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According to the American College of Cardiology, Heart
Failure (HF) Syndrome is defined as a complex clinical
syndrome that results from any structural or functional
impairment of ventricular filling or ejection of blood." The
etiological agent of the clinical syndrome of HF may result
from different causes, which impact the prognosis and impose
the necessity for specific treatment strategies, underlining the
relevance of specific data elements for emphasizing these
differences in HF, including the time course evolution of HF.?
This view is similar to the current Brazilian guideline for HF.?
Despite improvement in HF treatment and management,
with a reduction in overall mortality rate over time,* the death
number and economic costs are still high. In 2014 a deep
revision including 197 countries showed that HF’s overall
global economic cost in 2012 was estimated at $108 billion per
annum.® Importantly, HF spending was largely different in high-
income, middle, and low-income countries.” For example,
between 2014-2020, the annual median total medical costs
for heart failure care were estimated at $24,383 per patientin
the United States of America,® meanwhile in Brazil in 2015, the
average cost per patient with HF was 1,569 US$, taking into
account the exchange rate in 2015.7 The high cost per patient
is probably related to the lack of effective therapies to improve
human health during HE. Then unveiling the molecular basis
of cardiac remodeling found in the disease is one of the main
challenges in cardiovascular medicine.

In the last years, significant advances in understanding
molecular mechanisms of adaptive and maladaptive
hypertrophy and heart failure in response to stress signals
have shown that many extracellular factors and signaling
pathways are involved in the remodeling of cardiomyocytes,
the working cells found in the heart tissue. Since the time
course of HF is etiological-dependent, it is fundamental to
understand how the HF syndrome develops. For example,
the intracellular dynamics of Ca?* are modified in the
different etiologies of HF with reduced (HFrEF) or preserved
(HFpEF) ejection fraction. In animal models of diabetic or
hypertensive HFpEF and HFrEF, studies have shown that
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magnitude and kinetics of Ca** release remain unchanged in
both HFpEF models but impaired in HFrEF. Although Sarco/
endoplasmic reticulum Ca?* adenosine triphosphatase-2a
(SERCA) protein density was reduced in these HFrEF and
HFpEF models, in the HFpEF model for hypertension, this
is offset by increased PLB phosphorylation (Phospholamban
is a protein able to modulate SERCA2A), but not in diabetic
HFrEF and HFpEF resulting in delay intracellular Ca?*
reuptake by SERCA.®

One of the most used animal models to study HF relies on
placing a constricting band of variable diameters around the
ascending aorta.” It is important to highlight that animal age,
the diameter of the band, and positioning of the constriction
impact the outcome of the disease. It probably explains
the variety of phenotypes found in basic studies available
in the literature. One of the first studies using this model
described early morphological changes in the heart, which
was remarkable 2 months after aortic banding with 80% of left
ventricular mass weight increment. Following, the literature
explored several aspects of HF syndrome using this animal
model. One of the most studied models in this setting is the
rat model using a silver band (0.6-0.7 mm internal diameter)
placed 3 mm around the root of ascending aorta. Previous
reports had found structural changes in the heart as early as
3 weeks after the surgery procedure,' and the severity of
heart remodeling increased over time. However, the authors
did not explore the structural heart changes at a later time in
their seminal study. Since the end stage of HF syndrome may
vary from the initial stages, it is important to understand the
underlying molecular mechanisms involved in the chronic
phase of HF induced by aortic stenosis.

