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Editorial

Vaccinating Patients with Heart Disease Against COVID-19: The

Reasons for Priority
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The COVID-19 pandemic

The World Health Organization recognized COVID-19 as
a pandemic on March 11, 2020. Since then, this public health
emergency has become the leading cause of death in the world
and has made addressing it an unquestionable priority. At the time
of writing this editorial, we counted 86 969 386 confirmed cases
and 1 915 657 deaths from COVID-19 worldwide, of which,
8013 708 cases in Brazil resulted in 201 460 deaths.” According
to projections by the Institute for Health Metrics and Evaluation
(IHME),? Brazil will have 248 476 deaths from COVID-19 on
April 4,2021. By March 19,2021, 242 738 [232 202 — 255 044]
deaths are estimated, and those numbers could be reduced to
241 668 [231 337 — 253 770, with the quick administration
of vaccines, and to 223 910 [215 565 — 233 360], with a 95%
level of face mask use in public. The magnitude of the number
of cases and deaths from a single disease in such a short time
is worrisome. Now, when there is a growth in the number of
new cases and hospitalizations, starting to vaccinate will have
an impact on reducing deaths and hospitalizations in a short
interval. Despite the efforts of the scientific community, there
is no specific treatment to block viral replication. In this sense,
vaccination programs are powerful allies. In addition, due to the
remarkable progress of science, we already have this resource.

Brazil, through its Unified Health System (SUS), has been
known for the successful implementation of vaccination programs
for its population. The institution of a public policy to vaccinate
within the SUS principles, which are universality, integrality, and
equity, is urgent. However, because of the antivaccine movements
that have emerged worldwide, a strong effort to obtain the
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population’s adhesion is required. In the past, in the Vaccine
Revolt experienced by Oswaldo Cruz, we have successfully faced
that disbelief. Let us be inspired by that episode to overcome this
serious health crisis.

The epidemiology of cardiovascular diseases in COVID-19

In Brazil, between March 17 and May 22, 2020, there was
a greater number of deaths in the capitals of the Northern,
Northeastern and Southeastern regions, especially Sao Paulo,
Rio de Janeiro, Fortaleza, Recife, Belém, and Manaus, and a
lower number of reports of death in the capitals of the Southern
and West-Central regions, and in the inner country cities. We
observed an increase in the number of deaths due to non-specific
cardiovascular causes in all regions, in the capitals and in the inner
country, mainly in the Northern, Northeastern, and Southeastern
regions. On the other hand, there was a percentage reduction
in the reports of deaths from acute coronary syndrome (ACS)
and stroke, with greater magnitude in the Northeastern region,
followed by the West-Central and Southeastern regions (capital
and inner country).?

In 2020, the COVID-19 pandemic in Brazil increased the
number of general deaths and of deaths due to cardiovascular
diseases (CVD) and non-specific causes, as well as that of sudden
deaths at home. Regional differences express the socioeconomic
and ethnic inequalities of a continental country, as well as the
consequence of a health system with heterogeneous and poorly
distributed resources.

COVID-19 is the pandemic novelty and CVD are our endemic,
consolidated, and irresolute reality. Both compromise health in all
aspects, individually and collectively, physically, psychologically,
socially, and economically. In common, they reap productive
and promising lives.

We still lack double-blind, randomized, placebo-controlled
studies that show the causal relationship between vaccination
against COVID-19 and benefit for cardiac patients. Let us, then,
use the best available evidence.

Vaccines and the impact on humanity

Despite having arisen even before immunologists,
vaccines have had an impact on the control and even
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eradication of once devastating diseases. Smallpox killed
29% of children in London in the 17" and 18" centuries,
being declared extinct in 1980. Who among us diagnosed
diphtheria myocarditis in a patient in the past ten years?
How many cases of neonatal tetanus were admitted to your
hospital in 2020? Vaccinations changed the natural history
of some epidemics, such as that of diphtheria in 1940, of
polio in 1956, of pertussis in 1950, of measles in 1968, of
meningococcal disease in 1999. However, vacillation in
campaigns has invariably resulted in recurrence.*

The influenza model

Influenza vaccination is the successful evidence-based
experience closest to the current COVID-19 pandemic situation.
Although influenza vaccination is recommended by the main
guidelines in cardiology, that vaccination coverage is low and has
increased little in the last decade.” Vaccination depends to a great
extent on the cardiologist’s recommendation. The cardiologist is
“the clinician” of the patient with CVD, heard in several situations.
The knowledge and consequent conviction about the need for
a vaccine is crucial for its dissemination. The influenza vaccine
is an unequivocal example: it is available, is easily accessed in

campaigns, butits coverage does not exceed 25% of the patients
with heart failure (HF).>¢

The need for influenza vaccination in cardiac patients has
been first determined by historical reports of increased mortality
in epidemics, and, later, by epidemiological studies.> Table 1
shows evidence that supported these recommendations.”'®
Today, influenza vaccination is known to be an effective measure
for secondary prevention because it reduces hospital admissions
from HEF, stroke, and ACS, in addition to reducing overall mortality
more significantly than many medications or interventions.>®

Infections and systemic inflammatory syndrome

Influenza predisposes to secondary bacterial pneumonia and,
thus, decompensates patients with HF, and that is a fact. However,
it should be noted that the systemic inflammatory syndrome
secondary to influenza leads to changes in the coagulation
factors and platelet hyperaggregability, and to an increase in
inflammatory phase proteins, cytokines, and tumor necrosis factor.
Consequently, there is an increase in thrombotic phenomena and
fibrin deposition, cardiomyocyte hypocontractility, inflammation,
acceleration of atherogenesis, and remodeling (Figure 1).
Thus, this easily explains the reduction in ACS and stroke in

Table 1 — Main evidence that supported the recommendation of influenza vaccination in cardiac patients

Author Year n

Main conclusions

Nichol KL et al.” 2003 286 383 elderly

Influenza vaccine reduced overall mortality by 48%, hospitalizations for heart disease by
19%, and stroke by 16-23%

Yap FHY et al.? 2004 17 226 admissions for NCD

Influenza caused a 45.6% increase in hospitalizations for HF

5448 patients with systolic

Sandoval C et al.® 2008 . .
ventricular dysfunction

The risk of hospitalization for HF is 8-10% higher during the influenza season, regardless of
how it is defined

The seasonality with the highest number of hospitalizations for decompensated HF also

Jorge JEL et al.” 2009 6596 hospitalizations for HF : ; .
occurs in tropical regions

Estabragh ZR & 2013 40t Influenza leads to direct effect: myocarditis with cardiogenic shock, increased AMI,

" rials h h R

Mamas MA decreased cardiovascular mortality after vaccination

Wu WC et al.”? 2014 107 045 patients with HF Influenza vaccination reduced mortality of patients with HF in 30 days and 1 year

Caldeira D et al.? 2015 4 trials quluenza vacclmatlon_ is effective in secondary_pre_vent{on in patlents_wnh cardiovascular
disease. Data is lacking to prove the same action in primary prevention

BIaya:;Novakova v 2016 227 984 patients followed Influenza vaccination reduced risk of global winter mortality by 41% per year

et al. for 5 years

Fang YA et al.® 2016 4406 patients with CKD and  Elderly people with chronic kidney disease who received an annual influenza vaccination

age >55 years.

have a lower risk of hospitalizations for HF

NCD: chronic noncommunicable diseases; HF: heart failure; AMI: acute myocardial infarction; CKD: chronic kidney disease.

{1 Coagulation Factors
4 Platelet aggregation

4 Inflammatory Proteins
4 Cytokines
4+ TNF

Systemic Inflammatory Syndrome secundary to Influenza

Thrombotic phenomena
Myocardial hypocontractility
Inflamation

Atherogenesis

Remodeling

Figure 1 - Pathophysiology of cardiovascular changes secondary to systemic inflammation in Influenza infection. Source: The authors.
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vaccinated patients as compared to controls in clinical trials and
epidemiological observations.*'®

COVID-19 brought up the discussion of the same
mechanisms and manifestations already well studied for
influenza. It is undeniable that the COVID-19 inflammatory
response is more exuberant and severe, and associated
with the risk of thrombosis. Therefore, we are aware of the
peculiarities of immunization in that subgroup of individuals
and recommend efficient measures to increase the chances
of success of the immunization program against COVID-19.

COVID-19 and risk groups

Since the first series published from China and ltaly, the
severity of COVID-19 has stood out in patients with chronic
noncommunicable diseases, most likely because of the chronic
systemic inflammation they have in common."” Discounting
the confusions caused by inadequate interpretations of
ecological studies, the concept of risk group has remained in

subsequent publications, which has been an already known
fact since the studies about influenza. The patient with HF is
an undoubted example of a priority group, and the Brazilian
Society of Cardiology (SBC) has already expressed its opinion.'®

Recently, the SBC has been invited by the Ministry of
Health to join the Technical Chamber and review the National
Immunization Program against COVID-19. The SBC has
pointed out suggestions regarding vaccination in patients
affected by all CVD, defining and specifying priority groups
for vaccination (Table 2).

The current perspectives with the different vaccines
against COVID-19

There are still few vaccines tested in phase 2 or 3 studies.
However, the results are positive and impactful, both in
terms of safety and effectiveness. It is worth mentioning
that the vaccines supported by Pfizer,' Moderna,*® and
AstraZeneca®' have included the elderly, cardiac patients,

Table 2 - Cardiovascular and cerebrovascular diseases priority to COVID-19 vaccination. Suggestions offered by the Brazilian Society
of Cardiology to the National Immunization Program of the Brazilian Ministry of Health

Cardiovascular or cerebrovascular syndrome

| disease Definition

« HF with reduced, intermediate or preserved ejection fraction, in stages B, C or D, regardless of New

Heart failure

York Heart Association functional class

» Post-heart transplantation (using inactivated virus vaccines)

Cor pulmonale and pulmonary hypertension

Chronic cor pulmonale, primary or secondary pulmonary hypertension

When BP remains above the recommended targets with the use of three or more antihypertensive

Resistant arterial hypertension

drugs

drugs of different classes, at maximum recommended and tolerated doses, administered frequently,
appropriate dosage and proven adherence or BP controlled by using four or more antihypertensive

Stage 3 hypertension comorbidity

Systolic BP >180 mm Hg and / or diastolic BP >110 mm Hg regardless of the presence of TOD or

Stage 1 and 2 hypertension with TOD and / or
comorbidity

Systolic BP between 140 and 179 mm Hg and / or diastolic BP between 90 and 109 mm Hg in the
presence of TOD and / or comorbidity

Hypertensive heart disease

Hypertensive heart disease (left ventricular hypertrophy or dilation, atrial and ventricular overload,
diastolic and / or systolic dysfunction, injuries to other target organs)

Coronary syndromes others)

Chronic coronary syndromes (angina pectoris, ischemic heart disease, post-acute myocardial infarction,

Valve lesions with hemodynamic or symptomatic repercussions or with myocardial impairment (aortic

Valvopathies

stenosis or insufficiency, mitral stenosis or insufficiency, pulmonary stenosis or insufficiency, tricuspid

stenosis or insufficiency, and others)

Myocardiopathies of any etiology or phenotype

Cardiomyopathies and pericardiopathies Chronic pericarditis

Rheumatic heart disease

Diseases of the aorta, large vessels, and
arteriovenous fistulas

Aneurysms, dissections, hematomas of the aorta and other large vessels

Cardiac arrhythmias and others)

Cardiac arrhythmias of clinical importance and / or associated heart disease (atrial fibrillation and flutter,

Congenital heart disease in adults

Congenital heart disease with hemodynamic repercussions, hypoxemic crises, heart failure,
arrhythmias, myocardial involvement

Valve prostheses and implanted cardiac devices

Individuals with biological or mechanical valve prostheses and implanted cardiac devices (pacemakers,
cardioverter defibrillators, resynchronizers, medium and long-term circulatory assistance)

Cerebrovascular disease

Ischemic or hemorrhagic stroke, transient ischemic attack, vascular dementia

HF: heart failure; BP: blood pressure; TOD: target organ damage. Source: correspondence sent to the National Inmunization Program of the Brazilian

Ministry of Health, on January 2, 2021.
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diabetics, severely obese individuals, Afro-descendants,
and Latinos. And, despite their relatively small number,
that inclusion allows us to infer safety and efficacy for
cardiac patients. The adverse effects observed were local,
but less common in the elderly. The cardiovascular effects
observed, such as hypertension, bradycardia, tachycardia,
atrial fibrillation, ACS, and pulmonary thromboembolism,
had a frequency lower than 0.1% and were similar in
those who received the vaccines and those who received
placebo (Table 3).

It is worth mentioning that Brazil has entered into
partnerships since May 2020 for the research and
development of vaccines that include technology transfer
through the Oswaldo Cruz Foundation and the Butantan
Institute. The vaccine developed by AstraZeneca and the
Oxford University has already had its preliminary results
published, being in use in England. This vaccine will be
produced on a large scale in Brazil. Concomitantly, the
vaccine called CoronaVac, developed by the Sinovac
laboratory, will be produced at the Butantan Institute, which

has reported in the media that “in a clinical study with 12 400
volunteers, the immunizing agent showed 78% effectiveness
for mild cases and 100% for moderate and severe cases”.??
Thus, the perspective of having vaccines is good.

It is necessary to emphasize that Brazil has one of
the most advanced health legislations in the world. The
Brazilian Federal Constitution enshrines access to health
as a fundamental right: “Health is a right for all and a
duty of the State, guaranteed through social and economic
policies...”. Thus, public health policies that are safe,
effective, and cost-effective are part of the existential
minimum of each Brazilian, and should be offered in a
universal, comprehensive, and free manner. That includes
the vaccination campaigns, a true consolidated patrimony
of Brazilians and national pride. In view of this, creating
all the conditions to offer vaccines in a comprehensive
immunization program against COVID-19 is “a right for all
and a duty of the State”, under penalty of constitutional
duty becoming an inconsequential promise, frustrating the
fair expectations deposited in the Brazilian State.

Table 3 — Demographic and clinical characteristics of volunteers vaccinated against COVID-19 in clinical trials

mRNA-1273 ChAdOxT
Characteristics BNT162b2 (Pfizer/BioNTech)™ (Moderna / NIAID / NIH)® Cov 003
(Oxford/ AstraZeneca)®
23 848
Number of volunteers (n) 44 820 30 420 (4088 Brazil
Age range (years) 16 to 91 18 to 95 >18
) 52 51
Median age (years) (42.2% >55) (24.8% >65) -
Afrodescendants (%) 9 10.2 10.4**
Latin or Hispanic (%) 28 24.8 -
Local pain after injection more
frequent in the vaccinated than
Local pain was more common in placebo group
Adverse effects vaccinated individuals Adverse effects are more common not available
. after the second dose
More frequent in younger people
Most common in younger people
Bradycardia, syncope, tachycardia,
acute coronary syndrome,
atrial fibrillation, hypertension,
Cardiovascular effects not available hypotension, all <0.1% and similar not available
frequency for those receiving
placebo and vaccines
- 95.0 94.1 64.2
0,
Efficiency (%) [C1 90.3 - 97.6] [Cl 89.3 - 96.8] [Cl 30.7 - 81.5]
Similar in subgroups, including Similar in risk subgroup for severe
Subgroup effectiveness hypgr_tenswe, elderly, obese and COVID-19 not available
Brazilians
Obese
(BMI> 30 kg/m?) (%) 35.1 6.7 20.4
Diabetics (%) 38.4* 9.5 3.0**
Cardiovascular disease (%) 2.7* 4.5 12.0%*

BMI: body mass index. (*) Approximate calculation based on data published in the trial appendices. (**) Data refer to the series of the trial carried out
in Brazil (VOC 003). Note: data obtained and analyzed with different criteria, therefore with limited comparisons.
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Why vaccinate?

Figure 2 summarizes ten reasons for recommending the
vaccine to your patient. It is our view, based on the best
evidence available, that we should engage in the dissemination
of this knowledge and motivate our patients. However, it is
necessary to maintain the effective and proven measures to
prevent COVID-19 spread: hand hygiene, face mask wearing,
and social distancing. Even though the vaccination program
may contribute to minimize spread, the classic preventive
measures must certainly be maintained until the vaccination
program benefit is definitively proven.

The Brazilian Society of Cardiology and its commitment
to science

The SBC will not escape the historical legacy, built on the
example of Carlos Chagas, Dante Pazzanese, and our pioneers
and transmitted for more than seven decades to more than
14 000 members, confirmed in its social purpose. The SBC’s
objective is “to expand, disseminate and encourage, at all
levels, the knowledge, diagnosis, prevention and treatment
of CVD, developing educational campaigns jointly with
the government and other entities and associations, and
disseminating the epidemiological aspects of CVD to the civil

society, which should be educated about the prevention and
treatment possibilities” .

Despite the high cost of lost lives, the search for an efficient
solution to the pandemic has brought us rapid advances in
research, based on good quality science, leaving a remarkable
legacy and achievements. In one year, the clinical picture,
the epidemiological profile and the etiological agent at the
molecular level were described, care was improved, empirical
and futile treatments were refuted, and vaccines tested in
clinical trials were produced. This is science in its fascinating
evolution for effectiveness in favor of quality and quantity of
life. However, the great lesson has been the need to strengthen
the health system, our SUS.

The uncompromising defense of SUS, in short, is the
defense of the dignity of the human person, a fundamental
commitment of the Brazilian State. The SBC and the other
scientific societies must ally themselves in the fight for the
progress and diffusion of science and for the achievement
of public policies capable of improving the lives of each of
the more than 220 million Brazilians. The principles that
guided the creation of the SBC in 1943, in the middle of the
Second World War, are still the same that motivate us in this
unprecedented health crisis.

Ten reasons to vaccinate a patient with cardiovascular disease against COVID-19

¢
¢
¢
¢

Heart disease is a risk group for
COVID-19

Severe COVID-19 course with
systemic inflammation

Severe COVID-19 course with
acute respiratory failure

Severe COVID-19 course with
acute renal failure

Severe COVID-19 course with
pro-thrombotic state

Influenza course with thrombotic and
inflammatory phenomena

Influenza vaccine reduces overall
mortality from stroke, ACS and
decompensated HF hospitalizations

Serious vaccine reactions in cardiac
patients with influenza are rare

Vaccines against COVID-19 alredy
tested were safe in subgroups of
elderly and cardiac patients

Vaccines against COVID-19 alredy
tested were effective in subgroups of
elderly and cardiac patients

Figure 2 - Ten reasons to vaccinate a patient with cardiovascular disease against COVID-19. ACS: acute coronary syndrome; HF: heart failure. Source: The authors.
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Long-Term Clinical and Hemodynamic Outcomes after Heart
Transplantation in Patients Pre-Treated with Sildenafil
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Abstract

Background: Elevated pulmonary vascular resistance remains a major problem for heart transplant (HT) candidate
selection.

Objective: This study sought at assess the effect of pre-HT sildenafil administration in patients with fixed
pulmonary hypertension.

Methods: This retrospective, single-center study included 300 consecutive, HT candidates treated between 2003
and 2013, in which 95 patients had fixed PH, and of these, 30 patients were treated with sildenafil and eventually
received a transplant, forming Group A. Group B included 205 patients without PH who underwent HT. Pulmonary
hemodynamics were evaluated before HT, as well as 1 week after and 1 year after HT. Survival was compared
between the groups. In this study, a p value < 0.05 was considered statistically significant.

