Safety of vitamin C in sepsis: a neglected topic
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Purpose of review

Although vitamin C is essentially a nontoxic vitamin; however, it is important to be aware regarding the
safety of high doses before the wide clinical use.

Recent findings

Minor side effects of vitamin C have been reported, many being reported in earlier studies.
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INTRODUCTION

Nowadays role of vitamin C in the management of
sepsis is evolving. Most of the known biological
functions of vitamin C are related to its @antioxidant
properties. It BlockS Feactive oxygen species (ROS)
which formed under different stress situations such
as sepsis and can damage cellular proteins, lipids,
DNA, and iiipaifs mitochondiial Funetion [1,).
Vitamin C prevents neutrophil induced lipid oxida

ffion [3] and potentiates functions of other circula-

tory such as and
[4]. It also is a

for many
enzymatic reactions involved in Carnitine

oroduction of GEGITBINES Vasopressn, cortisol
and works as a stress hormone in sepsis [5,6]. By
FABIBIGAE the activation of NuCléaF factoF KAPpATS

production, vitamin C the
ffém responses. It enhances phagocytic activity of
leucocytes and

superoxide production in
macrophages [7]. Vitamin C also [inhibits bacterial
8]
R P ———————

Increased endothelial damage and permeability,
hypotension, mitochondrial impairment are impoz-
tant elements of multiorgan failure and mortality in
septic patients [9]. Inflammatory features, immune
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paralysis, and oxidative stress are the main targets in
the management of sepsis [10].

It has been known for decades that
filln€ss could result in a [df6p| in plasma and cellular
levels of Witamin'€ possibly due to decreased intake
and absorption, increased metabolism and even
redistribution [11,12]. Although nowadays scurvy
is a very rare complication, approximately #0% of

fasting ascorbate

plasma levels more than 34pmol/] indicatJade
lquate status). Septic patients withouf shock are
hypovitaminosis

likely to have with the serum
concentrations [13] Ascorbic
acid plasma levels were in range in [90%

of patients with [Sévere sepsis| [14]. The lowest vita-
min C plasma levels were reported in septic patients
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Metabolic support

KEY POINTS

e Nowadays, high doses of vitamin C are used in some
centers as an adjunct therapy in severe sepsis and
septic shock. It may improve outcome of sepsis.

o Most trials considered effectiveness but not safety of
vitamin C as a main endpoint in sepsis. However, no
serious concern regarding high doses of vitamin C has
been reported in these trials.

e Safety of high doses of vitamin C was considered as a
main outcome only in selected patients with cancer.
Comparing applied doses and durations of vitamin C
in sepsis and cancer, it seems to be a safe intervention
in septic patients.

e Electrolytes, acid-base status, renal function, urine
analysis, and cell blood count should be monitored
during administration of high doses of vitamin C.

e Adequate hydration before, during and after
administration of high doses of vitamin C is critical.
Also appropriate dilution and rate of administration are
important issues.

with multiorgan failure [15"]. As measurement of
vitamin C in serum is not easily available and the
deficiency mimics the acute illness symptoms, this
usually goes unnoticeéd. Acute deficiency of vitamin
C may contribute to hypotension, inflammatory
responses, capillary leakage, microcirculatory dys-
function, impaired immunity and organ failure
[16"]. Low serum vitamin C levels in critically ill
patients were

fequirements, kidney injury, multiorgan dysfunc-
tion and increased mortality [1].

Vitamin C supplementation might have benefi-
cial effects on sepsis outcome. In a recent meta-
analysis, it has been that vitamin C improved sepsis
survival. However,

Before interpretation of plasma vitamin C con-
centrations in septic patients, accuracy of the sam-
pling and assay techniques should be considered.
Inadequate sampling and errors in handling may

compromise the results. PIES VAN C Concend

[18]. Many analytical techniques
are used for the determination of vitamin C in
plasma. The and selective method
is HPEC coupled to an
This technique is [€08tly and only is available in
research laboratories. HPLC with an ordinary ultra-
violet light detector is less expensive but it is not
practical. Selecting suitable mobile phase, dedicated
column, column-conditioning times, procedures to
reduce dehydroascorbic acid to ascorbic acid to

2 WWWw.co-criticalcare.com

analyze total vitamin C are analytical concerns
[19,20].

SAFETY, OF VITAMIN C

Before use of any effective drug in the prevention or
treatment of a disease, safety must be weighed
against efficacy. When the drug in question is a
vitamin, it is more difficult to separate physiologi-
cal, pharmacological, and toxic doses of it. Vitamin
Minor side
effects such as acidosis, ©xaluria, renal stones, gly-
cosuria, fénal tubular injuries, gastrointestinal dis-
turbances, hypersensitivity reactions, prothrombin
and cholesterol disturbances, fébound scurvy, vita-
min [B12 [destruction, fatigue and infertility were
reported with vitamin C [21].

