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Micronutrient (vitamins, trace elements, and electrolytes)
research in critically ill suggests that lower levels, or deficiency are
associated with increased mortality and morbidity.! Though there
are few randomized trials in this regard, majority of the research is
observational and conflicting. Identified deficiency is not true butis
a consequence of iliness. Clarity on acute or acute or chronic forms
of deficiency is difficult to define.?

Iron is one of the key micronutrients essential for various
biologic needs including synthesis of hemoglobin, transport
of oxygen, energy production and immune functions. Iron is a
critical nutrient for the replication and survival of most bacterial
pathogens. The free iron (commonly called non-transferrin bound
iron) is a heterogenous form of iron not bound to the plasma
proteins (ferritin and/or transferrin) and is an essential nutrient
for bacterial multiplication.>* The pathogenic organisms are
capable of extracting the free iron from plasma/tissue by various
complex mechanisms.The humans have sailed successfully through
thousands of years on the earth battling various pathogens thanks
to the innate and acquired immune mechanisms that provide
antibacterial properties to tissue fluids including phagocytic
capabilities to certain immune cells. Research has shown that for
the above systems to work optimally, there is a need for a virtually
iron-free environment, and free-iron or free heme abolishes the
bactericidal or bacteriostatic effects of serum resulting in increased
virulence and multiplication of invading organisms. Sequestration
of iron with decreased availability even for critical functions has
been noted as a host response to sepsis as a part of the host defense
mechanism against pathogens. Excessive sequestration can lead to
anemia, and altered immune functions predisposing to secondary
infections.® Both high as well as low iron status increase the risk of
infections, and Mendelian randomization studies have shown that
iron homeostasis set point changes increase therisk for sepsis, and
have also correlated genetically predicted iron levels with increased
risk of sepsis, and severe COVID-19.57

Iron studies use has expanded from their community evaluation
of chronic anemia to use in the evaluation of various acute anemias
in hospitalized and critically ill. Iron studies in critically ill septic
patients have been noted for some time to be specific to the severity
of iliness or inflammation in the majority (analogous to anemia of
chronic disease) and not due to acute loss (new bleeding) or acute
on chronic loss (new bleeding or loss from other causes with pre-
existing illness). This comes to be known as anemia of inflammation
(Al), though has traditionally been discussed in chronicinflammatory
states; of late has increasingly been documented and described in
acute inflammatory states like sepsis.®2 The Al is different from
iron deficiency anemia with its near normal mean corpuscular
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volume (MCV), high ferritin, and inflammatory markers apart from
low hemoglobin. In essence, the Al is typically characterized by
hypoferremia and hyperferritinemia.’ Critical illness and resulting
inflammation irrespective of the insult, affects the hemopoietic
system at multiple sites and in particular the recycling of iron and
the accelerated sequestration of red blood cells.'

Inthisissue of JCCM, Jatteppanavar et al. have published a cross-
sectional study on 142 patients with sepsis or septic shock whose
iron profile (iron, ferritin, and transferrin saturation) and vitamin D
levels were measured at admission using radioimmunoassay kits,
and compared these values between survivors (n = 60) and non-
survivors (n = 82)."" They found a significant correlation between
low iron levels, high ferritin levels, and low transferrin saturation
levels at admission with the 28-day mortality. The vasopressor
support, length of intensive care unit (ICU) stay, and the APACHE Il
and SOFA scores were also correlated significantly with increased
mortality. The conclusions of this study noted some aspects of
the iron profile but not the vitamin D level to be associated with
increased mortality. Looking at the iron profile data of the study,
the hypoferremia and hyperferritinemia are noted, and one could
have used more information regarding hemoglobin level and MCV
to assist with a diagnosis of underlying pre-existing anemia of
chronic inflammation. Here again, the ferritin levels showed clear
demarcation between survivors and non-survivors, and confirming
the hyperinflammatory state in the latter. Vitamin D failed to be
associated with the outcome given that both survivors and non-
survivors had very low levels, but not to a level that was used as
a threshold for supplementation in the VITdAL-ICU study."? This
single-center cross-sectional study by Jatteppanavar et al. on a small
number of patients warrants validation by further large studies in
this patient population. It is difficult to comment if there were any
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underlying deranged iron profiles including iron deficiency in the
non-survivors (as not uncommon in India), and to document the
start of the septic process in the patients to find out if duration of
septic process had affected the iron profile at admission. Going
through the medical literature, results of various available studies on
iron profile and sepsis outcomes have not yielded straight-forward
or consistent results or answers. There have been studies that match
the author’s findings based on certain parameters, and contradict
the results partially or completely.2*""7 The study by Brandtner
et al. showed a positive correlation between high iron levels and
high ferritin levels at ICU admission with the SOFA and mortality.
Also, high iron, high ferritin, high transferrin saturation, and low
transferrin concentration were associated with decreased survival.”

