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π—π∑æ√ ‡μ‘¡æ√‡≈‘»

 “¢“‚¿™π»“ μ√å·≈–™’«‡§¡’∑“ß°“√·æ∑¬å
§≥–·æ∑¬»“ μ√å ‚√ßæ¬“∫“≈√“¡“∏‘∫¥’

°√≥’»÷°…“®“°‚√ßæ¬“∫“≈√“¡“∏‘∫¥’
√“¬ß“πª√–«—μ‘ºŸâªÉ«¬

ºŸâªÉ«¬™“¬‰∑¬ π—°‡√’¬πÕ“™’«»÷°…“ Õ“¬ÿ 18 ªï
¿Ÿ¡‘≈”‡π“®—ßÀ«—¥ª∑ÿ¡∏“π’

‡¢â“√—∫°“√√—°…“‡ªìπºŸâªÉ«¬„π‚√ßæ¬“∫“≈√“¡“∏‘∫¥’
«—π∑’Ë 2 ¡’π“§¡ æ.». 2560 ¥â«¬‡√◊ËÕß√–¥—∫°“√√Ÿâ ÷°μ—«
≈¥≈ß·≈–¡’ÀπÕß‰À≈®“°·º≈ºà“μ—¥‡¥‘¡∑’ËÀπâ“∑âÕß‡ªìπ
‡«≈“ 1  —ª¥“Àå°àÕπ¡“ √æ.

¢≥–Õ“¬ÿ 10 ‡¥◊Õπ ºŸâªÉ«¬‰¥â√—∫°“√«‘π‘®©—¬‡ªìπ
Hirschsprungûs disease ‰¥â√—∫°“√√—°…“¥â«¬°“√ºà“μ—¥
Duhamel operation

12 ªï°àÕπ¡“ √æ. (Õ“¬ÿ 6 ªï) ‰¥â√—∫°“√«‘π‘®©—¬«à“¡’
¿“«–≈”‰ â„À≠àÕÿ¥μ—π·≈–·μ° ‰¥â√—∫°“√√—°…“¥â«¬°“√
ºà“μ—¥ repaired sigmoid colon with loop ileostomy

11 ªï°àÕπ¡“ √æ. (Õ“¬ÿ 7 ªï) ºŸâªÉ«¬‡¢â“√—∫°“√ºà“μ—¥
drop ileostomy ·μà‡π◊ËÕß®“°¡’ªí≠À“‡√◊ËÕß≈”‰ â„À≠à
Õ—°‡ ∫√ÿπ·√ß‡ªìπ Ê À“¬ Ê ·æ∑¬å®÷ßæ‘®“√≥“∑” near
total colectomy with ileocolic anastomosis „π
°“√ºà“μ—¥√Õ∫‡¥’¬«°—π À≈—ß®“°π—ÈπºŸâªÉ«¬‰¡à‰¥â¡“
μ‘¥μ“¡°“√√—°…“‡π◊ËÕß®“°¬â“¬∑’ËÕ¬Ÿà ¡“√¥“„Àâª√–«—μ‘«à“
ºŸâªÉ«¬‡®√‘≠‡μ‘∫‚μμ“¡‡°≥±åª°μ‘ πÈ”Àπ—°ª°μ‘ 55

°‘‚≈°√—¡  à«π Ÿß 170 ‡´πμ‘‡¡μ√ °‘πÕ“À“√∑“ßª“°‰¥â¥’
‡√’¬πÀπ—ß ◊Õ·≈–‡≈àπøÿμ∫Õ≈‰¥âμ“¡ª°μ‘

1 ‡¥◊Õπ°àÕπ¡“ √æ. ¡’Õ“°“√ª«¥∑âÕß∑—Ë«Ê ∑âÕßÕ◊¥
‡ªìπÊÀ“¬Ê ‡∫◊ËÕÕ“À“√ °‘πÕ“À“√‰¥âª√–¡“≥√âÕ¬≈– 20
¢Õßª√‘¡“≥∑’Ë‡§¬°‘π‰¥â πÈ”Àπ—°≈¥ 10 °‘‚≈°√—¡ ‰¡à§≈◊Ëπ‰ â
‰¡àÕ“‡®’¬π ∂à“¬Õÿ®®“√–‡À≈«‡ªìπ°“° ’‡À≈◊Õß«—π≈– 1 §√—Èß
‰¡à¡’∂à“¬Õÿ®®“√–‡ªìπ¡—π ‰ª√—°…“∑’Ë§≈‘π‘°„°≈â∫â“π‰¥â¬“
·°âª«¥·≈–¬“·°â∑âÕßÕ◊¥¡“°‘π Õ“°“√ª«¥∑âÕß·≈–
∑âÕßÕ◊¥¥’¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬

1  —ª¥“Àå°àÕπ¡“ √æ. ¡’‰¢â Ÿß ´÷¡≈ß ¡’ÀπÕß°≈‘Ëπ
‡À¡Áπ‰À≈®“°∫√‘‡«≥·º≈ºà“μ—¥‡¥‘¡∑’ËÀπâ“∑âÕßª√–¡“≥
1 ·°â«πÈ” ¡“√¥“®÷ßπ” àß √æ.„°≈â∫â“π ºŸâªÉ«¬‰¥â√—∫°“√
«‘π‘®©—¬‡ªìπ çsepsis with surgical wound disruptioné
·æ∑¬å®÷ßæ‘®“√≥“√—∫μ—«‰«â√—°…“„π√æ. ‚¥¬„Àâ¬“
ªØ‘™’«π–©’¥‡¢â“‡ âπ‡≈◊Õ¥¥” meropenem 1 °√—¡ ∑ÿ° 8
™—Ë«‚¡ß „Àâ 5%D/NSS IV drip 100 ¡≈./™¡. ß¥πÈ”·≈–
Õ“À“√ À≈—ß‰¥â√—∫°“√√—°…“ 1 «—π ºŸâªÉ«¬√Ÿâ ÷°μ—«¥’ æŸ¥§ÿ¬
√Ÿâ‡√◊ËÕßª°μ‘ ‰¢â≈¥≈ß ·μà¬—ß¡’ÀπÕß ’πÈ”μ“≈°≈‘Ëπ‡À¡Áπ
‰À≈ÕÕ°®“°·º≈ª√–¡“≥ 50 ¡‘≈≈‘≈‘μ√μàÕ«—π ®÷ß∂Ÿ° àß
μ—«¡“∑’Ë √æ. √“¡“∏‘∫¥’‡æ◊ËÕ√—°…“μàÕ
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º≈°“√μ√«®√à“ß°“¬·√°√—∫
BT 37oC, PR 100/min, RR 22/min, BP 120/60

mmHg, room air SpO2 96%
Height 170 cm., Weight 44 kg., BMI 15.2 kg/m2

General appearance: a young man, looked
fatigue, good consciousness, mildly pale, no
jaundice, generalized muscle wasting, loss of
subcutaneous fat

HEENT: normal hair and eyebrow distribution,
hair pulling test - negative, loss of tongue papillae,
no angular stomatitis

CVS: tachycardia with regular rhythm,
normal S1S2, no murmur

Respiratory system: mild tachypnea, lungs -
clear, no adventitious sounds

Abdomen: disrupted midline surgical scar
with foul-smell yellowish discharge, hypoactive
bowel sound, mild distension and generalized
tenderness, no rebound tenderness

Extremities: bilateral pitting edema 1+,
totally white nails

Skin: generalized tiny whitish scaly skin, no
periorificial lesion

Lymph nodes: all superficial lymph node canût
be palpated

Neurological signs: no nystagmus, normal
motor tone, muscle power - at least grade 3 all
extremities, normal sensation, all DTR 1+

º≈μ√«®∑“ßÀâÕßªØ‘∫—μ‘°“√‡∫◊ÈÕßμâπ

- CBC: Hb 9.3 g/dL, Hct 28.4%, WBC 2,900
cells/mm3, neutrophil 50%, lymphocyte 37%, mono-
cyte 8%, Eosinophil 1%, Platelets 161,000/mm3,
MCV 81 fL, RDW 16%

- Blood glucose 90 mg/dL
- BUN 15 mg/dL, Cr 0.28 mg/dL
- Na 136, K 4.08, Cl 109, CO2 22 mmol/L
- Corrected Ca 8.8, PO

4
 2.1 (§à“ª°μ‘ 2.3-4.7),

Mg 1.7 (§à“ª°μ‘ 1.6-2.6) mg/dL
- LFT: AST 40 U/L (§à“ª°μ‘ 5-34), ALT 46 U/L

(§à“ª°μ‘ 0-55), ALP 78 U/L (§à“ª°μ‘ 40-150), TP 42
g/L (§à“ª°μ‘ 64-83), albumin 8.0 g/L (§à“ª°μ‘ 35-
50), TB 0.4 mg/dL (§à“ª°μ‘ 0.2-1.2), DB 0.2 mg/dL
(§à“ª°μ‘ 0-0.5)

- Thyroid function test ª°μ‘
- Urinalysis ª°μ‘
- Stool exam: no WBC, no RBC, no fat

globule, no parasite
- Hemoculture x 2 specimens: no growth
- Pus culture: Escherichia coli
- Pus for AFB stain: negative
- CT whole abdomen with contrast: a large

rim enhancing intra-abdominal fluid collection at
mid to lower abdomen with connecting tract to
skin, diffused small bowel wall thickening, small
amount of ascites and moderate amount of
bilateral pleural effusion. Acute DVT along left
common and bilateral external iliac veins and
bilateral CFVs was suspected.

- Fistulogram: no demonstrable contrast
filling into the bowel loops.

 √ÿª°“√«‘π‘®©—¬

1. Severe sepsis with disrupted intra-
abdominal abscess

2. Severe malnutrition
3. Acute bilateral external iliac veins throm-

bosis

°“√√—°…“À≈—ß√—∫‰«â„π‚√ßæ¬“∫“≈

ºŸâªÉ«¬√“¬π’È‰¥â√—∫°“√√—°…“‡√◊ËÕß sepsis with
disrupted intraabdominal abscess ¥â«¬°“√∑” emer-
gency drainage ·≈–‰¥â√—∫¬“ªØ‘™’«π– ceftriaxone
©’¥‡¢â“‡ âπ‡≈◊Õ¥¥”¢π“¥ 2 °√—¡ ∑ÿ° 24 ™—Ë«‚¡ß ‡ªìπ‡«≈“
14 «—π

