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‰Μ Ὤ ♂

Å ᵦπ ḧ1500 ˙1900
Critical care and the global burden of critical illness in adults.

Adhikari NK, et al. Lancet . 2010;376(9749):1339-1346. 

Å ⁯πψ Ὤ χ♂ ψ60̋

Å ⁯πϜ Ὤ ЄдАϼχ♂ ψ50̋
Mortality related to severe sepsis and septic shock among critically ill patients in Australia

and New Zealand, 2000 -2012.

Kaukonen KM , et al. JAMA. 2014;311:1308-1316. 



Ὤ χ Ⱶ

Åa Ạ30 ḧπ100Ϭ ΠϥPhase 2+Phase3χ ᾆẕ

Å Ὤ / Ὤ ЄдАϼχ ῇϬᵠ ΰθϜχψσΜ

Å̔͂ ᴮ πʺӗᴣπʺӗ σ Ⱶ ΥẐϛϣϦοΜϥ

Sepsis and scientific revolutions. 
Artenstein AW, Higgins TL, Opal SM. Crit Care Med. 2013;41(12):2770 -2772. 



ÅFluid resuscitation etc.

Å▒ ằẚϬ Ϋϥάρχ ψᶎ

Hemodynamic resuscitation

Metabolic resuscitation

Å⇔ ▒ʾךּ χ ᵲ

ÅЬЕЀрЖзϯχṐ

Metabolic resuscitation in sepsis: a necessary step beyond the hemodynamic ?
Leite HP, de Lima LF. J Thorac Dis. 2016 Jul;8(7):E552-7.

ήϣσϥ ῇᵠ χθϛτ

άϦϣτ βϥϯФк˔ЎΥ



Ὤ πχРЌЬрχᾯᶩ

Å Ὤ ḆּיπψὬ РЌЬрC Υ ᴞΰοΜϥ

Å 1/3χ Ὤ ḆּיπРЌЬрB1ὧ ΥΚϥ

Vitamin C in sepsis .
Wilson JX, Wu F. Subcell Biochem. 2012;56:67-83.

Thiamine supplementation in the critically ill.
Manzanares W, Hardy G. Curr Opin Clin Nutr Metab Care. 2011 Nov;14(6):610 -7.



σεРЌЬрC ˁ



РЌЬрC

йЯр1ᾤ
РЌЬрC 20mg

CCйЯр500ml
РЌЬрC 1000mg

ϯЈкж1
РЌЬрC 100mg



РЌЬрC

ÅὫ› ʾὬḚ χӲⱱ

ÅϸГЀжЬрϞЀиЎЋ˔иχ›

ᵗὬ ˢРЌЬрCὧ ˣ
Ѐж˔Ͽрχ ▒ᴟΥ ᵲ
̠ ὬḚʾⱦפֿ Ὤ/
ḩ ʾ Ὤ



Fowler A et al. J Transl Med. 2014; 12: 32.

ᾁRCT
ICUχ24 χ Ὤ ḆּיϬ‰ РЌЬрC Ἢʾ РЌЬрC
ἪʾЀрЕк˔иἪτ ᶤ
Lo-AscA (50 mg/kg/24 h, n = 8), or Hi-AscA (200 mg/kg/24 h, n = 8), or Placebo (5% dextrose/water, n = 8)

Procalcitonin clearanceчSOFA



РЌЬрCχ ⌠ χᴦ

Євϳ▒

ÅРЌЬрC̠Євϳ▒ϒρ ךּ

ÅЄвϳ▒▀ ψ Ӣ

Å‰ (>40g/day) π ⁮ΚϤ
Oxalate Nephropathy After Continuous Infusion of High -Dose Vitamin C as an Adjunct to 
Burn Resuscitation

Michelle Buehner , et al.  J Burn Care Res. 2016 Jul; 37(4): e374²e379.

ÅРЌЬрB1ψРЌЬрC̠Євϳ▒ϒχ Ϭךּ

Å‰ (1.6g/kg/day) πϜ ⌠ σΰ
Reduction of resuscitation fluid volumes in severely burned patients using ascorbic acid 
administration: a randomized, prospective study.

Tanaka H, et al.  Arch Surg. 2000 Mar;135(3):326 -31.



σεРЌЬрB1 ?



Donnino MW, et al.  Crit Care Med. 2016 Feb; 44(2): 360 ²367.

