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ABSTRACT

Background: Recently, a study comprising adult patients with sepsis admitted in the intensive care unit (ICU) was conducted, The
patients were treated with high doses of intravenous ascorbic acid, thiamine, and hydrocortisone; the clinical outcomes
demonstrated significant therapeutic benefits. The mortality rate in children with sepsis is approximately 25%. However, the effects
of additional treatment with ascorbic acid and thiamine (“vitamin protocol”) in children are rarely investigated, Methods: A
retrospective analysis was performed using medical records of patients diagnosed with sepsis and admitted to the pediatric ICU
(PICU) between September 2016 and June 2019. The control group received treatment only as per sepsis protocol, whereas the
treated group received both sepsis protocol and the vitamin protocol. The primary endpoint was change in Vasoactive—Inotropic
Score (VIS) for 5 days, The secondary endpoints included the length of stay in the PICU, duration of using mechanical ventilators
and vasopressors, and mortality rate, Results: The number of patients in the treated and control groups was 33 and 24,
respectively, The treated group showed greater decrease in their VIS for 5 days than the control group (44.4 vs 18.6); however, the
difference was not statistically significant, The length of stay in the PICU was significantly longer for the treated group than for the
control group [10.0 days (Interquartile range (IQR), 6—18) vs 4.5 days (IQR, 4—10.3); p=0.004]. Conclusions: No significant treatment
benefits were observed following vitamin protocol administration to the pediatric patients with sepsis, Further studies are necessary
for improving the efficacy and safety of the vitamin protocol.

KEYWORDS: Sepsis, septic shock, pediatric, critical care, vitamin protocol

S (sepsisy > HIT ZHOE A3 Al AZst A5 o} YA AFE-S- B F AU, lactate X7} 2 mmol/L
Hhgo] Yehh= JElE 3 Y ] 7] ol ALE A LI (septic shock)E FekathD 2020
9 AHARl 7s s it g¥@Fos Idd & d Lol sfEE 7}01‘:3'0]01] w2 Aofol M= AZg 7H
28 YA X5t FA T FolE o] FAHA & o= Qlal FV)e] 7leHEAe] e AE HEFoE 7

#These authors contributed equally to this work.

*Correspondence to: Yun Mi Yu, College of Pharmacy, Yonsei University, 85 Songdogwahak-ro YeonSu-gu, Incheon 21983, Republic of
Korea

Tel: +82-32-749-4505, Fax: +82-32-749-4105

E-mail: yunmiyu@yonsei.ac.kr

*Co-correspondence to: Eun Sun Son, Department of Pharmacy, Severance Hospital, College of Medicine, Yonsei Universitiy, 50-1 Yonsei-
ro, Seodaemun-gu, Seoul 03722, Republic of Korea

Tel:+82-2-2228-6888, Fax: +82-2-2227-7983

E-mail: sespharm@yuhs.ac

161



162 / Korean J Clin Pharm, Vol. 30, No. 3, 2020

e, 71 F AR SPAS AS 8= S 5 A
A 7IsRe] Wk e AHEY L= dgh
th? WHO ZA} Aol ofahd, AAAIH o wipd 337
Ar o sfdF A sk, 1 5 6 hg S APl o] &
o3 A @ A E o) S B s dFL 53] Loldia)
oAl =& ES Ko, ujd 3uinbge] Agole} 1209H
o] Zeolol| A S| @Zo] BarE] 1 ek S 201194 2016
W7kA] Aols oo 28 ekt Ao w=w, &
ool 55 WIS HIEAF 3= Qg APFEL 25%¢]
ElCriR= A

HE8F 2 @ 539 FAF XFAFS] Surviving
Sepsis Campaignil A= #8502 Ad=H $xFoZ 4
WS FHMFARSIAL, T F5 Fo= o] FAHA Fo
H WS F78H, 1 Fex sk FgAdo] AlH
] ¢¥0™ hydrocortisoneS FMFALSIC}, wE AEH A 3HAY
Al AR g i AARE A, A3FY A|3EQ] lactate
o] X2 RUEE & AL @asta Yok Aol A lactate
TR DA T4 BRE UER= AR, AofelA
+ hyperlactatemias AHE 7E TV BESA| vt
PICU $5 tIFez 3 d7llM Adtes sdAE 2
8 2 3= glo} = lactate 2|7} 2 mmol/L Bt} =& A, 1
2R k2 Solso] HIE| APgEC] w2 A= UEHTH
(32.0% vs 16.1%). T3 2-44|7F o]U] 9] lactate =X 7} A3}