ªí≠À“ bilateral external iliac veins thrombosis
Õ“¬ÿ√·æ∑¬å‚√§‡≈◊Õ¥‰¥â∑”°“√μ√«®‡æ‘Ë¡‡μ‘¡ ‰¡àæ∫¿“«–
hypercoagulable state ®÷ß„Àâ§«“¡‡ÀÁπ§‘¥«à“ “‡Àμÿ
¢Õß¿“«–≈‘Ë¡‡≈◊Õ¥Õÿ¥μ—ππà“®–‡°‘¥®“°°“√Õ—°‡ ∫∫√‘‡«≥
√Õ∫‡ âπ‡≈◊Õ¥®“°°“√∑’Ë¡’ intraabdominal abscess
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¢π“¥„À≠à °√–μÿâπ„Àâ‡°‘¥ thrombosis
‡√◊ËÕß severe malnutrition ·æ∑¬å‡®â“¢Õß‰¢â„Àâ

‚¿™π∫”∫—¥¥â«¬ Parenteral Nutrition (PN: Nutriflex
VR®) ºà“π∑“ß central line μ—Èß·μà«—π·√° æ≈—ßß“π∑’Ë‰¥â
‡∑à“°—∫ 33.5 kcal/kg/day (28.4 mL/kg/day) ‰¡à‰¥â„Àâ
‡ √‘¡«‘μ“¡‘π∫’ 1 (thiamin) À√◊Õ«‘μ“¡‘πÕ◊ËπÊ ·≈–ºŸâªÉ«¬
‰¡à‰¥â√—∫°“√·°â‰¢¿“«– hypophosphatemia (PO4 2.1
mg/dL) º≈μ√«®μ‘¥μ“¡√–¥—∫‡°≈◊Õ·√à„π‡≈◊Õ¥«—π∂—¥¡“
æ∫«à“¿“«– hypophosphatemia ·¬à≈ß®“° 2.1 ‡ªìπ 1.5
mg/dL ‡°‘¥ hypokalemia (®“° 4.0 ‡ªìπ 3.4 mmol/L)
·≈– hypomagnesemia (®“° 1.7 ‡ªìπ 1.5 mg/dL)
·æ∑¬å‡®â“¢Õß‰¢â®÷ßª√÷°…“∑’¡‚¿™π∫”∫—¥‡æ◊ËÕ√à«¡¥Ÿ·≈
ºŸâªÉ«¬

°“√Õ¿‘ª√“¬‡°’Ë¬«°—∫ªí≠À“¥â“π‚¿™π“°“√

∑’¡‚¿™π∫”∫—¥∑’Ë‡¢â“√à«¡¥Ÿ·≈ºŸâªÉ«¬„Àâ°“√«‘π‘®©—¬«à“
ºŸâªÉ«¬¡’¿“«–∑ÿæ‚¿™π“°“√√–¥—∫√ÿπ·√ß (severe mal-
nutrition) ®“°·∫∫ª√–‡¡‘π Nutrition Alert Form 1
(NAF) √à«¡°—∫¡’¿“«– refeeding syndrome ‡π◊ËÕß®“°
¿“«– hypophosphatemia ∑’Ë·¬à≈ß √à«¡°—∫°“√‡°‘¥¿“«–
hypokalemia ·≈– hypomagnesemia À≈—ßºŸâªÉ«¬
‡√‘Ë¡‰¥â√—∫‚¿™π∫”∫—¥¿“¬„π 72 ™—Ë«‚¡ß ‚¥¬‰¡à¡’ “‡Àμÿ
®“°Õ¬à“ßÕ◊Ëπ2 πÕ°®“°π’È º≈μ√«®ÀâÕßªØ‘∫—μ‘°“√æ∫§«“¡
º‘¥ª°μ‘¢Õß‡¡Á¥‡≈◊Õ¥ °≈à“«§◊Õ ¡’¿“«– bicytopenia ®“°
normocytic anemia ·≈– leukopenia ‚¥¬§”π«≥
absolute neutrophil count (ANC) ‰¥â 1,450 ‡´≈≈å/
¡¡.3 ´÷Ëß‡¢â“‰¥â°—∫ neutropenia ∑”„Àâπ÷°∂÷ß«à“ºŸâªÉ«¬Õ“®
¡’¿“«– copper deficiency √à«¡¥â«¬ ·μà‡π◊ËÕß®“°
ºŸâªÉ«¬∑’Ë¡’¿“«– severe malnutrition ·≈– ß —¬¡’¿“«–
micronutrient deficiencies π—ÈπÕ“®‡°‘¥‡ªìπ≈—°…≥–¢Õß
multiple micronutrient deficiency ‰¥â ®÷ß àßμ√«®
∑“ßÀâÕßªØ‘∫—μ‘°“√‡æ‘Ë¡‡μ‘¡¥—ßπ’È

- serum copper ‰¥â‡∑à“°—∫ 41 mcg/dL
(§à“ª°μ‘ 70-140 mcg/dL), serum ceruloplasmin ‰¥â
πâÕ¬°«à“ 11 mg/dL (§à“ª°μ‘ 18-45 mg/dL)

- plasma zinc ‰¥â 54 mcg/dL (§à“ª°μ‘ 70-
120 mcg/dL)

- serum ferritin ‰¥â 351.7 ng/mL, serum
iron ‰¥â 27 mcg/dL (§à“ª°μ‘ 35-150 mcg/dL) TIBC
‰¥â 55 mcg/dL (§à“ª°μ‘ 250-450 mcg/dL)

