“°¢÷Èπ®“° 20% ¢Õß total lung capacity

‡ªìπª√–¡“≥ 40% „π§πÕ“¬ÿ 65 ªï ·≈–¬—ß¡’ª√‘¡“≥ air trapping ¡“°¢÷Èπ‡¡◊ËÕÕ“¬ÿ¡“°

¢÷Èπ ∑”„Àâ¡’ functional ·≈– anatomical dead space ‡æ‘Ë¡¢÷Èπ„πºŸâ ŸßÕ“¬ÿ  àßº≈„Àâ

√Ÿª∑’Ë 1 Lung capacity

Inspiratory 

reserve

volume

Inspiratory 

reserve

volume

Vital

capacity

Total
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 “¡“√∂°”®—¥ carbon dioxide ‰¥â≈¥≈ß

Changes in flow rates

„πºŸâ ŸßÕ“¬ÿ forced expiratory volume in 1 second (FEV1) ®–≈¥≈ß‡π◊ËÕß®“°

loss of lung elasticity, calcification of costochondral cartilage, stiffening of

the costrovertebral joints ·≈– °≈â“¡‡π◊ÈÕ∑’Ë‡°’Ë¬«¢âÕß°—∫°“√À“¬„®‡ ◊ËÕ¡≈ß ‚¥¬„π

ºŸâ„À≠àª°μ‘ FEV: total lung capacity ratio ¡’§à“ª√–¡“≥ 80% ¢÷Èπ‰ª ·μà„π§πÕ“¬ÿ

70 ªï ratio π’È®–¡’§à“ª√–¡“≥ 70% ∑”„Àâ‚¥¬√«¡ total work of breathing ‡æ‘Ë¡¢÷Èπ

·≈–maximal breathing capacity „π§πÕ“¬ÿ 70 ªï ¡’§à“‡æ’¬ßª√–¡“≥ 50% ¢Õß§π

Õ“¬ÿ 30 ªï

Oxygenation

§à“¢Õß partial pressure of oxygen „π‡≈◊Õ¥®–¡’§à“≈¥≈ß‡¡◊ËÕÕ“¬ÿ¡“°¢÷Èπ ‚¥¬

¡’§«“¡ —¡æ—π∏å°—π¥—ß Ÿμ√π’È

PaO2 = 102 - (0.498 × age)

‚¥¬ª°μ‘§à“¢Õß alveolar partial pressure of oxygen (PAO2) ®–¡’§à“§ß∑’Ë‰¡à

·ª√‡ª≈’Ë¬π‰ªμ“¡Õ“¬ÿ ·μà cardiac output ®–≈¥≈ß‡¡◊ËÕÕ“¬ÿ¡“°¢÷Èπ ·μà¡’ airway clo-

sure volume ¡“°¢÷Èπ ·≈– overall reduce surface area for gas exchange ≈¥≈ß

‡π◊ËÕß®“° lung parenchyma ‡ ◊ËÕ¡ ¿“æμ“¡Õ“¬ÿ ∑”„Àâ‡°‘¥ ventilation-perfusion mis-

matching  àßº≈„Àâ oxygen transfer ≈¥≈ß

°“√‡ª≈’Ë¬π·ª≈ß¢Õß√–∫∫°“√À“¬„®„πºŸâ ŸßÕ“¬ÿπ’È∑”„ÀâºŸâªÉ«¬ ‰Õ‰¥â‰¡à¡’

ª√– ‘∑∏‘¿“æ, ¡’§«“¡‡ ’Ë¬ßμàÕ°“√ ”≈—° ¡’‚Õ°“ ‡°‘¥ atelectasis ·≈– shunting √«¡

∑—Èß¡’§«“¡‡ ’Ë¬ßμàÕ°“√‡°‘¥ hypoxemia ‰¥â ¥—ßπ—Èπ°“√¥Ÿ·≈À≈—ßºà“μ—¥§«√®–„Àâ adequate

pain control ‡æ◊ËÕ„ÀâºŸâªÉ«¬ “¡“√∂ early mobilization ‰¥â “¡“√∂À“¬„®≈÷°Ê ·≈–

‰Õ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ·≈–§«√„Àâ oxygen supplementation „π™à«ßÀ≈—ßºà“μ—¥„À¡àÊ

À≈—ß®“°π—Èπ§àÕ¬æ‘®“√≥“«à“®–„ÀâμàÕÀ√◊Õ‰¡à‡ªìπ√“¬Ê‰ª30

Renal physiology in elderly28

„πºŸâ ŸßÕ“¬ÿ°“√‡ª≈’Ë¬π·ª≈ß¢Õß‰μ∑’Ë‡°‘¥¢÷Èπ§◊Õ renal mass ·≈– creatinine
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clearance ≈¥≈ß ‡π◊ËÕß®“° glomerulosclerosis ∑”„Àâglomerular filtration rate ·≈–

renal blood flow ≈¥≈ßºŸâªÉ«¬∑’Ë impaired GFR ¡’§«“¡‡ ’Ë¬ß∑’Ë®–‡°‘¥ volume over-

load ‰¥âßà“¬¢÷Èπ√«¡∂÷ß ¡’°“√ – ¡ metabolic substances ·≈–¬“μà“ßÊ ∑’Ë∂Ÿ°°”®—¥

ÕÕ°∑“ß‰μ°Á„™â‡«≈“π“π°«à“‡¡◊ËÕ‡∑’¬∫°—∫§πÕ“¬ÿπâÕ¬∑”„Àâ‡«≈“„π°“√ÕÕ°ƒ∑∏‘Ïπ“π¢÷Èπ ‡™àπ

sedative drugs, diuretics ·≈– antibiotics °“√μ√«® serum creatinine Õ“®

μ√«®‰¥â§à“πâÕ¬°«à“ª°μ‘‡π◊ËÕß®“° muscle mass ∑’Ë≈¥≈ß≈ß®“°‡¥‘¡ creatinine clear-

ance ‡ªìπ°“√ª√–‡¡‘π°“√∑”ß“π¢Õß‰μ∑’Ë¡’§«“¡‰«¡“°°«à“ serum creatinine

°“√‡ª≈’Ë¬π·ª≈ßÕ◊ËπÊ „πºŸâ ŸßÕ“¬ÿ πÕ°‡Àπ◊Õ®“° cardiovascular, pulmonary

and renal physiology ∑’ËμâÕß§”π÷ß∂÷ß„πºŸâ ŸßÕ“¬ÿ§◊Õ

Nutrition28

ºŸâ ŸßÕ“¬ÿ¡’§«“¡‡ ’Ë¬ß∑’Ë®–‡°‘¥ nutrition deficiency ªí®®—¬‡ ’Ë¬ß∑’Ë ”§—≠§◊Õ πÈ”

Àπ—°μ—«∑’ËπâÕ¬ ªí®®—¬Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫ malnutrition §◊Õ