ᾁRCT
Å Ὤ ЄдАϼˢ˴Lactate>3 mmol/L ˣχ88 ϬThiamine ἪρФжЈЩἪ
τ ᶤ

ÅLactate clearance ʺЄдАϼ Ⱳḧʺ♂ τ Ӫ₯σΰ
ÅРЌЬрB1ὧ Ἢχsubgroupᵔ πψLactate clearanceʺ♂ π Ӫ₯ΚϤ



РЌЬрC &ІГкϱЖ

Ặ βϥ ᶤ
Å NF-ѥBχᶨ ᴟχ
Åמ ЂϱЕϸϱрχdown-regulation
ÅὬḚ Ϟ ⇔ χtight junction Ϭ ᴥ

Å SVCT2
Sodium-vitamin C transporter -2
РЌЬрCχ⇔ ϒχ

מ ЂϱЕϸϱрGlucocorticoid



Eastern Virginia Medical School

Å 3 χὣ σ Ὤ ЄдАϼḆּיτРЌЬрCρІГкϱЖϬ
̠ὠ σᵕ
Åӟ‭ICUπи˔Ўрπ Ὤ / Ὤ ЄдАϼτ►

Dr. Marik



Paul Marik, MD, FCCP, FCCM

Å ϯТзϸ
Å Eastern Virginia Medical SchoolχᾦẊṀʾ Ⱶ ᴬễ
Å 400ӟ χ ʾ50ӟ χễᴬ χִי
Å Ⱶ ӽχᶆ ϹϱЖжϱрχ⌠

(SCCMχ Ⱶ ӽχϵЀ˔ʾ Ḇּיχ χϹϱЖжϱрetc)

ºOne of the most distinguished intensivists in the United Statesº
American College of Emergency Physicians

https:// www.acep.org / Content.aspx?id =108778
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PICO

Patients ʿICU Ԛ χ Ὤ / Ὤ ЄдАϼχḆּי

Intervention ʿVitamin C Protocol

(РЌЬрCʺHydrocortisone ʺРЌЬрB1χὊ )

Comparison ʿVitamin C ProtocolϬ ΰσΤμθἪ

Outcome ʿ ῇϬᵠ βϥΤ

ˢPrimary outcome/Secondary outcome ῇ ˣ



ᾆẕДЃϱр

Å ◓ϸиГϬṁτΰθῇϧΰΦḢ╔ᾆẕ

Å ԁ☼ Sentara Norfolk General Hospital
Eastern Virginia Medical School χ╣ⱳӺ ☼

ÅᴞṜχṍḧτ Ὤ / Ὤ ЄдАϼχ πICU Ԛρ
σμθḆּי

ÅBefore-afterᾆẕ

20162015

6Ὦ 12Ὦ 1Ὦ 7Ὦ

ЀрЕк˔иἪ Ⱶ Ἢ

Vitamin C Protocol



Inclusion criteria

Å Ὤ / Ὤ ЄдАϼχ πICU ԚρσμθḆּי

ÅPCT 2ng/mL  (PCT: procalcitonin )