Results: After treatment with sildenafil but before HT, PVR (-39%) and sPAP (-10%) decreased significantly. sPAP
decreased after HT in both groups, but it remained significantly higher in group A vs. group B (40.3 + 8.0 mmHg
vs 36.5 * 11.5 mmHg, p=0.022). One year after HT, sPAP was 32.4 + 6.3 mmHg in group A vs 30.5 * 8.2 mmHg
in group B (p=0.274). The survival rate after HT at 30 days (97% in group A versus 96% in group B), at 6 months
(87% versus 93%) and at one year (80% vs 91%) were not statistically significant (Log-rank p=0.063). After this
first year, the attrition rate was similar among both groups (conditional survival after 1 year, Log-rank p=0.321).

Conclusion: In patients with severe PH pre-treated with sildenafil, early post-operative hemodynamics and
prognosis are numerically worse than in patients without PH, but after 1 year, the medium to long-term mortality
proved to be similar. (Arq Bras Cardiol. 2021; 116(2):219-226)

Keywords: Vascular Resistance; Heart Transplantation; Hypertension Pulmonary; Sildenafil Citrate; Phosphodiesterase 5
Inhibitors; Ventricular Dysfunction, Right.

with pulmonary capillary wedge pressure (PCWP).>” On the
other hand, the vasoreactive component of PH develops
with long-standing PH. It is characterized by vasospasm,
vasoconstriction, and morphologic changes of the pulmonary
vasculature.®? In this case, PH persists even if the PCWP is
lower after HT. Reflecting the “fixed” component of PH, the
pulmonary vascular resistance (PVR) and the transpulmonary

Introduction

Heart transplant (HT) is the gold-standard of care for
end-stage heart failure.” Epidemic studies have shown that
60-70% of heart failure (HF) patients develop pulmonary
hypertension (PH).?* In a Mayo Clinic study,* there was
a strong positive graded association between systolic
pulmonary artery pressure (sPAP) and mortality, and for

this reason, the presence of severe PH is one of the major
contraindications to HT because of post-operative right
heart dysfunction.’

Elevated right-sided pressures in HF usually result from
elevated left ventricle (LV) filling pressures. Therefore,
diastolic pulmonary artery pressure (dPAP) correlates closely
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gradient (TPQ) are elevated.®

Atfirst, PH is reversible by systemic vasodilators, but later
it becomes relatively stationary or “fixed”.%' Elevated PVR
increases mortality in the early post-HT period and remains
a major problem for candidate selection.”'? The inability of
the transplanted heart to adapt to pre-existing significant PH
usually results in right ventricle (RV) failure, which accounts
for nearly 50% of all cardiac complications and up to 19% of
all early postoperative deaths.’'* For this reason, the correct
assessment that the reactivity of the pulmonary vasculature
has in vasodilator therapy plays a crucial role in candidate
selection. The American Heart Association guidelines define
fixed PH as mean pulmonary artery pressure (mPAP) = 25
mmHg and PVR = 2.5 Wood units (WU) and/or TPG = 12
mmHg, even after pharmacologic vasodilator testing.'*
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Sildenafil is a selective and potent inhibitor of
phosphodiesterase type 5 (PDE5), which specifically degrades
cyclic guanosine monophosphate, the second messenger of
nitric oxide in vascular smooth muscle cells.®' Sildenafil has
a favorable safety profile without oxygen desaturation or
significant changes in heart rate or blood pressure.'® Several
single-center studies have demonstrated a positive favorable
hemodynamic effect of pre-HT sildenafil administration in HT
candidates with PH."2” However, there is a paucity of data on
the early and long-term outcomes of these high-risk patients.

The objective of this study was to compare the effect
on early RV hemodynamics and mortality after HT of pre-
HT sildenafil administration among patients with fixed PH
who achieved HT eligibility and patients without PH. Our
hypothesis is that patients with PH who received a transplant
while taking sildenafil had a comparable prognosis to that of
patients without PH.

Methods

Study Population

This retrospective, single-center, observational study
included 300 consecutive patients, candidates to HT
observed between November 2003 and December 2013. This
population included 95 patients with fixed PH; of these, 30
patients were treated with sildenafil and eventually received
transplants, forming Group A. Group B was formed by 205
patients without fixed PH who underwent HT.

In group A, sildenafil was administered orally at 20 mg tid,
during a mean of 65 days (range 4 — 181 days) prior to HT.
Sildenafil was well tolerated in all patients enrolled, with no
serious adverse events observed.

Data Collection

Clinical, laboratorial, and hemodynamic data were
extracted using a dedicated software. All patients underwent a
candidacy right heart catheterization (RHC) with a Swan-Canz
catheter via the femoral vein before sildenafil initiation; the
group of patients that were exposed to sildenafil underwent
a second RHC to assess the hemodynamic effect of the drug.
After HT, right ventricular systolic and end-diastolic pressures
were registered during the first endomyocardial biopsy, which
was performed at 1 week after HT. A late hemodynamic
follow-up was collected during the predefined RHC at 1 year
after HT in both groups.

Cardiac output (CO) was measured by the Fick method,
and cardiac index (Cl) was calculated by dividing the
CO by the body surface area. PCWP, sPAP, dPAP, and
mPAP were measured automatically. PVR and TGP were
calculated using the following formulas: TPG (mmHg) =
mPAP - PCWP; PVR (WU) = TGP/CO." A follow-up was
conducted for a median of 6.9 years (range 4.2 — 6.9 years)
by personal interview in the outpatient ward, through a
review of hospital registries, and by telephone contact,
and was obtained for every patient included in this study.
Confidentiality was always respected.
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Endpoints

The co-primary outcome measures were (1) RV systolic
pressure and end-diastolic pressure (the latter used as a
surrogate of RV function) at 7 days after HT and (2) the sPAP
and PVR 1 year after HT; the secondary outcome was the
all-cause mortality after HT. The endpoints were compared
between the pre-defined groups.

Statistical Analysis

Continuous variables were normally distributed and
assessed using the Shapiro-Wilk test, and expressed as
means+standard deviations, while those with non-normal
distribution were expressed as median (interquartile range).
Dichotomous variables were expressed as frequencies
(percentages). To compare data between the groups, the
Student’s T-test (Unpaired T-test) for continuous variables,
the Mann-Whitney test for non-continuous data, and the
Chi-Square test (Fisher, as appropriate) for dichotomous data
were used. The McNemar test was used for paired categorical
analysis. Kaplan-Meyer survival curves were constructed and
compared using the Log-rank test. Conditional survival was
assessed by limiting the group of patients analyzed to those
who have survived to at least 1 year. The entire analysis
was performed using STATA 12.0 (College Station, Texas,
USA). Graphs were constructed with GraphPad 5.0 (La Jolla,
California, USA). In this study, a p value < 0.05 was considered
statistically significant.

Results

All 235 patients underwent successful HT. Baseline
characteristics are presented in Table 1. Most patients were
male, and the mean age of group A was 53.6 = 10.9 years
and of group B 52.9 = 13.4 years (p = 0.545). Pre-HT
hemodynamics are presented in Table 2 and were significantly
different among groups. Group A patients displayed more
severe pulmonary hemodynamics that Group B patients. After
treatment with sildenafil but before HT, PVR (-39%) and sPAP
(-10%) decreased significantly (Table 3).

Peri-HT Data and Post-HT Outcomes

The co-primary endpoint measures, assessed 1 week after
HT, are presented in Table 3. The evolution of sPAP during
the follow-up time in both groups is shown in Figure 1. sSPAP
decreased after HT in both groups, but remained significantly
higher in patients pre-treated with sildenafil vs. patients that
were not pretreated (40.3 = 8.0 mmHg vs 36.5 = 11.5
mmHg, p = 0.022). No differences were found regarding
RVEDP at one week after HT, used as a surrogate of early RV
dysfunction (Table 3). One year after HT, sPAP was 32.4 +
6.3 mmHg in group A vs 30.5 + 8.2 mmHg in group B (p =
0.274) (Table 3). PVR was also similar in the two groups (1.8
+ 0.8 mmHg versus 1.8 = 1.0 WU, p = 0.789).

Survival Analysis

Post-HT all-cause mortality is shown in Figure 2 (Log-rank
P = 0.055). The survival rate after HT in group A was 97%
at 30 days, 87% at 6 months, and 80% at one year. In group



Mendes et al.
Heart transplantation

Original Article

Table 1 - Characteristics of Patients with (Group A) and without (Group B) Sildenafil Pre-Treatment Before Heart Transplant

Group A

Group B

Characteristic? (n=30) (n = 205) p-value®
Mean Age, years 53.6+10.9 529+134 0.545
Gender Male, % 86.7 76.2 0.247
Etiology

Ischemic, % 50.0 34.0 0.346
[diopathic, % 36.7 56.3

Hypertrophic, % 3.3 44

Restrictive, % 10.0 29

Congenital, % 0.0 2.4

NYHA Class

111, % 333 364 0.968
IV, % 66.7 63.6

Laboratorial Parameters

Hemoglobin, g/dI 12318 12717 0.815
Creatinine, mg/d! 14+10 13+05 0.060
BNP, pg/ml 524 [396 - 912] 625 [306 - 1039] 0.906
Cardiac Parameters

LVEF, % 19.6+4.5 21.2+84 0.021
Mitral Regurgitation

Mild, % 16.0 125 0.703
Moderate, % 320 34.0

Moderate-Severe, % 24.0 14.6

Severe, % 24.0 31.2

Cardiac Devices

ICD, % 40.0 218 0.128
CRT, % 10.0 224

Sildenafil, pre-HTx

Duration, days 65 [4 - 181]

BNP: blood natriuretic peptide; CRT: cardiac resynchronization therapy; HT: heart transplant; ICD: implantable cardioverter defibrillator; LVEF: left ventricular ejection
fraction; NYHA: New York Heart Association. ?Data are expressed as percentages, mean + standard deviation or median (interquartile range). *Student's T-test for
continuous variables with normal distribution, Mann-Whitney test for continuous variables without normal distribution and Chi-Square test for categorical variables.

B, survival in the same time frames was 96%, 93%, and 91%,
respectively. The difference at the one-year time-point was
not statistically significant (Log-rank p = 0.063). After this first
year, the attrition rate was similar between both groups, as
shown in Figure 3 (conditional survival after 1 year, Log-rank
p = 0.321).

Discussion

Treatment of HT candidates with fixed PH with sildenafil
enabled a successful post-operative period for most of the
patients that were initially contraindicated for HT. Although
displaying poorer hemodynamics shortly after the HT, and a
numerically higher mortality during the first year, the prognosis
during medium to long term follow-up was similar to that of
HT patients without PH.

The limit between fixed and reversible PH is unclear, and
there is no agreement on the time needed to reach the level of
theoretical irreversibility and the best parameters to define this
status.? At our center, RHC is routinely used with a vasodilator
test, as this may be useful to establish the risk of death after HT.®
One of the most useful variables to asses this risk is the PVR."
As shown by Taylor et al. PVR is an independent predictor
of early death after HT. This group reported that the survival
in HT patients was significantly better if PVR was between 1
to 3 WU, compared with recipients with a PVR 3 to 5 WU,
while patients with PVR > 5 WU had the worst outcomes.
The present study used sildenafil to decrease PVR (3.3 = 2.3
WU), thus making the patients eligible for HT. In fact, among
the patients that were treated with sildenafil, the average PVR
was significantly elevated and would preclude HT (5.4 = 2.3
WU) if no intervention had been done. Moreover, if these

Arq Bras Cardiol. 2021; 116(2):219-226
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Table 2 - Hemodynamic Variables before Heart Transplant in Patients with (Group A) and without (Group B) Severe Hypertension

Variable Mo £ 0 Maan & S0 prvaluet
PVR, WU 54+23 27+18 <0.001
PAP, mmHg

Systolic 589+ 16.4 445+152 <0.001
Diastolic 23.1+£82 194 +8.0 0.025
Mean 36.4+£10.7 29.0+£10.3 0.001
CO, liters/min 3712 36+1.0 0.645
BP, mmHg

Systolic 75.0+12.2 749+10.8 0.980
HR, ppm 76 +£18 76 £16 0.873

BP: blood pressure; HR: heart rate; CO: cardiac output; PAP: pulmonary artery pressure; PVR: pulmonary vascular resistance; SD: standard deviation. ?Student's

T test was used.

Table 3 - Hemodynamic Variables before and after Heart Transplant in Patients with (Group A) and without (Group B) Sildenafil Pre-Treatment

Eligibility RHC 3-month post-sildenafil RHC 7"-day post-HTx EMB 1-year RHC
RV systolic RV end-diastolic
sPAP (mmHg) PVR(WU) sPAP (mmHg) PVR(WU) pressure pressure sPAP (mmHg)  PVR (WU)
(mmHg) (mmHg)
No sildenafil 44.5(15.2) 27(1.8) - 36.5(11.5) 7.0(7.1) 30.48 (8.23) 1.8(1.0)
Sildenafil 58.9 (16.4) 54(2.3) 52.8 (17.1)¢ 3.3(2.3)¢ 40.3 (8.0) 79(5.8) 32.43 (6.39) 1.8(0.8)
p - value? <0.001 <0.001 - 0.022° 0.374° 0.274 0.789

EMB: endomyocardial biopsy; PVR: pulmonary vascular resistance; RHC: right heart catheterization; WU: wood units. @ Student’s t-test comparing no sildenafil

patients vs. sildenafil-treated patients. “McNemmar test. °P = 0.845 vs. no sildenafil patients. °P = 0.806 vs. no sildenafil patients.

y Artery P
[im menkig)
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: ll ’ ['
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1

—
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Post Sadenahl

T-ay EMB
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.
1ywir RHC

Pulmonary Vascular Resistance (Wood units)

L J
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Poat Sildenatil
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Hemodynamic assessment tmepoints

Figure 1 - (Left panel) Systolic pulmonary artery pressure (SPAP, in mmHg) at four different time-points: baseline before HT without sildenafil treatment, before HT with
sildenafil treatment, early after HT (7 days) and late after HT (one year). ***p < 0.001, * p = 0.022. (Right panel) Pulmonary vascular resistance (PVR, in Wood units) at
three different time-points: baseline before HT without sildenafil treatment, before HT with sildenafil treatment and late after HT (one year). *** p < 0.001, * p = 0.789.
EMB: endomyocardial biopsy; HT: heart transplant; RHC: right heart catheterization.
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Figure 2 - Kaplan-Meier analysis of all-cause mortality after transplant according to sildenafil treatment group. Log-rank p = 0.063.
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Figure 3 — Kaplan-Meier analysis one-year conditional survival analysis. Log-rank p = 0.321.

patients were not transplanted, their prognosis under medical
therapy would have been poor unless a left ventricular assist
device (LVAD) were implanted.

Interestingly, two recent studies suggest that LVAD support
and continuous nonpulsatile mechanical unloading of the LV
can reverse a previously medically unresponsive pulmonary
hypertension and render patients eligible for HT.2>2" Of
interest, pre-LVAD PVR in these studies (4.3 = 1.7 WU and
4.8 = 1.8 WU) was similar to that of our cohort (5.4 = 2.3
WU). According to Perez-Villa et al.* a strategy of reducing

elevated PVR using oral therapy (sildenafil or bosentan) in
patients considered ineligible for HT because of elevated
PVR is feasible and may reduce the risk of post-operative RV
dysfunction, as we have also shown in our study.

PDE5 inhibitors are receiving increasing interest in
the field of left heart disase.®'? In addition to standard
HF therapy, sildenafil intervention might improve the
pulmonary hemodynamic parameters.®'> These favorable
effects arise from its selective inhibition of the hydrolysis of
cyclic guanosine monophosphate (cGMP) in the pulmonary

Arq Bras Cardiol. 2021; 116(2):219-226
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vasculature, which promotes vasodilation and less remodeling,
as well as a milrinone-like effect in the RV due to a process
of molecular crosstalk that can inhibit PDE3 and increase
RV contractility.”>'® In a recent meta-analysis,? sildenafil
treatment was found to reduce PVR compared with placebo
(weighted mean difference -1.0 WU, p < 0.01).2 Our study
also demonstrated that pre-HT sildenafil administration in
HT candidates with PH had a positive hemodynamic effect
by reducing PVR by about 2 WU.

Right-sided circulatory failure and its associated morbidity
remains an important source of peri-operative death for HT
patients. Pons et al.'? also evaluated the effects of chronic
sildenafil use on clinical outcomes in HT (mean follow-up,
3.4 = 2.1 years). In this study, the survival rate after HT in
the group of patients pre-treated with sildenafil (including
only 15 patients) was 87% at 30 days. Importantly, no other
patient died during the 5-year follow-up period after HT. By
comparison, the survival rate after HT in group A was 97%
at 30 days and 70% at five years. Accordingly, in the ISHLT
International Registry for Heart Transplantation, the survival
rate at five years was 72%, similar to our group of patients
with fixed PH pre-treated with sildenafil.*

For all these reasons, a strategy of using sildenafil to reduce
PVR can be considered to be a valuable “rescue therapy” in
a group of patients with end-stage HF, who would otherwise
not be eligible for HT. Our data show that it is associated with
similar perioperative and long-term mortality similar to that
observed in patients without fixed PH.

Limitations

The limitations of this study include its retrospective and
uncontrolled nature, potentially conditioning selection bias.
However, we included all patients that were consecutively
transplanted in our center and no patient was lost to follow-up.
In addition, the size of our sample is relatively small, limiting
the statistical power. However, to the best of our knowledge,
to date, this is the largest case series on HT patients pre-treated
with sildenafil. Another limitation is the absence of direct RV
function measurements immediately after HT, we tried to
compensate for this fact using a hemodynamic measurement
of RV function collected 7 days after the procedure. Despite
all these shortcomings, we believe that the results can have
external validity for other advanced HF populations, as the
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demographic, clinical, hemodynamic, and prognostic data are
in line with those reported in other trials.

Conclusion

The use of sildenafil in HT candidates with fixed PH
improved pulmonary hemodynamics to a threshold where
transplant was possible. In this high-risk group of patients,
early post-operative hemodynamics and results were slightly
compromised when compared with patients without PH.
However, after 1 year, the medium to long-term outcomes
were similar between the groups. Our findings support the
concept that sildenafil can rescue previously ineligible patients
for HT.
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Heart transplantation (HTx) has been associated to
significant improvements in survival and quality of life
in patients with advanced heart failure (HF). Despite a
considerable increase in the indication of left ventricular
assistant devices, HTx still remains the gold-standard approach
in this clinical context." Even though it is considered the
gold-standard treatment for advanced HF, several reasons
have impaired the widespread utilization of the HTx. There
is limited availability of donors compared with the growing
potential recipients. Moreover, the longer life expectancy of
the patients due to better HF pharmacotherapy has been
challenging the age-related contraindication for the procedure,
as well as the presence of more comorbidities linked to aging.?