7393719 472 7)1 £40) dold o) Wttt

Az o) ABZ AEAR ol2e] A W FAE 18
ascorbic acid®} thiamine, hydrocortisoneS F7}14 0 & Fo
&= vitamin protocol2- -85+ X| 5 2] g3} I3k A5
o] = AEo1? Ascorbic acide 29 A| WA B &4
| 7% ol & HMEF A S0l vEE ¢ Aok
Ascorbic acide= AH+7](free-radical)Z A| A= FABHAIZ
A WM Z] B3-S F7MA7) A, D 7)S FIATIH D)
tAAIREe] Tse sk, |5 B S A A=
5 e wkg-o] ol o3 gt ThiamineS tricarboxylic
acid (TCA) 320X pyruvateZ acetyl-CoAR HZsh=
pyruvate dehydrogenase®] Z& A2 A thA} 2ol 2H-g-51H,
nicotinamide-adenine dinucleotide phosphate (NADPH)2] A3
AJol] #JS= pentose phosphate pathway2] F23F Q491
A opr|i=Ake] Al gttt whEbA] thiamine AR
739 3714 Al o] AR o]FoR)A] Kl F71F o
AL RISl we} lactate X7t dsstal, T @ &,
A7 7% ol 5 HEZI BIE A4S YeRd £ gk
A8 Atol] o3 LRk Bl vl FZANAIA ascorbic
acid®} thiamine®] F&=7}F W3ton, o5 T34 FI= W 5
o] AT 141 Steroide] 79, ascorbic acide} )
Fof A P85 22 el digh Aenhe-S ¥k &

o

Sl vitamin protocolS A28}
94 2] 4 AN Gl RS
&M o7 gz gt 67010 Jeu} Lot HEZ RS

2 delide 9 RS LokssAkdolA sid
T Ee A8 LTz 3w gk LolgkAlolA]l vitamin
protocols F7H2 AlFStAS W] HPF A5 aHE 7}
stz gict.

A7 Y
HALH A

1) MY 71=

) 3 AAFEIHE YA 2016 92 198E 201993 69

3097119 717t T HEF e 84 T2 [uel &
ol JASH vF 194] w|TE Lo} 3RS gPFe R &
got. 8 == 84 a3e ARF7]E(electronic
medical record, EMR)°]] I|&Z(ICD code A41.9) == A&
A} 225(ICD code R57.2)E Adtd 7492 313t}

2) Hel 71E

Lozl A 7k F WEF e HEA a7 S
gk k= oln 1A} H7IRARE ARREE S =
ABART FHEE AFE LA Qo] Lols3At JA &
HEF e g L7 S St AT el A A2
stgor, H S X F 9 vitamin protocolS 24A]7F HITES.
A& vk SxjL} ascorbic acid$} thiamine = SH7FA|FF AL
Sk 81}, XY @ /F=F vitamin protocol} T2 §-o] xrlE
3=}, s NS SE) X523 ¥4 n@ke(therapeutic
plasma exchange, TPE)S- BH-2- 12} GA] t) ol A Al <] 81Tt

AR HA

AT F thET-S Surviving Sepsis Campaignol| 4] A A]
3 71E HEF FAYIA G ke Fajoln], Foe If
& X F A3} vitamin protocols BF HEE A2 SFA T
X3 A7Lol| A= ascorbic acid, thiamine, hydrocortisone®] Al
oA E Fofdh= ZS vitamin protocol B-i= HAT therapy®
A2J5l9. 21, hydrocortisones H|EE XFA|F0) oju] X
3e]o] gl AR !, B Ao M= ascorbic acid®} thiamine
T A E T3t 49 vitamin protocolE &t} Lo}
Z3kx}21 9] vitamin protocol 7|5 &3 Al 30 kg 7|5
O =2, 30 kg 1]9FQ] 739 ascorbic acid 50 mg/kg/dose 1€ 43],
thiamine 5 mg/kg/dose 19 23]o]H, 30 kg ©]/3<1 73-$- ascorbic



