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Commentary
We have previously summarized evidence [1-3] the thyroid

hormones (ΤΗ) can diminish left ventricular (LV) remodeling (REM)
after an acute myocardial infarction (AMI). Experimental animal data
were mostly given but also some results from studies in humans.

It must be realized that REM, very plainly defined as LV cavity
enlargement above a certain value remains an important cardiological
problem. After an anterior AMI despite early primary percutaneous
intervention (PPCI) and administration of the drugs considered most
efficient today, i.e. Converting enzyme inhibitors (CEIs) or angiotensin
receptor blockers (ARBs), β- blockers and aldosterone inhibitors, 30%
of patients (pts) develop REM which seriously undermines their
survival [4].

Apart from the aforementioned drugs, a legion of substances has
given excellent results in the animal, but has had only limited success
in the human [3].

Thus, a drug that can effectively reduce REM without significant
side effects, is still needed.

Before embarking on enthusiastic employment of thyroid hormones
(TH) in the post infarct heart, an all-important caveat concerning
previous studies should be remembered:

Many author groups including our own, have found that TH
administration improves the course towards REM by multiple
pathways, i.e. inhibition of apoptosis, reduction of collagen
accumulation increase of contractility as effected by SERCA-2α,
αMHC and β1 adrenergic receptor up-regulation, induction of
cardioprotective mechanisms including Akt , ERK 1/2 and
mitochondrial biogenesis [3,5-8].

However, an established fact remains that although hypothyroidism
correction is beneficial and that early TH administration can improve
cardiac function, there is no escaping the fact prolonged that TH in
high doses becomes detrimental to the heart, leading to hypertrophy
and heart failure (HF) [9,10].

There is an analogy in this course to this of “compensatory” or
“adaptive” H after an acute myocardial infarction (AMI). The
transition between this it and “pathological” or “maladaptive” is
practically impossible to define [11].

The TH actions can very well be explained by the yin and yang
theory of ancient Tao Philosophy in which every state has its positive
and opposite side, and the “nothing in excess” and “all evil is associated
with (some) good” of Ancient Hellenic Philosophy.

Some Paradigms Should be Given
Most studies have shown that TH administration initially increases

+dp/dt, -dp/dt, and SV. However, Maity et al. [12] have shown that
after 5-8 days in the rat these begin to diminish. Heart failure in
hyperthyroidism is well known, even without atrial fibrillation and
disproportionate tachycardia. TH promote mitochondrial (MITO)
genesis through a genomic action [13]. Cardiomyocytes have the
highest volume of MITO (30%), of all cells according to Maity et al.
[12], who have shown that TH eventually diminish the mitochondrial
membrane proteins prohibitin and VDAC, suggesting a noxious action
on the mitochondria.

Also, it is well known that TH can increase angiogenesis [14].
However what happens when too much H ensues after their prolonged
administration has not been well studied.

Most authors have shown that TH increases tissue oxidation. This
process up to a point can be quite beneficial, since it increases HSP70
expression; actually (MDA) is involved in ischemic preconditioning
according to Downey et al. [15]. Obviously it is a question of time and
dosage. Maity et al. [12] showed that T3 causes < more than 2 fold
increase of lipid peroxidation. De Sibio et al. [16] also found that in
rats T3 at higher doses causes tissue oxidative stress and genotoxicity.

Another important aspect of TH administration is increased energy
consumption. Obviously, this should be offset by commensurate
energy production. TH has been proposed as increasing glucose
oxidation [17] and even increase FAO in aged mice [18].

However, Queiroz et al. [19] have shown that T3 treatment
decreased the total Cr content and CrP, Cr, CrP/Cr and ATP, the main
fuels of the myocardium.

Additionally, Maity et al. [12] showed that ATP is increased very
early (day 2) in the rat decreasing progressively from day 5 to 15. The
rats received 8 μg/100 µg BW ip for 15 days. These authors stressed
that as ATP levels keep decreasing, the inotropic effects of SERCA-2
are annulled.

Matoba [20] based on the findings of Kajimoto et al. [21] that
triiodothyronine activates lactate oxidation without impairing fatty
acid oxidation and improves weaning from extracorporeal membrane
oxygenation, proposes T3 administration as therapy for cardiac
metabolism in the failing heart. It should be noted that Kajimoto et al.
[21] gave T3 for about 8 hours.

