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Abstract. - OBJECTIVE: Critical ilinesses are
a significant public health issue because of their
high rate of mortality, the increasing use of the
Intensive Care Units and the resulting health-
care cost that is about 80 billion of dollars per
year. Their mortality is about 12% whereas sep-
sis mortality reaches 30-40%. The only instru-
ments currently used against sepsis are early
diagnosis and antibiotic therapies, but the mor-
tality rate can also be decreased through an im-
provement of the patient’s nutrition. The aim
of this paper is to summarize the effects of vi-
tamins A, B, C and E on the balance between
pro-oxidants and anti-oxidants in the critical
care setting to confirm “a beneficial care en-
hancing”.

MATERIALS AND METHODS: The peer-re-
viewed articles analyzed were selected from
PubMed databases using the keywords “critical
care”, “intensive care”, “critical illness”, “sep-
sis”, “nutritional deficiency”, “vitamins”, “oxida-
tive stress”, “infection”, and “surgery”. Among
the 654 papers identified, 160 articles were se-
lected after title and abstract examination, re-
moval of duplicates and of the studies on pediat-
ric population. Finally, only the 92 articles relat-
ing to vitamins A, C, E and the B complex were
analyzed.

RESULTS: The use of vitamins decreased mor-
bidity and mortality in perioperative period and
critically ill patients, especially in ICU. Among
the most encouraging results, we found that the
use of vitamins, both as monotherapy and in vi-
tamins combinations, play a crucial role in the
redox balance. Vitamins, especially vitamins A,
C, E and the B complex, could help prevent oxi-
dative damage through the breakdown of the ox-
idizing chemical chain reaction.

CONCLUSIONS: Even if the results of the
studies are sometimes discordant or inconclu-
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sive, the current opinion is that the supplemen-
tation of one or more of these vitamins in criti-
cally ill patients may improve their clinical out-
come, positively affecting the morbidity and the
mortality. Further, randomized studies are re-
quired to deeply understand the potentiality of
a vitamin supplementation therapy and develop
homogeneous and standardized protocols to be
adopted in every critical care scenario.
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Introduction

Before introducing the “starring vitamins”, we
have preferred to summarize the principal critical
care settings where the physicians can meet oxi-
dative stress; concurrently, the aim of this review
is to regroup the principal activity of some vita-
mins that are “a beneficial care enhancing” the
human body during critical illness. Over the past
years many studies on critical illnesses demon-
strated an imbalance between prooxidant and an-
tioxidant factors, resulting in oxidative stress 2.

Pathophysiology of the Reactive Species

The main prooxidant molecules are the Reac-
tive Oxygen Species (ROS) and the Reactive Ni-
trogenous Species (RNS). ROS include superoxide
anion (-02Y), hydroxyl radical (OH) and hydrogen
peroxide (H,0,); RNS include nitric oxide (NO-)
and peroxynitrite (ONOO")**. These reactive species,
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also known as free radicals, contain an unpaired
electron that makes them highly reactive with other
molecules like proteins, lipids and DNA 7. The cell
reacts to the damage of these molecules by activating
apoptosis and autophagy that lead to the death of the
cell and consequently to tissue damage and organ
dysfunction®. ROS and RNS are formed through
many physiological processes, like cellular respira-
tion, immune response, apoptosis, proliferation and
gene expression*”!>. ROS and RNS are produced
by enzymes clusters such as nicotinamide adenine
dinucleotide phosphate oxidase (NOX), xanthine ox-
idase (XO) and nitric oxide synthase (NOS)"*¥, NOX
is an enzymatic complex that can be found in the
cellular membrane lipid double layer, in peroxisomes
and inside mitochondria (Figure 1). It uses cytosolic
oxygen (O,) and nicotinamide adenine dinucleotide
phosphate (NADPH) to produce hydrogen peroxide
(H,0,), which damages lipidic membranes and the
DNA, Under physiological conditions the human
redox network produces free radicals through en-

dothelial nitrogenous oxide syntetase (eNOS)® that
generates nitrogenous oxide (NO), which is involved
in many physiological activities like neuronal trans-
mission, vasodilatation and immunity"-?. During the
infections, phagocytes release NO and produce per-
oxynitrite that can spontaneously decompose into
hydroxyl radicals and nitrogen dioxide".