In this regard, the recent study by da Silva et al.” advanced
in that field. Using the same rat model previously described,
they reported that 28 weeks after aortic stenosis in rats
was found in the echocardiographic evaluation, significant
attenuation of fractional shortening and ejection fraction of
the left ventricle, along with the enhanced left ventricular
diastolic diameter, a common finding in several animal
models of HE'? Indeed, using isolated left ventricular papillary
muscle assay, they found in the classical post rest contraction
assay that papillary muscle had reduced mechanical capacity
compared to the control group using low extracellular calcium
concentration. Once the calcium levels were enhanced, the
values were like the control group, suggesting impairment
in Ca** dynamics in the experimental group, as expected
during HF. Intriguing, once the expression level of the L-type
calcium channel was evaluated, it was found enhanced in
the experimental group, which is not in accordance with
papillary muscle assay. However, it is important to highlight
that additional auxiliary proteins give rise to the function L-type
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calcium channel in vivo, and these proteins can modulate the
channel function.” Thus, functional studies using the patch-
clamp technique could uncover this apparently contradictory
result. Also, the authors found that the expression level
of the main cytoplasmic Ca** extrusion pump found in
cardiomyocytes, SERCA2A, was increased. However, the
phospholamban (PLB) phosphorylated ratio at threonine-17
over the total PLB level was attenuated. PLB phosphorylated
at threonine-17 can enhance SERCA2A activity. Thus, the
result indicates impaired extrusion of cytoplasmic calcium in
cardiomyocytes, as found in other HF models.’>'*'> Indeed,
the result is well-aligned with increased time to Ca?* decay

References

1. Hollenberg SM, Warner Stevenson L, Ahmad T, Amin V), Bozkurt B, Butler
J, etal. 2019 ACC Expert Consensus Decision Pathway on Risk Assessment,
Management, and Clinical Trajectory of Patients Hospitalized With
Heart Failure: A Report of the American College of Cardiology Solution Set
Oversight Committee. ] Am Coll Cardiol.2019;74(15):1966-2011. doi:
10.1016/j.jacc.2019.08.001

2. Bozkurt B, Hershberger RE, Butler J, Grady KL, Heidenreich PA, Isler ML, et
al. 2021 ACC/AHA Key Data Elements and Definitions for Heart Failure: A
Report of the American College of Cardiology/American Heart Association
Task Force on Clinical Data Standards (Writing Committee to Develop
Clinical Data Standards for Heart Failure).Circ Cardiovasc Qual Outcomes.
2021;14(4):e000102. doi:10.1161/HCQ0O000000000000102

3. Marcondes-Braga FG, Moura LAZ, Issa VS, Vieira JL, Rohde LE, Simdes MV,
etal. Emerging Topics Update of the Brazilian Heart Failure Guideline. Arq
Bras Cardiol.2021;116(6):1174-212. doi:10.36660/abc.20210367

4. Santos SC, Villela PB, Oliveira GMM. Mortality Due to Heart Failure and
Socioeconomic Development in Brazil between 1980 and 2018. Arq Bras
Cardiol.2021;117(5):944-51. doi:10.36660/abc20200902

5. CookC, Cole G, Asaria P, Jabbour R, Francis DP. The annual global economic
burden of heart failure. Int J Cardiol.2014;171(3):368-76. doi:10.1016/j.
ijcard.2013-12.028

6. Urbich M, Globe G, Pantiri K, Heisen M, Bennison C, Wirtz HS, et al. A
Systematic Review of Medical Costs Associated with Heart Failure in the USA
(2014-2020). PharmacoEconomics. 2020;38(11):1219-36. doi:10.1007/
540273-020-00952

7. Stevens B, Pezzullo L, Verdian L, Tomlinson J, George A, Bacal F. The
Economic Burden of Heart Conditions in Brazil. Arq Bras Cardiol.
2018;111(1):29-36. doi:10.5935/abc.20180104

8. Frisk M, Le C, Shen X, Rge AT, Hou Y, Manfra O, et al. Etiology-
Dependent Impairment of Diastolic Cardiomyocyte Calcium Homeostasis

evaluated in isolated cardiomyocytes loaded with Fura-2AM
experiments. Therefore, regardless of the etiology of heart
failure, ventricular arrhythmias are frequently observed and
reflected in a uniform disturbance of Ca?* homeostasis. The
observed biphasic effect of SERCA activity on the propensity of
arrhythmogenic Ca’* waves add important details for a better
understanding of Ca** homeostasis in different heart models.?