Itis very difficult to correlate and associate the relation between
iron status and sepsis mortality in view of heterogenous study
protocols in different populations and in view of complex evidence
with conflicting results. We need to be aware that ferritin is a positive
acute phase reactant that is elevated in many acute infections. It is
also elevated in chronic infections, and non-infectious conditions
such as autoimmune disorders, chronic kidney disease, and
malignancies. The acute phase reaction is mediated by cytokines
including tumor necrosis factor (TNF), interleukin 1 (IL-1) and
interleukin 6 (IL-6). The ferritin elevation results in the sequestration
of iron and can be perceived as the body’s defense mechanism
against severe infection thereby depriving the free available iron
in the body. Another key regulator of the inflammation-associated
anemia is hepcidin which decreases iron levels by preventing
intestinal iron absorption and by downregulating ferroportin in
intestinal mucosae and macrophages.®

The change in iron profile could have made the person
much more susceptible to sepsis as has been shown in the above
Mendelian randomization studies or the inflammatory cascade
in sepsis might have triggered the rapid changes in iron profile
presenting at admission. Both high as well as low levels of iron have
been known to worsen the outcome in a given patient.

The low iron in our study might have been the result of the
natural defense mechanism of increased iron sequestration in
ferritin stores. The transferrin is the iron-binding protein that gets
saturated 20-30% with iron and makes non-transferring bound
free iron undetectable in the internal milieu.? The low transferrin
saturation probably denotes a relative deficiency of iron with or
without anemia. It may also hypothetically denote the inability
of transferrin to bind adequately to the normally available iron
(because of sepsis cascade) thereby increasing the free non-
transferrin bound iron which has got potential to cause oxygen
radical injury resulting in multiorgan failure. The unbound iron is
difficult to measure, and it would have been interesting if it was
possible to measure the non-transferrin bound iron to correlate
with the mortality.? It is difficult to explain the contradiction in
Brandtner study where high iron and high transferrin saturation
were associated with increased mortality without obtaining a
detailed and reliable prior history."”

In common practice, evaluation and replacement of
micronutrients are done with decreasing frequencies in the order
of electrolytes, vitamins, and lastly, the trace elements. Studies
into supplementation and in relation to levels deemed normal or
supranormal levels vary. The current practice of using vitamin and
trace element replacement in patients with preexisting nutritional
deficiencies or those having prolonged ICU stays is common. Apart
from this reactionary and often empirical practice (not advised by

Indian Journal of Critical Care Medicine, Volume 28 Issue 6 (June 2024)

micronutrient levels), research into using micronutrients proactively
with a hypothesis that their replacement to normal or supranormal
levels may reduce inflammation or disease burden has been taking
place over the years. A recent example of the same is the use of
vitamin C, thiamine, and steroids in sepsis studies with conflicting
results which finally failed to confirm the hypothesis in bigger studies.

There has been much interest in vitamin D in general practice
and in recent decades in critically ill too. Though levels are noted
to be consistently low, replacement is only noted to be associated
with altered outcomes in severely depleted in a randomized
trial.'? Studies have not been able to identify characteristics
and proportions of critically ill that have severe and non-severe
forms of vitamin D deficiency. Through decades, single to multi-
micronutrient evaluation and replacement in ICU for an improved
outcome have largely been unsuccessful. The fact remains that
in critically ill, the micronutrient levels alter, and the severity of
alteration is associated with the severity of illness and replacement
produces negative outcomes.'®

To conclude, tests required to understand pre-existing and
critical illness-related micronutrient changes or deficiencies are
evolving. Currently, anemia of inflammation superseding pre-
existing iron deficiency is common in septic patients. The severity
of theillness corresponds with anemia. Vitamin D is consistently low
in the ICU population and unlike anemia; replacement is possiblein
those with severe deficiency for outcome benefit. An extended iron
profile with or without assessment of other micronutrients with a
view to correlate levels and outcomes apart from finding avenues
for intervention could only be facilitated by a large well designed
studies in diverse critically ill patients.
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