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Abstract  
Background: Based on the Guideline of European Society for Clinical Nutrition and Metabolism 
(ESPEN) in 2013, vitamin C is an additional therapy for burn patients during the resuscitation 
process and reduce the amount of fluid resuscitation but still needs further evidence. This study 
aims to find the effect of intravenous vitamin C administration to reduce the fluid requirements 
during first 24 hours resuscitation in burn patients. 
Methods: Electronic Literature search were performed in PubMed, Cochrane, Scopus and ProQuest 
databases. Hand searching was also performed. MesH Term was used in PubMed database 
searching. All literature obtained was screened based on inclusion and exclusion criteria. 
Results: Three articles were selected based on the eligibility criteria. Two Randomized Controlled 
Trial / RCT studies concluded that intravenous vitamin C administration reduced resuscitation fluid 
requirements in burn patients. But in the case control study there was no significant difference in 
resuscitation fluid requirements between the two groups. Other study reported that there were 
significant differences in resuscitation fluid requirements between the two groups. Both RCT 
studies did not use the blinding method and explained the side effects of therapy. A case control 
study reported an increase in cases of acute kidney failure in the vitamin C group compared to 
control (23% vs 7%) although it was not statistically significant.  
Conclusions: Intravenous vitamin C can reduce the resuscitation fluid requirements in the first 24 
hours in burn patients (grade C recommendation). 
Keywords burns, vitamin C, ascorbic acid, resuscitation, fluid requirements 
 

Introduction 
 
Based on data from Dr. Cipto Mangunkusumo 
Hospital, 72.2% of patients treated at burn center 
were aged ≥ 15 years. Most of adult patients (73.9%) 
suffered third degree burns with 11-30% of TBSA. 
In 2015, the length of stay of patients with burns ≤ 
40% of TBSA was 15 days (1–66 days) with the 
mortality of all patients reaching 27.7%.1 The study 
also showed an increase in mortality of burn patients 

in Dr. Cipto Mangunkusumo General Hospital from 
2013 to 2015, meanwhile according to the results of 
a systematic review there is a tendency of decreasing 
mortality in burn patients in various countries.1,2 

According to Australian and New Zealand Burn 
Association, the first aid in burn treatments include 
fluids, analgesics, tests and tubes. Fluid resuscitation 
is the most important in the treatment of burns. Urine 
production is monitored every hour to find out the 
adequacy of fluid resuscitation. Adjustment of fluid 
resuscitation volume can also be done as indicated.3  

The administration of resuscitation which 
exceeded expected volume could harm the burn 
patients. Fluid excess of 25% of predicted volume 
increased the risk of pneumonia, acute respiratory 
distress syndrome, multiple organ failure, 
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bloodstream infections, and death.4 This condition 
was called “fluid creep”.5  
Vitamin C is an essential micronutrient in our body. 
One of its benefits is to strengthen blood vessel 
endothelium. One study found that the mechanism 
of vitamin C reduces the permeability of blood 
vessels is through increasing Epac1 protein that 
binds to cell microtubules and increases its stability.6 
In addition, vitamin C also has a role in reducing 
histamine which will reduce vascular permeability.7 
Based on ESPEN guidelines, vitamin C 
requirements is increased during the acute phase of 
burns (0.5–1 g/day).8 

According to research conducted by Tanaka H et 
al,9 vitamin C is needed to reduce capillary leakage 
and reduce fluid requirements in burn patients where 
the fluid needs go down by about 45.5% (p < 0.004). 

However, a different result is stated by Nakajima M 
et al that there is an increase in fluid requirements 
after administering 10 g/day vitamin C 
intravenously and do not reduce the fluid 
requirements with a dose above 24 g/day.10 Based on 
this information, it is interesting to know the effect 
of intravenous vitamin C to decrease the fluid 
requirements in burn resuscitation. 
 
Clinical scenario and question 
 
A 22 years old male patient came to Emergency 
Room (ER) with burns on his face, body, both arms 
and both legs in the last 10 hours before being 
admitted to the hospital. His motorcycle crashed 
petrol kiosk and suddenly the fire appeared and 
burned his body. The patient was taken to the nearest 
hospital for emergency treatment. A total of 3000 
mL fluid resuscitation was administered. Patients 
were referred to Dr. Cipto Mangunkusumo General 
Hospital for further treatment. 