Natural Antioxidant Enzymatic Pathways

Antioxidants are substances that prevent the
transfer of electrons from an organic molecule
to another and to oxygen?. The main antioxidant
enzymes of the human body are glutathione
peroxidase (GPx), superoxide dismutase (SOD),
catalase (CAT) and thioredoxin (TRX). Reduced
Glutathione (GSH) is the core molecule of an
antioxidant system found in the cytoplasm and
in the mitochondria; GPx produces glutathione
disulfide (GSSH) and water through hydrogen
peroxide. GSSH is reduced to GSH by the gluta-
thione reductase (GR)* (Figure 1).

START-1
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Figure 1. Vitamin human antioxidant network (simplified scheme). The brown boxes contain oxidizing compounds. Vitamins
surround oxidizing compounds to deactivate them. CAT, catalase; Fe2+, iron(Il); GPx, glutathione peroxidase; GR, glutathione
reductase; GSH, reduced glutathione; GSSG, oxidized glutathione; H,O, dihydrogen monoxide (“water”); H,O,, hydrogen
peroxide; NADP, nicotinamide adenine dinucleotide phosphate; NADPH, reduced nicotinamide adenine dinucleotide
phosphate; NO, nitric oxide; NOS, nitric oxide synthase; NOX, nicotinamide adenine dinucleotide phosphate oxidase; O2-,
superoxide; O, hydroxyl radical; ONOO, peroxynitrite; R, alkyl radical; RH, radical-hydrogen; RO, alkoxy radical; ROO,
peroxy radical; ROOH, hydroperoxide; SOD, superoxide dismutase; Vit A, vitamin A; Vit C, vitamin C; Vit C, Vitamin C
radical; Vit E, vitamin E; Vit E, Vitamin E radical; Vit B,, vitamin B or TTP.
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SODs are metalloproteins that catalyze the
splitting of superoxide to hydrogen peroxide and
oxygen. They can be found in all living cells with
3 subtypes: subtype 1 is cytosol-copper-zinc (Cu-
Zn) dependent; subtype 2 is mitochondrial-man-
ganese (Mn) dependent; subtype 3 is extracel-
lular-Cu-Zn dependent*. The CAT is a cluster
of enzymes in the membrane double layer that
converts hydrogen peroxide in oxygen and®. The
TRX catalyzes reactions from hydrogen peroxide
into water and oxidized TRX which is reduced
into TRX by a NADPH-dependent reductase*?’.
Reduced TRX can reduce ascorbate-using seleni-
um as a cofactor®.

Oxidative Stress in the Critical Care
Setting and Measuring Methods

Since 1990 many studies in intensive care
medicine have described the increase of ROS
and RSN and the concomitant decrease of the
antioxidants in sepsis, acute respiratory distress
syndrome (ARDS), multiorgan dysfunction syn-
drome (MODS), diaphragm fatigue, acute heart
failure (AHF) and other conditions related to
ischemia-reperfusion injury syndrome.

Sepsis is the major cause of death in Intensive
Care Units (ICU)* and part of its pathological
core is the imbalance between prooxidant and
antioxidant factors. This imbalance depends on
the overregulation of some enzymes, like NOX,
XO and eNOS’. Oxidative stress triggers an in-
flammatory response through the activation of the
NF-kb (Nuclear Factor-kb)*** and the increase of
circulating proinflammatory cytokines*-’. Those
cytokines recall leukocytes in order to maintain
an inflammatory state and phagocytize the cells
with a peroxided membrane®™. Besides, oxidative
injuries are responsible of the mitochondrial mem-
brane peroxidation that causes irreversible alter-
ation of the Krebs’ Cycle, leading to MODS*,
The concentration of ROS and RSN (mainly per-
oxynitrite) also increases during a strong immune
response against microorganisms'®!' and during
tissue hypoperfusion, because of the decreased
washout of these molecules. In normal conditions
the glutathione system counterbalances the excess
of radicals but when it is completely consumed and
no longer replaced, radicals accumulate and cells
are damaged. On top of that, blood vessels become
hyporeactive to catecholamines and more perme-
able, thus leading to septic shock, despite adequate
fluid resuscitation*!.