- serum cobalamin ‰¥â 1,380 pg/mL
- red blood cell folate ‰¥â 243 ng/mL

(§à“ª°μ‘ 141-1,018 ng/mL)
- serum retinol ‰¥â 0.3 mg/L (0.3-0.6 mg/L)
- serum vitamin E ‰¥â 17.4 mg/L (§à“ª°μ‘

6-10 mg/L)
- serum 25(OH)D level ‰¥â 6.7 ng/mL

®“°º≈°“√μ√«®‡æ‘Ë¡‡μ‘¡∑”„Àâ«‘π‘®©—¬‰¥â™—¥‡®π«à“
ºŸâªÉ«¬¡’¿“«– copper deficiency ‡π◊ËÕß®“°¡’§«“¡
‡ ’Ë¬ß®“°°“√°‘πÕ“À“√‰¥âπâÕ¬¡“°‡ªìπ‡«≈“π“π μ√«®
æ∫¿“«– anemia, neutropenia, serum copper μË”
·≈– serum ceruloplasmin μË” √à«¡°—∫¡’¿“«– vitamin
D deficiency ‡π◊ËÕß®“° 25(OH)D level πâÕ¬°«à“ 20
ng/mL  à«π√–¥—∫ plasma zinc ¢ÕßºŸâªÉ«¬√“¬π’È∑’ËμË”
°«à“ª°μ‘π—Èπ‰¡à “¡“√∂ √ÿª‰¥â«à“ºŸâªÉ«¬¡’¿“«– zinc defi-
ciency ‡π◊ËÕß®“°Õ“°“√¢Õß zinc deficiency ¬—ß‰¡à™—¥‡®π
‚¥¬√–¥—∫ plasma zinc, TIBC ·≈– retinol binding
protein Õ“®μË”≈ß „π¢≥–∑’Ë§à“ ferritin  Õ“® Ÿß¢÷Èπ„π
ºŸâªÉ«¬∑’Ë¡’¿“«– inflammation ®“° acute phase
protein reaction3 ·μàª√–‚¬™πå®“°°“√μ√«®√–¥—∫
plasma zinc „πºŸâªÉ«¬√“¬π’È§◊Õ “¡“√∂μ—¥ “‡Àμÿ¢Õß
copper deficiency ®“° zinc toxicity ‰¥â

À≈—ß®“°∑’¡‚¿™π∫”∫—¥‡¢â“√à«¡ª√–‡¡‘πºŸâªÉ«¬®÷ß
∑”°“√·°â‰¢¿“«–‡°≈◊Õ·√à¥—ß°≈à“«„ÀâÕ¬Ÿà„π‡°≥±åª°μ‘
‚¥¬‡≈◊Õ°·°â‰¢∑“ßÀ≈Õ¥‡≈◊Õ¥¥”‡π◊ËÕß®“°ºŸâªÉ«¬√“¬π’È¡’
‚Õ°“ ‡ ’Ë¬ßμàÕ°“√∂à“¬‡À≈« ´÷ËßÕ“®∑”„Àâ§à“‡°≈◊Õ·√à
¥—ß°≈à“«μË”°«à“‡¥‘¡‰¥â πÕ°®“°π’È‰¥âª√—∫«‘∏’°“√„Àâ‚¿™π
∫”∫—¥®“° PN ‡ªìπ Enteral Nutrition (EN) ‡π◊ËÕß®“°
ºŸâªÉ«¬√“¬π’È‰¡à¡’¢âÕÀâ“¡¢Õß°“√„Àâ EN ®÷ßæ‘®“√≥“„Àâ‡ªìπ
panenteral® (1:1) ‡π◊ËÕß®“°‡ªìπ Ÿμ√∑’Ë‰¡à¡’„¬Õ“À“√·≈–
¡’ à«πª√–°Õ∫¢Õß Medium Chain Triglyceride
(MCT) ´÷Ëß “¡“√∂¥Ÿ¥´÷¡∑“ß≈”‰ â·≈–∂Ÿ°π”‰ª‡ªìπ
æ≈—ß“π„Àâ·°à√à“ß°“¬‰¥âßà“¬ ‚¥¬‡√‘Ë¡„Àâ∑’Ë 300 ¡≈. ®”π«π
4 ¡◊ÈÕ/«—π √à«¡°—∫°“√‡ √‘¡«‘μ“¡‘π·≈–·√à∏“μÿ∑“ßÀ≈Õ¥
‡≈◊Õ¥¥”¥—ßπ’È thiamin 100 ¡°./«—π, Addamel-N® 20
¡≈./«—π (´÷Ëß®–‰¥â copper 2.6 ¡°./«—π, zinc 13 ¡°./«—π)
√à«¡°—∫„ÀâºŸâªÉ«¬°‘π vitamin B1-6-12 2 ‡¡Á¥/«—π, multi-
vitamin 1 ‡¡Á¥/«—π vitamin C (100 ¡°.) 2 ‡¡Á¥ «—π≈–
4 §√—Èß ·≈– vitamin D2 (20,000 ¬Ÿπ‘μ) 3 ‡¡Á¥/ —ª¥“Àå
√–À«à“ßπ’È‰¥â¡’°“√ª√—∫Õ“À“√‡ªìπ regular diet √à«¡°—∫
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Oral Nutritional Supplement (ONS)  Ÿμ√¡“μ√∞“π
÷́ËßºŸâªÉ«¬‰¥âæ≈—ßß“π√«¡ª√–¡“≥«—π≈– 2,100 °‘‚≈·§≈Õ√’