● Poverty

● Alcohol abuse

● Deterioration in physical cognitive function

● Change in number or type of medications

● Recent hospitalization or surgery

● Micturition dysfunction

ºŸâªÉ«¬∑’Ë¡’ albumin μË”°àÕπºà“μ—¥æ∫«à“¡’§«“¡ —¡æ—π∏å°—π°—∫ mortality ∑’Ë Ÿß

¢÷Èπ ∂â“ albumin πâÕ¬°«à“ 46 g/L mortality rate πâÕ¬°«à“ 1% ·μà∂â“ albumin πâÕ¬°«à“

21 g/L æ∫«à“ mortality rate ª√–¡“≥ 29%

Anesthesia28

„πºŸâ ŸßÕ“¬ÿ total body water ≈¥≈ß∑”„Àâ°“√°√–®“¬¬“‡ª≈’Ë¬π·ª≈ß‰ª °“√

„Àâ¬“·∫∫ bolus À√◊Õ rapid infusion ∑”„Àâ peak drug concentration  Ÿß°«à“‡¡◊ËÕ

‡∑’¬∫°—∫§πÕ“¬ÿπâÕ¬ πÕ°®“°π’È organ perfusion ∑’Ë≈¥≈ß°Á®–∑”„Àâ metabolism ·≈–

drug excretion ™â“≈ß  àßº≈„Àâ√–¬–‡«≈“ÕÕ°ƒ∑∏‘Ï¢Õß¬“π“π¢÷Èπ

Anesthetic drug  à«π¡“°®–¡’ƒ∑∏‘Ï cardiac depressant Õ¬Ÿà¥â«¬ ¥—ßπ—Èπ
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°“√„Àâ¬“‡À≈à“π’È„πºŸâ ŸßÕ“¬ÿ Õ“®–®–μâÕßæ‘®“√≥“≈¥¢π“¥≈ß®“°ª°μ‘

Pain control28

°“√√–ß—∫§«“¡‡®Á∫ª«¥„πºŸâªÉ«¬ ŸßÕ“¬ÿ°ÁÕ“®®–¡’ªí≠À“‡π◊ËÕß®“° ºŸâªÉ«¬Õ“®®–¡’

cognitive impairments ∑”„Àâ‰¡à “¡“√∂∫Õ°‡≈à“Õ“°“√ À√◊Õ ◊ËÕ “√°—∫ºŸâ¥Ÿ·≈∂÷ß§«“¡

‡®Á∫ª«¥‰¥â À√◊Õ„π∫“ß°√≥’Õ“®®–‰¡à°≈â“∫Õ°À√◊Õ‰¡à°≈â“¢Õ¬“√–ß—∫§«“¡‡®Á∫ª«¥

‡π◊ËÕß®“°°≈—««à“®–∂Ÿ°¡Õß«à“ ‡ªìπ çbad patienté ∑”„Àâ·æ∑¬åºŸâ¥Ÿ·≈§‘¥«à“ºŸâªÉ«¬‰¥â√—∫

°“√√–ß—∫§«“¡‡®Á∫ª«¥Õ¬à“ß‡æ’¬ßæÕ·≈â«

À“°√–ß—∫§«“¡‡®Á∫ª«¥‰¥â‰¡à‡æ’¬ßæÕ®–∑”„Àâ¡’ morbidity ·≈– mortality

‡æ‘Ë¡¢÷Èπ‡™àπ®“° respiratory complication, thromboembolic complications ‡ªìπμâπ

πÕ°®“°π’È„πºŸâªÉ«¬ ŸßÕ“¬ÿ¡—°¡’‚√§√à«¡ ·≈–°“√‡ª≈’Ë¬π·ª≈ß∑“ß √’√«‘∑¬“Õ¬Ÿà‡¥‘¡°àÕπ·≈â«

‡™àπ ischemic heart disease, decrease ventilator reserve ·≈– drug metabo-

lism, response ·≈– excretion πÕ°®“° morbidity mortality ∑’Ë Ÿß¢÷ÈπÀ“°√–ß—∫

§«“¡ª«¥‰¥â‰¡à‡æ’¬ßæÕ √–¬–‡«≈“„π°“√πÕπ‚√ßæ¬“∫“≈·≈–§à“„™â®à“¬°Á Ÿß¢÷Èπ‰ª¥â«¬

Consequence ¢Õß postoperative pain ¡’¥—ßμ“√“ß∑’Ë 4

Postoperative delirium and cognitive impairment

§”®”°—¥§«“¡¢Õß Delirium §◊Õ acutely altered and fluctuating mental

status with features of inattention and an altered level of consciousness33

ªí®®—¬‡ ’Ë¬ß¢Õß delirium ·∫àß‰¥â‡ªìπ patient-specific risk factors ·≈– op-

eration-specific risk factors33

Patient-specific risk factors ª√–°Õ∫¥â«¬

- Pre-existing dementia34

- Age > 65-70 year33,35

- Functional impairment34

- Psycopathological symptoms34

- Greater co-morbidities34

- Markedly abnormal serum chemistry values (sodium<130 or>150

meq/L, potassium<3.0 or>6.0 meq/L, or glucose <60 or >300 meq/L.)35



°‘μμ‘æß…å  ÿ«—≤π∫√√æμ, ‡»√…∞∫ÿμ√ ‡Õ◊ÈÕæ“π‘™‡®√‘≠ 271

μ“√“ß∑’Ë 4 Consequence ¢Õß postoperative pain32

Conditions Consequences

Stress response to surgery Tissue trauma results in release of mediators of inflamma-
tion and stress hormones
Activation of this ùstress responseû leads to:

● Retention of water and sodium
● Increase in metabolic rate

Respiratory complications Shallow breathing
Cough suppression
Lobular collapse
Retention of pulmonary secretions
Infections

Cardiovascular complications Hypertension
Tachycardia
Increased myocardial work, which may lead to:
Myocardial ischaemia
Angina
Infarction
These are the most common cardiovascular complications
after urological surgery

Thromboembolic complications Reduced mobility due to inadequate pain management can
lead to thromboembolic episodes

Gastrointestinal complications Gastric stasis
Paralytic ileus
These occur often, mostly after open urological operations

Musculoskeletal complications Prolonged confinement to bed due to inadequate pain man-
agement leads to:

- Reduced mobility
- Muscle atrophy

Psychological complications Peri-operative pain may provoke fear and anxiety, which can
lead to:

- Anger
- Resentment
- Hostility to medical and nursing personnel
- These symptoms are often accompanied by insomnia.
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Operative-specific risk factors ¢÷Èπ°—∫°“√ºà“μ—¥ °“√ºà“μ—¥∑’Ë¡’ operative

stress ¡“° ®–æ∫ incidence ¢Õß postoperative delirium ¡“°°«à“ ‡™àπ cataract

surgery æ∫ postoperative delirium 4% „π¢≥–∑’Ë postoperative vascular sur-

gery æ∫‰¥â∂÷ß 36% operative-specific risk factors Õ◊ËπÊ ∑’Ë∑”„Àâ‡°‘¥ postoperative

delirium ¡’35

- postoperative hematocrit < 30%

- intrathoracic surgery

- abdominal aneurysm surgery

°“√√—°…“ postoperative delirium §«√¡ÿàß‰ª∑’Ë°“√À“ organic causes ‡™àπ

dehydration, electrolyte imbalance, hypoxemia, pain sepsis ·≈–·°â‰¢ ‘Ëßμà“ßÊ

‡À≈à“π’È28

Quality of life and End-of-life care28

ºŸâªÉ«¬ ŸßÕ“¬ÿ∑’Ë¡“√—°…“„π‚√ßæ¬“∫“≈ «—ππÕπ‚√ßæ¬“∫“≈‚¥¬‡©≈’Ë¬ª√–¡“≥ 7-

12 «—π  à«π„À≠à (90-95%  “¡“√∂°≈—∫‰ª„™â™’«‘μμ“¡‡¥‘¡‰¥â ∑’Ë‡À≈◊Õ√“« 5-7% μâÕß°“√

long-term care assistance ºŸâªÉ«¬ à«π„À≠à¡—°μâÕß°“√∑’Ë®– “¡“√∂¥”√ß™’«‘μ‰¥âμ“¡ª°μ‘

À√◊Õ„°≈â‡§’¬ßª°μ‘ μâÕßæ÷Ëßæ“ºŸâÕ◊Ëπ¡“°°«à“∑’Ë®–¬◊¥™’«‘μÕÕ°‰ª·μàÕ¬Ÿà„π ¿“æ∑’Ë‰¡à

 “¡“√∂™à«¬‡À≈◊Õμπ‡Õß‰¥â ¥—ßπ—Èπ·æ∑¬åºŸâ√—°…“®÷ß§«√æ‘®“√≥“‡√◊ËÕß risk-benefit of treat-

ment, quality of life, life expectancy ·≈–ª√÷°…“°—∫μ—«ºŸâªÉ«¬À√◊ÕºŸâ¥Ÿ·≈‡æ◊ËÕ

æ‘®“√≥“°“√√—°…“√à«¡°—π ·≈–„Àâ‡°‘¥ª√–‚¬™πåμàÕºŸâªÉ«¬

4. Physiologic changes in pregnancy

°“√μ—Èß§√√¿å àßº≈„Àâ¡’°“√‡ª≈’Ë¬π·ª≈ß∑“ß°“¬«‘¿“§ °“√∑”ß“π¢Õß√–∫∫μà“ßÊ

¢Õß√à“ß°“¬¥—ßπ’È

Body water homeostasis

ª√‘¡“μ√¢Õß total body water „π§πμ—Èß§√√¿å‡æ‘Ë¡¢÷Èπ‡æ◊ËÕ„Àâ¡’ perfusion ∑’Ë

‡æ’¬ßæÕ∑’Ë®–‡≈’È¬ßÕ«—¬«– ”§—≠μà“ßÊ, uteroplacental units ·≈– fetus ‡¡◊ËÕ°“√μ—Èß

§√√¿å ‘Èπ ÿ¥≈ß ®–¡’ª√‘¡“μ√¢Õß total body water ‡æ‘Ë¡¢÷Èπ®“°ª°μ‘ª√–¡“≥ 30 ≈‘μ√
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‰ª‡ªìπª√–¡“≥ 39-40 „π‰μ√¡“ ∑’Ë 3 ¢Õß°“√μ—Èß§√√¿å≈‘μ√ ( —¥ à«πª√–¡“≥ 50%

¢ÕßπÈ”Àπ—°μ—«∑—Èß°àÕπμ—Èß§√√¿å ·≈–¢≥–μ—Èß§√√¿å) ‡ªìπ à«π¢Õß fetus, amniotic fluid

·≈– placenta ª√–¡“≥ 3.5 ≈‘μ√¢Õß „π à«π¢Õß¡“√¥“ blood volume ®–‡æ‘Ë¡®“°

ª°μ‘ª√–¡“≥ 1,500-1,600 mL (ª°μ‘ 3,200 mL ‡æ‘Ë¡‡ªìπª√–¡“≥ 4,800 mL in late

pregnancy)1, plasma volume ‡æ‘Ë¡¢÷Èπ 1200-1300 mL, erythrocyte volume ‡æ‘Ë¡

¢÷Èπ®“°ª°μ‘ 1,300-1,400 mL ‡ªìπª√–¡“≥ 1800 mL1,2

∑’Ë∫√‘‡«≥‰μ°Á¡’ active sodium reabsorption ¡“°¢÷Èπ∑’Ë renal tubule ‡ªìπ

º≈®“° renin-angiotensin system ∑”„Àâ‡°‘¥ salt ·≈– water retention3

ª√‘¡“μ√ total body water ·≈– blood volume ∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâ§πμ—Èß§√√¿åÕ“

®–‡ ’¬‡≈◊Õ¥‰¥â∂÷ß 1,500 mL ‚¥¬∑’Ë heart rate ·≈– blood pressure ‡°‘¥°“√

‡ª≈’Ë¬π·ª≈ß‡≈Á°πâÕ¬4

μ“√“ß∑’Ë 5 Blood loss and shock in pregnancy4

Circulating Systolic blood

Blood loss (ml) volume lost pressure Symptoms/signs Shock

(%) (mm Hg)

500-1000 10-15 Normal Palpitation Compensated

Dizzy

Tachycardia

1000-1500 15-25 Slight fall Weak Mild

Sweating

Vomiting

1500-2000 25-30 80 Restless Moderate

Pale

Oliguric

2000-3000 30-50 50-70 Collapse Severe

Air hunger

Anuria
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Cardiovascular changes3

¡’§«“¡‡ª≈’Ë¬π·ª≈ß¢ÕßÀ—«„® ·≈–À≈Õ¥‡≈◊Õ¥μà“ßÊ „π¢≥–μ—Èß§√√¿åÀ≈“¬Õ¬à“ß

„π à«π¢ÕßÀ—«„® æ∫«à“¢≥–μ—Èß§√√¿å¢π“¥ÀâÕßÀ—«„®¢¬“¬¢π“¥¢÷Èπ ·≈–∑”„Àâ valvular

annular diameter ‡æ‘Ë¡¢÷Èπ¥â«¬ „π 90% ¢Õß§πμ—Èß§√√¿åª°μ‘μ√«®æ∫«à“¡’ mild pul-

monic ·≈– mild tricuspid valve regurgitation ‰¥â

Cardiac output ‡æ‘Ë¡¢÷Èπ®“° 4 ≈‘μ√μàÕπ“∑’‡ªìπ 6 ≈‘μ√μàÕπ“∑’À√◊Õ√“«Ê 30-

50% ®“°ª°μ‘ ‡π◊ËÕß®“° ∑—Èß stroke volume °Á‡æ‘Ë¡¢÷Èπ 20-50%, heart rate ‡æ‘Ë¡¢÷Èπ