Another point to be observed related to HTx candidacy is
pulmonary hypertension (PH), which is present in more than
60% of HF patients with reduced ejection fraction (HFrEF) and
over 54% of patients with HF and preserved ejection fraction
(HFpEF) and also might account for up to 50% of post-HTx
complications." An elevated pulmonary vascular resistance
(PVR) > 2.5 Wood units is linked to a nearly 30% increase
in mortality within the first-month post-transplant.? This HF-
associated PH is considered to be the result of the passive
effect of increased left ventricular end-diastolic pressure
along with vasoreactivity secondary to vasoconstriction and
arterial pulmonary remodeling.** When not reversible with
a vasodilator challenge, it has been strongly associated with
right ventricular dysfunction, HF hospitalizations, worsening
in quality of life, and reduced survival.> The International
Society for Heart and Lung Transplantation guidelines
consider the presence of severe pre-transplant PH as a relative
contraindication to heart transplantation.®

Likewise, the disproportionality between the need for
cardiac transplantation and the reduced availability of donors
should lead to an even more judicious selection of those
potential candidates for HTx and further attempts in reducing
the pre-HTx pulmonary hypertension are necessary.

Keywords

Heart Failure, Pulmonary Hypertension; Sildenafil Citrate/
therapeutic use; Heart Transplantaion.
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One of the possible approaches for lowering fixed PH in
HFrEF patients, the phosphodiesterase-5 inhibitors, mainly
sildenafil, are well established and effective therapies for
patients with group 1 PH, either alone or in combination with
other vasodilator therapies.” For HFrEF-associated PH (group
2), smaller studies have shown that sildenafil therapy improved
exercise capacity and hemodynamics, but larger trials on
HFrEF outcomes are lacking.”® One of those small studies
randomized 19 HFrEF patients to sildenafil 50 mg TID versus
placebo and also showed hemodynamic benefits (decreased
pulmonary artery systolic pressure levels at 4 weeks) in the
sildenafil-treated group.® The reduction in PVR has also been
demonstrated in a single-center study by Pons et al.'® Fifteen
patients with a PVR > 2.5 Wood units were treated with pre-
HTx sildenafil with a high target dose (109 + 42 mg/day) for
163 = 116 days. Important benefits in pulmonary pressures
and the post-HTx mortality were comparable between the
PH-treated group and the non-severe, non-treated group.'®
In contrast, a multicenter trial of sildenafil in HFpEF patients
failed to determine benefits regarding clinical status or exercise
capacity." Based on these positive preliminary findings in
HFrEF patients, some HTx centers have already adopted the
off-label use of sildenafil as a rescue therapy in selected heart
transplantation candidates with fixed severe PH, aiming to
achieve a transplant-favorable status.”

The study'? adds important knowledge to this field. Mendes
etal.”” have compared the effect of pre-HTx sildenafil treatment
in 30 patients to 205 non-sildenafil treated HFrEF patients.
It was a retrospective, single-center, observational study that
compared the pulmonary hemodynamics and clinical outcomes
at 1-week and at 1-year after the HTx in patients with fixed PH
treated with 20 mg TID of sildenafil therapy to a non-PH group
that did not receive any PH-directed treatment. Despite the
non-randomized design, the baseline patients’ characteristics
were similar, but for the severity of the systolic dysfunction and
the pulmonary hypertension hemodynamics in the sildenafil-
treated group. The study showed an important decrease in the
systolic pulmonary artery pressure and the pulmonary vascular
resistance after a 3-month sildenafil prescription (58.9 to 52.8
mmHg and 5.4 to 3.3 Woods units, respectively, p<0.001 for
both analyses). The pulmonary hemodynamics improvement
led to a significant clinical benefit, which enabled the eligibility
of HTx candidacy for those 30 who were, at first, considered
to be ineligible patients.

In spite of having small differences in the systolic pulmonary
artery pressure shortly after the HTx (7 days), there were no
significant differences in the pulmonary pressures between
the groups 1 year after the heart transplantation, which might
have a practice impact regarding further assessments for

227


https://orcid.org/0000-0002-0706-0933
mailto:pedrovs.usp@gmail.com

228

Schwartzmann
New possibilities for heart transplantation

Short Editorial

other HF-associated PH patients on the initial evaluation for
advanced therapies. Similar results were shown in a small cohort
of 18 patients that were treated with sildenafil to reduce the
HF-associated PH and try to become eligible for HTx. Groote
et al.” reported significant improvements in functional class,
mean left ventricular ejection fraction and cardiopulmonary
exercise testing parameters, as well as a considerable reduction
in pulmonary vascular resistance (from 5.3 = 1.9 to 3.3 =
1.8 Woods units, p=0.01)."* Other studies have also shown a
decrease in pulmonary pressures in patients with persistent PH
and left ventricular assistant devices. Moreover, sildenafil seems
to be useful for acute right ventricular failure and PH within the
first 72 hours after HTx in a small case series of 13 patients.'

Although there were substantial benefits regarding the
pulmonary hemodynamics parameters, the evidenced
numerically higher mortality during the first year was linked to
the initially PH severity and should be taken into consideration
in the heart transplantation candidacy process decision-making
during the initial evaluation.
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Abstract
Background: Dual antiplatelet therapy (DAPT) is the cornerstone treatment of acute myocardial infarction (AMI).

Objective: The present study aimed to investigate the efficacy and safety of triple antiplatelet therapy (TAPT) in elderly
female patients with diabetes and ST segment elevation myocardial infarction (STEMI), who had undergone percutaneous
coronary intervention (PCI).

Methods: We designed a randomized, single-blind study. Control group A (97 elderly male patients with diabetes and
STEMI, whose CRUSADE scores were < 30) received aspirin, ticagrelor, and tirofiban. A total of 162 elderly female
patients with diabetes and STEMI were randomly divided into two groups according to CRUSADE score. Group B (69
patients with CRUSADE score > 31) received aspirin and ticagrelor. Group C (93 patients with CRUSADE score < 30)
received aspirin, ticagrelor and tirofiban. P values < 0.05 were considered statistically significant.

Results: Compared to the findings in group A, post-PClI Thrombolysis in Myocardial Infarction (TIMI) grade 3 blood
flow and TIMI myocardial perfusion grade 3 were significantly less prevalent in group B (p < 0.05). When compared to
groups A and C, the incidence of major adverse complications was significantly higher in group B (p < 0.05).

Conclusion: TAPT could effectively reduce the incidence of major complications in elderly female patients with diabetes
and STEMI. However, close attention should be paid to hemorrhage in patients receiving TAPT. (Arq Bras Cardiol. 2021;
116(2):229-235)

Keywords: Platelet Aggregation; Stroke; Woman; Aging; Diabetes Mellitus; Myocardial Infarction; Percutaneous
Coronary Intervention/methods.

Introduction

Dual antiplatelet therapy (DAPT) is a cornerstone in the
treatment of acute myocardial infarction (AMI). Compared
with clopidogrel, the inhibitory effect of ticagrelor on platelets
in DAPT is rapid and potent, with dual-inhibition and reversible
combination. Furthermore, it can dilate coronary arteries, and it
is recommended by guidelines.! However, studies have shown
that ticagrelor and clopidogrel might significantly increase the
risk of hemorrhage, compared with clopidogrel.?

The incidence of slow blood flow, no-reflow, and
thrombotic complications in female patients with diabetes
and AMI is higher than in patients without diabetes or in male
patients with diabetes and AMI who are receiving DAPT.>*
Glycoprotein IIb/llla receptor inhibitors, in addition to DAPT,
can effectively reduce the onset of complications, such as slow
blood flow, no reflow, acute and subacute thrombosis, and
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major adverse cardiac events (MACE).*° However, it remains
unknown whether the combination of triple antiplatelet
therapy (TAPT) drugs, especially ticagrelor, would increase the
risk of hemorrhage. The urgent issue in the treatment of AMI
is how to balance the risk of ischemic events and hemorrhagic
complications. In relation to DAPT (aspirin and ticagrelor),
the present study aimed to investigate the short-term efficacy
and safety of TAPT (aspirin, ticagrelor, and tirofiban) in elderly
female patients with diabetes and AMI.

Materials and Methods

Subjects and Grouping

This study was conducted in two centers, Zhengzhou
People’s Hospital of Southern Medical University and Shengjiu
County Hospital of Traditional Chinese Medicine, both in the
Henan province. Elderly female patients with diabetes and
STEMI, who were admitted to the coronary care unit and
who received emergency percutaneous coronary intervention
(PCI) treatment from January 2013 to December 2018, were
included into this study. This study was randomized and
single-blinded. Blood was drawn immediately after admission.
The Can Rapid Risk Stratification of Unstable Angina Patients
Suppress Adverse Outcomes With Early Implementation of
the ACC/AHA Guidelines (CRUSADE) score'® was calculated
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according to patients’ hematocrit, creatinine clearance rate,
heart rate, blood pressure, existence of heart failure, diabetes
mellitus, and previous vascular diseases. This was a prospective
study. According to CRUSADE score, patients were randomly
divided into the following two groups: group B (score higher
than 30) and group C (score lower than 30). DAPT (aspirin
and ticagrelor) was given to the patients in group B, and TAPT
(aspirin, ticagrelor, and tirofiban) was given to the patients
in group C. Elderly male patients with diabetes and STEMI,
who received emergency PCI during the same period of
hospitalization, were assigned to group A (control group),
and they received the same drug therapy as the patients in
group C. Diagnosis of STEMI was in accordance with the
European Society of Cardiology guidelines,' and diagnosis of
diabetes mellitus was in accordance with the World Health
Organization criteria.'? The inclusion criteria were as follows:
(1) patients with the onset of STEMI at < 12 hours, (2) patients
with known diagnosis of diabetes mellitus, (3) patients who
agreed to receive emergency PCl and DAPT or TAPT, and
(4) patients between the ages of 60 and 79 years old. The
exclusion criteria were as follows: (1) patients with the onset
of STEMI at > 12 hours, (2) patients with blood pressure =
180/110 mmHg, (3) patients with suspected aortic dissection,
(4) patients with retrieved PCl after thrombolysis for STEMI, (5)
patients with a history of cerebral hemorrhage and ischemic
stroke within one year, (6) patients with severe hepatic
and/or renal insufficiency, and (7) patients with a history of
hemorrhagic diseases.” The present study conforms to the
standards of medical ethics. With the approval of the Ethics
Committee of Zhengzhou People’s Hospital, all treatments
were performed with the informed consent of patients or
their families.”

Emergency Percutaneous Coronary Intervention

Eighteen-lead electrocardiogram was recorded immediately
after admission, and vital signs were checked. Blood was
drawn immediately after admission for assay of cardiac
enzymes, troponin, and other related biochemical and routine
testing items. In addition, 100 mg of aspirin (Bayer, Germany;
100 mg/tablet) and 180 mg of ticagrelor (Belinda Tablets, Astra
Zeneca; 90 mg/tablet) were orally administered to patients in
these three groups. Emergency coronary angiography and PClI
were performed. If thrombi were found, a thrombus aspiration
catheter was used to aspirate them (10 patients, 6 patients
and 9 patients in groups A, B, and C, respectively). Tirofiban
hydrochloride (10 ug/kg) was injected into the coronary
artery in patients in groups A and C. After PCl, 0.075 ug/
kg'min of tirofiban hydrochloride was continuously pumped
into the vein for 24 hours 7. Drug-eluting stents were used
for all patients. Merely the culprit vessel was treated during
the emergency. If a non-culprit vessel needed to be treated,
selected PCl was performed 10 to 14 days later. In addition,
100 mg/d of aspirin and 90 mg/d of ticagrelor were given
twice orally and continuously in patients in all three groups.
Subsequently, DAPT was applied for at least 12 months.
Furthermore, -receptor blockers, statins, hypoglycemic
agents, and angiotensin converting enzyme inhibitors were
continuously administered.’

Arq Bras Cardiol. 2021; 116(2):229-235

Observation Criteria

The data for first-medical-contact-to-balloon time, door-
to-balloon time, age, sex, heart rate, systolic pressure, serum
creatinine, Killip classification of cardiac function, myocardial
enzymes, troponin, hematocrit, past history of vascular
disease and diabetes mellitus, and the existence of cardiac
arrest were collected and counted. The GRACE scores' and
CRUSADE integral™ were calculated based on the above
data. The SYNTAX integral™ was calculated according to
the pathological characteristics of coronary angiography.
Subsequently, the characteristics of the culprit vessel were
determined. Data for diameter and length of stents were
recorded. For instance, if more than two stents were needed
for more than two culprit vessels, the length of the separate
stents was added to obtain the length of stent. If the target
lesion was longer and more than two stents were placed in
series, the total length of the stent was subtracted by 4 mm.
The diameter and length of stents for selective secondary
surgery of non-culprit vessels were not included. Data were
also recorded for length of stay and adverse events, including
selective PCI during hospitalization, post-infarction angina
pectoris, re-infarction during hospitalization, acute and sub-
acute thrombosis in the stent, severe arrhythmia (persistent
ventricular tachycardia, ventricular fibrillation, newly emerged
hemodynamically unstable atrial fibrillation or atrial flutter,
and high grade atrioventricular block, excluding reperfusion
arrhythmia during PCl), cardiac function above Killip grade
I, cardiogenic shock, and 30-day mortality” of patients in
these three groups. The Thrombolysis in Myocardial Infarction
(TIMI) bleeding classification was recorded as follows: (1)
severe hemorrhage: intracranial hemorrhage or clinically
visible bleeding (including imaging diagnosis), decreased
hemoglobin of = 5 g/dl and decreased hematocrit by =
15%); (2) moderate hemorrhage: clinically visible bleeding
(including imaging diagnosis), decreased hemoglobin between
3 and 5 g/dl, slight bleeding; (3): mild hemorrhage: clinically
visible bleeding (including imaging diagnosis), with decreased
hemoglobin < 3 g/dl.”"> TIMI blood flow grading and TIMI
myocardial perfusion grade (TMPG) of the infarction-related
vessels after PCI were also recorded.” '

Statistical Methods

SPSS 17.0 software was used for statistical analysis of all
data. The measurement data were expressed as mean *
standard deviation. They presented a normal distribution
according to Kolmogorov-Smirnov test, and the comparison
between the two groups was conducted by unpaired Student’s
t test. The count data was expressed as the number of cases
(constituent ratio), and the comparison between the two
groups was performed by chi-squared test. One-way ANOVA
was employed to compare these three groups, and p < 0.05
was considered statistically significant.”

Results

Clinical Characteristics

Group A (97 male patients with diabetes and STEMI;
mean age: 65.9 = 9.2 years), which was the control group,
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had low risk CRUSADE scores (less than 30). Group B (69
female patients; mean age: 65.27 = 9.8 years) had moderate
and above moderate risk CRUSADE scores (higher than 31).
Group C (93 female patients; mean age: 64.8 = 7.2 years)
had low risk CRUSADE scores (lower than 30). There were
no statistically significant differences in age, first-medical-
contact-to-balloon time, door-to-balloon time, hypertension,
hyperlipidemia, body mass index, previous history of PClI,
family history of coronary heart disease, and GRACE score
among the three groups (p > 0.05, Table 1).

Characteristics of Coronary Artery Lesions

No significant differences were observed when comparing
the number of lesions in three coronary arteries among the
three groups. However, compared to group A, the diameter of
the implanted stent in groups B and C was significantly smaller
(p < 0.05). In addition, TIMI grade 3 blood flow and TMPG
grade 3 after PCI were significantly less prevalent in group B
than in groups A and C (p < 0.05, Table 2).

Length of Hospital Stay, Characteristics of PCI, and
Incidence of Complications

The average length of hospital stay was significantly higher
in group B than in group Aand C (p < 0.05). In addition, group
B had 14 cases of post-infarction angina pectoris, whereas
the other two groups had 5 cases each Nine cases of severe
arrhythmia occurred in group B, which was higher than that in
other two groups (2 cases in group A and 3 cases in group C).
There were 14 cases of heart failure, cardiogenic shock, and
30-day mortality in group B, which was higher than in groups
A and C (5 cases and 4 cases, respectively). Furthermore, the
incidence of selective PCl, re-infarction, and stent thrombosis
during hospitalization was significantly higher in group B, when
compared to group A (p < 0.05). In group B, there were 14
cases of post-infarction angina pectoris, 7 cases of re-infarction
and 3 cases of stent thrombosis. Moreover, the total incidence
of hemorrhage and the incidence of moderate hemorrhage
were significantly higher in group C, when compared to groups
Aand B (p < 0.05, Table 3). There were 8 cases of moderate
hemorrhage in group C, whereas groups A and group B had
1 case each.

Discussion

More than 50% of cardiovascular deaths occur in females.
Regardless of the positive results of the pathophysiology,
complaints, symptoms, signs and results of auxiliary
examinations, or the short-term and long-term therapeutic
effects, female patients have their own particularities.'®"”
Timely PCl in female patients with acute coronary syndrome
can effectively reduce the incidence of MACE.”'>"7'8 However,
women, especially elderly women, often have no typical chest
pain during ischemic attack, which may delay diagnosis and
treatment. In the present study, the incidence of angina
pectoris before infarction was significantly lower in women,
when compared to men. Furthermore, non-specific symptoms,
such as post-sternal discomfort, chest tightness, shortness of
breath, nausea, vomiting, and fatigue, were more common in
females with AML. In addition, the sensitivity and specificity

of electrocardiogram and exercise electrocardiogram in the
diagnosis of coronary heart disease are lower in women.
The lack of specific symptoms and the corresponding
electrocardiogram changes in the pathophysiological condition
of ischemia and the lack of timely and necessary medicines
and lifestyle intervention, even in critical conditions, such as
complete or subtotal vascular occlusion, often lead to late
consultation, missing the most treatable stage and resultingin a
lack of early intervention, such as emergency PCl, which is one
of the main causes of the higher incidence of complications
and mortality in female patients with AMI.'7'8

Diabetes mellitus is an isocritical condition of coronary
heart disease. The therapeutic effects of antiplatelet drugs
in patients with diabetes are worse than in patients without
diabetes. Furthermore, the incidence of slow blood flow and
no reflow after emergency PCl and MACE are significantly
higher than in patients without diabetes.”*'> This suggests
that enhanced antiplatelet therapy is needed for patients with
diabetes. Diabetes mellitus is one of the most important risk
factors for patients with acute coronary syndrome, regardless
of whether the GRACE score is used for evaluating ischemic
events or the CRUSADE score is used for predicting the risk of
bleeding. DAPT is the cornerstone for preventing ischemia and
thrombosis after PCI." After receiving DAPT, some patients still
have serious complications of thrombosis, especially in female
patients with diabetes and elderly patients with diabetes. Ilb/
[lla receptor inhibitors in addition to DAPT can effectively
reduce the occurrence of slow blood flow and no reflow,
the incidence of acute and subacute thrombosis, and the
occurrence of MACE.”*"> However, there were no significant
differences in general characteristics, coronary lesion
characteristics and GRACE scores among the three groups
in the present study. These results revealed that TAPT was
significantly superior to DAPT in reducing related ischemia-
driven events, such as the incidence of post-infarction angina
pectoris, severe arrhythmia, heart failure, cardiogenic shock,
and 30-day mortality, in both elderly male and female patients
with diabetes and STEMI, when compared to women with
diabetes and STEMI who received DAPT. Furthermore,
compared to patients receiving DAPT, the average hospital stay
was shorter in those receiving TAPT. Moreover, the incidence
of selective PCl, re-infarction, and stent thrombosis in elderly
male patients with diabetes and STEMI who received TAPT
was significantly lower, when compared to elderly female
patients with diabetes and STEMI who received DAPT. This
suggested that TAPT could effectively reduce the onset of
ischemic events in elderly patients with diabetes and STEMI.
Furthermore, male patients benefit more than female patients.