The “nothing in excess" adage is very pertinently pictured by our
finding [22] that Akt, a determining factor for the expression of
psychological H, becomes deleterious when overexpressed due to high
T3 doses . Accordingly, Matsui et al. [23], have also shown that
transgenic rats overexpressing Akt develop myocardial fibrosis.
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Three additional activities by which TH can hinder REM all of the
following:

Continuous conditioning
Wei et al. [24] have shown that in the rat, conditioning applied one

week after an experimental AMI can diminish REM as measured at 1
month. Currently, three studies applying a remote conditioning after
an AMI in the human are under way. We have shown that TH can
protect the heart in preconditioning- like way [25]. Thus, it can be
postulated that their continued administration can effect prolonged
myocardial preservation.

Stimulation of regeneration
As the questions surrounding the mechanisms of action and

effectiveness of progenitor cell therapy remains unanswered; a new
concept is gaining ground: that of enhancing endogenous regenerative
activity [26]. In this field TH are showing promise.

One of the authors (DVC) has been long interested in the possible
regeneration –apart from the cardioprotective-effects of thyroid
hormones [27]. Naqvi et al. [28] showed that a thyroid hormone surge
at postnatal day -15 in mice activates the IGF-1/IGF-1-R/ Akt pathway
and initiates a brief but intense proliferative burst of predominantly
binuclear cardiomyocytes increasing their number by ≈40%; when T3
biosynthesis is inhibited, cardiomyocyte numbers are reduced.

An additional aspect is the effect of TH on the pluripotent stem cell
themselves. Thus, Yang et al. [29] have shown that T3 promotes the
modulation of human cardiomyocytes derived from induced
pluripotent stem cells.

Reduction of inflammation
There is increasing evidence that the index AMI can stimulate

innate immunity which further endangers Cell Death and REM. TH
may favorably influence innate immunity and natural killing activity
[30-33]. This is a rapidly expanding field.

The practical questions of TH administration
Coming to more practical considerations, is clinical TH

administration a viable option after an AMI? As already discussed,
apart from the "big 3" no other drug has proven effective against REM
in the clinical context. It is understandable that whichever drug is
considered, it should be administrated in conjunction with these 3
drug families. The same pertains to TH. Additionally, if these drugs
produce oxygen-wasting tachycardia, adequate β-blocker dosage with
addition of ivabradine if necessary [34], should be considered. RAS
antagonism and β-blockade may prevent H development as we have
shown [35,36]. However, Gerdes et al. [9] found that propranolol does
mitigate the noxious effects of TH induced H.

In animals we have shown that dosage is important: Greater doses
of T3 after old infarcts were beneficial [37] however in early post-
infarct rats they actually caused greater REM and CHF, associated with
an overt increase of Akt, as already mentioned [22]. Ojamaa et al. [38]
in rats found that only higher doses (20 mg/day) increased SERCA-2α
and SERCA-2α/PLB ratio and αMHC.

However most authors recommend lower doses in clinical practice
[39].

Another important question is to which patients should TH be
administered. Possibly only in larger infarcts which may present a
course towards REM. The prognostic value of various imaging and
marker measurements is beyond the scope of this commentary.
However, an important biomarker should not be overlooked: Many
authors have shown that a low fT3 or T3 after an AMI is strongly
prognostic of a worse course [40] and a course towards REM [41].
Thus, actually Iervasi et al. [42] gave liiodothyronine only to patients
after an acute MI with low serum T3 levels. They tried to bring these
levels to not higher than normal. They showed a modest Improvement
in cardiac structure and function, without any appreciable adverse
effects. The THiRST study is part of a large PONTE study. Further
results, and those of the study by Jabbar et al. [43] are eagerly awaited.

Conclusions - Future Directions
TH administration after a large AMI in patients with low serum T3

or fT3 levels is a plausible addition to the already widely used drug
families, i.e. ACEi, ARBs, β-blockers and aldosterone antagonists. T3
maybe the formulation of choice. The exact dosage and duration of
therapy remain to be determined. However smaller doses according to
the “nothing in excess” adage would appear preferable, rendering this
treatment safe and well-tolerated. Hopefully it may be added to the
limited arsenal of anti-REM therapies.

This commentary is necessarily limited; we did not include less
clinically relevant aspects, such as fibrosis, and microRNA expression
changes. Obviously this is a rapidly changing subject.
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