®“°ª°μ‘ 10-20 beats/min cardiac output ®–‡√‘Ë¡‡æ‘Ë¡¢÷Èπμ—Èß·μà —ª¥“Àå∑’Ë 8-10 ¢Õß

°“√μ—Èß§√√¿å ·≈–®–∂÷ß®ÿ¥ Ÿß ÿ¥ª√–¡“≥ —ª¥“Àå∑’Ë 25-30 ¢Õß°“√μ—Èß§√√¿å3

Cardiac output  à«π∑’Ë‡æ‘Ë¡¢÷Èπ 20-25% ®–‰ª‡≈’È¬ß uterus (uterine blood

flow ª√–¡“≥ 450-650 mL/min) ·μà uterine blood flow ‰¡à¡’°≈‰° autoregulation

¥—ßπ—Èπ uteroplacental blood flow ·≈– fetal perfusion ®÷ß¢÷Èπ°—∫ maternal mean

arterial blood pressure ‡ªìπÀ≈—° ¥—ßπ—Èπ§«√μâÕß√–¡—¥√–«—ß‰¡à„Àâ‡°‘¥ maternal hy-

potension ‚Õ°“ ∑’Ë®–‡°‘¥‰¥â‡™àπ ¢≥– induction ¢Õß°“√√–ß—∫§«“¡√Ÿâ ÷°°àÕπ°“√ºà“μ—¥

°àÕπ induction §«√μâÕß hydration „Àâ‡æ’¬ßæÕ À√◊Õ°“√®—¥∑à“ºŸâªÉ«¬μ—Èß§√√¿å¢≥–

∑”À—μ∂°“√§«√®—¥„ÀâºŸâªÉ«¬πÕπ‚¥¬Àπÿπ„Àâ∑“ß¢«“ Ÿß¢÷Èπ‡≈Á°πâÕ¬ À√◊Õleft lateral de-

cubitus ‡π◊ËÕß®“°°“√πÕπÀß“¬√“∫‰ª°—∫æ◊Èπ„πºŸâªÉ«¬μ—Èß§√√¿å¡¥≈Ÿ°∑’Ë‚μ¢÷Èπ‰ª°¥‡∫’¬¥

inferior vena cava ¢≥–πÕπÀß“¬ ∑”„Àâ venous return ≈¥≈ß ·≈–∑”„Àâ cardiac

output ≈¥≈ß 25-30% Õ“°“√∑’Ë‡°‘¥¢÷Èπ‡√’¬°«à“ çmaternal supine hypotension

syndromeé ºŸâªÉ«¬®–¡’Õ“°“√ ‡Àß◊ËÕ·μ°, §≈◊Ëπ‰ â Õ“‡®’¬π, hypotension, tachycardia

·≈– mental status change  à«π„À≠à®–‡°‘¥„π third trimester æ∫‰¥âª√–¡“≥ 10%

¢ÕßºŸâªÉ«¬μ—Èß§√√¿å5

„π§πμ—Èß§√√¿å‚¥¬ª°μ‘®–¡’§«“¡¥—π‚≈À‘μ≈¥≈ß‡ªìπº≈®“° progesterone ´÷Ëß

∑”„Àâ¡’ venous distensibility ¡“°¢÷Èπ §«“¡¥—π‚≈À‘μ∑’Ë≈¥≈ßπ’È systolic blood pres-

sure ≈¥≈ß ‰¥â 0-9 mmHg ·≈– diastolic blood pressure ≈¥≈ß 12-17 mmHg ‚¥¬

≈¥≈ßμ—Èß·μà‡√‘Ë¡μ—Èß§√√¿å ®π∂÷ß®ÿ¥μË” ÿ¥ª√–¡“≥ 12  —ª¥“Àå ¢Õß°“√μ—Èß§√√¿å À≈—ß®“°

π—Èπ™à«ß late second trimester §«“¡¥—π‚≈À‘μ®–°≈—∫¡“ Ÿà√–¥—∫ª°μ‘°àÕπμ—Èß§√√¿å4 ·μà
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Õ¬à“ß‰√°Áμ“¡§«“¡¥—π‚≈À‘μ„π¢≥–μ—Èß§√√¿åπ’È ¡—°®–‰¡à Ÿß‡°‘π 140/90 mmHg

®“°°“√‡ª≈’Ë¬π·ª≈ß¥—ß°≈à“«°“√μ√«®√à“ß°“¬√–∫∫ cardiovascular „π§π

∑âÕß¡’ ‘Ëßμ√«®æ∫μà“ß‰ª®“°§πª°μ‘¥—ßπ’È4

- sinus tachycardia

- apex displaced to the left

- loud third sound (rapid ventricular filling)

- pronounced splitting of second sound, especially towards term

- ejection systolic murmur in over 90% of women, resulting from

flow across pulmonary or aortic valves

- mammary soufflé (a continuous murmur in the left or right sec-

ond intercostal space, which can be differentiated from a patent ductus

arteriosus by reducing with the application of gentle pressure; it is not

common)

- electrocardiography often reveals Q wave and inverted T wave

in lead III, which should not be misconstrued, for example, as suggestive of

pulmonary embolus.

μ“√“ß∑’Ë 6 °“√‡ª≈’Ë¬π·ª≈ß¢Õß hemodynamic parameters √–À«à“ßμ—Èß§√√¿å6

§à“∑’Ë«—¥ §«“¡‡ª≈’Ë¬π·ª≈ß

Heart rate ‡æ‘Ë¡¢÷Èπ

Blood pressure ≈¥≈ß

Cardiac output ‡æ‘Ë¡¢÷Èπ

Systemic vascular resistance ≈¥≈ß

Blood volume ‡æ‘Ë¡¢÷Èπ

Pulmonary vascular resistance ≈¥≈ß

Pulmonary artery occlusion pressure (PAOP) ‰¡à‡ª≈’Ë¬π·ª≈ß

Central venous pressure ‰¡à‡ª≈’Ë¬π·ª≈ß

Colloid osmotic pressure ≈¥≈ß
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Respiratory system

°“√‡ª≈’Ë¬π·ª≈ß√–∫∫À“¬„®„π§πμ—Èß§√√¿å‡π◊ËÕß¡“®“° progesterone ‰ª°√–μÿâπ

respiratory center ∑”„ÀâÀ“¬„®≈÷°¢÷Èπ‰¥â tidal volume ¡“°¢÷Èπ°«à“ª°μ‘ª√–¡“≥ 40%

À√◊Õ®“° 500 mL „π§πª°μ‘ ‡æ‘Ë¡‡ªìπ 700 mL „π§π∑âÕß‚¥¬∑’ËÕ—μ√“°“√À“¬„®¬—ß§ß

‡¥‘¡ (hyperpnea, not tachypnea) °“√∑’Ë tidal volume ‡æ‘Ë¡¢÷Èππ’È ∑”„Àâ PaCO2 ®–≈¥