Acute respiratory distress syndrome (AR-
DS) is a massive uncontrolled inflammation

mediated by neutrophil granulocytes that infil-
trate the alveolus and produce ROS and RNS*.
Particularly, peroxynitrite induces the nitration
of the surfactant proteins leading to lung ep-
ithelium alterations, causing oedema®. When
O, is administered to patients with ARDS, the
production of ROS and RSN is enhanced and is
not counterbalanced by natural antioxidant sys-
tems, such as the glutathione, which is lacking
in patients affected by this condition**. Many
investigations show that patients with ARDS
have increased levels of prooxidant molecules
in the bronchoalveolar lavage fluid and in the
plasma®. The hydrogen peroxide concentration
is increased in the exhaled breath as well**.

Ischemia-reperfusion injury syndrome is a very
common complication in vasculopathy and in
heart, lung and kidney transplantation*’. During
ischemia, hypoxia compromises the mitochondri-
al ATP genesis and switches the metabolism from
aerobic to anaerobic, leading to cellular death and
subsequent tissue damage due to hyperlactacide-
mia with acidosis, intracellular calcium overload,
mitochondrial changes and cytokine excess*. A
prolonged anaerobic metabolism and the aerobic
metabolism restoration can lead to negative con-
sequences that define the ischemia-reperfusion
injury syndrome*. The most important radical
involved is super oxide (SO), which is formed by
two main pathways:

1. Xanthine dehydrogenase (XD), that is con-
stitutively present in the endothelium and is
converted into xanthine oxidase (XO) in case
of hypoxia. XO catalyzes the production of
superoxide from hypoxanthine — largely syn-
thesized during ischemia — and the molecular
oxygen provided by the reperfusion*®;

2. NADPH-oxidase (NOX) and eNOS catalyze
the production of both SO and NO. Low con-
centrations of NO have a positive effect on the
tissue perfusion as they cause vasodilatation
and prevent leukocytes and platelets adhesion
on the endothelium; instead, high concentra-
tions of NO react with superoxide, producing
peroxynitrite radicals. Furthermore, SO can
induce eNOS uncoupling with additional pro-
duction of SO instead of NO: this leads to an
endothelial dysfunction and subsequent ex-
travasation and activation of leukocytes, with
ROS production and inflammatory response®.
Moreover, the leukocytes accumulation in the
microvasculature creates obstruction thereby
avoiding reperfusion®.
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Oxidative stress measuring methods are useful
to reveal a prooxidant or an antioxidant status. The
direct determination of ROS and RNS is almost im-
possible due to their ultra-short half-life that is why
it is more common to use indirect methods®*. The
antioxidant status is assessed by measuring the
consumption of antioxidant compounds and ob-
serving the kinetics of the involved enzymes. For
instance, the Total Antioxidant Capacity (TAC)
is an in-vitro method that measures the variation
of concentration of a biological antioxidant com-
pound when added in a solution containing free
radicals™. However, the limit of this technique is
not to consider the production of prooxidants that
takes place in vivo. The main method used in the
clinical practice to detect a prooxidant status is the
quantification of the stable products of lipid per-
oxidation, like malondialdehyde and isoprostanes,
and those of DNA oxidation like 8-oxo-2’-deox-
yguanosine’>*. But also this method shows some
limits: most of the markers are evaluated in the
plasma and many studies demonstrate that there is
a poor correlation between their plasmatic and the
tissue concentration®.

Materials and Methods

Original articles published in peer-reviewed
journals, with no limitations on year of publi-
cation, were electronically collected in Medline
and PubMed databases by matching the following
keywords: “critical care”, “intensive care”, “crit-
ical illness”, “sepsis”, “nutritional deficiency”,
“vitamins”, “oxidative stress”, “infection”, and
“surgery”. This led to the selection of 553 arti-
cles. In order to avoid omissions, all biographies
were analyzed one by one and double-checked.
In this way, further 101 articles were found, with
654 papers in total. An initial title examination
determined the exclusion of 420 of them. Of the
remaining 234, only 160 were finally selected, af-
ter the examination of abstracts and the removal
of duplicate results and of papers regarding pedi-
atric intensive care. Of these 160 papers, solely
92 focusing on the main antioxidant vitamins
(vitamin A, C, E and a vitamin of the B complex)
were considered in this review.