‚¥¬‡ªìπ‚ª√μ’πª√–¡“≥«—π≈– 80 °√—¡ μ‘¥μ“¡Õ“°“√
ºŸâªÉ«¬æ∫«à“ºŸâªÉ«¬æŸ¥§ÿ¬‰¥âª°μ‘ ¡’·√ß≈ÿ°π—Ëß‡Õß‰¥â‚¥¬
‰¡àμâÕßæ‘ß ‰¡à¡’Õ“°“√º‘¥ª°μ‘¢Õß√–∫∫∑“ß‡¥‘πÕ“À“√
ª√‘¡“≥ discharge ∑’ËÕÕ°®“°·º≈≈¥≈ß μ√«®μ‘¥μ“¡
√–¥—∫‡°≈◊Õ·√à PO4, K ·≈– Mg „π‡≈◊Õ¥‡ªìπ‰¡àæ∫§«“¡
º‘¥ª°μ‘ À≈—ß®“°‰¥â Addamel-N® 20 ¡≈./«—π §√∫ 1
 —ª¥“Àå μ√«®μ‘¥μ“¡æ∫«à“ Hb ‡∑à“‡¥‘¡ (ª√–¡“≥ 9 °√—¡/
¥≈.), WBC ‡æ‘Ë¡¢÷Èπ ®“° 2,900 ‡ªìπ 8,000 ‡´≈≈å/¡¡.3

ANC ‡æ‘Ë¡¢÷Èπ‡ªìπ 5,440 cell/mm3, platelet ®“° 161,000
‡æ‘Ë¡¢÷Èπ‡ªìπ 404,000/mm3 μ√«®√–¥—∫ serum copper
æ∫«à“‡æ‘Ë¡®“° 41 ‡ªìπ 51 ¡§°./¥≈., serum cerulo-
plasmin ‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬®“° 11 ‡ªìπ 12.1 ¡°./¥≈.
´÷Ëß¬—ß§ßμË”°«à“§à“ª°μ‘ ®÷ß„ÀâºŸâªÉ«¬°‘π Rama trace
element solution «—π≈– 60 mL (®–‰¥â copper 10.8
¡°./«—π ·≈– zinc 78 ¡°./«—π) Õ’° 1  —ª¥“Àå À≈—ß®“°
π—Èπ‰¥âμ√«®‡≈◊Õ¥μ‘¥μ“¡æ∫«à“ CBC, serum copper,
serum ceruloplasmin ·≈– plasma zinc Õ¬Ÿà„π
‡°≥±åª°μ‘∑—ÈßÀ¡¥ Õ“°“√∑—Ë«‰ª¥’¢÷Èπ ‰¡à¡’‰¢â °‘πÕ“À“√
‰¥âμ“¡‡¥‘¡ ¢“ Õß¢â“ß¬ÿ∫∫«¡ ·º≈∑’ËÀπâ“∑âÕß¢π“¥‡≈Á°
≈ß®π‡°◊Õ∫ªî¥ ‰¡à¡’ discharge ´÷¡ ∑âÕß‰¡àÕ◊¥ ∂à“¬
Õÿ®®“√–ª°μ‘«—π≈– 1 §√—Èß πÈ”Àπ—°‡æ‘Ë¡®“° 44 ‡ªìπ 47
°‘‚≈°√—¡„π√–¬–‡«≈“ª√–¡“≥ 3  —ª¥“ÀåÀ≈—ß®“°‰¥â√—∫
‚¿™π∫”∫—¥∑’Ë‡À¡“– ¡ ·≈– ÿ¥∑â“¬ºŸâªÉ«¬ “¡“√∂≈ÿ°‡¥‘π
°≈—∫∫â“π‰¥â‡Õß

∑∫∑«π«√√≥°√√¡‡√◊ËÕß¿“«–¢“¥·√à∏“μÿ∑Õß·¥ß
(Copper Deficiency)

·√à∏“μÿ∑Õß·¥ß (copper) ‡ªìπ “√Õ“À“√∑’Ë®”‡ªìπμàÕ
√à“ß°“¬ ª√‘¡“≥·√à∏“μÿ∑Õß·¥ß∑’Ë√à“ß°“¬§«√‰¥â√—∫„π
·μà≈–«—π¢÷Èπ°—∫™à«ßÕ“¬ÿ ¥—ßμ“√“ß∑’Ë 1 ·¡â«à“√à“ß°“¬
μâÕß°“√„™â·√à∏“μÿ¥—ß°≈à“«„πª√‘¡“≥‡æ’¬ß‡≈Á°πâÕ¬μàÕ«—π
·μà¢“¥‰¡à‰¥â ‡π◊ËÕß®“° copper ‡ªìπ cofactor ∑’Ë ”§—≠
¢Õß‡Õπ‰´¡å„π√à“ß°“¬À≈“¬™π‘¥ (μ“√“ß∑’Ë 2) ·≈–
¡’ copper-binding protein ∑’Ë‡°’Ë¬«¢âÕß„π copper
trafficking (μ“√“ß∑’Ë 3)