≈ß®“° 40 mmHg „π§πª°μ‘‡À≈◊Õª√–¡“≥ 30 mmHg

°“√∑’Ë PaCO2 ≈¥≈ß∑”„Àâ¡’¿“«– respiratory alkalosis ®÷ß¡’°“√ª√—∫μ—«‚¥¬

°“√‡æ‘Ë¡ bicarbonate excretion ∑’Ë‰μ¡“°¢÷Èπ∑”„Àâ serum bicarbonate ≈¥≈ß ®“° 24

mEq/L ‡ªìπ 19-20 mEq/L „π§π∑âÕß

°“√‡ª≈’Ë¬π·ª≈ßÕ◊ËπÊ ¢Õß lung capacity Õ◊ËπÊ ¡’ (√Ÿª∑’Ë 2)

- Residual lung volume ≈¥≈ß

√Ÿª∑’Ë 2 lung capacity during pregnancy4
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- Functional lung capacity ≈¥≈ß

- Vital capacity ‡∑à“‡¥‘¡

- Total lung capacity ≈¥≈ß‡≈Á°πâÕ¬

°“√μ√«® FEV1 ·≈–§à“ FEV1/forced vital capacity ratio ®–‰¡à·μ°μà“ß

®“°§π∑’Ë‰¡à‰¥âμ—Èß§√√¿å ¥—ßπ—Èπ§à“ lung function test „™â§à“ª°μ‘‡¥’¬«°—π°—∫§π∑’Ë‰¡à‰¥â

μ—Èß§√√¿å3,4

Chest x-ray ª°μ‘®–æ∫ mild cardiomegaly, widened mediastinum,

increased anterior-posterior diameter ·≈– prominent pulmonary vasculature

„π§π∑âÕß¡’ airway edema, breast engorgement ·≈–πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ

∑”„Àâ°“√„ à endotracheal tube „π§π∑âÕßÕ“®®–≈”∫“°°«à“„π§πª°μ‘ πÕ°®“°π’È®–¡’

tissue trauma ‰¥âßà“¬√–À«à“ß„ à endotracheal tube ‡π◊ËÕß®“° friable and edema-

tous tissue ·≈–¢π“¥¢Õß∑àÕ™à«¬À“¬„®∑’Ë„™âÕ“®μâÕß‡μ√’¬¡¢π“¥∑’Ë‡≈Á°°«à“ª°μ‘‰«â¥â«¬

‡æ√“– glottis opening Õ“®·§∫≈ß‡æ√“–‡π◊ÈÕ‡¬◊ËÕ√Õ∫¢â“ß∑’Ë∫«¡3

GI system

¢≥–μ—Èß§√√¿å√–¥—∫ progesterone ∑’Ë‡æ‘Ë¡¢÷Èπ ·≈– motilin ≈¥≈ß  àßº≈μàÕ°“√

∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ‡√’¬∫„π à«πμà“ßÊ √«¡∑—Èß¢Õß√–∫∫∑“ß‡¥‘πÕ“À“√ ∑”„Àâ¡’ smooth

muscle relaxation ¡’º≈„Àâ¡’ lower esophageal sphincter relaxation3 ‡¡◊ËÕ√à«¡

°—∫ increased intra-abdominal pressure ∑”„Àâ¡’ incidence ¢Õß gastroesoph-

ageal reflux ‡æ‘Ë¡¢÷Èπ„π§π∑âÕßÕ“®æ∫Õ“°“√ heart burn ‰¥â„π 80% ¢Õß§π∑âÕß4

∑’Ë°√–‡æ“–¡’ gastric tone ≈¥≈ß ·≈– gastric motility ≈¥≈ß‡™àπ‡¥’¬«°—∫

≈”‰ â‡≈Á°  à«π°“√¥Ÿ¥´÷¡ “√Õ“À“√μà“ßÊ ¬—ß‡ªìπª°μ‘‡À¡◊Õπ‡¥‘¡ ¬°‡«âπμâÕß„Àâ iron

supplement ‡π◊ËÕß®“°¡’ iron requirement ‡æ‘Ë¡¢÷Èπ„π§π∑âÕß5

„π§π∑âÕß¡—°¡’Õ“°“√∑âÕßºŸ°‰¥â‡π◊ËÕß®“° colonic motility ∑’Ë≈¥≈ß ¡’°“√¥Ÿ¥

÷́¡πÈ”·≈–‚´‡¥’¬¡°≈—∫¡“°°«à“ª°μ‘√–À«à“ßμ—Èß§√√¿å ·≈–Õ“®¡’ mechanical absorption

®“° gravid uterus ‰¥â5

GI motility ∑’Ë≈¥≈ß„π§π∑âÕß∑”„ÀâμâÕß√–¡—¥√–«—ß°“√∑’Ë®–‡°‘¥ aspiration ‚¥¬

‡©æ“–Õ¬à“ß¬‘Ëß°“√ „Àâ sedation ºŸâªÉ«¬∑’Ë∑âÕß μ—Èß·μà 16  —ª¥“Àå¢÷Èπ‰ª §«√ß¥πÈ”ß¥
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Õ“À“√‰¡àπâÕ¬°«à“ 6-8 ™—Ë«‚¡ß°àÕπ°“√∑” general anesthesia3

∂ÿßπÈ”¥’„π§π∑âÕß‰μ√¡“ ∑’Ë 2-3 ª√‘¡“μ√∂ÿßπÈ”¥’‡æ‘Ë¡¢÷Èπ‡∑à“μ—«®“°°àÕπμ—Èß§√√¿å

·≈– gallbladder emptying °Á™â“≈ß¥â«¬‡™àπ‡¥’¬«°—∫Õ«—¬«–„π∑“ß‡¥‘πÕ“À“√Õ◊Ëπ

§π∑âÕßÕ“®μ√«®æ∫«à“¡’π‘Ë«„π∂ÿßπÈ”¥’Õ¬Ÿà‰¥â∂÷ß 40% ·μà¡’‡æ’¬ß 1 „π 1,000 §π ∑’Ë®–¡’

Õ“°“√5

‡¡◊ËÕ¡¥≈Ÿ°‚μ¢÷Èπ®–¥—π°√–‡æ“–, small intestine ·≈– colon ∂Ÿ°¥—π¢÷Èπ‰ª∑“ß

¥â“π∫π¢Õß™àÕß∑âÕß ‡¡◊ËÕ¡’Õ“°“√ª«¥∑âÕßμ”·Àπàß∑’Ëª«¥Õ“®®–‡ª≈’Ë¬π‰ª Ÿß¢÷Èπ°«à“ª°μ‘

‡™àπμ”·Àπàß¢Õß®ÿ¥°¥‡®Á∫„πºŸâªÉ«¬‰ âμ‘ËßÕ—°‡ ∫‡ªìπμâπ7

Serum alkaline phosphatase level ¡’§à“ Ÿß°«à“ª°μ‘„π√–À«à“ßμ—Èß§√√¿å

‡π◊ËÕß®“°¡’°“√ √â“ß®“°√°  à«π serum transaminase level ·≈– bilirubin level μË”