Å Ὤ / Ὤ ЄдАϼψ1992 χACCP/SCCMχ Ṱ

ÅPCT: ☼ πψ Ὤ χІϼз˔ИрϽʾ χЯИЌзрϽχ
θϛτи˔Ўрπὓ

Å Υ χ Ὤ πΚϥᶎΤϣΰήϬ βθϛτ2ng/mL Ϭ
ϸАЕϷТ



Exclusion criteria

Å18⅞ χḆּי

Å

ÅⱵ τ ᾢχΚϥḆּי



Standard ICU Care  ̝ Ἢḧπ ϩϣσΜⱵ ˔

ṍḧπICUχФкЕЀ˔иτ ᴟσΰ

ÅῲӽΌử χ► ̠⇔ửᶘ ᾁ₰/ ὊᵃχὫᴮπdeescalation

ÅMAP>65mmHg Ϭ

⇔ ᵰׁχ

ЛиϯЖйЗзрϬ ԁ ρΰθ ӊ

ΰσΜ ›ʿНЊФйЄрˢ0.04 ӡ/ πᾧ ˣ

Å ῐ τṁξΜθ ῬᾦẊḚ

Åᾢ σ −χ► ˢФйЈДАϼІetcˣ

ÅὊ ֵ ψICU 24Ⱳḧӟ‭τע Υӗ ΰοΜϦωᵫ◐

ÅPermissive hyperglycemia

ÅDVT ˢϵЛϺЂОзр˴ḧὧ Ἃṓӊ ˣ

Åи˔ЎрπχІЕйІ ψσΰ



Vitamin C Protocol 

ᴞṜϬὊ

ÅVitamin C: 1.5g 6Ⱳḧέρ 4 ḧ or ICU Ϙπע

ÅHydrocortisone: 50mg 6 Ⱳḧέρ 7 ḧ or ICU 3˴ע π ᾚoff

ÅThiamine: 200mg 12Ⱳḧέρ 4 ḧ or ICU Ϙπע

ÅРЌЬрC τὬ РЌЬрC χ

˔˔˔˔˔˔˔˔˔˔˔˔˔˔˔˔

ÅЀрЕк˔иἪχṍḧπψРЌЬрC, РЌЬрB1χ ψσΰ

ÅІГкϱЖ► ψ◙ Ӻχ∆ ► βϥ ›ψ50mg 6Ⱳḧέρ



Vitamin C Protocol - πχ ᴣϢϤ-

ϯІЀиРр▒ 500mg  
ד82

ЊиʾЀ˔ГТ בּ 100mg
ד321

ЮЌЩзр ׁבּ
ד92

Vitamin C: 1.5g 6 Ⱳḧέρ ד984

dayHydrocortisone: 50mg 6/ד2362 Ⱳḧέρ ד642

Thiamine: 200mg 12 Ⱳḧέρ ד736



Outcome

Primary outcome

ÅԚ ♂

Secondary outcome

Å ӊ ► ṍḧ

ÅAKIτ βϥRRT

ÅICU ∕ṍḧ

Å Ԛῇ72ⱲḧProcalcitonin ρSOFAІЀϯχ

PCT clearance ρππ



Data analysis

Å Ἢχ ᶓτψѱ2ᾁ /Fisher ᾁ ρStudent t ᾁ Ϭ►

Å ṛ χ ›ψMann-WhitneyχUᾁ

Åp 0.05Ϭ ὓᶘ Ӫ

Å ΰθ♂ χ ԍ◓ϬὨ βϥθϛτLogistic discriminant 
analysisϬ☼“

Å ὓ τψNCSS 11ρSPSS 24Ϭ►

Å ἪχЦ˔ІжϱрχӸΜχ χθϛτPropensityІЀϯϬ▄
▄ τψᴞṜϬ► ʿ

ʾ ʾ ʾAPACHE ІЀϯʾ ԚⱲχ ῬᾦẊḚ Ϟ ӊ χ ʾ
WBCʾ ▒ ʾPCTʾϼйϯЎИр



Propensity score distribution

Propensity score
ÅΚϥⱵ ϬᶤϤ οϣϦϥᶎ
ÅḢ╔ᾆẕπψⱵ ἪρЀрЕк˔иἪχ
ὂԍ◓ΥӰσϥθϛʺⱵ χֲốϬ
ᴣβϥⱧΥ₉
Å͎Ἢχ ὂԍ◓χНжрІϬ Υ
ÅᶆḆּיπІЀϯϬ▄ ΰʺ αІЀϯχ
ḆּיϬЧϯρΰοᵔ
ÅḢ╔ᾆẕτΣΜοϜRCTρ τʺᵒ
χֲốϬ ᴣβϥⱧΥᴦ

ФкЧрЄГϰІЀϯχ τνΜο
Ϸ˔Н˔жАФτὧΪϥ



Results  -Baseline-

2ἪḧπЦ˔Іжϱрτ Ӫσ₯σΰ

ᶆἪ47

Ḇכ
ʾ‰Ὤӊʾ etc



Results  -Baseline-

Å ΥΩמ
ÅὬ ψᶆἪ13 (28%)
Ⱶ Ἢ

ử(6)ʺGram ử(3)
ЀрЕк˔иἪ

Gram ử(6)ʺ ử(4)
Å ӊ ► ψᶆἪ22 (47%)
˹ Ὤ ЄдАϼ



Results -Outcomes-

ÅԚ ♂ ʺ ӊ ► ṍḧʺчSOFAπ Ӫ₯ΚϤ(p<0.001)
Å AKIτ βϥRRTπϜ Ӫ₯ΚϤ(p=0.02)
Å ICU ∕ṍḧπψ Ӫ₯σΰ



Results  - ♂ vs ם∑χ♂ -

Å APACHE ІЀϯϬᾕτ ΰθ♂
Å ЀрЕк˔иἪρⱵ Ἢπם∑χ♂ ρ ᶓ

̠Ⱶ Ἢπψ ♂ ϢϤם∑χ♂ Υ Μ



Results  -Logistic discriminant analysis-

♂ χ ΰθ ԍ◓

1. Vitamin C protocol  (F value, 17.33; P < 0.001) 

2. APACHE ІЀϯ (F value, 13.29; P < 0.001) 

3. ῬᾦẊχ (F value, 3.75; P ˹ 0.05) 



Results  

ÅPropensity ІЀϯπ ΰθVitamin C protocol Ⱶ Ἢχ♂
χodds ψ0.13  (95%CI, 0.04 -0.48; P=0.002)

ÅⱵ Ἢχ♂ ˢ4 ˣψΜγϦϜSepsisḩ πψσΜ

ˢᾖכḆχ / /ЂиЀϱЖ˔ЄІ/COPDˣ

ÅⱵ Ἢχ♂ ψICU ρσϤԁע πḜ ϾϯϬ Ϊθ

ÅICU ∕ṍḧχ ỡψ Ἢπ Ӫ₯σΰ

ˢⱵ Ἢ4(3-5) ʺ ЀрЕк˔иἪ4(4-10) ˣ



Results  - ӊ ► ṍḧ-

ӊ χ ỡ► ṍḧ(P < 0.001) 

ÅⱵ Ἢ 18.3 ˶9.8h 
ÅЀрЕк˔иἪ 54.9˶28.4h

♂ (9 ) 61.4˶33.8h 
38.7˶6.5h 