The CRUSADE score is an important index for evaluating
the risk of hemorrhage.'® Older age, the existence of diabetes
mellitus, and female sex are all important risk factors for
hemorrhage. Due to the strong antiplatelet effect of tirofiban
and the combined application of ticagrelor, hemorrhagic
complications have always been a matter of concern for
cardiovascular physicians.*”*'> Close attention should be given
to the application of DAPT and TAPT in order to minimize
the occurrence of hemorrhagic complications. DAPT has
been applied only for elderly female patients with STEMI,
whose CRUSADE score was above middle-risk, while TAPT
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Table 1 - Comparison of the general clinical characteristics among the three groups

Male (aspirin + ticagrelor +

Female (aspirin + N
(asp Female (aspirin + ticagrelor +

Group tirofiban) (Group A, 97 cases) ticagrelo;;(s(gz):up B, 69 tirofiban) (Group C, 93 cases)

Age (years) 65.949.2 65.27+9.8 64.8+7.2 0.824
Sex (male/female) 97/0 0/69 0/93 0.000
History of digestive tract disease [n(%)] 5(5.15) 3(4.35) 4(4.3) 0.953
Smoking [n(%)] 22(22.68) 2(2.9) 3(3.23) 0.000
Alcohol consumption [n(%)] 37(38.14) 7(10.14) 13(13.98) 0.000
LVEF < 40%]n(%)] 9(9.28) 6(8.7) 8(8.6) 0.985
Warfarin use [n(%)] 2(2.06) 1(1.45) 2(2.15) 0.943
Combined PPI [n(%)] 6(6.19) 3(4.35) 7(7.53) 0.257
FMC-to-B time 124.3467.2 132.5471.3 128.5+82.6 0.797
D-to-B time 65.6+21.4 71.3+26.9 62.6+27.2 0.892
Hypertension [n(%)] 57(58.77) 37(53,62) 55(59.14) 0.745
Hyperlipidemia [n(%)] 49(50.52) 36(52.17) 48(51.62) 0.976
BMI (kg/m?) 32.46+4.65 30.13+5.26 29.99+6.31 0.823
Serum creatinine (mmol/L) 83.2949.7 96..32+10.072 83.46+12.35° 0.012
History of PCI [n(%)] 4(4.12) 2(2.90) 6(6.46) 0.543
Pre-infarction angina [n(%]] 19(19.59) 2(2.90) 4(4.30)a 0.000
Family history of coronary heart disease [n(%)] 5(5.15) 3(4.35) 5(5.38) 0.954
GRACE score

Low risk (< 85)[n(%)] 9(9.28) 8(11.59) 9(9.68) 0.526
Middle risk (85 to 133)[n(%)] 17(17.53) 12(17.39) 15(16.13) 0.963
High risk (>133)[n(%)] 71(73.20) 49(71.01) 69(74.19) 0.902
CRUSADE score

Extremely low risk (1-20 )[n(%)] 37(38.14) 0(0)a 42(45.16)° 0.000
Low risk (21-30)[n(%)] 60(61.86) 0(0)a 51(54.84)° 0.000
Middle risk (31-40)[n(%)] 0(0) 32(46.38)° 0(0) 0.000
High risk (41-50)[n(%)] 0(0) 24(34.78) 0(0)° 0.016
Extremely high risk (>51)[n(%)] 0(0) 13(18.84) 0(0)° 0.000

BMI: body mass index; D-to-B: door-to-balloon; FMC-to-B: first-medical-contact-to-balloon; LVEF: left ventricular ejection fraction; PCI: percutaneous coronary
intervention; PPI: proton pump inhibitors. Note: 2: p < 0.05 compared with group A; ®: p < 0.05 compared with group B.

has been applied for patients with low-risk CRUSADE scores.
These results revealed that the total incidence of hemorrhage
and the incidence of moderate hemorrhage in elderly female
patients with diabetes after TAPT was significantly higher,
when compared to that of female patients with relatively high
risk of hemorrhage and elderly male patients with diabetes
receiving TAPT. However, there was no significant difference
in the risk of hemorrhage between male and female patients
receiving TAPT. This indicated that the risk of hemorrhage is
higher for elderly female patients with diabetes and STEMI.
It is noteworthy that there are special pathophysiological
conditions in antiplatelet therapy for elderly female patients
with diabetes and STEMI, which are different from those
of males. While preventing ischemia-driven events, close
attention must be given to the increased risk of hemorrhage.

Arq Bras Cardiol. 2021; 116(2):229-235

Study Limitations

The study only compared elderly female patients with
diabetes who received TAPT and DAPT, and it did not include
male patients receiving DAPT as a control. Furthermore, the
sample size was small, and there was a lack of long-term
follow-up. The team of authors is conducting further research
to address these limitations.

Conclusion

The present study showed that the incidence of
complications in elderly female patients with diabetes and
STEMI receiving TAPT after PCl was significantly lower
than in patients receiving DAPT. However, the incidence of
hemorrhage in female patients receiving TAPT was significantly
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Table 2 - Comparison of the characteristics of coronary artery lesions among the three groups (number of cases, %)

Male (aspirin + ticagrelor

Female (aspirin + ticagrelor)

Female (aspirin + ticagrelor +

Lesion characteristics * tirofiba:;s(gg;:up A, 31 (Group B, 69 cases) tirofiban) (Group C, 93 cases) P
Single branch lesion 9(9.28) 6(8.70) 8(8.60) 0.992
Double branch lesion 11(11.34) 7(10.14) 9(9.68) 0.946
Three branch lesion 77(79.38) 56(81.16) 75(80.65) 0.956
Complicated with left main lesion 6(6.19) 3(4.35) 6(6.45) 0.867
SYNTAX score 22.21+6.18 21.75+8.57 22.3147.27 0.863
PCl Target vessel

Left anterior descending branch 51(52.58) 36(52.17) 49(52.69) 0.998
Right circumflex branch 14(14.43) 11(15.94) 8(8.60) 0.314
Right coronary artery 32(32.99) 22(31.88) 36(38.71) 0.564
Diameter of stents (mm, x+s) 3.0140.33 2.69+0.27° 2.7040.39° 0.046
Length of stents (mm, xs) 28.29+3.74 27.36+5.13 28.12+5.07 0.783
Preoperative TIMI classification

Grade 0 95(97.94) 68(98.55) 92(98.92) 0.857
Grade 1 or 2 2(2.06) 1(1.45) 1(1.08) 0.957
Grade 3 0 0 0

Postoperative TIMI grading

Grade 0to 2 2(2.06)° 10(14.49)= 4(4.30) 0.003
Grade 3 95(97.94)° 59(85.51) 89(95.70) 0.003
Preoperative TMPG classification

Grade 0 to 2 97(100) 69(100) 93(100)

Grade 3 0 0 0

Postoperative TMPG grading

Grade 0to 2 6(6.19) 20(28.99)* 14(15.05 ) 0.0003
Grade 3 91(93.81)¢ 49(71.01)= 79(84.95)%¢ 0.0001

PCI: percutaneous coronary intervention. Note: : p < 0.05 compared with group A; ®: p < 0.05 compared with group B; °: comparisons with intra-group preoperative

TIMI of the same grade, p < 0.05; ¢: comparisons with intra-group preoperative TMPG of the same grade, p < 0.05.

higher, when compared to male patients receiving TAPT and
female patients receiving DAPT.
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Table 3 - Comparison of length of hospital stay, characteristics of PCI, and incidence of complications in the three groups

Male (aspirin + ticagrelor +

Female (aspirin + ticagrelor)

Female (aspirin + ticagrelor +

ftem tirofiban) (Group A, 97 cases) (Group B, 69 cases) tirofiban) (Group C,93 cases) P

Average length of hospital stay (days) 7.8+15 11.243.32 8.3+1.9%® 0.042
Selective secondary surgery [n(%)] 12(12.37) 19(27.54)7 9(20.93) 0.047
Post-infarction angina pectoris [n(%)] 5(5.05) 14(19.72) 5(5.38)° 0.001
Re-infarction [n(%)] 0(0) 7(10.14) 6(6.45) 0.009
Stent thrombosis [n(%)] 0(0) 3(4.35) 1(1.08) 0.073
Severe arrhythmia [n(%)] 2(2.06) 9(13.04) 3(3.23p 0.004
E}e(l:/:i)i?c function above Killip grade Il 2(2.60) 14(20.29)° 8(8.60)° 0.0001
Postoperative cardiogenic shock [n(%)] 0(0) 5(7.25) 1(1.08)° 0.006
30-day mortality [n(%)] 0(0) 4(5.80)? 1(1.08) 0.004
Total hemorrhage [n(%)] 7(7.22) 6(8.70) 20(21.98)® 0.005
Severe hemorrhage 0(0) 0(0) 1(1.08) 0.408
Moderate hemorrhage 1(1.03) 1(1.45) 8(8.60)® 0.012
Mild hemorrhage 6(6.19) 5(7.25) 11(11.83) 0.344

a: p < 0.05 compared with group A; b: p < 0.05 compared with group B.
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Is There a Second Wind for Glycoprotein llb/llla Inhibitors in Elderly
Diabetic Females with ST-Elevation Myocardial Infarction, or are We

on Thin Ice?

Ana Teresa Timoteo™?

Santa Marta Hospital, Centro Hospitalar Universitdrio Lisboa Central,’ Lisboa - Portugal
Universidade Nova de Lisboa, Faculdade de Ciéncias Médicas de Lisboa,? Lisboa - Portugal
Short Editorial related to the article: Therapeutic Effects of Triple Antiplatelet Therapy in Elderly Female Patients with Diabetes and Acute

Myocardial Infarction

The standard of care in patients undergoing primary
percutaneous coronary intervention (PCI) is double
antiplatelet therapy (DAPT), with a combination of
aspirin and a P2Y12 inhibitor." Prasugrel and ticagrelor
are the preferred P2Y12 inhibitors because they have
a more rapid onset of action, greater potency, and are
superior to clopidogrel in terms of clinical outcomes.’
They should be maintained over 12 months unless there
are contraindications, such as excessive risk of bleeding.
The choice of treatment should be a balanced decision,
considering the ischemic and bleeding risks. Most of the trials
evaluating glycoprotein (Gp) lIb/llla inhibitors in ST-elevation
myocardial infarction (STEMI) patients treated with primary
PCI pre-date the era of routine oral DAPT pre-treatment,
particularly in the setting of potent oral platelet inhibitors. At
that time, they demonstrated a reduction in the incidence of
ischemic events, but at the expense of a consistent increase in
major bleeding.? Presently, there is no compelling evidence
for an additional benefit of the routine use of a Gp Ilb/lIlla
strategy in primary PCl patients that receive DAPT treatment,
particularly with ticagrelor.? The use of Gp Ilb/Illa inhibitors
should be considered for bailout therapy in the event of
angiographic evidence of a large thrombus, slow- or no-
reflow, and other thrombotic complications, although this
strategy has not been addressed in randomized controlled
trials.? Also, intracoronary administration is not superior to
its intravenous use.?

Elderly patients are at high-risk of bleeding and other
complications from acute therapies, not only because of their
age, but because they have more often renal dysfunction and
more co-morbidities.? Diabetes is also a frequent comorbidity
in STEMI patients. Diabetic patients have more diffuse
atherosclerotic disease and are at higher risk of death and
complications, including repeated revascularization after
PCI.% In fact, diabetic patients who have suffered a myocardial
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infarction have a worse prognosis, and the presence of
diabetes amplifies the risk of any cardiovascular event, as
shown in many previous studies of acute coronary syndrome
treatment.?* However, in the current context of the use of oral
P2Y12 inhibitors, there is no indication that antithrombotic
pharmacotherapy should differ between diabetics and patients
without diabetes undergoing revascularization.'

In the present number of this journal, a Chinese group
investigated the possible benefit of triple anti-platelet therapy
(TAPT) with aspirin, ticagrelor and tirofiban, in elderly female
diabetic patients compared to DAPT.® They studied 162 elderly
and diabetic female patients separately in two groups according
to the CRUSADE score. The group with a lower CRUSADE
score (< 30) received TAPT, as well as a control group of 97
elderly and diabetic males, also with low CRUSADE score.
The female group with high CRUSADE score received only
DAPT. In general, women had more ischemic and hemorrhagic
complications. When comparing males and females with low
CRUSADE score and receiving TAPT, despite similar treatment,
women had more re-infarction, stent thrombosis, cardiogenic
shock and 30-day mortality, but also more moderate and severe
bleeding. Comparing only the female groups, the group that
received DAPT had less recovery in terms of TIMI grading
and TIMI myocardial perfusion grading after PCI, more stent
thrombosis, cardiogenic shock and 30-day mortality, but less
moderate / severe bleeding. The authors concluded that a
TAPT strategy in elderly diabetic women with STEMI showed
less cardiovascular events at 30-day follow-up but more
hemorrhagic complications.

However, some remarks and limitations should be
highlighted. Firstly, the mean age of the patients in each
group is in fact not “elderly” as we might define it. Mean age
is around 65 years in all groups and “elderly” was defined as
above 60 years. For that reason, TAPT was tested in relatively
young patients. Thus, the conclusions cannot be drawn for
truly elderly patients, who might be considered as those
above 75 years of age. Secondly, inclusion was performed for
six years and an average of 43 patients/ year were included.
We can suspect that the centre has a moderate volume, or
inclusion was not consecutive, and a significant number of
patients were not included. For that reason, the sample is
relatively small and statistical power is not adequate. Thirdly,
in studies with anti-thrombotic therapies, it is important
to provide additional results, particularly in the form of
composite outcomes encompassing ischemic and bleeding
events, such as Net Clinical Benefit or Net Adverse Clinical
Events. This is a better way to clearly define if the benefits
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outweigh the risks and safety problems. Fourthly, mean body
mass index (BMI) is high, with a mean BMI of around 30 in
all groups. We can assume that patients with normal or low
body weight, an important risk factor for bleeding, were not
included. Finally, multivariable analysis should have been
performed to confirm the benefit of TAPT over DAPT in elderly
and diabetic female patients. There are some differences in
baseline characteristics that might have a significant impact
on the outcome that should have been adjusted. Despite all
the highlighted limitations, there are, however, two important
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Abstract

Background: Coronary no-reflow phenomenon (CNP) is associated with an increased risk of major cardiovascular
adverse events (MACE).

Objective: This study aimed to evaluate the relationship between serum Kidney Injury Molecule-1 (KIM-1) levels and
CNP in patients with acute ST-segment elevation myocardial infarction (STEMI).

Methods: This study included a total of 160 patients (113 males and 47 females; mean age: 61.65+12.14 years) who
were diagnosed with STEMI. The patients were divided into two groups, the reflow group (RG) (n=140) and the no-
reflow group (NRG) (n=20). Patients were followed during one year. A p-value of <0.05 was considered significant.

Results: CNP was observed in 12.50% of the patients. Serum KIM-1 was significantly higher in the NRG than in the RG
(20.26+7,32 vs. 13.45+6.40, p<0.001). Body mass index (BMI) was significantly higher in the NRG than in the RG
(29.41 (28.48-31.23) vs. 27.56 (25.44-31.03), p=0.047). Heart rate (HR) was significantly lower in the NRG than in the
RG (61.6x8.04 vs. 80.37+14.61, p<0.001). The European System for Cardiac Operative Risk Evaluation Il (EuroSCORE
11) was significantly higher in the NRG than in the RG (3.06+2.22 vs. 2.36%2.85, p=0.016). The incidence of stroke was
significantly higher in the NRG than in the RG (15% vs. 2.90%, p=0.013). The baseline KIM-1 level (OR=1.19, 95%
ClI:1.07 to 1.34, p=0.002) and HR (OR=0.784, 95% Cl:0.69 to 0.88, p<0.001) were the independent predictors of CNP.

Conclusion: In conclusion, baseline serum KIM-1 concentrations and lower HR are independently associated with CNP
in STEMI patients and the incidence of stroke was significantly higher in the NRG in the one-year follow-up. (Arq Bras
Cardiol. 2021; 116(2):238-247)

Keywords: Cardiovascular Diseassses; Myocardial Infarction Stroke; Percutaneous Coronary Intervention; Coronary
Thrombosis; Heart Rate.

atherothrombotic microembolization, and activation of
neutrophils and platelets, which cause the release of oxygen-
free radicals, proteolytic enzymes, and proinflammatory
mediators that can cause tissue and endothelial damage,
particularly in critically-injured myocytes.® Biomarkers of
kidney tubular injury, such as KIM-1, have been associated

Introduction

The coronary no-reflow phenomenon (CNP) was defined
as the lack of myocardial perfusion despite the opening of
the coronary vessel in the setting of primary percutaneous
coronary intervention (PCI)." Overall, angiographic CNP

is defined as the presence of Thrombolysis In Myocardial
Infarction (TIMI) score of 0-1, which refers to the sudden loss
of epicardial flow, after balloon dilatation or stent placement
without the presence of dissection, mechanical obstruction,
significant residual stenosis, spasm or thrombus of the coronary
vessel.? The underlying mechanisms of CNP are inflammation,
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with both the incidence and progression of acute kidney injury
(AKI) and chronic kidney disease (CKD).* KIM-1 is a type-1
transmembrane protein, which is expressed in the proximal
tubule apical membrane according to the injury.* AKI and CKD
are strongly associated with cardiovascular disease (CVD), and
AKlI has been reported as being associated with cardiovascular
events.® KIM-1 acts as a pro-inflammatory molecule and has
both chemo-attractant and cell-adhesion functions.* The
structure of KIM-1 suggests that it may be involved in surface
adhesion interactions.*® The pro-inflammatory cytokines
contribute to the inflammation by enhancing and stimulating
the inflammatory cells and inflammatory response.* KIM-1
also has a spatial relation with inflammatory T-cells.* KIM-
1 has been shown to interact with T-cell proliferation, and
KIM-1 also interacts with other pro-inflammatory proteins.*
Moreover, T-cells have been implicated in the pathophysiology
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of the post-ischemic injury of the endothelium.* Itis possible
that KIM-1 plays an important role for the surviving epithelial
cells to undergo differentiation, migration, proliferation, and
the restoration of morphological and functional epithelial
integrity. Nevertheless, KIM-1 is associated with fibrosis and
inflammation.* We hypothesized that KIM-1 expression is
induced in STEMI and is related to CNP and endothelial
damage due to the pro-inflammatory response. The
association between KIM-1 protein levels and CNP has not
been addressed in the literature yet. Understanding which
biologic pathways and markers are associated with CNP may
allow for the design of future studies to explore the mechanistic
link between these pathways and to evaluate the efficacy of
interventions designed to reduce the burden of CVD in these
patients. Furthermore, the aim of this study was to evaluate
the relationship between baseline serum KIM-1 protein levels
and CNP in patients with acute STEMI.