At the ER, the patient had no complaints due to 
inhalation trauma. The examination showed compos 
mentis with normal vital signs and grade II-III burns 
31% of Total Body Surface Area (TBSA). The fluid 
resuscitation was given according to Baxter's 
formula with a total fluid requirement of 5580 mL 
so that it still had to be continued with resuscitation 
of 2580 mL/14 hours. Patients were given pain 
medication and a urine catheter was placed with the 
initial urine 1300 mL/10 hours (2.8 mL/kg/hour). 
During 14 hours of fluid resuscitation, the amount of 

urine production was 3 mL/kg/hour. Patients was not 
given other supporting therapies for resuscitation 
such as vitamin C. 

Based on the Guideline European Society for 
Clinical Nutrition and Metabolism (ESPEN) in 
2013, vitamin C is an additional therapy for burn 
patients during resuscitation which is known to have 
antioxidant mechanisms and reduce vascular 
permeability so that the fluid requirements will 
decrease. However, this therapy still requires further 
research and validation regarding its effectiveness. 

The subjects in this study were patients with 
burns whose outcome was assessed as the need for 
fluid resuscitation after giving intravenous vitamin 
C. Therefore the clinical question is "Does the 
administration of intravenous vitamin C during fluid 
resuscitation in the first 24 hours reduce the need for 
fluid resuscitation in burn patients?" 
 
Methods 
 
Literature search was performed using advanced 
searching on PubMed, Cochrane, Scopus, and 
ProQuest on February 24, 2020. MeSH term was 
used in PubMed database search. The keywords 
used are "burn", "ascorbic acid", and "resuscitation". 
The author also performed hand searching method. 
Duplicated articles were filtered with Endnote 
program. The title and abstract are screened with 
eligibility criteria. The critical appraisal was done 
based on the agreement of three authors. 

The inclusion criteria were: 1) The RCT, cohort 
and case control study, 2) Research carried out on 
humans, 3) Subjects were burn patients aged >15 
years, 4) Subjects had the characteristics of burn 
area > 20% or burn index ≥15, 5) Used intravenous 
vitamin C during burn resuscitation. The exclusion 
criteria were: 1) Research full text was unavailable 
and 2) Review articles. 
 
Results 
 
Electronic literature searching method was carried 
out on 4 databases namely PubMed, Cochrane, 
Scopus and ProQuest using the keywords "burn", 
"ascorbic acid", "resuscitation". There were 4 
literature found in PubMed database, 4 literature 
from Cochrane Library database, 77 literature from 
Scopus database, 216 literature from ProQuest 
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database, and no additional literature was found 
from handsearching method (Table 1). From all 
literature obtained, 4 literature met the eligibility 
criteria, i.e. 3 literature from PubMed database and 
1 literature from ProQuest database (Figure 1). 

Table 2 shows the study characteristics of the 
papers. Table 3 shows the validity criteria. Table 4 
shows similarity with the PICO (problems, 
interventions, controls, outcomes). 
 
Discussion 
 
Tanaka et al9 conducted a Randomized Control Trial 
(RCT) study to determine the effect of intravenous 
vitamin C administration on the requirement of fluid 
resuscitation in burn patients. The results of the 
study are, there is a statistically significant 
difference between the group with intravenous 
vitamin C and the group without intravenous 
vitamin C (p<0.05), where the group with 
intravenous vitamin C requires lower resuscitation 
fluids than the group without intravenous vitamin C 
administration. The strength of this study is the RCT 
design with the evidence level 2B. Unfortunately, 
there were the relatively small number of patients 
included in the study and the authors did not mention 
about concealed randomization of the subjects.  

Qin et al11 conducted an RCT design and stated 
that there was a statistically significant difference in 
the effect of intravenous vitamin C on the decrease 
in fluid resuscitation requirements (p <0.05). The 
weaknesses are the research did not explain in detail 
the difference in the average resuscitation fluid 
given and did not provide confidence interval of the 
result. 