·À≈àßÕ“À“√

·À≈àßÕ“À“√∑’Ë¡’·√à∏“μÿ∑Õß·¥ß Ÿß ‰¥â·°à ÀÕ¬π“ß√¡

μ“√“ß∑’Ë 1 ª√‘¡“≥·√à∏“μÿ∑Õß·¥ß∑’Ë√à“ß°“¬§«√‰¥â√—∫„π·μà≈–
«—πμ“¡™à«ßÕ“¬ÿ

ª√‘¡“≥∑Õß·¥ß
Õ“¬ÿ ∑’Ë√à“ß°“¬§«√‰¥â√—∫

(‰¡‚§√°√—¡/«—π)4

0-5 ‡¥◊Õπ ‡∑à“ª√‘¡“≥∑’Ë‰¥â√—∫
®“°πÈ”π¡·¡à

6-11 ‡¥◊Õπ 220
1-3 ªï 340
4-8 ªï 440
9-12 ªï 700
13-18 ªï 890
≥ 19 ªï 900
À≠‘ßμ—Èß§√√¿å +100
À≠‘ß„Àâπ¡∫ÿμ√ 0-11 ‡¥◊Õπ +400

º≈‘μ¿—≥±å®“°‚°‚°â μ—∫«—« μ—∫À¡Ÿ ‡¡≈Á¥ß“ ∂—Ë« √”¢â“« °“·ø
‡ªìπμâπ7 copper ®“°Õ“À“√∂Ÿ°¥Ÿ¥´÷¡‡¢â“√à“ß°“¬∫√‘‡«≥
°√–‡æ“–Õ“À“√·≈–≈”‰ â‡≈Á° à«πμâπ (duodenum)8

√à“ß°“¬¡πÿ…¬å¡’°≈‰°√—°…“ ¡¥ÿ≈ (homeostasis) ¢Õß
copper ‚¥¬∑—Ë«‰ª√à“ß°“¬¥Ÿ¥´÷¡ copper ®“°Õ“À“√‰¥â
√âÕ¬≈– 10 Õ—μ√“°“√¥Ÿ¥´÷¡®–¥’¢÷Èπ ∂â“Õ“À“√∑’Ë°‘π¡’ª√‘¡“≥
copper πâÕ¬ ´÷Ëß‡ªìπ°≈‰°°“√ª√—∫μ—«¢Õß√à“ß°“¬‡æ◊ËÕ
≈¥‚Õ°“ ‡°‘¥ copper deficiency À“°°‘πÕ“À“√∑’Ë¡’
ª√‘¡“≥ copper  Ÿß √à“ß°“¬®–ª√—∫μ—«¥â«¬°“√¥Ÿ¥´÷¡·√à
∏“μÿ copper πâÕ¬≈ß‡π◊ËÕß®“° metallothionein ∑’Ë‡æ‘Ë¡
¢÷Èπ∫√‘‡«≥ enterocytes ®–®—∫°—∫ copper ®“°Õ“À“√
√à«¡°—∫¡’°“√¢—∫ copper ºà“π∑“ßπÈ”¥’ÕÕ°‰ª°—∫Õÿ®®“√–
¡“°¢÷Èπ‡æ◊ËÕªÑÕß°—π°“√‡°‘¥ copper toxicity9

 “‡Àμÿ¢Õß copper deficiency

 “‡Àμÿ¢Õß°“√‡°‘¥ copper deficiency10,11 ¡’¥—ßμàÕ
‰ªπ’È

(1) ‚√§∑“ßæ—π∏ÿ°√√¡ ‡™àπ Menkeûs disease ´÷Ëß
‡ªìπ‚√§∑’Ë‡°‘¥®“°°“√ mutation ¢Õß ATP7A gene
∑”„Àâ¡’§«“¡º‘¥ª°μ‘¢Õß Cu-ATPase ATP7A ¥—ßπ—Èπ
copper ®“°Õ“À“√∑’Ë∂Ÿ°¥Ÿ¥´÷¡‡¢â“ Ÿà‡´≈≈å‡¬◊ËÕ∫ÿ≈”‰ â®–
transport ‡¢â“°√–· ‡≈◊Õ¥‰¡à‰¥â
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μ“√“ß∑’Ë 2  √ÿª copper-dependent enzymes (cuproenzymes)5

Enzymes Functions

Amine oxidases Oxidative deamination
Cytochrome C oxidase (CCO) Electron transport
Copper-dependent ferroxidases Iron oxidation

- Zyklopten Placental iron efflux
- Hephaestin Intestinal iron transport
- Ceruloplasmin (Cp) Iron release from storage site

Intracellular superoxide dismutase (SOD-1) Superoxide removal
Extracellular superoxide dismutase (SOD-3) Superoxide removal
Tyrosinase Melanin synthesis
Dopamine β-monooxygenase Norepinephrine synthesis
Lysyl oxidase Protein cross-linking
Peptidylglycine α-amidating monooxygenase (PAM) Peptide activation

μ“√“ß∑’Ë 3  √ÿª copper-binding proteins6

Proteins Copper-dependent functions

Metallothionein I and II Intracellular copper storage proteins
[also binds zinc & cadmium]
Albumin Plasma copper transport from intestine to liver
α2-macroglobulin Plasma copper transport from intestine to liver
Copper transporter 1 (Ctr1) - Copper import protein

- Mediates copper uptake in tissues
Copper transporter 2 (Ctr2) Plasma membrane uptake & vesicular copper transport
Amyloid precursor protein (APP) Copper transport to brain
Antioxidant protein 1 (ATOX1) - Chaperone for ATP7A & ATP7B

- Transcription factor
Copper-transporting ATPase 1 (ATP7A) - Transports copper into trans-Golgi network and out of cells

- Menkes disease gene
Copper-transporting ATPase 2 (ATP7B) - Transports copper into trans-Golgi network