Methods

This study was prospectively conducted between May 2016
and May 2018 at Bezmialem Vakif University Hospital. For
this single-center study, we enrolled 346 patients between 18
and 90 years who were diagnosed with STEMI and underwent
primary PCl within 6 hours of symptom onset. All STEMI
patients referred to the cath lab to undergo primary PCl were
included (n=346). Patients with coronary artery bypass graft
(CABG), cardiogenic shock, pulmonary edema, Killip class
=2, stent thrombosis, who underwent thrombus aspiration in
the index event, had acute or chronic infective or neoplastic
disease, moderate-to-severe chronic kidney disease, and
chronic liver disease were excluded from this study (n=186).
Accordng to the final results of the angiographic features of
TIMI flow of the treated artery, a total of 20 patients with
angiographically proven CNP were enrolled in the NRG and
we included 140 patients in the RC. All patients were given a
therapy consisting of 300 mg acetylsalicylic acid and a loading
dose of clopidogrel (600mg) and UF heparin (100mg/kg) prior
to PCI. All participants gave written informed consent prior to
participation and the study was approved by the local ethics
committee. Furthermore, the study was conducted under the
provisions of the Declaration of Helsinki.

Biochemical analyses

Venous blood samples were taken immediately after
hospital admission before PCI from the antecubital vein. The
12-lead electrocardiograms were obtained at baseline and HR
was noted. BMI was calculated using the formula weight (kg)/
height? (m?). The estimated glomerular filtration rate (eGFR)
of each patient was calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation. Routine blood
chemistry, lipid parameters, and troponin-I were measured
using standard auto-analyzer equipment. Blood counts were
measured using a Sysmex K-1000 (Block Scientific, Bohemia,
NY, USA) auto-analyzer. Samples were centrifuged at 3000
rpm for 10 min, and the supernatant and serum separated
from the samples. Then they were frozen at -80° C until further
analysis. Serum KIM-1 levels (ng/mL) were measured using a
commercially available enzyme-linked immunosorbent assay

ELISA kit (Human KIM-1 ELISA kit, Elabscience Biotech Co.,
Ltd, Catalog no: E-EL-HO186, Wuhan, China).* The KIM-1
kit analysis inter and intra-assay coefficients of variation for
the assay was less than 10%, and sensitivity was 0.10 ng/mL.

Diagnosis of acute ST-segment elevation myocardial
infarction

The STEMI diagnosis was attained in the presence of the
following characteristics based on definitions from clinical
practice guidelines: typical chest pain lasting more than
30 minutes, new-onset or presumably new ST-segment
elevation in two or more contiguous leads with ST-segment
elevation = 2.5mm in men < 40years, =2mm in men =
40years, or=1.5mm in women in leads V2-V3 and/or =
Tmm in the other leads (in the absence of left ventricular
hypertrophy or left bundle-branch block). In patients with
inferior Ml recorded with right precordial leads (V3R and V4R
ST-segment elevation), it was considered a case of concomitant
right ventricular infarction. Likewise, ST-segment depression
in leads V1-V3 and positive T-wave (ST-segment elevation
equivalent), additionally concomitant ST-segment elevation
= 0.5mm recorded in leads V7-V9 was considered as a
posterior ML

Cardiovascular risk factors

After detailed examinations, the medical history of each
patient was collected by the same investigator. Risk factors
for coronary artery disease (CAD), including age, gender,
hypertension (HT), diabetes mellitus (DM), hyperlipidemia
(HPL), and smoking status, were noted. Patients who were
previously receiving antihypertensive therapy or whose blood
pressure levels, measured at least twice, were =140/90
mmHg were considered to be hypertensive.® Patients who
were previously receiving an oral antidiabetic and/or using
insulin therapy or whose fasting blood glucose, measured at
least twice, was =125 mg/dL were considered to be diabetic.’
The presence of HPL was considered when total cholesterol
level was >200 mg/dL or low-density lipoprotein cholesterol
(LDL-C) was >100 mg/dL or when the patient was previously
receiving a lipid-lowering medication in accordance with the
“Adult Treatment Panel 111" guideline.® Patients who were still
using tobacco products on admission to the emergency service
and those who had ceased smoking within the past month
were considered smokers.

Coronary angiography

Coronary angiography procedures were performed using
a Philips (Optimus 200 DCA and Integris Allura 9, Philips
Medical Systems, Eindhoven, Netherlands) angiography device
using the femoral approach. Coronary angiography and PClI
were performed according to the standard clinical practice
with nonionic, iso-osmolar contrast medium (iodixanol,
Visipaque 320mg/100mL; GE Healthcare, Cork, Ireland).
Primary PCI of the infarct-related artery was performed.
Angiographic images were shot at a rate of at least 80 image
frames and were recorded at a rate of 25 frames per second.
At least two cardiologists assessed the coronary anatomic
examination records offline. Coronary blood flow velocity
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was determined by the quantitative number of frame
count as described by Gibson et al."" The CNP was defined
angiographically as post-PCl TIMI flow grades <1, without
the presence of dissection, mechanical obstruction, or
significant stenosis.” CNP patients received intracoronary (IC)
glycoprotein Ilb/llla inhibitors (Gp-lIb/Illa inh.) or IC adenosine
or epinephrine for the treatment of CNP, respectively. After
the procedure, all patients received intravenous (IV) hydration
with isotonic saline for at least 12 hours.

Transthoracic echocardiography

Each patient underwent a transthoracic echocardiographic
examination with a 3.5-MHz transducer (Vivid 7 GE Medical
System, Horten, Norway) by the same investigators before
hospital discharge. Examinations and measurements were
performed according to the recommendations of the American
Echocardiography Unit. Simpson’s method was used to
calculate left ventricular ejection fraction (LVEF).

Follow-up

The follow-up information was obtained through hospital
records and at the patients’ consultations carried out at the
hospital at 1, 3, 6 and 12 months by the same investigators.
The endpoints of this study, MACE including all-cause
mortality, cardiovascular death, stroke, and myocardial re-
infarction were obtained from hospital records and death
certificates, or by telephone contact with the patients’ relatives.

Statistical analysis

Data analyses were performed using SPSS version 24.0
statistical software package (SPSS Inc., Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to control the variable
distributions. Student’s t test for two independent samples,
was used for normally distributed data and reported as mean
and standard deviation, and Mann-Whitney U test was used
to compare non-normally distributed data and reported
as median and 25" and 75" percentiles. Categorical data
were compared using the Chi-square test. The correlations
between variables were performed using Spearman’s rank-
order correlation analysis. The Kaplan-Meier method was
used to estimate event-free survival rates. Receiver operating
characteristic (ROC) curve analysis was performed to
determine KIM-1 predictive value for CNP. Logistic regression
analysis was performed to assess the predictors of CNP.
Univariate logistic regression analysis was performed, and the
variables that were found to be statistically significant (p<0.1)
were analyzed with multivariate logistic regression analysis.
A two-tailed p value of <0.05 was considered significant.

Results

This study included a total of 160 patients (113 males
and 47 females; mean age: 61.65+12.14 years) who were
diagnosed with CNP. CNP was observed in 12.50% of the study
population. Demographic findings and medications in the
groups were described in Table 1. Regarding the cardiovascular
risk factors, BMI (kg/m?) was significantly higher in the NRG
than in the RG (29.41 (28.48-31.23) vs. 27.56 (25.44-
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31.03), p=0.047). The baseline laboratory characteristics
of the patients are described in Table 2. KIM-1 was
significantly higher in the NRG than in the RG (20.26%7.32
vs 13.45+6.40, p<0.001), HR was significantly lower in the
NRG than in the RG (61.60%8.04 vs 80.37=14.61, p<0.001)
and EuroSCORE Il was significantly higher in the NRG than in
the RG (3.06+2.22 vs 2.36%2.85, p=0.016). In 4 patients,
CNP was resolved with IC Gp-lib/llla inh., in 8 patients CNP
was resolved with intracoronary (IC) Gp-IIb/llla inh. plus IC
adenosine and in 5 patients CNP was resolved with 1C Gp-Ilb/
Ilainhibitor plus IC adenosine and IC epinephrine (Table 1). In
17 patients CNP was resolved and they were added to the RG.
CNP persisted in 20 patients and they were added to the NRG.

Clinical follow-up findings, including all-cause mortality,
cardiovascular death, stroke, myocardial infarction, and MACE
are described in Table 3. Stroke was significantly higher in
the NRG than in the RG (15% vs. 2.9%, p=0.013). There
were no differences between the two groups regarding other
demographic or clinical findings. Kaplan-Meier curves for
stroke and MACE rates are described in Figures 1 and 2. Age,
eGFR, Mehran score, LVEF, and hs-CRP were significantly
associated with EuroSCORE Il (p<0.05) (Table 4). Forward
conditional logistic regression analysis demonstrated that
KIM-1 (OR=1.199, 95%Cl: 1.07-1.343, p=0.002) and
HR (OR=0.784, 95%Cl: 0.696-0.883, p<0.001) were the
independent predictors of CNP in STEMI patients (Table 5).
In the ROC analysis, the values of serum KIM-1 above 21,53
ng/mL predicted the presence of CNP with 85% of sensitivity
and 93,6% of specificity. The area under the curve was 0.80
(95% Cl: 0.653-0.946, p<0.001) (Figure3).

Discussion

The main finding of this study was that increased KIM-1
levels and lower HR were the two determinants of CNP. We
have shown that the values of serum KIM-1 above 21.53 ng/
mL suggest the presence of CNP;thus, elevated serum KIM-1
levels can be used as a promising biomarker of CNP. In our
study, we found that CNP was independently associated with
baseline serum KIM-1 concentrations and lower HR in STEMI
patients. To the best of our knowledge, this is the first report
in the literature demonstrating the relationship between
KIM-1 concentrations and lower HR with CNP. Additionally,
in patients with STEMI, CNP was significantly associated with
poor outcomes. In the one-year clinical follow-up, findings
demonstrated that stroke was significantly higher in the NRG.

Although the exact mechanism of CNP is not consistently
determined in the literature, there are several suggested CNP
mechanisms. These reported mechanisms are such as pre-
existing microvascular dysfunction, microvascular arteriolar
spasm, distal thrombo-embolization due to high platelet
activity and thrombus burden, ischemic-reperfusion injury,
and swelling of myocardial cells compressing microvascular
vessels."? Therefore, the pathogenesis and mechanisms of
CNP remain controversial.

CNP is a significant prognostic marker related to short-term
poor cardiac outcomes in STEMI. Regarding the published
data, the estimated frequency of CNP ranged from 5%
to 60%." In our study, CNP was observed in 12.50% of
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the study population. Consistent with the published data,
patients with CNP had worse outcomes." In our study, one-
year clinical follow-up findings demonstrated that stroke
incidence was significantly higher in the NRG. Stroke was
associated with thrombus burden. According to our study,
the associated mechanism underlying this adverse event is
continuing thrombus activation still ongoing after the index
event, and this may be the main reason for stroke. Despite
the fact that all STEMI patients were taking antithrombotic
medications regularly, stoke incidence was significantly higher
in the NRG. Thus, such patients should be monitored and
followed carefully. BMI is the most widely used tool for the
assessment of obesity." Bakirci et al.” found that increased
epicardial fat in obese patients was associated with impaired
coronary flow in patients with non-STEML."® Recent studies
suggested that CNP is more frequently seen in association
with hyperglycemia, hypercholesterolemia, and mild-to-
moderate renal insufficiency.'® However, the understanding
of these risk factors for the pathogenesis of CNP is limited and
controversial. In our study, we found that BMI was significantly
higher in the NRC. This may be proven to be associated with
the risk of stroke as well. Thus, calculating the BMI may be

Table 1 — Baseline characteristics and medications of the patients

a useful method for estimating cardiac outcomes in CNP. In
addition, decreasing BMI may protect patients against stroke.
Randomized studies that have utilized manual thrombus
aspiration have shown better microvascular perfusion and long-
term outcomes compared to control patients undergoing PCI
during STEML."” However, using thrombus aspiration can cause
stroke due to device complications, and for that reason in our
study we excluded the patients (n=12) from the studies that
used thrombus aspiration catheter. The routine use of platelet
inhibitors (Gp-llb/Illa inh., abciximab, tirofiban), nicorandil,
nitroprusside, and adenosine have shown beneficial effects
on myocardial perfusion in STEML.'®2° Aksu et al. found that
epinephrine has a beneficial effect on CNP too.?" Epinephrine
causes a potent coronary vasodilator effect via beta-2 receptor
activation, which then mediate vasodilatation of the arteriolar
circulation. Also, it has chronotropic and inotropic effects on
the heart.?? IC epinephrine may restore normotensive blood
pressure in these patients, since this agent stimulates alpha
vasoconstrictor receptors.?’ Skelding et al.** found that the
increase in coronary flow due to correction of hypotension
may be the other potential beneficial effect of epinephrine.??
In our study, we found that lower HR was independently

Variable, n(%) NRG n=20 (12.5) RG n=140 (87.5) p-value
Age, y 64.35£14.03 61+£11.86 0.291
Male gender, n(%) 11 (55.00) 102 (72.90) 0.101
BMI (kg/m?) 29.41 (28.48-31.23) 27.56 (25.44-31.03) 0.047
HT, n(%) 15 (75) 79 (56.40) 0.115
DM, n(%) 7 (35) 50 (35.70) 0.950
HL, n(%) 6 (30) 62 (44.30) 0.227
Smoker, n(%) 11 (55) 90 (64.30) 0.421
Family History, n(%) 6 (30) 54 (38.60) 0.459
PAD, n(%) 3(15) 11 (7.90) 0.290
COPD, n(%) 3(15) 26 (18.60) 0.698
LVEF (%) 51.25+6.72 52.01£7.49 0.561
Medications n(%)

Ace inh 14 (70) 75 (53.60) 0.167
ARB 5(25) 44 (31.40) 0.560
B blocker 19 (95) 133 (95) 1
ccB 6 (30) 34 (24.30) 0.581
Statin 20 (100) 124 (88.60) 0.111
Nitrat 9 (45) 49 (35) 0.384
0AD 7 (35) 48 (34.30) 0.950
IC Gp-lIb/llla inh. 20 (100) 17 (12.10) <0.001
IC adenosine 20 (100) 13 (9.3) <0.001
IC epinephrine 20 (100) 5(3.6) <0.001

Data were reported as n(%) for categorical variables; median and 25th-75th percentile for non-parametric measurements; mean and standard deviation
for parametric measurements. Y: year; BMI: Body Mass Index; HT: hypertension; DM: diabetes mellitus type II; HL: hyperlipidemia; PAD: peripheral
arterial disease; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; ACE inh: angiotensin-converting enzyme inhibitors;
ARB: angiotensin receptor blockers; B blocker: beta-blocker; CCB: calcium channel blockers; OAD: oral antihyperglycemic drugs; IC: intracoronary;

Gp-Iib/llla inh: glycoprotein-IIb/llla inhibitors.
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Table 2 - Baseline laboratory characteristics of the patients

Variable, n(%) NRG n=20 (12.5) RG n=140 (87.5) p-value
KIM-1 ng/mL 20.26£7.32 13.45£6.40 <0.001
Glucose, mg/dI 134.25+65.06 136.73+61.27 0.689
Uric acid, mg/dl 5.63+1.51 5.73£1.73 0.883
eGFR (mL/min per 1.73 m2) 75.54422.63 82.3+21.47 0.154
Mehran Score 5 (2-8) 3.5 (2-6.75) 0.145
CIN development, n(%) 1(5) 14(10) 0.473
WBC, 10°%/uL 9.86+4.32 9.45+3.30 0.796
HTC, % 40.07+3.44 40.36+4.66 0.678
Platelet, 10%/uL 231.60£62.13 238.83+73.29 0.520
In-hospital stay, day 3.15+0.48 3+1.12 0.408
Trigliseride, (mg/dL) 160.50+£37.62 155.37457.52 0.323
HDL, (mg/dL) 39.70£5.01 41.0547.83 0.938
LDL, (mg/dL) 138.15+£31.86 123.77433.91 0.076
Total Cholesterol, (mg/dL) 214.15+33.47 200.7538.1 0.188
hs-CRP, (mg/dL) 0.10 (0.01-0.43) 0.20 (0.05-0.50) 0.532
Peak Troponin-I (pg/ml) 2293 (432.75-13501.25) 808.50 (68.25-3770.50) 0.220
Heart Rate, (bpm) 61.618.04 80.37+14.61 <0.001
TSH, ulU/mL 1.05 (0.70-1.30) 1.10 (0.90-1.40) 0.245
NYHA class 2.45%0.51 2.30+0.53 0.278
EuroSCORE 11, (%) 3.06+2.22 2.36+2.85 0.016

Data were reported as n(%) for categorical variables; median and 25th-75th percentile for non-parametric measurements; mean and standard deviation for
parametric measurements. KIM-1: Kidney injury molecule-1; eGFR: estimated glomerular filtration rate; CIN: Contrast-induced nephropathy; HTC: hematocrit;
HDL: high-density lipoprotein; LDL: low-density lipoprotein; hs-CRP: high-sensitivity C-reactive protein; TSH: thyroid-stimulating hormone; NYHA: the New
York Heart Association Functional Classification; EuroSCORE II: European System for Cardiac Operative Risk Evaluation II.

Table 3 - Clinical follow-up findings

Variable, n(%) NRG n=20 (12.5) RG n=140 (87.5) p-value
All-Cause Mortality 2 (10) 21 (15) 0.551
Cardiovascular Death 2 (10) 16 (11.4) 0.850
Stroke 3(15) 4(2.9) 0.013
Myocardial infarction 2 (10) 17 (12.1) 0.782
MACE 6 (30) 35 (25) 0.682

Data were reported as n(%). MACE: Major Adverse cardiovascular events.

associated with CNP. If the microcirculation is slow, CNP will
occurr and we have suggested that a lower HR can be used
as an indicator of CNP. Moreover, operators have to be aware
of the patient’s HR, and a lower HR should be considered
as a candidate for CNP before starting PCl. Despite the
encouraging results of our study, lower HR findings should
be explained by large randomized studies.

EuroSCORE Il shows us the patient’s fragility and frailty.?
Gl etal.* found that STEMI patients with higher EuroSCORE
[l had significantly higher CNP2* In this study, in the NRG, we
calculated a significantly higher EuroSCORE I, consistent with

Arq Bras Cardiol. 2021; 116(2):238-247

the literature. Additionally, we found that age, eGFR, Mehran
score, LVEF, and hs-CRP, were significantly associated with
EuroSCORE 1.