Discussion

The antioxidant network is formed by many
different molecules like vitamins, endogenous
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antioxidant compounds — such as ubiquinone,
a-lipoic acid, bilirubin, serum albumin, ferritin,
metallothionein, L-carnitine, uric acid, glutathi-
one, melatonin — and micronutrients like zinc,
selenium, iron, manganese and copper. These
antioxidants trap the ionized metals in inactive
complexes, scavenge or quench free radicals,
interrupt the free radical chemical reaction and
repair damaged molecules.

Vitamin A (all-trans-retinol) is a fat-soluble ac-
id molecule that belongs to the group of retinoids
together with its natural and synthetic deriva-
tives®. Vitamin A cannot be synthesized by ver-
tebrates and, therefore, it must be introduced with
the diet. It can be found in food both as preformed
vitamin A (e.g. retinyl esters and retinol) and as
provitamin A. The term “provitamin A” refers to
some carotenoids, the most important of which is
the B-carotene that is converted in the active form
in the intestinal mucosa or in peripheral cells like
adipocytes and macrophages®**’. About 60% of
vitamin A is absorbed in the small intestine and
is then transferred to the liver, where it can be
stored or excreted in the bile®®. It is essential for
many physiological functions like vision, cellular
proliferation and differentiation, immune func-
tion, reproduction, gene transcription and antiox-
idant activity®. B-carotene has more antioxidant
properties than retinol, while retinol enhances the
antioxidant effect of ascorbic acid®. B-carotene is
able to scavenge the hydroxyl radical, the super-
oxide anion and the peroxynitrite and to prevent
these radicals from binding with transition met-
als®’; moreover, B-carotene and retinol completely
block the lipid peroxidation. In clinical practices
vitamin A cannot be directly measured, that is
why it is needed to dose serum [-carotene and
plasmatic retinol. The normal range is 0.74-3.72
pmol/L for the former and > 0.70 pmol/L for
the latter®. Hypervitaminosis A can occur after
an acute intake (> 0.2 g) or a chronic intake (>
0.01 g/day), while deficiency occurs, especially in
critical illness, because of poor intake, increased
use or massive excretion of the vitamin or in case
of acute renal failure zinc deficiency®. Zinc defi-
ciency inhibits the production of retinol binding
protein (RBP) in the liver and consequently the
plasmatic retinol concentration decreases. More-
over, zinc is a cofactor of the enzyme photore-
ceptor retinol dehydrogenase, whose dysfunction
leads to night blindness®>. The importance of Zn
is emphasized in the research of Matos et al®, in
which two groups of patients received vitamin
A supplements before cardiac surgery. The first
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group had normal plasmatic zinc levels and the
second one suffered from zinc deficiency. The
study demonstrated that the levels of prooxidants
were lower in the group with a normal zinc level.
During a critical illness, especially in acute in-
fections, the metabolism of vitamin A could be
altered with the excretion of significant amounts
of retinol and RBP in the urine®*. Because of this
alteration the availability of vitamin A and its
derivatives decreases. Stephensen et al®® showed
that about 40% of patients with an acute infection
excreted half of the recommended daily dietary
intake of vitamin A with the urine, whereas only
traces were found in the urine of healthy people.
Doise et al* and Ribero et al®’ observed the an-
tioxidant capacity of retinol and B-carotene in
patients with sepsis and septic shock compared
to healthy patients, concluding that retinol and
B-carotene levels were significantly lower in the
first group than in the control group. Also Goode
et al*® showed the decrease in antioxidant levels
and the increase of lipid peroxidation in patients
with septic shock and MODS. Metnitz et al** eval-
uated the levels of retinol, B-Carotene and ROS in
a very small number of patients with ARDS. In
the ARDS group, the plasmatic concentrations of
retinol and B-carotene at day O of the diagnosis
were 0.77 and 0.08 pmol/L, respectively, while
they were 1.19 and 1.22 umol/L (p <.001) in the
healthy controls. Retinol level normalized in 6
hours, whereas P-carotene plasmatic level re-
mained low in patients affected by ARDS. Many
other previous studies showed that in critical ill
patients both vitamin A and B-carotene should
be supplemented: in particular, since the B-car-
otene is a more potent antioxidant, one of these
researches suggests that B-carotene should be
supplemented in case of a vitamin A deficien-
cy®®®, Moreover, (3-carotene is safer than retinol,
as retinol can quickly accumulate during supple-
mentation. Matos et al® investigated the role of
vitamin A in 90 patients with a primary diagnosis
of angina pectoris and undergoing a coronary
bypass grafting surgery. Patients were assigned
to a control group, receiving a standard diet, or
to an intervention group, which received a daily
supplementation of 5,000 IU of vitamin A as ret-
inol palmitate. A reduction in the mortality (3.3%
vs. 8.3%) and in the ICU length of stay (4.6 vs.
8.5 days) was reported in the intervention group,
while no significant differences between the two
groups were reported in terms of invasive support
ventilation. Corcoran et al’® evaluated the associ-
ation between serum - and o-carotene concen-