- Biliary copper excretion Wilsonûs disease gene
Copper metabolism domain containing 1 Biliary excretion, SOD1 assembly
(COMMD1)
Copper chaperone for superoxide dismutase (CCS) SOD-1 chaperone in cytosol, HIF-1α activation
COX11 cytochrome C oxidase copper chaperone Mitochondrial chaperone for CCO
(COX11)
COX17 cytochrome C oxidase copper chaperone Copper delivery from cytosol to mitochondrial intermembrane
(COX17) space
SCO1 & SCO2 cytochrome C oxidase assembly Mitochondrial copper chaperone
protein (SCO1 & SCO2)
X-linked inhibitor of apoptosis (XIAP) Ubiquitination of COMMD1 and CCS
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(2) ‰¥â√—∫ copper ®“°Õ“À“√‰¡à‡æ’¬ßæÕ ‡™àπ
ºŸâªÉ«¬∑’Ë¡’¿“«–∑ÿæ‚¿™π“°“√ ºŸâªÉ«¬∑’Ë‰¥â√—∫Õ“À“√∑“ß
 “¬¬“ß„ÀâÕ“À“√À√◊Õ∑“ßÀ≈Õ¥‡≈◊Õ¥¥”∑’Ë·√à∏“μÿ∑Õß·¥ß
‰¡à‡æ’¬ßæÕ

(3) ¡’§«“¡μâÕß°“√„™â·√à∏“μÿ∑Õß·¥ß¡“°¢÷Èπ ‡™àπ
∑“√°§≈Õ¥°àÕπ°”Àπ¥ À≠‘ß¡’§√√¿å À≠‘ß„Àâπ¡∫ÿμ√
‡ªìπμâπ

(4)  Ÿ≠‡ ’¬∑“ß≈”‰ âÀ√◊Õ≈”‰ â¥Ÿ¥´÷¡‰¡à‡æ’¬ßæÕ
‰¥â·°à ºŸâªÉ«¬∑’Ë¡’ªí≠À“ malabsorption syndrome
ºà“μ—¥≈¥πÈ”Àπ—° ·≈–ºŸâªÉ«¬∑’Ë‡§¬‰¥â√—∫°“√ºà“μ—¥
°√–‡æ“–Õ“À“√À√◊Õ≈”‰ â‡≈Á° à«πμâπ

(5)  —¡æ—π∏å°—∫°“√„™â¬“∫“ß™π‘¥ ‡™àπ ºŸâªÉ«¬∑’Ë‰¥â
√—∫‡ √‘¡∏“μÿ‡À≈Á°À√◊Õ —ß°– ’ ‡°‘π§«“¡®”‡ªìπ

Õ“°“√∑“ß§≈‘π‘°¢Õß¿“«– Copper deficiency

ºŸâªÉ«¬∑’Ë¡’ copper deficiency ¡—°æ∫§«“¡º‘¥
ª°μ‘¢Õß√–∫∫‚√§‡≈◊Õ¥√à«¡°—∫Õ“°“√º‘¥ª°μ‘∑“ß√–∫∫
ª√– “∑§≈â“¬ºŸâªÉ«¬∑’Ë¢“¥«‘μ“¡‘π∫’ 12 (cobalamin
deficiency)

√–∫∫‚√§‡≈◊Õ¥

¿“«– copper deficiency  àßº≈„Àâ°“√∑”ß“π¢Õß
‡Õπ‰´¡å copper-dependent ferroxidase ≈¥≈ß ·≈–
√∫°«π°“√ √â“ß‡´≈≈å‡¡Á¥‡≈◊Õ¥ (impaired hemato-
poiesis)5  à«π¡“°¡—°æ∫¿“«–´’¥ ́ ÷Ëß‡ªìπ‰¥â∑—Èß·∫∫∑’Ë‡¡Á¥
‡≈◊Õ¥·¥ß¢π“¥‡≈Á°°«à“ª°μ‘ (microcytic anemia), ª°μ‘
(normocytic anemia) À√◊Õ¢π“¥„À≠à°«à“ª°μ‘ (macro-
cytic anemia)12,13 √à«¡°—∫‡¡Á¥‡≈◊Õ¥¢“«™π‘¥ neutrophil
μË” (neutropenia) ¡’°“√»÷°…“æ∫«à“√âÕ¬≈– 52.5 ¢Õß
ºŸâªÉ«¬ copper deficiency ¡’¿“«–´’¥√à«¡°—∫‡¡Á¥
‡≈◊Õ¥¢“«μË”, √âÕ¬≈– 30 ¡’¿“«–´’¥‡æ’¬ßÕ¬à“ß‡¥’¬«,
√âÕ¬≈– 10 ¡’∑—Èß¿“«–´’¥ ‡¡Á¥‡≈◊Õ¥¢“«μË”·≈–‡°≈Á¥‡≈◊Õ¥
μË” (pancytopenia) ·≈–æ∫«à“¡’¿“«– neutropenia
‡æ’¬ßÕ¬à“ß‡¥’¬«‰¥â√âÕ¬≈– 2.512 ≈—°…≥–∑’Ëμ√«®æ∫„π
‰¢°√–¥Ÿ°¢ÕßºŸâªÉ«¬∑’Ë¡’¿“«– copper deficiency ®–
¡’≈—°…≥–§≈â“¬ºŸâªÉ«¬ myelodysplastic syndrome
(MDS) ´÷Ëßæ∫«à“¡’ dysplastic erythroid precursors
‡™àπ ring sideroblasts, nuclear budding À√◊Õ
multilobulation with large size À“°æ∫«à“¡’ cyto-
plasmic vacuolization „π erythroid ·≈– myeloid
precursors ®–∑”„Àâπ÷°∂÷ß¿“«– copper deficiency