KIM-1 is released in the blood and urine and can be
used as a sensitive and early diagnostic indicator of proximal
tubular injury in humans when compared to any of the
conventional diagnostic markers, e.g., serum creatinine
and cystatin C or proteinuria.* Under normal conditions,
very low KIM-1 levels are expressed in kidney proximal
tubulesa. However, in the ischemic kidney, KIM-1 expression
is significantly increased.? KIM-1 has been shown to interact
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Figure 1 - Kaplan-Meier curve for Stroke.

with T-cell proliferation. Published studies have suggested that
KIM-1 also interact with other pro-inflammatory proteins.*2*
Moreover, T-cells have been implicated in the pathophysiology
of the post-ischemic injury of the endothelium.* The protein
structure of KIM-1 acts as an adhesion molecule for the
cell surface.?® Therefore, we speculate that KIM-1 might
alter cell adhesion and modulate interactions between the
injured epithelial cells and the luminal contents that include
casts, debris, and viable epithelial cells that have become
dislodged from the intimal endothelium and might cause the
CNP. KIM-1 may enhance mobility and proliferation of the
surviving epithelial cells.”> Macrophages and T-lymphocytes
are the main source of various cytokines and molecules that
interact with endothelial cells, which leads to an aggravation of
inflammatory pathways. Endothelial dysfunction, inflammation
and unknown increased expression of vasoactive agents, such
as endothelin-1 and angiotensin molecules are the main
agents responsible for the pathophysiological mechanisms.*%
Inflammation plays a major role in CNP development and
progression. Therefore, it seems logical to combine these

pro-inflammatory pathways to explain the underlying
mechanisms of CNP. KIM-1 not only leads to macrophage and
T-lymphocyte aggregation but also increases the oxidative
cytokine secretion. Increased KIM-1 was associated with
systemic inflammation and endothelial dysfunction, and it
was defined as a novel inflammation-based prognostic marker
in CVD.® The main pathophysiological links between KIM-1
and CNP might be cell adhesion, endothelial dysfunction,
and pro-inflammation.

The results of this study show that serum KIM-1
concentrations are positively associated with CNP. We propose
that inflammation, atherothrombotic microembolization,
activation of neutrophils and platelets, which cause the
release of oxygen-free radicals, proteolytic enzymes, and
proinflammatory mediators that can cause tissue and
endothelial damage, particularly in critically injured myocytes
during STEMI, are the initial mechanisms of CNP. These
common mechanisms also work on every ischemia-sensitive
organ, especially on the kidney and heart. KIM-1 can be used
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Figure 2 - Kaplan-Meier curve for MACE.

Table 4 - Correlations between EuroSCORE Il with clinical parameters

Table 5 - Independent predictors of CNP in STEMI

Variable r-value p-value Variable OR 95% CI p-value
Age 0.64 <0.001 KIM-1 1.199 1.07-1.343 0.002
eGFR -0.64 <0.001 HR 0.784 0.696-0.883 <0.001
Mehran Score 0.77 <0.001 KIM-1: kidney injury molecule-1; HR: heart rate; bpm: beat per minute;
LVEF, (%) 070 <0.001 OR: Odds ratio; Cl: Confidence interval.

hs-CRP (mg/dL) 0.24 0.002

r: Spearman’s rank correlation coefficient; eGFR: estimated
glomerular filtration rate; LVEF: left ventricular ejection fraction;
hs-CRP: high-sensitivity C-reactive protein.

as an early prognostic marker of CNP. However, we did not
determine the exact mechanism of KIM-1 in the pathogenesis
of this phenomenon. To the best of our knowledge, this is the
first report in the literature demonstrating the relationship
between KIM-1 and CNP.

Arq Bras Cardiol. 2021; 116(2):238-247

Limitations

First: Although we performed a multivariate Cox model
to adjust for confounding factors, a bias was unavoidable,
because this was a single-center study that included a
relatively small sample size. A multicenter study involving
more patients could yield more significant results and
data. Second: We used only angiographic parameters in
determining CNP, the microcirculation was not directly
evaluated by contrast echocardiography or by magnetic
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Figure 3 - ROC analysis curve for the specificity and sensitivity of serum KIM-1.

resonance imaging to confirm the adequate reperfusion
at the microvascular level. These factors are limitations of
our study.

Conclusion

In conclusion, inflammation plays a major role in CNP
development and progression. Therefore, high concentrations
of KIM-1, which is defined as a pro-inflammatory marker, can
reflect and lead the underlying mechanisms of CNP. Moreover,
baseline serum KIM-1 concentrations and lower HR are the
independent predictors of CNP in STEMI patients, and stroke
was significantly higher in those patients in one-year follow-up.
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Abstract

Background: The histopathological characteristics of Chagas disease (ChD) are: presence of myocarditis, destruction of heart
fibers, and myocardial fibrosis. Galectin-3 (Gal-3) is a biomarker involved in the mechanism of fibrosis and inflammation that
may be useful for risk stratification of individuals with ChD.

Objectives: We sought to evaluate whether high Gal-3 levels are associated with severe forms of Chagas cardiomyopathy (CC)
and whether they are predictive of mortality.

Methods: We studied anti-T. cruzi positive blood donors (BD): Non-CC-BD (187 BD without CC with normal electrocardiogram
[ECG] and left ventricular ejection fraction [LVEF]); CC-Non-Dys-BD (46 BD with CC with abnormal ECG but normal LVEF);
and 153 matched serum-negative controls. This cohort was composed of 97 patients with severe CC (CC-Dys). We used
Kruskall-Wallis and Spearman’s correlation to test hypothesis of associations, assuming a two-tailed p<0.05 as significant.

Results: The Gal-3 level was 12.3 ng/mL for Non-CC-BD, 12.0 ng/mL for CC-Non-Dys-BD, 13.8 ng/mL for controls, and 15.4
ng/mL for CC-Dys. LVEF<50 was associated with higher Gal-3 levels (p=0.0001). In our linear regression adjusted model, we
found association between Gal-3 levels and echocardiogram parameters in T. cruzi-seropositive subjects. In CC-Dys patients,
we found a significant association of higher Gal-3 levels (=15.3 ng/mL) and subsequent death or heart transplantation in a
5-year follow-up (Hazard ratio — HR 3.11; 95%Cl 1.21-8.04; p=0.019).

Conclusions: In ChD patients, higher Gal-3 levels were significantly associated with severe forms of the disease and
more long-term mortality, which means it may be a useful means to identify high-risk patients. (Arq Bras Cardiol. 2021;
116(2):248-256)

Keywords: Chagas Disease; Chagas, Cardiomyopathy; Mortality; Galectin-3; Biomarkers; Electrocardiography/methods;
Heart Failure.

however, which patients are more likely to progress to severe
forms. Direct parasite injury, inflammation triggered by the
immune system, and autonomic dysfunction are role-players
in the pathogenesis of CC. When the cardiac tissue is injured,

Introduction

Chagas cardiomyopathy (CC), one of the leading causes of
heart disease and death in Latin America, has a poor prognosis

compared to noninflammatory cardiomyopathies.’

The natural history of Chagas disease (ChD) involves an
acute phase, followed by the chronic phase. It is still unknown,
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replacement fibrosis appears to be a cause of structural
disorganization, geometry, and functional heart impairment.>

Galectin-3 (Gal-3) is secreted by activated macrophages
and is involved in the fibrogenesis of heart failure (HF). This
biomarker has recently been linked to development of HF and
mortality. In an experimental model of ChD, Gal-3 promoted
cell infiltration in the heart and fibrosis.**

The lack of a good marker of active infection or incipient CC
makes the development of new treatments in this population
a challenge. The use of biomarkers that can accurately predict
clinical outcomes in CC would have the potential to guide
therapy, by identifying patients at higher risk and who would
need an earlier, more intensive, and personalized strategy.®
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The aim of our study was to evaluate whether high Gal-3
levels are associated with severe forms of CC and whether it
is a predictive factor for subsequent mortality or the need for
heart transplantation.

Methods

Study Design

Samples were collected during the Retrovirus Epidemiology
Donor Study-Il (REDS-II),° a retrospective cohort study in
which T. cruzi-seropositive blood donors (BD) were identified
by screening blood banks in 1996-2002 (233 from the city
of Sao Paulo), in addition to 153 serum-negative control BDs
(matched by year of donation, age and gender). This cohort
of BD was composed of 97 previously diagnosed cases of
CC from the Heart Institute (INCOR) of the Medical School
of Universidade de Sao Paulo. From July 2008 to October
2010, recruited individuals (BD and CC patients) filled in
health questionnaires and went through medical evaluations,
including electrocardiogram (ECG), echocardiogram (ECHO),
and phlebotomy with processing and cryopreservation of
samples for subsequent batched blinded analyses of cardiac
markers, polymerase chain reaction (PCR) for detection of T.
cruzi, and other biomarkers (see below).

First, we performed a cross-sectional study in which T.
cruzi-seropositive participants filled in a questionnaire and
received a medical evaluation (laboratory, ECG, and ECHO
parameters), resulting in groups stratified by CC status. Then,
a longitudinal cohort study was carried out, in which 97 T.
cruzi-seropositive patients suffering from chronic and more
severe CC forms were followed up in an outpatient service
from INCOR, in which time-to-event data was available.

All blood samples were collected in EDTA and serum tubes,
processed for parasite detection, or submitted to spinning and
divided in aliquots. All specimens were frozen in Brazil at
-20°C until shipped to the REDS-II Central Laboratory (Blood
Systems Research Institute, San Francisco, CA) on dry ice and
maintained at -70°C.

Four groups were created: a control serum-negative
group and three T. cruzi seropositive groups: BD without
cardiomyopathy, presenting with normal ECG and left
ventricular ejection fraction (LVEF) (Non-CC-BD); BD with
CC, presenting with ECG abnormalities but normal systolic
function (CC-Non-Dys-BD); and participants with CC and
left ventricular dysfunction (CC-Dys). The dysfunction was
defined as LVEF <50% upon ECHO.

Data regarding time-to-event analysis were available
only for CC-Dys subjects. From July to September 2015, we
proceeded with CC-Dys patients’ chart analysis and phone
calls to monitor events and get respective dates.

The local ethics committees approved the study protocol,
and all participants signed an informed consent form.

PCR Procedures

From each participant, we collected 20 mL of EDTA-anti-
coagulated blood that were immediately mixed with an equal
volume of 6 M guanidine hydrochloride -0.2M EDTA solution.

The target-capture real-time PCR assay used in this study was
developed based on the PCR method described by Virreira et
al.,” targeting the kinetoplast T. cruzi mitochondrial minicircle
DNA. The DNA extraction was improved with a target-capture
step using magnetic beads coated with a T. cruzi-specific 20-
mer capture oligonucleotide.

Cardiac Measurements

Resting 12-lead ECCs were recorded (General Electric MAC
1200 electrocardiograph; GE Healthcare, Waukesha, WI).%°

Echocardiograms were performed using a Sequoia™
512 ultrasound machine (Acuson, Mountain View, CA), per
guidelines by the American Society of Echocardiography.'®"
Studies were recorded in digital format, and all measurements
were made on digital loops using a Digisonics offline analysis
station (version 3.2 software; Digisonics, Houston, TX) at the
Cardiovascular Branch, Echocardiography Laboratory, of the
National Heart, Lung, and Blood Institute (Bethesda, MD)."?

Soluble Biomarkers

Biomarkers associated with T. cruzi infection have been
previously described.' Blinded plasma samples were
tested using Milliplex kits (Millipore) with antibody-coated
beads for detection of tumor necrosis factor alpha (TNF-a),
interleukin (IL) 6 (IL-6), IL-8, IL-10, and interferon gamma
(IFNy). Standard curves and samples were tested in duplicate.
Results were acquired on a Labscan 200 analyzer (Luminex)
using the Bio-Plex manager software v6.1 (Bio-Rad). IFNy
was predominantly below the threshold of detection (57%).

Concentrations of N-terminal pro B-type natriuretic
peptides (NT-proBNPs) and troponin were measured using
U.S. Food and Drug Administration-cleared assays on the
VITROS System (Ortho Clinical Diagnostics, Raritan, NJ).

Plasma Gal-3 levels were determined by an enzyme-linked
fluorescence assay and measured on a BioMerieux Vidas 30
system (BioMerieux, Marcy I’Etoile, Lyon, France), following
the manufacturer’s recommendations.

Statistical Analyses

Normality was tested with the Shapiro-Wilk test.
Continuous non-normally distributed variables were: age,
Gal-3 levels, ejection fraction, and other cardiac and
inflammatory biomarkers, being expressed as median
and interquartile range. Differences between groups as to
variables were compared using the Kruskal-Wallis test, while
chi-squared or Fisher’s test and logistic regression were
used to assess variable type and distribution. Use of ranks
in one-criterion variance analysis and post-hoc analysis was
made with Dunn’s test to evaluate median-value differences
between the groups with Bonferroni adjustment for multiple
comparisons. For analysis of correlations, the Spearman’s
correlation was used, reporting p values.

Receiver operating characteristic (ROC) curves were
performed for Gal-3 and NT-proBNP to optimize the definition
of the cutoff points that would best discriminates the event at
follow-up, and an area under the curve (AUC) were identified.
Both curves were compared with DeLong and chi-squared tests.

Arq Bras Cardiol. 2021; 116(2):248-256

249



250

Fernandes et al.
Plasma Galectin-3 in Chagas Disease

Original Article

For a time-to-event analysis, the CC-Dys group was
divided in two profiles regarding Gal-3 and NT-proBNP
cutoff values: low Gal-3 or NT-proBNP (=< cutoff) and high
Gal-3 or NT-proBNP (= cutoff). Analysis of incidence of
cumulative events across Gal-3 and NT-proBNP strata and
the additive value of Gal-3 relative to NT-proBNP was made
by a Kaplan-Meier-like method followed by log-rank test.

Bivariate and multivariate Cox proportional-hazards
regression models were constructed to evaluate the
association of Gal-3 and NT-proBNP values (below versus
above or equal to the cutoff value) with incident events.
Models were adjusted for sex, age, serum creatinine, New
York Heart Association (NYHA) classification and LVEF;
95% confidence intervals (Cl) were used to depict the
association of each marker and the events in the final fitted
Cox proportional-hazards model. Sensitivity was analyzed
using Gal-3 and NT-proBNP as continuous variables.
A two-tailed p<0.05 was considered as significant.

All graphs and statistical analyses were made in the software
Stata (version 13.0, Stata Corp., College Station, TX).

Results

Of the original 570 participants in REDS-II, 483 had
samples available for Gal-3 testing; 153 were anti-T. cruzi
serum-negative BD, and the remainder were sorted into three
groups: 187 Non-CC-BD presenting with normal ECG and
LVEF; 46 CC-non-Dys; and 97 CC-Dys (Figure 1).

Patient Clinical and Biomarker Characteristics

Demographic and clinical characteristics are described
in Table 1. Gal-3 levels were greater in patients from the
CC-Dys group, than other clinical groups. Higher Gal-3
levels were also seen in controls when compared with
Non-CC-BD. We did not observe significant differences in
Gal-3 levels between Non-CC-BD and CC-non-Dys-BD,

or between CC-non-Dys-BD and controls. Inflammatory
markers (TNF-a, IL-6, IL-8, IL-10), as well as biomarkers
associated with, cardiac dysfunction or damage (NT-proBNP
and troponin) were elevated in CC-Dys patients compared
to other groups (Table 1).

Positive T. cruzi PCR indicated a statistically significant
difference between Non-CC-BD and CC groups: CC-Non-
Dys-BD (p=0.010) and CC-Dys. By contrast, no difference in
parasitemia was observed when comparing CC-Non-Dys-BD
and CC-Dys (Table 1). However, we did not find a significant
difference in CC-Dys patients between T. cruzi PCR and event
occurrence. No significant association between T. cruzi PCR
and Gal-3 was found.

Among the T. cruzi infected subjects, Spearman’s
correlation was applied to assess the relationship between
Gal-3 and cardiac biomarkers, inflammatory mediators,
and parasite load. There was a weak correlation for TNF-
(r=0.25, p<0.001) and IL-8 (r,=0.22, p<0.001). By
contrast, no association between Gal-3 and Troponin, NT-
proBNP IL-6, IL-10, IFN-, or with parasite load was found.

Echocardiography was carried out, and we used
Spearman’s correlation, to verify any relationship between
Gal-3 levels and echocardiographic parameters among T.
cruzi infected patients. No moderate or strong statistically
significant correlation was found between Gal-3 levels and
left ventricular end-diastolic diameter (LVEDD) (rs=0.09,
p=0.07), left ventricular end-systolic dimension (LVESD)
(rs=0.11, p=0.03), LVEF (r=-0.16, p=0.001), left atrial
diameter (r=0.11, p=0.02), left atrial volume indexed
to body surface area (r,=0.09, p=0.18), right atrial area
(r=0.032, p=0.53) and septal E/e’ ratio (r,=0.135,
p=0.009).

Survival and Risk Analysis

Time-to-event data were available for 97 patients, with
mean follow-up of 51.2 = 10.8 months and median of 58

REDS-II subjects
(n=570)

Subjects presenting
samples available Controls excluded
(n=483) L

|

NonCC-DS
(n=187)

CC-Non-Dys-BD
(n=46)

CC-Dys
(n=97)

Controls
(n=153)

Figure 1 - Flowchart of inclusion.

CC: Chagas cardiomyopathy; Non-CC-BD: blood donors with positive T. cruzi serology and without cardiomyopathy, presenting normal electrocardiogram (ECG) and
left ventricular ejection fraction (LVEF); CC-Non-Dys-BD: blood donors with positive T. cruzi serology and presenting ECG abnormalities and normal LVEF at rest;
CC-Dys: patients with positive T. cruzi serology and CC, with left ventricular dysfunction.
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Table 1 - Clinical, laboratory, and echocardiographic findings
Non-CC-BD CC-Non-Dys-BD CC-Dys Controls

n=187 (38.6%) n=46 (9.5%) n=97 (20.2%) n=153 (31.6%) p-value
Age (y) 49 [41-58] 50 [44-59] 48.5 [43-54] 48 [42-55] 0.20
Male, n (%) 110 (58.8) 29 (63) 59 (60.2) 89 (58.2) 0.39
Ejection fraction (%) 63 [60-65] 60 [55-65] 30 [20-40] 64 [60-65] <0.001*
Cardiac biomarkers
Galectin-3 (ng/mL) 12.3 [10-15.4] 12.0 [9.5-14.9] 15.4[11.8-19.8] 13.8 [11.2-16.2] <0.001t
NT-proBNP (pg/mL) 40.6 [23.6-66.8] 59 [35.0-109.1] 748 [379.20-2223.41] 27.5[19.3-48.1] <0.001
Troponin 0.012 [0.01-0.012] 0.012 [0.012-0.015] 0.021 [0.12-0.03] 0.012 [0.012-0.012] <0.001§
Inflammatory markers
TNF-a 2.94 [1.64-4.59] 3.02 [1.25-4.69] 3.65 [2.57-5.52] 2.84 [1.62-3.91] 0.002*
IL-6 0.69 [0.32-1.63] 0.77 [0.32-1.8] 1.60 [0.64-3.13] 1.14[0.32-1.7] <0.001 **
IL-8 1.61[0.95-2.79] 1.53 [0.99-2.5] 2.23[1.38-3.2] 1.44 [0.95-2.54] 0.003ft
IL-10 1.28 [0.32-4] 2.02 [0.32-4.11] 4.37 [1.62-8.06] 1.22 [0.32-3.35] <0.001#
IFN-y 0.32 [0.32-0.64] 0.32 [0.32-0.84] 0.32 [0.32-1.07] 0.32 [0.32-0.39] 0.06
Parasite load
Parasite estimate per 20mL 0.05 [0-2.5] 0.68 [0.03-5.47] 1.77 [0.16-5] - <0.001%8

p-values were reported for Kruskal-Wallis and Dunn post-hoc hypothesis testing.
Median [interquartile range] reported for all biomarkers tested. Non-CC-BD, blood donors without Chagas cardiomyopathy; CC-Non-Dys-BD, blood donors with
Chagas cardiomyopathy; CC-Dys, Chagas cardiomyopathy patients with cardiac dysfunction; NT-proBNR N-terminal pro B-type natriuretic peptide; TNF, tumor
necrosis factor; IL, interleukin; IFN, interferon.
*Statistically significant difference in ejection fraction levels between Non-CC BD/CC-Dys (p<0.001); CC-Non-Dys-BD/CC-Dys (p<0.001); CC-Non-Dys-BD/controls
(p=0.042); CC-Dys/controls (p<0.001).
tStatistically significant difference in Gal-3 levels between Non-CC-BD/CC-Dys (p<0.001); Non-CC-BD/controls (p=0.010); CC-Non-Dys-BD/CC-Dys (p<0.001);

CC-Dys/controls (p=0.028).