°«à“ª°μ‘‡≈Á°πâÕ¬3

Urinary tract4

Glomerular filtration rate ‡æ‘Ë¡¢÷Èπ ®“°ª°μ‘ 50% serum creatinine „π§π

∑âÕß ¡’§à“≈¥≈ß®“°ª°μ‘ upper normal limit ¢Õß serum creatinine „π§π∑âÕß‡∑à“°—∫

0.8 mg/dL serum creatinine∑’Ë≈¥≈ß≈ßπ’È‡√‘Ë¡≈¥μ—Èß·μàª≈“¬ 1st trimester ·≈–≈¥

≈ß®π∂÷ß 0.5 mg/dL μÕπ§√∫°”Àπ¥§√√¿å

√–¥—∫ progesterone ∑’Ë Ÿß¢÷Èπ¢≥–μ—Èß§√√¿å∑’Ë∑”„Àâ¡’ smooth muscle relax-

ation æ∫«à“¡’ renal calyces, renal pelvis ·≈– ureter dilatation æ∫°“√

‡ª≈’Ë¬π·ª≈ß¢Õß kidney ·≈– ureter ¢«“¡“°°«à“´â“¬‡æ√“–¡’ mechanical compres-

sion ¢Õß ureter ‚¥¬ uterus ‡æ√“–μ”·Àπàß¢Õß uterus ¡—°‡ªìπ dextrorotation  àß

º≈„Àâ§π∑âÕß¡’¿“«– urinary stasis ·≈– prone μàÕ°“√‡°‘¥ urinary tract infection

·≈– acute pyelonephritis  à«π urinary bladder tone °Á≈¥≈ß∑”„Àâ ¡’Õ“°“√fre-

quency, urgency ·≈– incontinence

 Protein ·≈– albumin excretion °Á‡æ‘Ë¡¢÷Èπ urinary protein excretion

μàÕ«—πª√–¡“≥ 200-300 mg ∂â“‡°‘π®“° 300 mg/day ®–∂◊Õ«à“‡¢â“‡°≥±å¢Õß mild preec-

lampsia  à«π albumin excretion ‡©≈’Ë¬ 12 mg/day  Ÿß ÿ¥ 20 mg/day πÕ°®“°π’È

®–æ∫ glycosuria ‰¥â„π¿“«–ª°μ‘3
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Hematologic system3

„π§π∑âÕß¡’ physiologic anemia ‡π◊ËÕß®“° plasma volume ‡æ‘Ë¡¢÷Èπ¡“°°«à“

erythrocyte volume ∑”„Àâ‡°‘¥ physiologic dilutional anemia §à“ hematocrit

ª°μ‘„π§π∑âÕßª√–¡“≥ 32-34% ªí®®—¬Õ◊Ëπ∑’Ë∑”„Àâ‡°‘¥ physiologic anemia §◊Õ¡’ iron

transfer ‰ª¬—ß fetus  àß‡ √‘¡„Àâ‡°‘¥ anemia Õ’°ªí®®—¬Àπ÷Ëß

WBC °Á¡’®”π«π¡“°¢÷Èπ®“° adrenocorticoid-mediated leukocytosis §à“

ª°μ‘„π§π∑âÕß‚¥¬‡©≈’Ë¬ª√–¡“≥ 14,000/mm3 ·μà„π¢≥–§≈Õ¥·≈–À≈—ß§≈Õ¥„À¡àÊ

Õ“® Ÿß¢÷Èπ∂÷ß 30,000/mm3

Plasma proteins concentration ≈¥≈ß√«¡∂÷ß albumin ¥â«¬∑”„Àâ peak

plasma concentration ¢Õß protein-bound drug ‡ª≈’Ë¬π‰ª¥â«¬

Procoagulant proteins μà“ßÊ ∑—Èß factors VII, VIII, IX, X,XII ·≈– fibrino-

gens  Ÿß¢÷Èπ°«à“ª°μ‘„π√–À«à“ßμ—Èß§√√¿å fibrinogen level ‡æ‘Ë¡¢÷Èπ 50% ®“°ª°μ‘ ®“°

300 mg/dL ‡æ‘Ë¡‡ªìπ 450 mg/dL  à«π prothrombin, factor V, protein C ¡’√–¥—∫

‡∑à“‡¥‘¡ ·μà protein S ¡’√–¥—∫≈¥≈ß

°“√∑’Ë§π∑âÕß¡’ procoagulants ‡æ‘Ë¡¢÷Èπ fibrinolysis ≈¥≈ß ·≈–¡’ venous stasis

®“°∑’Ë enlarged uterus ∑”„Àâ¡’ venous compression ·≈–∑”„Àâ venous return

®“° à«π≈à“ß¢Õß√à“ß°“¬™â“≈ß æ∫«à“„π√–À«à“ßμ—Èß§√√¿å¡’ risk μàÕ venous thromboem-

bolism ¡“°¢÷Èπ°«à“§π∑’Ë‰¡à‰¥âμ—Èß§√√¿å 5-6 ‡∑à“3,4

°“√‡ª≈’Ë¬π·ª≈ßÕ◊Ëπ∑’Ëæ∫‰¥â ¡’ pituitary gland ∑’Ë‡æ‘Ë¡¢π“¥ ·≈–πÈ”Àπ—°®“°

ª°μ‘ 30-50% ¿“«– shock Õ“®∑”„Àâ‡°‘¥ necrosis of anterior pituitary gland

·≈–∑”„Àâ‡°‘¥ pituitary insufficiency ‰¥â8  à«π¢Õß pubic symphysis ®–°«â“ß¢÷Èπ

®“°ª°μ‘ª√–¡“≥ 4 mm ‡æ‘Ë¡¢÷Èπ‡ªìπ 8 mm ·≈– SI joint space °Á°«â“ß¢÷Èπ¥â«¬ æ∫

‰¥âμ—Èß·μàª√–¡“≥‡¥◊Õπ∑’Ë 7 ¢Õß°“√μ—Èß§√√¿å

5. Physiology in obese patients

¿“«– overweight ·≈– obesity μ“¡§”®”°—¥§«“¡¢Õß WHO À¡“¬§«“¡∂÷ß

¿“«–∑’Ë¡’°“√ – ¡‰¢¡—π¡“°‡°‘π‰ª À√◊Õº‘¥ª°μ‘ ·≈–¡’º≈‡ ’¬μàÕ ÿ¢¿“æ36

Obesity ·∫àß√–¥—∫ÕÕ°μ“¡ body mass index (BMI = weight in
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Kg/ (height in m)2) ¥—ßπ’È37