Thus, future investigation studying the animal model later
in the time course of the disease could significantly contribute
to the understanding of the molecular mechanisms involved
in the development of heart failure.

in Heart Failure With Preserved Ejection Fraction. J Am Coll
Cardiol. 2021;77(4):405-19. doi:101016/j.jacc.2020.11.044

9. Bugaisky LB, Siegel E, Whalen RG. Myosin isozyme changes in the heart
following constriction of the ascending aorta of a 25-day old rat. FEBS
Lett. 1983;161(2):230-4. doi:10.1016/0014-5793(83)81014-X

10. Mendes O C, Campos DH, Damatto RL, Sugizaki MM, Padovani
CR, Okoshi K, et al. [Cardiac remodeling: serial analysis and
indexes for early detection of ventricular dysfunction]. Arq Bras
Cardiol.2010;94(1):62-70. doi:10.1590/s0066-782x2010 000100011

11. Silva VL da, Souza SLB de, Mota GAF, Campos DHS, Melo AB, Vileigas
DF, etal. Cenario Disfuncional dos Principais Componentes Responséveis
pelo Equilibrio do Transito de Calcio Miocardico na Insuficiéncia
Cardiaca Induzida por Estenose Adrtica. Arq Bras Cardiol. 2022;
118(2):463-475.

12. Roman-Campos D, Sales-Junior P, Duarte HL, Gomes ER, Lara A, Campos
P etal. Novel insights into the development of chagasic cardiomyopathy:
role of PI3Kinase/NO axis. Int) Cardiol.2013;167(6):3011-20. doi:
10.1016/ijcard.2012.09.020

13. Hullin R, Khan IF, Wirtz S, Mohacsi P, Varadi G, Schwartz A, et al.
Cardiac L-type calcium channel beta-subunits expressed in human
heart have differential effects on single channel characteristics. J Biol
Chem.2003;278(24):1623-30. doi: 10.1074/jbc.M211164200

14. Roman-Campos D, Sales-Jdnior P, Duarte HL, Gomes ER, Guatimosim
S, Ropert C, Gazzinelli RT, CruzJS. Cardiomyocyte dysfunction
during the chronic phase of Chagas disease. Mem Inst Oswaldo
Cruz.2013;108(2):243-5. doi;10.1590/0074-0276108022013019

15. CruzJS, Santos-Miranda A, Sales-Junior P, Monti-Rocha R, Campos
PP Machado FS, Roman-Campos D. Altered Cardiomyocyte Function
and Trypanosoma cruzi Persistence in Chagas Disease. Am J Trop Med
Hyg.2016;94(5):1028-33. doi: 10.429/ajtmh.15-0255

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2022; 118(2):476-477


https://pubmed.ncbi.nlm.nih.gov/?term=Frisk+M&cauthor_id=33509397
https://pubmed.ncbi.nlm.nih.gov/?term=Le+C&cauthor_id=33509397
https://pubmed.ncbi.nlm.nih.gov/?term=Shen+X&cauthor_id=33509397
https://pubmed.ncbi.nlm.nih.gov/?term=R%C3%B8e+%C3%85T&cauthor_id=33509397
https://pubmed.ncbi.nlm.nih.gov/?term=Hou+Y&cauthor_id=33509397
https://pubmed.ncbi.nlm.nih.gov/?term=Manfra+O&cauthor_id=33509397
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Roman-Campos+D&cauthor_id=23579807
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Sales-J%C3%BAnior+P&cauthor_id=23579807
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Duarte+HL&cauthor_id=23579807
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Gomes+ER&cauthor_id=23579807
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Guatimosim+S&cauthor_id=23579807
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Ropert+C&cauthor_id=23579807
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Gazzinelli+RT&cauthor_id=23579807
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Cruz+JS&cauthor_id=23579807
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Cruz+JS&cauthor_id=26976879
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Santos-Miranda+A&cauthor_id=26976879
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Sales-Junior+PA&cauthor_id=26976879
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Monti-Rocha+R&cauthor_id=26976879
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Campos+PP&cauthor_id=26976879
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Roman-Campos+D&cauthor_id=26976879