trations and mortality of 67 patients, performing
daily measurements from admission in ICU until
discharge or death. They concluded that there is
no correlation between the serum B- and a-caro-
tene levels and mortality (p = .5).

Vitamin C or ascorbic acid is a natural, wa-
ter-soluble antioxidant and cofactor of many
enzymatic reactions in some crucial metabolic
pathways like those of iron, folic acid, collagen,
cortisol, catecholamines and carnitine; moreover,
it plays an important role in several immune sys-
tem pathways’'. Its absorption takes place mostly
in the small intestine, while It is mostly excreted
through urines. The normal plasmatic concen-
tration is > 23 pumol/L”. Vitamin C deficiency
occurs in conditions of insufficient intake, in-
creased loss or acute consumption because of ox-
idative stress. Low plasma concentrations of this
vitamin are associated with inflammation, organ
failure and mortality’?. The ascorbic acid limits
the production of ROS and RSN both directly and
indirectly. The direct limitation depends on the
inhibition of nitric oxides (NOx) and of inducible
nitric oxide synthase (iNOS) which prevents the
formation of superoxide, hydroxyl, peroxyl and
nitroxide radicals; as an alternative, the ascorbic
acid can act as a substrate for ascorbate per-
oxidase, which converts the hydrogen peroxide
into water. The production of free radicals can
be indirectly inhibited through the restoration of
antioxidant systems such as the production of the
a-tocopherol from a-tocopheroxyl radical or of
glutathione from the glutathione disulfide (Fig-
ure 1)"'. Furthermore, vitamin C is a very strong
protector against the adhesion of phagocytes to
the endothelium™. Several investigators observed
low circulating levels of vitamin C in critically ill
patients, particularly in sepsis and after cardiac
arrest. Moreover, critically ill patients show low
vitamin C concentration in plasma (< 10 pmol/L)
and urines, despite intravenous (IV) supplemen-
tation according to daily-recommended dose™.
These data suggest that a dose of 3 g/day — which
is 30 times higher than the recommended daily
dose — for several days is required to obtain ben-
efits in critically ill patients™. Sadeghpour et al”
carried out a randomized case vs. control trial,
dividing 290 patients in two groups; the case
group received 2 grams of vitamin C one hour
before a cardiac surgery and 1 gram/day for 4
days after the surgery. This report did not show
any differences between the two groups. Fowler
et al’® studied the effect of the administration of
low doses (50 mg/kg/24 h) or high doses (200 mg/
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kg/24 h) of ascorbic acid vs. placebo in patients
with sepsis. At the time of admission, the plas-
matic levels of the ascorbic acid were subnormal
(normal range 50-70 pM) in all the septic patients
with no significant differences among the three
groups. The Sequential Organ Failure Assess-
ment (SOFA) score improved in patients receiv-