&
i}

=
S

=S
&
i

a4

acid 1.5 g/dose 19 43, thiamine 200 mg/dose 1Y 23]o]t}. &
o] 717+ ascorbic acid$} thiamine =5 4Y 2 AR 5o 9l o
o, ) ol et 4 FPs el

2 A7e g AESEHEAA AlEE 9 7)1
A, o] 7)Tae)49)$d3] (Institutional Review Board,
IRB)®] 5:-¢1-& Ho} 21883} THIRB number: 4-2019-0978).

e

Hlole 47 &=
Aol vel, 49 5] 179 Gush 4A,
R QA AL, 5= H7F A|3#Q] Pediatric Index of

Mortality (PIM) 3%} Pediatric Risk of Mortality Score
(PRISM) 3, 714 3}8k7AE =] [blood urea nitrogen (BUN),
serum creatinine, white blood cell (WBC), C-reactive protein
(CRP), serum lactate] 52 94714 AEE EMRS 53| 4
skt w3 Fohf|l © F ascorbic acid, thiamine, steroid,
Al Fo &% 2 RS s H, *OPF@J]-”
AL 71z, Z1AR7] AR AR F 7IRE, ASFHLIHA L
(continuous renal replacement therapy, CRRT) &}-& o:]_rg}
7131, Al ool Bk YRS A
e H¥F e gy &A= 3w ‘?—l‘%
o, FolEa} EE BT IEdRRE F
CERES AV—W@ 2% 22 2] vl A%, A
A 7EAEIS DI), FRA ke SAAEIE DS)
o 422 AP&o}‘}iQUﬂL D13} DS shgelol 74} 2317} gl
A9l B 1971709) A9 A3,

ot X1
T 9] X8 a3E ¥wslr] 3] vasoactive-inotropic

Patients diagnosed with sepsis or septic
shock and first treated in the PICU
(N=73)

232 A g2 Ao} £3kxo)| 4] vitamin protocol®] &3} HInL /163

score (VIS)S] WIS}E 1x} W7 A H 2 AR-al 02D vise
dopamine dose (mcg/kg/min)+dobutamin dose (mcg/kg/min)
+100 x epinephrine dose (mcg/kg/min)+10 x milrinone dose
(mcg/kg/min)+100 x norepinephrine dose (mcg/kg/min) +
10000 x vasopressin dose (U/kg/min)2] 2]-S- ARE-31e], D19
A D57HA] TD 3 AIZHA 104])0)] AFE3E 5HA o] gako
2 AT ©, D1 24 104] o] 5B S4AIE ARE-5HA
Aol E71gE A= AE ARS8 VIR SISt
T3 CRRT A8 o5 2 BUN, serum creatinine®] H3} &3}

NAET] M 7L, S AR 7IRE, ZoFEaAA A9 7]
B AVTE 58 20 BAER Sk 19

o=

SHEN

o], A A AHT, TFEAIE, AL ], S8
A A 7R B AEY WS BT EEVA T F
TRAORE 95 HEDZ 8L, 7 w7HEe] Zpol= Student’s
t-testt} Mann-Whitney test, repeated measure analysis of
variances AME-3Fe] 4381 TE A, CRRT A8 of 3, Abd
E 59 HFy ves el MESE A, F 1t
2] &}o]:= Chi-square test} Fisher’s exact testS A8-3fo] &
N3tk frol 28 patel 0.05HTh Ao A9 eIl
ok 5A14 £49-2 Microsoft Office Excel 20163} IBM SPSS

statistics ver. 25.0 (IBM Co., Armonk, NY, USA)S- o]-&3}1t}.

Z ‘l|.