{1Statistically significant difference in NT-proBNP levels between Non-CC-BD/CC-Dys (p<0.001); Non-CC-BD/controls (p=0.004); CC-Non-Dys-BD/CC-Dys
(p<0.001),; CC-Non-Dys-BD/controls (p<0.001); CC-Dys/controls (p<0.001).
§Statistically significant difference in troponin levels between Non-CC-BD/CC-Dys (p=0.024); Non-CC-BD/CC-controls (p<0.001); CC-Non-Dys-BD/CC-Dys

(p<0.001); CC-Non-Dys-BD/controls (<0.001); CC-Dys/controls (p<0.001).

#Statistically significant difference in TNF-a levels between Non-CC-BD/CC-Dys (p=0.019); CC-Dys/controls (p<0.001).

**Statistically significant difference in IL-6 levels between Non-CC-BD/CC-Dys (p<0.001); CC-Non-Dys-BD/CC-Dys (p=0.032); CC-Dys/controls (p=0.004).
t1Statistically significant difference in IL-8 levels between Non-CC-BD/CC-Dys (p=0.016); CC-Non-Dys-BD/CC-Dys (p=0.039); CC-Dys/controls (p=0.001).
F1Statistically significant difference in IL-10 levels between Non-CC-BD/CC-Dys (p<0.001); CC-Non-Dys-BD/CC-Dys (p=0.001); CC-Dys/controls (p<0.001).
$§Statistically significant difference in parasite estimate per 20mL between Non-CC-BD/CC-Dys (p=0.011); Non-CC-BD/controls (p<0.001).

months (range: 8 to 60 months). Events were observed in
28 patients (29%), and were due to three (10.8%) heart
transplantations and 25 (89.2%) deaths by all causes.
Among event-experienced patients, median concentrations
of Gal-3 and NT-pro-BNP were significantly higher, while
the ejection fraction was significantly lower. Age, sex,
NYHA class >1, ejection fraction on echocardiography,
and laboratory data of event-experienced patients are
compared in Table 2.

Gal-3 cutoff point (<15.3 ng/mL) by ROC curve was
used to divide CC-Dys subjects into two strata (low and
high levels), as was the NT-proBNP cutoff point (<1278
pg/mL). ROC identified the potential to reach an event.
Although the AUC of NT-proBNP was larger than the Gal-3
AUC, there were no differences (p=0.22).

After adjusting for sex, age, renal function, NYHA
functional class >I, and LVEF, we found a significant
association of higher levels of Gal-3 with subsequent
events in a 5-year follow-up (Table 3 and Figure 2).

Complementarily, the risk of events also increased as the
levels of NT-proBNP climbed (Table 3). Similar results were
seen when Gal-3 and NT-proBNP (by 100-unit increase)
were analyzed as continuous variables (Appendix).

Among patients presenting higher Gal-3 levels, we found
differences in events when dichotomized with both NT-
proBNP strata: patients with additionally high NT-proBNP
levels were more likely to experience any event than
patients with low NT-proBNP. Moreover, patients in the
lower Gal-3 strata, when dichotomized with NT-proBNP
levels, were more likely to present any event when NT-
proBNP was higher (Figure 3).

Patients in the higher strata of both Gal-3 and NT-proBNP
levels had 11 to 16-fold increased risk of event compared
with those with the lowest biomarker levels (unadjusted
HR, 16.22; 95%Cl: 3.71-70.83; p<0.001; adjusted HR,
11.39; 95%Cl: 1.97-65.76; p=0.007). Subjects with low
Gal-3 and low NT-proBNP had the lowest event rates.
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Table 2 - Demographic and laboratory information of CC-Dys patients according to death or heart transplantation

No events Events
p-value
(n=69) (n=28)
Age (y) 49 [42-54] 475 [44.5-52] 0.96
Male, n (%) 42 (61%) 16 (57%) 0.73
Creatinine (mg/dL) 1.01 [0.85-1.14] 1.14 [0.87-1.23] 0.06
Ejection fraction (%) 35 [25-40] 20 [20-30] 0.001
NYHA >1 29 20 0.009
Galectin-3 (ng/mL) 14.4[10.9-19.1] 18.5 [14.7-23.4] 0.005
Low 39 7
High 30 21
NT-proBNP (pg/mL) 542 [281-1337] 2643 [1047-4771]
Low 50 7 <0.001
High 19 21
Parasite estimate* 1.77 [0.19-4.2] 1.25[0.16-12.61] 0.08

Median [25", 75" percentile) by death or heart transplantation as an outcome. CC-Dys: patients with positive T. cruzi serology and CC with left ventricular
dysfunction; NT-proBNP: N-terminal pro B-type natriuretic peptide; NYHA: New York Heart Association. Low Galectin-3 = <15.3 ng/mL; Low NT-proBNP = <1278

pg/mL. *Parasite load per 20mL.
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Figure 2 - Time-to-event curves between Gal-3 levels. Time-to-event curves between stratified Gal-3 levels results in CC-Dys. Cutoff level: Gal-3<15.3 ng/mL.

Discussion
Increased Gal-3 was significantly associated with severe
forms of ChD and predictive of subsequent morbidity/mortality.

Gal-3 is an emerging biomarker and modulates several
physiological processes that contribute to HF, inflammation,
and fibrosis.”"> Inflammation is a prerequisite for tissue
healing and scar formation,'® and Gal-3 has been shown to

Arq Bras Cardiol. 2021; 116(2):248-256

play a major role as a mediator in parasitic, viral,'*"” and
bacterial infection.' In ChD, experimental studies have
shown that Gal-3 has upregulated expression following T.
cruzi infection in dendritic cells, B cells,’?° and CD68+
macrophages. Significantly, CD68+ macrophages represent
50% of the mononuclear cell infiltrate in hearts with CC.*'

T. cruzi and several immune-mediated mechanisms have
a direct involvement in CC. Previous studies have reported



Fernandes et al.
Plasma Galectin-3 in Chagas Disease

Original Article

Table 3 - Association between galectin-3 and death or heart transplantation in the CC-Dys subgroup using ROC and Cox regression
models, both crude and adjusted for age, sex, serum creatinine level, NYHA functional class >I and LVEF, and using Galectin-3 and

NT-proBNP as categorical variables

Crude Model Adjusted Model
AUC Cutoff Cutoff Level p HR (95%Cl) p HR (95%Cl)
0.71 15.3 Low
Galectin-3 (ng/mL)
High 0.007 3.27 (1.39-7.71) 0.04 2.63 (1.00-6.90)
0.80 1278 Low
NT-proBNP (pg/mL)
High <0.001 5.69 (2.41-13.42) 0.02 3.44 (1.21-9.78)

AUC: area under the curve; CI: confidence interval; HR: hazard ratio; LVEF: left ventricular ejection fraction; NT-proBNP: N-terminal pro B-type natriuretic peptide;

NYHA: New York Heart Association; ROC: receiver operating characteristic

700 +

600 |-

Event (%)

| - EE

Loa-"” ”
|

Low Galectin-3

High Galectin-3

. High NT-proBNP
#

/" Low NT-proBNP

=2}

Figure 3 - Event frequency at 5-year as a function of Gal-3 and NT-proBNP concentrations among CC patients. The percentage of patients who experienced any event is shown for
each group. Low Gal-3: values <15.3 ng/mL; high Gal-3: values 215.3 ng/mL; low NT-proBNP: values <1,278 pg/mL; high NT-proBNP: values 21,278 pg/mL.

that Gal-3 binds to 45KD, enhancing its adhesion to the
extracellular matrix and even its entry into cells. Other studies
have shown the importance of Gal-3 in the early process of
T. cruzi infection, as it allows parasites to accumulate in the
extracellular matrix before invading host cells.?2%*

An experimental model of acute T. cruzi infection
showed that induction of myocarditis was associated with
the upregulation of Col I, Gal-3, IFN-, and IL-13.*" Gal-3
was primarily detected in interstitial cells and was higher in
fibrotic areas. In myocardial areas of fibrosis, the intensity of
myocarditis and significant matrix extracellular remodeling was
correlated with the presence of Col I and Gal-3. In addition,
myofibroblasts can induce fibrosis, which results in myocardial
stiffness and cardiac dysfunction. Importantly, myofibroblasts
are also a significant source of proinflammatory cytokines,
including TNF-a and IL-1, which have a known deleterious effect
on the myocardium. However, we did not find any significant
association between Gal-3 and inflammatory markers.

Sabino et al.** compared the detection of T. cruzi DNA

with known clinical and laboratory markers of CC severity and
observed that the presence of parasitemia was associated with

markers of disease progression, such as QRS and QT interval
duration, lower LVEF, and elevated troponin and NT-proBNP
levels. It was also observed that detection of T. cruzi DNA
was significantly higher in patients with cardiomyopathy as
compared to Non-CC-BD group; however, T. cruzi PCR did
not correlate with Gal-3. Moreover, there was no significant
difference in the detection of T. cruzi DNA between CC patients
with and without dysfunction, nor between CC patients who
did or did not experience events. Thus, in our study, parasitism
was a marker of typical ECG changes in cardiomyopathy, but
not of disease severity or clinical prognosis.

De Boer et al.>* suggested that Gal-3 likely represents
a unique phenotype at high risk for the development and
progression of HF or other cardiovascular diseases. Chronic
elevations in Gal-3 induce active fibrogenesis and may
provoke pathological cardiac remodeling. De Boer et al.®
also hypothesized that patients with this phenotype of Gal-3
overexpression are more likely to have a “fibrogenic” pathway
for cardiac remodeling. In our study, high levels of Gal-3 were
associated with the most severe form of cardiomyopathy,
but without a strong association with echocardiographic
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parameters. So, Gal-3 levels defined a population with more
severe disease, characterized by left systolic and diastolic
ventricular dysfunction, higher left and right diastolic diameter,
and elevated of NT-proBNP and troponin levels.

Echeverria et al.?® examined the diagnostic value of a panel
of biomarkers to distinguish the severity of CC and found no
associations between sST2 and Gal-3 levels. However, the
sample size was small and did not include patients with stage
A (positive T. cruzi, but normal ECG and echocardiography),
which could have allowed the examination of the role played
by the biomarkers in asymptomatic patients. They also do not
provide any prognostic information of Gal-3.

We found higher Gal-3 levels in the control group
compared to the Non-CC-BD group. However, the values
were lower compared to the CC-Dys group. It is known,
since Carlos Chagas’ pioneering studies,? that up to 60% of
infected patients have no evidence suggesting cardiovascular
or gastrointestinal involvement. These individuals are thought
to have the so-called indeterminate form, defined as Non-CC-
BD in our study. As a result, survival in this group of patients
appears to be comparable to the general population. Our
results showed low Gal-3 levels in this group, which supports
this concept.

Galectin-3 phenotype is an important factor in the onset
and progression of HF. It is known that HF patients with low
Gal-3 levels have slow progression and better outcomes than
patients with HF and high Gal-3 levels.?**® Gal-3 was shown to
predict the development of all-cause mortality and HF in the
general population?® and can be used to define and identify
patients with HF at very low risk for 30-day and 180-day
mortality, and HF rehospitalizations after an episode of acute
HF2? A meta-analysis by Chen et al.* reported the value of
serum Gal-3 as a predictor factor of all-cause mortality and
cardiovascular mortality in HF patients.*

Our study’s most striking finding was the relationship
between Gal-3 and the risk of events among patients with
CC. Because both Gal-3 and NT-proBNP were independent
predictors of adverse events, we also showed that the increase
of both markers was associated with the highest rates of death
or heart transplantation in patients with CC.

Study Limitations

This was a single-center study with a relatively small sample.
In addition, we had only a single-time point measure of Gal-
3 and NT-proBNP and, therefore, did not assess dynamic
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High plasma Gal-3 levels were significantly associated
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Does Galectin-3 (Myocardial Fibrosis Biomarker) Predict Progression

in Chagas Disease?
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Short Editorial related to the article: Galectin-3 Associated with Severe Forms and Long-term Mortality in Patients with Chagas Disease

In recent decades, the epidemiology of Chagas disease
(Chd) has changed significantly as a consequence of
urbanization and migration." In Brazil, to date, it is the
neglected disease with the highest burden, of which ~30% of
individuals will progress to the symptomatic tissue disruptive
stage within 20 — 30 years after being infected” (around 2%
per year progress from the indeterminate to the cardiac form,
according to a contemporary study).’?

Persistent myocardial inflammation and fibrosis represent
the main pathological characteristics of Chd that would be
correlated with its progression.**> The use of myocardial fibrosis
biomarkers to predict progression in patients with normal or
near normal LV function is certainly important in Chd, where
traditional risk factors, such as LVEF, may not be as useful.
Nevertheless, studies have shown the value of myocardial
fibrosis biomarkers in the progression of Chd pathogenesis.®

In this edition, Fernandes et al.” present data that
contributes to our understanding related to the burden of
myocardial fibrosis in different stages of Chd. To this end, the
authors assessed the presence (or not) of Galectin-3 (Gal-3), a
myocardial fibrosis biomarker, in different stages of the disease
compared to a control group and whether it is associated with
mortality or need for a heart transplant in the most advanced
stage of the disease. For this purpose, 2 studies with different
designs were carried out. Initially, in order to stratify the
groups by the Chagas cardiomyopathy (CC) status using a
cross-sectional study design, 330 patients seropositive for T.
cruzi (187 without cardiomyopathy; 46 CC-abnormal ECC and
LVEF>50%; and 97 CC-abnormal ECG with LVEF <50%) were
included, in addition to 153 seronegative controls (matched
by age and gender). Of these seropositive patients, 97 with
more severe cardiac forms of CC were part of the prospective
longitudinal study censored until the event (mortality or need
for a heart transplant).

The results were summarized and analysed in the different
groups. The median age was 49 = 9.2 years, with a median
follow-up of 58 months. Chagas disease patients without
cardiomyopathy (n = 187) and those with cardiomyopathy
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and LVEF >50% (n = 46) had Gal-3 levels similar to those of
healthy controls (n = 153), but those with cardiomyopathy and
LVEF <50% (n = 97) had significantly higher Gal-3 levels than
the healthy controls (p = 0.0001). A significant correlation was
observed between Gal-3 levels and LVEF (r =-0.16, p=0.001).
Events were observed in 28 patients (29%). In patients with
cardiopathy and LVEF< 50%, the adjusted linear regression
model showed a significantly association between Gal-3 levels
and death or heart transplantation during a five-year follow-up
(Hazard ratio- HR 3.11; 95% Cl = 1.21-8.04; p = 0.019). The
authors concluded that in patients with the cardiac form, higher
Gal-3 levels were significantly associated with severe forms of
the disease and a higher long-term mortality rate, which means
that they can be effectively used to identify high-risk patients.

Nevertheless, the major findings of Fernandes et al.” were as
follows: First, Gal-3 levels did not show any difference between
normal individuals and Chd patients without cardiomyopathy
and with cardiomyopathy / LVEF >50%. This observation
suggests that Gal-3 levels in this patient sample could be not
used as a marker of myocardial disease progression . The
second important finding of this study was that the higher Gal-
3 levels were significantly associated with the severe forms of
the disease and a higher long-term mortality rate. This result is
not unique to Chd, as similar findings were seen in the studies
by Nagase et al.® and Spinale.’

The interpretation of these results should consider the small
number of patients who had a five-year follow-up and single
center experience already quoted by the authors. In the group
of patients with cardiomyopathy and LVEF <50%, different
degrees of myocardial involvement were possibly used, since
there was a wide spectrum of LVEF (ranging from 20% to 40%)
leading to different patient profiles included in the groups.” It
is noticeable that the rate of events was low and significantly
inferior to that of the Rassi high risk cohort (annual mortality
rate of 5.8% vs. 12.6%); thus, the results from the multivariate
analyses, which included 5 independent variables, should be
taken with caution due to likely model oversaturation.

One of the mayor challenges in Chd is the difficulty in
identifying at an early stage the infected subjects who will be
part of those 20% to 30% who might develop cardiomyopathy.
Unfortunately, at present there is no way to predict this
possible progression. Thus, finding reliable biomarkers of
disease progression would mean the greatest leap forward in
the history of Chd since its discovery in 1909 by Dr. Carlos
Chagas. For this reason, there are numerous research groups
devoted to the search of both host-derived and T. cruzi-
derived biomarkers."® This would mean a breakthrough in
the management of Chd
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The Role of Stress Echocardiography in the Early Detection of
Diastolic Dysfunction in Non-Severe Chronic Obstructive Pulmonary
Disease Patients

Zheyna Cherneva’ and Radostina Cherneva’
Medical Institute of the Ministry of Internal Affairs,” Sofia - Bulgdria
Saint Sophia University Hospital of Pulmonary Diseases,? Sofia - Bulgdria

Abstract

Background: Exertional dyspnea is a common complaint of patients with heart failure with preserved ejection fraction
(HFpEF) and chronic obstructive pulmonary disease (COPD). HFpEF is common in COPD and is an independent risk
factor for disease progression and exacerbation. Early detection, therefore, has great clinical relevance.

Objectives: The aim of the study is to detect the frequency of masked HFpEF in non-severe COPD patients with
exertional dyspnea, free of overt cardiovascular disease, and to analyze the correlation between masked HFpEF and the
cardiopulmonary exercise testing (CPET) parameters.

Methods: We applied the CPET in 104 non-severe COPD patients with exertional dyspnea, free of overt cardiovascular
disease. Echocardiography was performed before and at peak CPET. Cut-off values for stress-induced left and right
ventricular diastolic dysfunction (LVDD/ RVDD) were E/e’>15; E/e’>6, respectively. Correlation analysis was done
between CPET parameters and stress E/e’. A p-value <0.05 was considered significant.

Results: 64% of the patients had stress-induced LVDD; 78% had stress-induced RVDD. Both groups with stress LVDD
and RVDD achieved lower load, lower V'O, and O,-pulse, besides showing reduced ventilatory efficiency (higher VE/
VCO, slopes). None of the CPET parameters were correlated to stress-induced left or right E/e’.