BMI ∑’Ë¡“°°«à“ 30 kg/m2 æ∫«à“¡’¿“«–·∑√°´âÕπ¡“°°«à“§πª°μ‘ morbidity

·≈– mortality ∑’Ë‡°‘¥¢÷Èπ¡—°‡°’Ë¬«¢âÕß°—∫‚√§√à«¡¢ÕßºŸâªÉ«¬∑’Ë¡’¿“«–Õâ«π ‡™àπ coronary

artery disease, hypertension, impaired cardiac ventricular function, diabetes

mellitus, obesity hypoventilation and sleep apnea syndrome, ·≈– risk μàÕ

pulmonary embolism38

Postoperative morbidity „πºŸâªÉ«¬ BMI ≥ 30 kg/m2  Ÿß¢÷Èπ°«à“°≈ÿà¡ non-

obese patient ªí≠À“∑’Ëæ∫‰¥â„πºŸâªÉ«¬‚√§Õâ«π∑’Ë®–√—∫°“√ºà“μ—¥¡’¥—ßπ’È (μ“√“ß∑’Ë 7)

μ“√“ß∑’Ë 7

Classification §à“ BMI (kg/m2)

Normal weight 20-25

Overweight 26-29

Obese 30-34

Severely obese 35-49

Superobese ≥50

Cardiovascular physiology of obese patient

 “‡ÀμÿÀπ÷Ëß¢Õß°“√‡ ’¬™’«‘μ„πºŸâªÉ«¬∑’Ë¡’¿“«–πÈ”Àπ—°‡°‘πÀ√◊ÕºŸâªÉ«¬Õâ«π §◊Õ car-

diovascular disease ¡’°“√»÷°…“æ∫«à“ cardiovascular disease „π§π∑’Ë BMI > 30

kg/m2 ¡’ prevalence 37%, BMI 25-30 kg/m2 ¡’ prevalence 21%, BMI <25 kg/m2

¡’ prevalence 10%39

æ∫ hypertension ‡ªìπ‚√§√à«¡„π§πÕâ«π∂÷ß 50-60% „π°≈ÿà¡π’È‡ªìπ severe

hypertension 5-10% πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ∑ÿ°Ê 10 Kg systolic blood pressure ‡æ‘Ë¡¢÷Èπ

3-4 mmHg, diastolic blood pressure ‡æ‘Ë¡¢÷Èπ 2 mmHg hypertension ∑”„Àâ‡°‘¥

concentric ventricular hypertrophy ·≈–„π§πÕâ«π®–¡’ total blood volume ¡“°

°«à“§πª°μ‘ ∑—Èß 2 ªí®®—¬π’È∑”„Àâ¡’‚Õ°“ ‡°‘¥ cardiac failure ¡“°¢÷Èπ39
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Cardiac dysfunction æ∫‰¥â·¡â„π healthy obese individual „π§π‡À≈à“

π’È®–æ∫«à“¡’ increased cardiac output, elevated left ventricular end-diastolic

pressure (LVEDP), systolic dysfunction ·≈– left ventricular hypertrophy39,40

¡’º≈°“√»÷°…“®“° meta-analysis æ∫«à“ risk ¢Õß°“√‡°‘¥ postoperative atrial

fibrillation ¡“°¢÷Èπ‡¡◊ËÕ BMI  Ÿß¢÷Èπ „π°≈ÿà¡ overweight æ∫«à“¡’ Relative risk ¢Õß

°“√‡°‘¥ atrial fibrillation ‡ªìπ 1.39 (95%CI; 1.05-1.83) ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë πÈ”Àπ—°

ª°μ‘ (BMI<25 Kg/m2) ·≈– relative risk ¢Õß°≈ÿà¡ obese (BMI ≥ 30 Kg/m2) ‡¡◊ËÕ

‡∑’¬∫°—∫°≈ÿà¡πÈ”Àπ—°ª°μ‘‡ªìπ 1.87 (95%CI; 1.43-2.44)41

Obstructive sleep apnea (OSA)

OSA æ∫„πºŸâªÉ«¬ morbid obesity ∑’Ë√Õ°“√ºà“μ—¥ bariatric surgery ª√–¡“≥

71%40

Apnea ‡°‘¥¢÷Èπ‡π◊ËÕß®“° muscle tone lost ¢≥–À≈—∫ ∑”„Àâ pharyngeal air-

way collapse ∑“ß‡¥‘πÀ“¬„®·§∫≈ß‡°‘¥ turbulent airflow ®÷ß‡°‘¥‡ ’¬ß°√π ‡¡◊ËÕ

À“¬„®≈”∫“°‡°‘¥ hypoxia ·≈– hypercapnia ∑”„ÀâºŸâªÉ«¬√Ÿâ ÷°μ—«¢÷Èπ ·≈– muscle tone

°≈—∫¡“ ∑”„Àâ°“√À“¬„®¥’¢÷ÈπÕ’°§√—Èß ‡¡◊ËÕºŸâªÉ«¬À≈—∫≈÷°°Á®– lost muscle tone ‡°‘¥°“√

À“¬„®≈”∫“°Õ’° ‡ªìπ«ß®√μàÕ‰ª39

Predisposing factors of OSA39

- Male gender

- Middle age and obesity

- Evening alcohol or night sedation

- BMI >30 Kg/m2

- Hypertension

- Observed episodes of apnea during sleep

- Collar size > 16.5 inches

- Polycythemia

- Hypoxemia/hypercapnia and right ventricular hypertrophy
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- Impairment EKG or echocardiography

°“√„™â continuous positive airway pressure (CPAP) „π™à«ß preopera-

tive ·≈– perioperative period ™à«¬≈¥ªí≠À“ hypoxemia, hypercapnia ·≈– pul-

monary artery vasoconstriction ∑”„Àâ incidence ¢Õß hypoxemic complication

≈¥≈ß

°“√∑’ËºŸâªÉ«¬‡ªìπ OSA ‡ªìπ§«“¡‡ ’Ë¬ß∑’Ë®–∑”„Àâ‡°‘¥ sudden death ¢≥–À≈—∫

‡π◊ËÕß®“°‡°‘¥ myocardial infarction À√◊Õ arrhythmia40

Postoperative infection

ºŸâªÉ«¬ obesity ¡’‚Õ°“ ‡°‘¥·º≈μ‘¥‡™◊ÈÕÀ≈—ß°“√ºà“μ—¥‰¥â¡“°°«à“°≈ÿà¡ºŸâªÉ«¬∑’ËπÈ”

Àπ—°ª°μ‘ ¡’°“√»÷°…“„π°“√ºà“μ—¥À≈“¬Õ¬à“ß ∑—Èß caesarean section42, orthopedic

surgery43, colonic surgery ·≈– cardiac surgery ¥—ßμ“√“ß∑’Ë 8

μ“√“ß∑’Ë 8 *THA = total hip arthroplasty, †TKA = total knee arthroplasty

Reference Study design Subject Results

Myles et al.42 Retrospective N=611 underwent BMI ≥30Kg/m2 increased risk of

cross sectional cesarean section post-op infection (endometritis, UTI,

study wound infection, pneumonia)