ing ascorbate; the 28-day mortality rate was of
38.1% for the low-dose group, 50.6% for the high-
dose group and of 65.1% for the placebo group; no
differences were found for the ICU-LOS and for
the ventilator-free days among the three groups.
Vitamin E identifies a family of lipid soluble
compounds made up of four tocopherols and four
tocotrienols. The a-tocopherol is the most stud-
ied member of this family since the human body
uses subtle regulatory mechanisms to retain o-to-
copherol and excrete non-a-tocopherol forms”.
Vitamin E is involved in antioxidant activities,
in the stabilization of cellular membranes and in
the empowerment of the immune response during
infections”™. Being a lipid, it follows the lipid
metabolism pathway: it is embedded in chylomi-
crons after enteral adsorption and then it binds an
alpha-tocopherol transfer protein and is secreted
in the bloodstream’™. As an antioxidant, it pre-
vents cell damage due to superoxide and hydroxyl
radicals and protects the cell against lipid perox-
idation and breaking radical chain reactions™.
In healthy subjects with a normal lipid profile,
vitamin E should be higher than 11.5 pmol/L
(4.95 mg/mL)"". Alterations in the plasmatic con-
centration of cholesterol and triglycerides can
influence the plasmatic tocopherol values that is
why some authors suggest that the best method
to determine the real a-tocopherol levels is to
measure its concentration inside red blood cells
(RBC)”. The plasmatic range in critical diseases
is unclear, but many investigators have assessed
a decrease of the a-tocopherol levels in critically
ill patients®-*2. However, Vasilaki et al** demon-
strated that RBC a-tocopherol concentration cor-
rected for the hemoglobin level is the same of
healthy subjects. Corcoran et al”® performed daily
measurements of a-tocopherol levels from the
time of ICU admission until the discharge and
did not find any correlation between them and
the mortality (p = .23). In most studies about the
use of vitamin E in critical care settings it is not
used as monotherapy but in combination with
other antioxidant compounds; moreover, there
are few studies about its use in the preoperative
period. Bartels et al®! administered an IV solu-
tion, containing 1,800 IU of vitamin E, in 68
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patients the day before elective partial liver re-
section; Lassnigg et al®® administered 4 IV doses
of 270 mg of vitamin E in the time between 16
hours before and 48 hours after elective cardiac
surgery. A significant reduction of the ICU-LOS
was observed in the first investigation but not
in the second one; no difference was observed
in SAPS II (Simplified Acute Physiology Score
II), in H-LOS or in 30-day mortality in any of
the studies. In patients with ARDS, the admin-
istration of 1 gram/day of vitamin E for 5 days
slightly increased its serum level; patients with
sepsis have a higher production of superoxide and
a decrease in the vitamin E/lipids ratio compared
to non-septic subjects®.