Tanaka et al and Qin et al research did not do 
blinding and explain who and how they gave fluid 
therapy in detail. In addition, this study also did not 
mention who assessed the amount of fluid needed. 
This can lead to research bias. 

Lin J et al12 conducted a case control study. 
The results of this study is no significant difference 
in the need for resuscitation fluids after intravenous 
vitamin C was given (p=0.6). The weakness of this 
study is case control study design with level of 
evidence 3B, so it cannot be a good reference for 
application in the therapy. 

Kahn SA et al13 conducted a retrospective 
review study. This study concludes that the 

administration of vitamin C can reduce the need for 
resuscitation fluids by up to 25% and is statistically 
significant. However, with a retrospective design 
and level of evidence 3B, this study is not suitable to 
be applied in the therapy. 

All studies did not explain the side effects of 
intravenous vitamin C during resuscitation, but Lin 
J et al reported higher cases of acute kidney failure 
in the group given high vitamin C compared to 
controls (23% vs 7%, p=0.06).12 Kahn SA et al 
reported that there were no differences in cases of 
kidney failure in the intervention and control 
groups.13 Further research is needed regarding the 
side effects of intravenous vitamin C administration. 

Research evidence regarding the effectiveness 
and safety of using vitamin C during resuscitation of 
burn patients is still very limited (only 2 RCTs in 20 
years, 1 case control, 1 retrospective review). Based 
on our literature search, there were 2 studies (2006 
and 2017) that were registered at ClinicalTrial.gov 
regarding the administration of vitamin C in burn 
patients (NCT00350077 and NCT01587261). 
However, the study was withdrawn by reason of lack 
of evidence and was not approved by the FDA.14,15 

After evaluating the literature and the evidence 
obtained, the authors conclude that the overall level 
of recommendation for intravenous vitamin C in 
reducing the amount of fluid resuscitation for burn 
patients is grade C because two literature have 2B 
level of evidence and two literature with 3B level of 
evidence with different results. 

Sensitivity analysis cannot be conducted in this 
EBCR because all of the studies do not provide 
confidence interval. The study about vitamin C 
administration during fluid resuscitation in burn 
injury was scarce. It contributes to our limitation in 
concluding the evidence. 
 
Conclusion 
 
The authors conclude that in this case, 
administration of intravenous vitamin C can reduce 
the need for fluid resuscitation in the first 24 hours 
of burn patients with grade C recommendations. 
There are no clear guidelines regarding the dosage 
of intravenous vitamin C for burn resuscitation as 
well as the importance of evaluating the safety of 
intravenous vitamin C. Studies with a larger number 
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of patients with better methods are needed to support 
these conclusions and recommendations.

 
Figure 1. Prisma’s flow chart 
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Table 1. Resources & search strategy 
 

Database           Search Strategy  Hits  Selected article 
PubMed ((((ascorbic acid[MeSH Terms]) OR ascorbic acid[Title/Abstract])) AND 

((burn[MeSH Terms]) OR burn[Title/Abstract])) AND ((resuscitation[MeSH Terms]) 
OR resuscitation[Title/Abstract])  

27  3 

Cochrane Library  #1    "Burn"                                N: 4103 
#2    “Ascorbic acid”                 N: 3768 
#3     “Resuscitation”                 N: 8280 
#1 AND #2 AND #3                  N: 4 

4 0 

Scopus  ( TITLE-ABS-KEY ( burn )  AND  TITLE-ABS-KEY ( ascorbic  AND acid )  AND  
TITLE-ABS-KEY ( resuscitation ) )   

77  0 

ProQuest  Burn AND ascorbic acid AND resuscitation  216  
  

1 

 
Table 2. Study characteristics 
 

Author Patient group Outcome Key Result Comment 
Tanaka H et al, 
(2000)  
Arch Surg, 
Japan7 

RCT (level 2B) 

Burn patient more than 30% TBSA from 1 
December 1992 – 31 December 1997, 
randomized to 2 groups  
Group 1: vitamin C 66 mg/kg/h in the first 
24 hours was given  
Group 2: control group, without vitamin C.  
Total (n =37)  