OR=3 in non-elective caesarean section

OR=1.6 in elective caesarean section

Nambaet al.43 Prospective N=1071 THA* BMI ≥35Kg/2 increased risk of post-op

cohort study N=1813 TKA† infection

6.7 times in TKA and 4.2 times in THA

Merkowet al.44 Prospective N=3202 underwent BMI ≥35Kg/m2 increased risk of

cohort study colectomy for cancer post-op complication

2.66 times for surgical site infection

3.51 times for wound dehiscence

6.98 times for pulmonary embolism

3.0 times for renal failure
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°“√∑’Ë¡’ postoperative infectious morbidity ∑’Ë¡“°¢÷Èπ„π§πÕâ«ππ—Èπ¡’°“√

Õ∏‘∫“¬«à“ ‡π◊ËÕß®“°„π§πÕâ«π¡’ adipose tissue ¡“°´÷Ëß‡ªìπ à«π∑’Ë¡’‡≈◊Õ¥¡“‡≈’È¬ßπâÕ¬

‡æ√“–ª°μ‘¡—π‡ªìπ relatively avascular tissue ¥—ßπ—Èπ®÷ß‡ªìπ à«π∑’Ë hypoperfusion

·≈– ¡’ oxygen tension πâÕ¬°«à“‡π◊ÈÕ‡¬◊ËÕÕ◊ËπÊ ‡¡◊ËÕ¡’ oxygen πâÕ¬≈ß®÷ß∑”„Àâ bacteri-

cidal activity ¢Õß neutrophil πâÕ¬≈ß ‡π◊ËÕß®“°¡—π‡ªìπ oxidative killing process

πÕ°®“°π’È§πÕâ«π¬—ß¡’ volume of distribution ∑’Ë‡æ‘Ë¡¡“°¢÷Èπ∑”„Àâ√–¥—∫ antibiotic

∑’Ë‡¢â“‰ª¬—ß‡π◊ÈÕ‡¬◊ËÕ‰¡à‡æ’¬ßæÕ Õ’°‡Àμÿº≈Àπ÷Ëß§◊Õ¡’ insulin resistance ®÷ß∑”„Àâ mac-

rophage function ‡ ’¬‰ª38

Thromboembolic disease

ºŸâªÉ«¬‚√§Õâ«π¡’§«“¡‡ ’Ë¬ß∑’Ë®–‡°‘¥ thromboembolic event ‰¥â¡“°°«à“ºŸâªÉ«¬

∑’ËπÈ”Àπ—°ª°μ‘ ‡π◊ËÕß®“°ºŸâªÉ«¬‡À≈à“π’È¡’ªí®®—¬ àß‡ √‘¡°“√‡°‘¥ thromboembolic events

®“°°“√‡§≈◊ËÕπ‰À«πâÕ¬¡’ venous stasis, polycythemia, increased abdominal pres-

sure, increased pressure in deep venous channel of lower limbs, cardiac

failure ·≈– increased fibrinogen concentrations38 ‚¥¬‡©æ“–Õ¬à“ß¬‘ËßºŸâªÉ«¬‚√§

Õâ«π∑’Ë‰¥â√—∫°“√ºà“μ—¥∑“ß orthopedics38

®“°°“√»÷°…“æ∫«à“ ºŸâ∑’Ë BMI>30 Kg/m2 ¡’ odds ratio ¢Õß°“√‡°‘¥ venous

thromboembolism ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë BMI<25 Kg/m2 ‡∑à“°—∫ 2.26-2.4245

¡’√“¬ß“π«à“ venous thromboembolism ‡ªìπ most common post-opera-

tive complication46 ¥—ßπ—Èπ§«√æ‘®“√≥“°“√„Àâ°“√ªÑÕß°—π‚¥¬ unfractionated he-

parin À√◊Õ low-molecular weight heparin „πºŸâªÉ«¬ obesity ∑’Ë®–ºà“μ—¥ bariatric

surgery  à«π°“√ªÑÕß°—π‚¥¬„™â mechanical devices ‡™àπ graduated compression

stockings, venous foot pumps ·≈– intermittent pneumatic compression de-

vices ¡—°„Àâº≈„π°“√ªÑÕß°—π VTE ¥âÕ¬°«à“°“√„™â pharmacologic prophylaxis ®÷ß

·π–π”„Àâ„™â mechanical device §Ÿà°—∫„™â pharmacologic prophylaxis °“√„™â me-

chanical devices Õ¬à“ß‡¥’¬«‡æ◊ËÕªÑÕß°—π VTE ®–„™â‡¡◊ËÕºŸâªÉ«¬¡’§«“¡‡ ’Ë¬ßμàÕ‡≈◊Õ¥

ÕÕ° Ÿß®π‰¡à “¡“√∂„Àâ pharmacologic prophylaxis ‰¥â47 πÕ°®“°π’È„πªí®®ÿ∫—π¬—ß¡’
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°“√»÷°…“°“√„™â inferior venacava filter „π°“√ªÑÕß°—π VTE „πºŸâªÉ«¬∑’Ë®–ºà“μ—¥

bariatric surgery ¥â«¬47

Diabetes mellitus

Post-operative hyperglycemia ‡ªìπªí®®—¬∑’Ë∑”„Àâ morbidity ·≈–mortality

‡æ‘Ë¡¢÷Èπ √–¥—∫πÈ”μ“≈„π‡≈◊Õ¥∑’Ë Ÿß∑”„Àâ‡°‘¥ intracellular and extracellular dehydra-

tion, ¡’§à“ electrolytes º‘¥ª°μ‘·≈–∑”„Àâ immune function ≈¥≈ß°“√§«∫§ÿ¡√–¥—∫

πÈ”μ“≈„π‡≈◊Õ¥„Àâ¥’™à«¬≈¥ postoperative morbidity ·≈– mortality ‰¥â38,48

 √ÿª

ºŸâªÉ«¬ 5 °≈ÿà¡¢â“ßμâπ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß√à“ß°“¬∑—Èß∑“ß°“¬«‘¿“§ ·≈–∑“ß

 √’√«‘∑¬“„π°“√¥Ÿ·≈ºŸâªÉ«¬∑“ß»—≈¬°√√¡‡À≈à“π’È®–μâÕß§”π÷ß∂÷ß√“¬≈–‡Õ’¬¥¢Õß°“√

‡ª≈’Ë¬π·ª≈ß‰ª„πºŸâªÉ«¬¥—ß°≈à“«‡æ◊ËÕª√–°Õ∫„π°“√‡μ√’¬¡ºŸâªÉ«¬°àÕπºà“μ—¥ ·≈–°“√

«“ß·ºπ°“√√—°…“∑’Ë‡À¡“– ¡ ‡æ◊ËÕ„Àâ‰¥âº≈°“√√—°…“∑’Ë¥’·≈–‡ªìπª√–‚¬™πå Ÿß ÿ¥μàÕºŸâªÉ«¬
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