Many of these were
just reported in earlier studies or case reports and
have not been reported in recent controlled trials.
Importantly some of them were due to laboratory

crrors [22). Repeated UMPIEASANt SEASARON a few
hours after infusion and next morning tiredness

have been reported after intravenous administra-
tion of vitamin C [23].

Vitamin C can [ififerféré with some
ftésts involving redox reactions including

measured by a point of care
glucometer [24,25]. Vitamin C can cause falsely

elévated scrum Sodium, aleiim, and
-and can result in a false decrease in serum

total bilirubin, uric acid, total cholesterol,
triglyceride, ammonia, and lactate [20]. Laboratory
errors because of [interferénce with autoanalyzer

measuring Sértm lactate and trans-

aminases also have been reported [21]. It also can
result in false negatives for occult blood testing of
stool samples [26].

Generally, adverse effects of

high doses of vitamin C
in patients with

week as intravenously) i

renal function and Sufficient glucose-6-phosphate
dehydrogenase (G6PD) activity were [mild [27,28].
Reactions like localized pain and stinging in the injec-

tion site that occur following rapid infusion or using
high-osmolar solutions are preventable by adequate
hydration before, during, and after the infusion and
decrease in the rate of infusion [27]. Most cancer
patients tolerated infusion rate of 0.5 g/min of vitamin
C. Due to probably uptake by tumor cells, dextrose
jsolution was ot as an appropriate
diluent of vitamin C in cancer patients [28].

Most recent trials examined the §aféty of short-
term uses of In one trial high
doses of vitamin C for along time (75-100 g/infusion,
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Safety of vitamin C in sepsis Khoshnam-Rad and Khalili

twice a week for 1 year) were safé [29]. As the applied
dose and duration of administration of vitamin C in

sepsis are lower and shortet than those used in|cancer
patients, it seems that it is Felatively safé for this

population. The main concerns to keep in mind
regarding vitamin C safety are addressed in below.

As NEAHIA © is partly EORVEEed 6 SXAIAHE, it has
been frequently claimed that the use of high doses
of vitamin C could increase the [fisK of calcium
oxalate kidney stones. The

rate-limiting intestinal
makes it improbable that
doses of higher than 500mg/day proportion-

ately increase the risk of oxalate nephropathy
[30"]. However, intravenous administration of vita-
min C Bypasses the rate limiting barmier. Oxalic
fagid is an of vitamin C oxidation,
and has been reported after
intravenous administration of vitamin C in
patients with fenal dysfunction [31%]. In patients
with normal fenal function, only about0:5% of the

dose (1.5 g/kg intravenously) was détected as oxalic
[acid in the urine samples. Because of the possibility

of ex-vivo conversion of vitamin C to oxalate, it is
also suggested that hyperoxaluria associated with
the use of high doses of ascorbic acid could be
primarily due to a laboratory artifact [32]. Even
if a small increase in urinary oxalate occurs, it
might be counter-balanced, as

calcium osalate erystals. Vitamin C also causes a

small decrease in urinary pH and consequently
facilitates the calcium oxalate solubility. Various
studies have shown that vitamin C neither
increased and nor  decreased risk  of
nephrolithiasis [33].

Most of the oxalate nephropathy episodes were
reported following high doses and uses
of vitamin C in patients with baseline renal dystunc-
tion. However, some cases with normal renal func-
tion also experienced oxalate nephropathy
following short-term uses of vitamin C [34]. Also
renal failure episodes in patients who received a
single intravenous of high doses of vitamin C
(2.5-45g) have been documented [35%]. Recently,
two cases of severe oxalate nephropathy following
administration of high doses of vitamin C were
reported [36]. A septic patient who received approx-
imately 30 g of vitamin C over 2.5 months, devel-
oped oxalate nephropathy [37]. These reports raise
the concern regarding severe and potentially irre-
versible renal impairment associated with high

1070-5295 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
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doses of vitamin C even in patients with normal
baseline renal function.

MatiK and Hooper [13] are
suggested
High baseline serum oxalate levels in three patients
decreased following administration of vitamin C that
could be due to the attenuation of the inflammatory

responses [11]. Thiamine|pyrophosphate is an impor-

tant

required for the
that the
of glyoxalate (o carbon dioxide instead of oxalate.
inclusion of thiamin in the combination

Thus, the

that the

[38].
Lamarche ef al. [34] suggested that empiric treatment
with might iMprove the prognosis of
None of the cases of oxalate
nephropathy associated with ascorbic acid received

steroids. Hydrocortisone in the combination pro-

posed by play a in the
by the

of
ffion. Further studies needed to define the preventive
role of thiamin and hydrocortisone.