Fluid requirement in 
24 hours  
adjusted according to 
urine output   

Total fluid in 24 hours in Group 2 was 5,5 ± 
3,1 ml/kg/%TBSA, whereas in group 
1 was 3.0 ± 1.7 ml/kg/%TBSA (p<0.05).  
The reduction of fluid requirement was 45.5 
% 
   

This research concluded that 
intravenous vitamin C could 
significantly reduce fluid requirement 
during resuscitation  

Qin FJ, et al, 
(2019)  
Drug Des 
Devel Ther, 
China9 

RCT (level 2B) 
  

Burn patient with more than 30% TBSA 
from July 2011 to September 2016  
Group A: intravenous Tiopronin (15 
mg/kg/day) + standard therapy  
Group B: intravenous vitamin C 
(792/kg/day) + standard therapy   
Group C: Standard therapy with Evans 
formula, nutritional support, intravenous 
and topical antibiotics, etc.  
Total (n = 36)  

Fluid requirement in 
24 hours  
adjusted according to 
urine output   

Fluid resuscitation requirement in group A 
and B reduce than group C (p <0,05) 
Group A: TBSA% × body weight (kg)×1.46 
mL (colloid to electrolyte ratio 1:2) + water 
2000 mL 
Group B: TBSA% × body weight (kg)×1.48 
mL (colloid to electrolyte ration 1:2) + 
water 2000 mL 
Group C : TBSA% × body  
weight (kg)×1.64 mL (colloid to  
electrolyte ration 1:2) + water 2000 ml. 
 

This research concluded that 
intravenous vitamin C could 
significantly reduce fluid requirement 
during resuscitation  
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Table 2. Study characteristics (continued) 
     
Author Patient group Outcome Key Result Comment 
Lin J,et al, 
(2018)  
J Burn Care 
Res, USA10 

Case control 
(level 3B) 

Burn patients from 2013–2015, divided into 
case group and control group, age and  
percentage of TBSA were matched 
(± 5 years and ± 5%, respectively)  
Group 1: intravenous vitamin C 
(66mg/kg/h) during resuscitation 
(n = 38)  
Group 2: without intravenous vitamin C. 
(n = 42)  
Total (n = 80)  

Fluid requirement in 
24 hours  
adjusted according to 
urine output   

No difference in total fluid  
administration   
(4.6±2.6 ml/kg/%TBSA and 4.3±2.5  
ml/kg/%TBSA) (p=0.6) 
 

This research concluded that 
intravenous vitamin C could not 
significantly reduce fluid requirement 
during resuscitation 

Kahn SA, et al, 
(2011) J Burn 
Care Res, 
USA11 

Retrospective 
Review 
(level 3B) 

Burn patients   
Group 1: intravenous 
vitamin C (n = 17)  
Group 2: without vitamin C  
(cristaloid only)  
(n = 16)  
Total (n = 33)  

Fluid requirement in 
24 hours  
adjusted according to 
urine output   

Vitamin C : 5.3 ± 1 ml/kg/%TBSA  
Control : 7.1 ± 1 ml/kg/%TBSA  
 
The reduction of fluid requirement was 25 
% (p<0.05)  

This research concluded 
that intravenous vitamin C could 
significantly reduce fluid requirement 
during resuscitation  

 
Table 3. Validity criteria 
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Tanaka H, et al2 + 37 + + - + + + + +    B 2B 
Qin FJ, et al3 + 36 + + - + + + + +    B 2B 
Lin J, et al4 + 80 - + - + + + + +    C 3B 
Kahn SA, et al5 + 33 - + - + - + + +    C 3B 

* Quality of evidence according to GRADE guidelines, https://www.ncbi.nlm.nih.gov/pubmed/21208779 
**Level of evidence according to Oxford Center of Evidence-based Medicine (CEBM), http://www.cebm.net. 
+ clearly mentioned in the article; - not done; ? Not stated clearly; B (Moderate) : We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility 
that it is substantially different; C (Low) : Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.
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Table 4. Similarity with PICO 
 

  Similarity Population Similarity Determinant Similarity Outcome 
Tanaka H et al.7 + + + 
Qin FJ, et al.9 + + + 
Lin J,et al.10 + + + 

Kahn SA, et al.11 + + + 
 

 