3tx} EM
201613 92 195H 20193 64 304714 3470 < F<t A"

Exclusion

1) Patients diagnosed with sepsis or septic shock after being treated in the PICU (n=8)
2) Patients who received treatment for sepsis for only one day (n=3)

3) Patients who received the vitamin protocol treatment under a different regimen (n=4)
4) Patients treated with therapeutic plasma exchange (n=1)

Final study subjects
(N=57)

|
! }

Treated group
(n=33)

Control group
(n=24)

Fig. 1. Flow diagram for patient selection.



164 / Korean J Clin Pharm, Vol. 30, No. 3, 2020

Table 1. Demographic and baseline characteristics of the patients considered in the study (n=57)

Characteristics Treated group (n=33) Control group (n=24) p value
Age, years, mean + SD 60£54 6867 0.619f
Sex, male, n (%) 18 (54.5) 12 (50) 0.734*
Primary diagnosis, n (%) 0.559%
Pediatric neurology 22 (66.7) 10 (41.7)
Pediatfric hemato-oncology 3 (9.1) 4 (16.7)
Pediatric respiratory-allergy 1 (3.0) 2 (8.3
Pediatric nephrology 0 1 (4.2)
Pediatric cardiology 1 (3.0) 1 (4.2)
Others 2 (6.1) 2 (8.3)
Undefined 4 (12.1) 4 (16.7)
Reason for admission in ICU, n (%)T 0.1518
Cardiovascular system 19 (57.6) 7 (29.2)
Respiratory system 18 (54.5) 14 (58.3)
Nervous system 1 (3.0) 1 (4.2)
Urinary system 2 (6.1) 0
Surgery 0 2 (8.3)
VIS score, mean +SD 549 +99.7 269+ 49.4 02117
PIM3 score, mean +SD -22+13 2217 0.9221
PRISM3 score, mean +SD 10579 9.4+88 0.665'
BUN, mg/dL, mean +SD 17.3+£20.5 171+17.4 0.970"
Serum creatinine, mg/dL, mean +SD 0.6+0.7 0.5+0.7 0.6571
WBC, 110%/uL, median (IQR) 10.7 (5.7-18.6) 11.1 (6.3-14.1) 0.594*
CRP, mg/L, mean +SD 89.8+74.3 62.6+89.8 0.225'
Serum lactate, mmol/L, mean +SD 41+45 3.1+34 0.3607
Use of steroid, n (%) 31 (93.9) 14 (58.3) 0.0028

*Chi-square test, 'Student’s t-test, tMann-Whitney test, SFisher's exact test

Not mutually exclusive

Abbreviations: BUN, blood urea nitrogen; CRP, c-reactive protein; IQR, interquartile range; PIM, pediatric index of mortality, PRISM; pediatric risk
of mortality; SD, standard deviation; VIS, vasoactive inotropic score; WBC, white blood cell
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Table 2. Treatment variables and outcome

Day

=-<= Control group

— Inotropic Score (VIS) score over the 5-day treatment period in the treated (vitamin

Variables Treated group (N=33) Control group (n=24) p value
Use of CRRT, n (%) 10 (30.3) 3 (12.9) 0.114*
ABUN(if not use CRRT), mg/dL, mean = SD 27+147 12+9.4 0.6961
Aserum creatinine(if not use CRRT), mg/dL, mean +SD 0.1£0.3 0.1£0.1 0.3711
Duration or ventilator, days, median (IQR) 10.5 (6-23) 6.0 (4-10) 0.058t
Duration of vasopressor, days, median (IQR) 6.0 (4-9) 4.0(3-9.3) 0.155%
PICU LOS, days, median (IQR) 10.0 (6-18) 4.5 (4-10.3) 0.004
Mortality, n (%) 5(15.2) 5 (20.8) 0.7278

*Chi-square test, TStudent's -test, *tMann-Whitney test, $Fisher's exact test

A: D1 data- D5 data

Abbreviations: CRRT, contfinuous renal replacement therapy; IQR, inferquartile range; LOS, Length of stay; PICU, Pediatric infensive care unit; SD,

standard deviation
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Fig. 3. Duration of mechanical ventilation and vasopressor therapy. The median values are indicated by the horizontal lines inside
the boxes. The interquartile range is represented by the top and bottom of the boxes and the 95% confidence interval is represented

by whiskers at upper and lower edges of the boxes.
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