Hemolysis in Glico8e=6:phosphate
dehydrogenase deficiency

Septic patients are Vulnerable to heémolysis due to

severity of acute illnesses, baseline diseases, con-
comitant organ failure, fever, and drugs. This
requires a thorough medication review to identity
substances that are usually considered safe like vita-
min C. Though the

safe doses in these patients are
not defined. Doses of 3-80 g have been reported in
the literature [39]. Because individuals with baseline
glucose 6-phosphate dehydrogenase deficiency are
at risk,

Oxidant and pro-oxidant effects

Vitamin Cnotonly is an antioxidant but also due to
is [FO-0%idant properties and INCIease in ffee fac

ficals might show [cytotoxic effects at Righ serum

of the cellular €nvi-
of and local concentra-
tion of ascorbate may [determine the oXidant ot pro-
[oxidant effects of vitamin C. This may explain the
observed specific projoxidant activities of high-dose
of vitamin C in metal rich malignant cells [40].
Increased mutagenesis associated with vitamin C
has been reported. However, the presence of metal
ions is required for this effect. It should be noted
that are sequestered by binding proteins

in the body and thus are not available as in €X-¥Vivol

systems [417].

WWWw.co-criticalcare.com 3
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Metabolic support

It is also important to note that fre€ iron is

an ANt ion in fyocardial and endothelial

cells. Hence, during a latgé number of
ffrée iron ions may be- in serum and Satu"
rate the iron binding capacity. This is so critical
in [sepsis particularly in patients with fiémochro-
Hatosis (1)

It has been proposed that in some conditions,
vitamin C alone or mixed with N-acetyl-cysteine
could act as a pro-oxidant (Fenton reaction). Vita-
min C (12.5mg/kg) and N-Acetyl Cysteine (10 mg/
kg) for 7 days transiently increased tissue damage
and oxidative stress after an acute muscle injury
induced by eccentric exercise [42].

VITAMIN C SRS IN SRS

of acute 1llnesses and

baseline diseases
critically ill patients to
effects of any _ During

the phase 1 trial in severe sepsis testing Very
(200img/Kg) and high (25 mg/kg) doses of intrave-
nous vitamin C delivered for 4 days,
was detected in two cohorts of eight
patients [43]. Zabet et al. reported no ascorbic acid
related adverse event in 14 patients with septic
shock treated with 100 mg/kg/day of intravenous
vitamin C. However, in this study patients with
bilateral ureteric obstruction, chronic hemodialy-
sis, iron overload, oxalate stone formers, hemo-
chromatosis, and G6PD deficiency were
[44]. Kim et al. [45] found m
patients treated with liydrocortisone, ascorbicacid,
(HAT). Marik et al. [46] reported no
significant side effect in 47 patients treated
with HAT for severe sepsis and septic shock. Side
effects of vitamin C were not assessed in other
studies [47-50].
Currently,

have been registered
at clinicalTrials.gov to evaluate the gfficacy of highl
doses of vitamin € or HAT in adult septic patients.
Of these, four trials (NCT02455180, NCT01434121,
NCT02734147, and NCT02106975) have been
completed, but not published yet. One trial
(NCTO03335124) was terminated due to insufficient
enrollment. Like the published trials, safety of vita-
min C is not primary outcome in ongoing trials.
HYVITS trial is evaluating HAT efficacy in septic
shock. This trial (registered as NCT03380507) will
evaluate the incidence of nephrolithiasis, hypoka-
lemia, hemolysis, hyperthermia, and gastrointesti-
nal bleeding as secondary outcome.

CITRIS-AH
frial (NCT03829683) is evaluating Witamin C
efficacy in §EpSI§ and aIGOGIE fiepatitis. Urine
pH and microscopy assessment are considered in
this trail.

4 WWWw.co-criticalcare.com

CONCLUSION

Due to severity of acute illnesses, baseline diseases,
organ failure, and medications, septic patients are
more vulnerable to side effects of any new interven-
tion

. Most evidences came from
other populations.

and are of course not primary
endpoints in sepsis trials. Until more data become
available, [¢atition] should be applied to use of high
doses of vitamin C in septic patients with

chromatosis, G6PD deficiency, kidney
renal stone, or oxaluria and pediatrics. Vitamin C

jsééms to be a [safe intervention for septic patients
without these problems. Adequate hydration,
appropriate dilution and slow rate of infusion
should be considered for all patients who are candi-
date to receive high doses of vitamin C.
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