¡“°°«à“ MDS10,14

√–∫∫ª√– “∑

§«“¡º‘¥ª°μ‘∑“ß√–∫∫ª√– “∑„πºŸâªÉ«¬∑’Ë¡’ copper
deficiency æ∫‡ªìπ°≈ÿà¡Õ“°“√¢Õß myelopathy ‰¥â
∫àÕ¬∑’Ë ÿ¥ ·μàÕ“®æ∫‡ªìπ myeloneuropathy À√◊Õ
peripheral neuropathy ‰¥â ´÷ËßºŸâªÉ«¬¡—°¡“¥â«¬Õ“°“√
sensory ataxia ¡’Õ“°“√™“¢Õß¢“ Õß¢â“ß °“√μ√«®
proprioception ·≈– vibration sensation º‘¥ª°μ‘
¿“æ∂à“¬§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ (Magnetic Resonance
Imaging: MRI) ¢Õß‰¢ —πÀ≈—ß æ∫¡’ increased T2
signal ∫√‘‡«≥ paramedian dorsal column ‡À¡◊Õπ
≈—°…≥–∑’Ëæ∫„π subacute-combined degeneration
„πºŸâªÉ«¬∑’Ë¢“¥«‘μ“¡‘π∫’ 1213-15

°“√«‘π‘®©—¬¿“«– copper deficiency

°“√«‘π‘®©—¬ copper deficiency «‘∏’∑’Ëπ‘¬¡·≈–„™â
°—π·æ√àÀ≈“¬„πªí®®ÿ∫—π§◊Õ°“√ àßμ√«®√–¥—∫ plasma
copper ·≈– plasma ceruloplasmin (μ“√“ß∑’Ë 4) ºŸâªÉ«¬
∑’Ë¡’¿“«– copper deficiency ¡—°æ∫«à“¡’√–¥—∫ plasma
copper ·≈– ceruloplasmin μË”≈ß ·μà cytokines
(interleukin-1, interleukin-6) ∑’Ë‡æ‘Ë¡¢÷Èπ®“°¿“«–
inflammation ®–°√–μÿâπ„Àâ√–¥—∫ plasma copper ·≈–
ceruloplasmin  Ÿß¢÷Èπ ‡π◊ËÕß®“°‡ªìπ acute phase
protein  ¥—ßπ—ÈπÀ“°μ√«®æ∫ plasma copper ·≈–
ceruloplasmin Õ¬Ÿà„π√–¥—∫ª°μ‘À√◊Õ Ÿß¢÷Èπ„πºŸâªÉ«¬∑’Ë¡’
°“√Õ—°‡ ∫Õ“®∑”„Àâ°“√«‘π‘®©—¬¿“«– copper deficiency
§≈“¥‡§≈◊ËÕπ‰¥â5,6

μ“√“ß∑’Ë 4 °“√·ª≈º≈√–¥—∫ copper ·≈– ceruloplasmin
„π‡≈◊Õ¥16

Plasma Plasma
°“√·ª≈º≈ Copper Ceruloplasmin

(mcg/dL) (mg/dL)

Mild decrease 60-80 10-20

Moderate decrease 40-60 5-10

Marked decrease < 40 < 5
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μ“√“ß∑’Ë 5 ·π«∑“ß°“√√—°…“¿“«– copper deficiency

Regimens Route Duration Dose of Elemental Copper

Tsugutoshi Aoki16 Oral - 5-10 mg/day
Parenteral - 900-1,500 mcg/day

Neeraj Kumar17 1st week 8 mg/day

Oral 2nd week 6 mg/day
(prefer) 3rd week 4 mg/day

thereafter 2 mg/day
Parenteral Initial 5 days 2 mg/day

American Society for Metabolic and Bariatric Parenteral Initial 6 days 2-4 mg/day
Surgery Clinical Practice Guideline18 (for severe case)

Oral Until level 3-8 mg/d
normalized and

symptoms resolved

°“√√—°…“¿“«– Copper deficiency

¬—ß‰¡à¡’¢âÕ √ÿª∑’Ë·πà™—¥∂÷ß¢π“¥ √Ÿª·∫∫°“√∫√‘À“√¬“
·≈–√–¬–‡«≈“°“√√—°…“ (μ“√“ß∑’Ë 5)  à«π„À≠à·π–π”„Àâ
ª√–‡¡‘π√–¥—∫ plasma copper ‡ªìπ√–¬–À≈—ß®“°‡√‘Ë¡√—°…“

°“√μÕ∫ πÕßμàÕ°“√√—°…“‰¥âº≈¥’μàÕ√–∫∫‡≈◊Õ¥
‡¡Á¥‡≈◊Õ¥∑—ÈßÀ¡¥¡—°ª°μ‘¿“¬„π 1-3 ‡¥◊Õπ ·μà ”À√—∫
√–∫∫ª√– “∑°“√μÕ∫ πÕßμàÕ°“√√—°…“Õ“®‰¡à·πàπÕπ
À√◊ÕÕ“®‰¡à°≈—∫ Ÿà¿“«–ª°μ‘13,17
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