Vitamin B, also known as thiamine, is a
water-soluble vitamin that is very important for
carbohydrate metabolism. It serves as a junction
between glycolysis and Krebs’ Cycle because
it is the cofactor of pyruvate dehydrogenase,
the enzyme responsible for the conversion of
pyruvate to acetyl-coenzyme A (acetyl-CoA)¥.
Thiamine also plays a role in the metabolism
of branched-chain amino acids and is a critical
component of the pentose phosphate pathway,
which is essential for the generation of NADPH
and hence for the glutathione cycling® (Figure
1). Thiamine is passively absorbed in the small
intestine at high concentrations or actively ab-
sorbed through thiamine transporter proteins
at lower concentrations®. Approximately 90%
of the thiamine contained in the blood is in the
erythrocytes; of the outstanding part is con-
tained in serum thiamine where it is bounded
to proteins, mainly albumin. A specific binding
protein called thiamine-binding protein (TBP)
has been identified in the serum of rats in which
it is supposed to be a hormone-regulated carrier
protein that is important for the distribution of
this vitamin in the tissues; anyway a human
counterpart of this binding protein has not been
identified yet®. The recommended daily intake
of thiamine is between 0.9 and 1.4 mg, and a
human adult can store about 30 mg of thiamine
in the muscles, liver, and kidneys. The thiamine
reserves can be depleted in about 18 days after
the cessation of the intake®. A thiamine de-
ficiency syndrome, the beri beri, shows some
similarities with the sepsis, including peripheral
vasodilation, cardiac dysfunction and elevated
lactate levels in the blood®®. Thiamine deficiency
is not rare in critically ill populations and may
be associated with increased mortality®, there-
fore, the supplementation may mitigate organ
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dysfunction®’. Thiamine supplementation does
not seem to be associated with significant ad-
verse effects, even at high doses®’. In a research
in mice, the prophylactic administration of thi-
amine before the induction of a cardiac arrest
improved the histologic signs and the neurologic
outcomes®’. There is little evidence to support
or reject the supplementation of thiamine in the
treatment and prevention of sepsis and septic
shock. A retrospective investigation by Marik
et al® on the use of vitamin C with thiamine
and hydrocortisone for the treatment of sepsis
and septic shock showed a significant difference
in the mortality between the group of treated
patients (n=47) and the control group (n=47),
that was higher in the second one. This suggests
that the intervention may reduce mortality in
severe sepsis and septic shock. Donnino et al®’
observed no differences in the lactate levels, in
the severity of illness or in the mortality rate be-
tween the thiamine treated group (n=43) and the
control group (n=45). However, a subpopulation
of patients showing a baseline thiamine defi-
ciency displayed a significant reduction in the
lactate levels after 24 hours. A post-hoc anal-
ysis by Moskowitz et al* aimed at identifying
whether thiamine supplementation reduces the
severity of the renal injury in the septic shock.
A significant difference was detected for the re-
quirement of renal replacement therapy between
the control and the intervention group (p=0.04),
thus indicating that supplementation of thiamine
may reduce the risk of sepsis associated kidney
injury. However, no difference was observed
between the groups for in-hospital mortality
(p=0.45).

Vitamin D is included among the liposoluble
vitamins. The active forms in human body are the
D,-ergocalciferol and D,-colecalciferol. They are
important for calcium and phosphates balance that
influences the bone metabolism and the immune
system function. Vitamin D has anti-inflammatory,
anti-neoplastic properties and prevents depression”.
The important role of the vitamin D metabolism has
been deeply investigated in the critical care and its
deficiency has been found to be a strong predictor of
MOF, sepsis and mortality”*?. However, since only
one study has investigated the role of vitamin D as
an antioxidant compound, it has not been consid-
ered in this review. Igbal et al’® analyzed the antioxi-
dant role of this vitamin and concluded that it has an
antioxidant property in mice with alloxan-induced
diabetes, in which antioxidant levels are increased
and prooxidant levels decreased.

Conclusions

Currently early diagnosis and antibiotic treat-
ment are the most important and, sometimes, the
only weapons that can be used against critical
illnesses like sepsis, acute respiratory distress syn-
drome and ischemia-reperfusion syndrome. Since
all these conditions are associated with impair-
ment between the prooxidant and the antioxidant
status, great interest is addressed towards antioxi-
dant vitamins, like vitamin A, B, C and E. Many
studies proved that the supplementation of a single
class of these vitamins causes a decrease in the
mortality and morbidity in critically ill patients.
When used in combination, their benefit seems to
be exponential Data about the benefits of vitamin
B, supplementation are discordant as few reports
suggest that it would have an impact on morbidity
but not on the mortality; an exception is given by
Marik et al® that highlighted a reduction in the
mortality when the thiamine is administered to-
gether with corticosteroids.

Some studies have shown results in favor
of a supplementation of thiamine in refeeding
syndrome, probably connected to its crucial
role in glucose metabolism. Since these studies
are not numerically strong, further, large, ran-
domized researches are needed to confirm these
data. Even if the results of the investigations
are sometimes discordant or inconclusive, the
current opinion is that the supplementation of
one or more of these vitamins in critically ill
patients may improve their clinical outcome,
positively affecting the morbidity and the mor-
tality. Further, randomized trials are required to
deeply understand the potentiality of a vitamin
supplementation therapy and develop homoge-
neous and standardized protocols to be adopted
in every critical care scenario.
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