Conclusion: There is a high prevalence of stress-induced diastolic dysfunction in non-severe COPD patients with
exertional dyspnea, free of overt cardiovascular disease. None of the CPET parameters correlates to stress-induced E/e’.
This demands the performance of Exercise stress echocardiography (ESE) and CPET for the early detection and proper
management of masked HFpEF in this population. (Arq Bras Cardiol. 2021; 116(2):259-265)

Keywords: Echocardiography,Stress/methods; Heart Failure,Diastolic; Stroke Volume; Pulmonary Disease,Chronic
Obstructive; Respiratory Funstion Tests

Introduction

Cardiovascular abnormalities are common in chronic
obstructive pulmonary disease (COPD)."? Arterial stiffness is
present even in mild COPD patients free of cardiovascular
diseases. It is an independent cardiovascular risk factor that
contributes for the development of diastolic dysfunction.?
Dyspnea and exercise intolerance are common symptoms
for both COPD and diastolic dysfunction.* Recent studies
with large patient cohorts have identified a cardiovascular
phenotype in COPD patients who present with a different
clinical course and prognosis.® Early diagnosis and management
is, therefore, very important from the clinical point of view.
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Cardiopulmonary exercise testing (CPET) may distinguish
cardiac and respiratory dyspnea or diminished physical
activity.*® The combination of exercise stress-echocardiography
(ESE) and CPET is a reliable approach to identify patients
with masked heart failure with preserved ejection fraction
(HFpEF). Moreover, the results from invasive measurements
are comparable to data obtained with non-invasive studies
during ESE.™

The aims of our study were: 1) to detect the frequency
of subclinical left ventricular (LV) and right ventricular (RV)
diastolic dysfunction in non-severe COPD patients free of
cardiovascular disease; 2) to establish a correlation between
cardiopulmonary exercise and echocardiographic parameters
for diastolic dysfunction (E/e).

Materials and Methods

Patients and Study Protocol

This was a retrospective study conducted with 224 clinically
stable outpatients diagnosed with COPD at the University
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Hospital for Respiratory Diseases “St. Sophia”, Sofia. Only
163 of them met the inclusion criteria for non-severe COPD
—forced expiratory volume in the first second higher than 50%
(FEV,>50%). All subjects had exertional dyspnea, but a total
of 104 patients (64 men, 40 women; mean age of 62.9+7.5
years) were considered eligible, assuming the exclusion
criteria. The recruitment period was between May 2017 and
April 2018, and was approved by the local Ethics Committee
(protocol 5/12.03.2018). All participants signed the informed
consent form before the study initiation.

The following exclusion criteria were considered: 1)
left ventricular ejection fraction (LVEF) <50%; 2) left
ventricular diastolic dysfunction at rest higher than first
grade; 3) echocardiographic findings suggesting pulmonary
hypertension (systolic pulmonary arterial pressure >36 mmHg,
tricuspid regurgitation (TR) jet maximum velocity >2.8 m/s;
4) valvular heart disease; 5) documented cardiomyopathy;
6) severe uncontrolled hypertension (systolic blood pressure
>180 mmHg and diastolic blood pressure >90 mmHg);
7) atrial fibrillation or malignant ventricular arrhythmia; 8)
ischemic heart disease; 9) anemia; 10) diabetes mellitus; 11)
cancer; 12) chronic kidney disease (CKD); 13) recent chest
or abdominal surgery; 14) recent exacerbation (over the last
three months); 15) recent change (over the last three months)
in medical therapy.

Procedures

Pulmonary Function Testing

All subjects underwent preliminary clinical examination
including chest X-ray, spirometry, electrocardiography,
echocardiography. Patients eligible for the study performed
spirometry and an exercise stress test. They were performed
on Vyntus, Cardiopulmonary exercise testing (Carefusion,
Germany), in accordance with the European Respiratory
Society (ERS) guidelines." Only patients with mild to moderate
airway obstruction (FEV1 >50%) were selected.

Stress Test Protocol - Cardiopulmonary exercise testing (CPET)

A continuous ramp protocol was applied according to
guidelines.® After two minutes of unloaded pedaling (rest
phase OW), a three-minute warm-up phase (20W) followed.
The test phase included 20W/2min load increments. Patients
were instructed to pedal with 60 rotations per minute.

Expiratory gases were collected on a breath-by-breath
basis. Peak VO, was expressed as the highest 30-second
average value, obtained during the last stage of the exercise
test. The peak values of VO, are expressed as -O, ml/kg/min.
Ventilatory efficiency (VE/VCO,) was measured by the V-slope
method. Peak respiratory exchange ratio (pRER) was the
highest 30-second value averaged in the last stage of the test.
RER >1.10 at the end of the ESE-CPET test was considered
as achievement of maximal effort.

Echocardiographic Methods

M-mode, two-dimensional and Doppler echocardiography
were performed.'>" Apical four-chamber views were used
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to measure chamber volumes based on Simpson’s modified
rule and LV ejection fraction was considered preserved if
>50%. Doppler tissue echocardiography (DTE) analysis was
performed in the septal-lateral dimension of mitral annulus,
and lateral dimension of tricuspid annulus to assess myocardial
systolic (S) and diastolic (E’, A') waves of LV and RV. The E’ value
was used as average of medial and lateral measurements. Peak
E/e’ ratio >15 was considered a marker for stress-induced left
ventricular diastolic dysfunction.

Right ventricular systolic function was assessed using
tricuspid annular plane systolic excursion (TAPSE) and tissue
Doppler S peak velocity. Right ventricular wall thickness
(RVWT) was measured from the subcostal long-axis view
at the tip of the anterior tricuspid leaflet in end-diastole.
Pulmonary pressure was calculated directly by sampling the
tricuspid insufficiency and indirectly by the acceleration time
(AT) on pulmonary flow. Right atrium volume index (RAVI)
was measured with the right ventricular end-systolic volume
by the Simpson’s modified rule. Stress-induced RV diastolic
dysfunction was considered if stress-induced E/e’ ratio >6. All
parameters were measured at end-expiration and in triplicate
during different heart cycles.™

Statistical Analysis

Demographic and clinical data were presented with
descriptive statistics. The Kolmogorov-Smirnov test was used
to explore the normality of distribution. Continuous variables
in each group of subjects were expressed as median and
interquartile range when data was not normally distributed and
as mean = standard deviation (SD) if normal distribution was
observed. Categorical variables were presented as proportions.
Data were compared between patients with and without
LVDD, as well as between patients with and without RVDD.
The unpaired Student's t test was used to analyze normally
distributed continuous variables. The Mann-Whitney-U test
was used in other cases. Categorical variables were compared
by the 2 test or the Fisher’s exact test. The Spearman’s rank
correlation was used to assess the association between CPET
parameters and stress-induced E/e’ ratio for the left and right
ventricles.

In all cases, a p value of less than 0.05 was considered
significant, as determined with SPSS® 13.0 Software (SPSS,
Inc, Chicago, Ill) statistics.

Results

In the COPD group, 30% (32/104) of patients had grade
| LVDD at rest; 14% (15/104) had grade | RVDD at rest and
only 3% (4/104) had both RV and LVDD at rest. After CPET,
the stress-echocardiography established that 64% (67/104) of
the subjects had stress-induced LVDD, and 78% (82/104) had
stress-induced RVDD. All patients with stress-induced LVDD
also had stress-induced RVDD. The demographic and clinical
data of patients are listed in Table 1. The echocardiographic
parameters of patients are shown in Table 2. Except for RAVI,
RVWT, acceleration time and systolic pulmonary arterial pressure
after load, no other significant differences were found between
patients with and without LVDD (Tables 1 and 2). The results for
patients with and without RVDD were similar (Tables 1 and 2).
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Table 1 - Anthropometric and cardiopulmonary characteristics of patients with and without LVDD and RVDD

Patients w/o stress LVDD (37)  Patients with stress LVDD (67)  Patients w/o stress RVDD (22)  Patients with stress RVDD (82)

Demographic data

Age, year 60.44 +7.72 64.16 £ 6.97* 6.95+7.36 63.74+7.60*
Male:Female gender, n 21:16 44:23* 14:8 50:32*
Packet, years 27.21(23.87-31.76) 33.79 (30.51+ 37.87) 26.52 (23.46-30.43) 32.11(28.82-36.13)*
Body mass index, kg/m? 27.00 (24.75-31.00) 27.96 (22.75-30.75)t 28.00 (25.25-30.5) 26.52 (22.72-30.61)t

Respiratory function

FVC, I/min

2.06 (1.76-3.09)

2.34 (1.77-3.09)1

2.05(2.11-3.73)

2.21 (1.71-2.93)1

FEV,, Iimin 1.31(0.94-153) 1.36 (1.14-1.75)f 1,60 (1.15-2.42) 1,52 (1.14-1.75)f
FEV,/FVC % 60.5 (46.91-67.47) 53.30 (45.76-66.55)" 65.50 (54.81-68.82) 62.59 (46.57-66.79)t
Acid-base balance

p0O,, mmHg 68.60(63.4-71.8) 71.35 (64.7-74)t 67.20 (63.56-71.68) 70.6 (63.2-74)t
pCO,, mmHg 32.30 (30.1-35.37) 37.65 (32.5-40)f 34.73(31.27-39.21) 35.7 (32.5-40)
Sat, % 94.9 (94.4-95.25) 95.00 (94.02-95.67)* 94.75 (92.67-95.0) 95.00 (93.9-95.5)f
CPET parameters

Peak Load, W 82.75 (69.8-89.1) = 76.05 (68.4-92.1)f 86.66 (78.65-94.76) ==73.08 (68.93-83.16)t
Peak VE, I/min 40 (34-52.5) 38.50 (32-48)t 41.1(32.12-48.17) 39.07 (31.89-48.32)t

Peak V‘OZ, mi/min/kg

14.30(12.6-16.15)

13.90 (12.67-15.7)t

14.30 (12.6-16.15)

13.40(15.77-12.55)t

RER

1.06 (0.98-1.19)

1.09 (1.00-1.28)f

1.05 (0.98-1.18)

1.08 (1.01-1.19)

Peak O, pulse ml/min/kg

9.80 (9.5-12.2)

+7.90 (6.15-9.32)"

9.51(9.02-13.1)

=7.92(6.27-9.84)"

Peak VEVCO, slope

34.08 (33.98-36.72)

=36.93 (34.19-38.74)"

34.11(33.78-36.89)

==36.98 (34.26-38.91)"

*Unpaired t test; tMann-Whitney U test; #chi-square test; §Abbreviations: LVDD: left ventricular diastolic dysfunction; RVDD: right ventricular diastolic dysfunction;
0, pulse: oxygen pulse; FVC: forced vital capacity; VE: minute ventilation; RER: respiratory exchange ratio; V'O, oxygen consumption; VE/VCO, slope: ventilatory

efficiency; =p<0.05 between patients with and without LVDD; ==p<0.05 between patients with and without RVDD.

Exercise capacity was reduced in COPD patients with
stress-induced right and left diastolic dysfunction, compared
to those without it (Table 1). The COPD-RVDD/LVDD
patients achieved lower load, lower VO, and O,-pulse. They
performed with significantly higher VE/VCO, slopes (Table
1). None of the CPET parameters was associated with stress-
induced left or right E/e’ ratio (Table 3.)

Discussion

Our main findings were: 1) 64% of the patients with non-
severe COPD and exertional dyspnea who are free of clinically
evident cardiovascular disease have stress-induced LVDD; 1) 78%
of the same group of patients have stress-induced RVDD; 3) none
of the CPET parameters was correlated with stress-induced E/e’
ratio either in the left or the right ventricle. To our knowledge, this
is the first study using combined ESE-CPET in non-severe COPD
patients with exertional dyspnea and free of overt cardiovascular
diseases. Stress-induced increase of E/e’ ratio >15 of the left
ventricle was detected in 64% of them; stress-induced elevation
of E/e’ ratio >6 of the right ventricle was met in 78% of cases.
We cannot compare our data to other studies of non-severe
COPD patient populations because most of them report on the
incidence of diastolic dysfunction at rest+'5"7

Nedeljkovic et al. performed ESE in a population of 87
hypertensive patients with exertional dyspnea and normal

left ventricular function. They found in 9.2% of the patients
a stress ratio E/e’ >15."® Kaiser et al. also investigated a
general population of 87 patients with exertional dyspnea and
reported diastolic dysfunction in 9% of them."

The higher prevalence of stress diastolic dysfunction that
we describe in COPD patients confirms that COPD itself is a
cardiovascular risk factor.??' Arterial stiffness is a feature of
COPD, regardless of the smoking burden. The ventricular wall
stress seen during respiration is also reported as an independent
pathophysiological mechanism for LV remodeling in mild
COPD patients without overt cardiovascular pathology.? Both
arterial stiffness and ventricular wall stress cause diffuse LV
fibrosis in COPD patients free of cardiovascular diseases.?***

In our study, patients with stress-induced diastolic
dysfunction (both LVDD and RVDD) achieve lower load,
VO, and O,-pulse and perform with significantly higher
VE/VCO, slopes. None of the CPET parameters, however,
correlates with stress E/e’ ratio (neither in LV nor RV). These
findings are similar to what have been reported in the
general population. Nedeljkovic et al. detected lower load,
lower oxygen consumption and lower ventilatory efficiency
in hypertensive patients with exertional dyspnea and stress-
induced LVDD.'® Kaiser et al. described increased heart rate
reserve and reduced oxygen pulse in a general population
of patients with exertional dyspnea.’” Guazzi et al. also
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Table 2 - Echocardiographic parameters of patients with and without LVDD and RVDD

Patients w/o stress Patients with stress Patients w/o stress Patients with
LVDD (37) LVDD (67) RVDD (22) stress RVDD (82)
LV structural parameters
LVEF, %, Simpson 63.50(60-66) 60.00(57-65)* 65.00(60-66) 61.00 (67-65)*

Septum, mm

12.00(11-13)

12.00(11-13) *

12.00 (11-12.75)

12.00 (11-13)*

PW, mm

12.00(11.75-12)

12.00(11-13) *

12.00 (11.25-12.75)

12.00 (11-13)*

LV functional parameters at rest

E/A ratio 0.79(0.75-0.85) 0.85 (0.76-1.20)* 0.78 (0.76-0.83) 0.84 (0.75-1.21.)*
E/e’ aver ratio 6.66 (6.25-8.33) 6.97 (5.76-8.15)* 6.96 (6.27-8.33) 6.66 (5.63-8.1)*

LV functional parameters after exercise stress test

E/A ratio 1.25(0.8-1.5) #1.73 (1.55-2.00)* 1.22 (0.88-1.37) ++1.71 (1.5-2.00)*
Ele’ aver 8.07 (6.7-9.6) #17.33 (15.71-8.46)* 8.12 (7.25-10) #+17.14 (14.66-18.39)*

RV structural parameters

RAVI, ml/m? 17.57 (16.07-19.97) $22.66 (21.31-24.13) 16.55 (15.81-17.54) $+$22.27 (20.65-23.85)*
RWT, mm 5.00 (4.5-6.5) $6.50 (6-7)* 5.00 (4.12-5.00) $46.50 (6.00-7.00)*
TAPSE,mm 23.00 (22.00-26.00) 22.00 (21.00-23.00)* 23.00 (21.25-26.00) 22.00 (21-23.5)
RV functional parameters at rest

E/A ratio 0.83 (0.75-0.95) 0.69 (0.62-0.75) 0.83 (0.76-1.16) 0.71(0.66-0.83)"
Ele’ aver 5.47 (4.56-5.69) 4.16(3.33-5.00)* 5.47 (4.56-5.69) 4.54(3.33-5.22)*
AT, msec 170 (163.75-180) 170(160-180)* 170 (165-180) 170(160-180)*
SPAP, mmHg 26.00 (25-28) 28.00 (25-30)* 25.00 (23-27) 28.00 (25-30)*

RV functional parameters after exercise stress test

E/A ratio 1.26 (1.09-1.48) 1.31(1.18-1.49)* 1.28 (1.14-1.5) 1.37 (1.22-1.52)*
E/e’ aver 6.21 (5.38-7.89) 10.83 (9.04-13.23)* 6.92 (5.46-8.00) #$11.25 (9.00-13.33)*
AT, msec 165(155-175) $105(95-110)* 162.5(155-170) +4110(95-115)*
SPAP, mmHg 32.00(30-33.25) 38.00 (36-42)* 32.00 (30-33.75) 3+ 38.00 (35-40)*

*Mann-Whitney U test; LVDD: left ventricular diastolic dysfunction; RVDD: right ventricular diastolic dysfunction; LVEF: left ventricular ejection fraction; RAVI: Right
atrium volume index; TAPSE: tricuspid annular plane systolic excursion; PW: posterior wall; SPAP: systolic pulmonary arterial pressure; RWT: right ventricular wall
thickness; AT: accelaration time. #p<0.05 between patients with and without LVDD; ##+p<0.05 between patients with and without RVDD.

Table 3 - Correlation analysis between respiratory and cardiopulmonary exercise testing parameters with stress-induced E/e’ ratio for the left
ventricle/right ventricle, respectively

Parameters LVDD RVDD
Spearman rho p-value Spearman rho p-value

Peak Load , W 0.02 0.84 0.03 0.78
Peak VE, I/min 0.02 0.85 0.12 0.28
PeakVO,, ml/min/kg 0.12 0.56 0.03 0.73
RER 0.06 0.74 0.12 0.27
PeakO, pulse mi/min/kg 0.10 0.60 0.11 0.32
Peak VE/VCO, slope 0.35 0.07 0.02 0.80
FVC, lImin 0.28 0.1 0.10 0.34
FEV,, I/min 0.01 0.95 0.04 0.71

LVDD: left ventricular diastolic dysfunction; RVDD: right ventricular diastolic dysfunction; RER: respiratory exchange ratio; VO, oxygen consumption; VE/VCO, slope:
ventilatory efficiency; FVC: forced vital capacity; VE: minute ventilation.
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established an association between diastolic dysfunction (E/e’
ratio) and peak oxygen consumption, ventilatory efficiency
and heart rate recovery.?* In Guazzi’s group of patients with
overt cardiovascular pathology and normal echocardiography
at rest, ventilatory efficiency correlated best to peak E/e’
ratio>15. The clinical advantage of VE/VCO, ratio as the
best predictor of stress E/e’ ratio was also confirmed in the
diastolic heart failure patients analyzed by Nedeljkovic et al."®
Kaiser et al. do not support such conclusions, emphasizing the
importance of the increased heart rate reserve and diminished
oxygen pulse as predictors of stress E/e” ratio in the general
population of patients with exertional dyspnea and free of
overt cardiovascular disease."

It seems that the CPET parameters may help in the
differential diagnosis of dyspnea in the general population,
as well as in patients with diagnosed cardiovascular
pathology.® According to our results, in COPD patients,
these are not reliable clinical parameters that may serve
as independent predictors for cardiovascular abnormality
and, thus, are not applicable in the diagnostic algorithm of
masked diastolic dysfunction.

Our findings support the presence of functional impairment
in non-severe COPD patients with exertional dyspnea and
free of overt cardiovascular disease. The performance of
tissue Doppler imaging during exercise demonstrates the
complex heart-lung interaction and the effort-induced
changes, which increase cardiac functional impairments that
may not be evident at rest. Our findings support the current
recommendations for ESE-CPET as a tool for early detection
of HFpEE® As none of the cardiopulmonary exercise testing
parameters proved to be predictive of stress-induced LVDD/
RVDD, stress echocardiography has great clinical relevance for
an accurate diagnosis of cardiac and respiratory pathology in
non-severe COPD patients with exertional dyspnea.

Study limitations

The study had the following limitations: 1) relatively small
sample size; 2) lack of body plethysmography and diffusion
capacity measurement, which are informative for the proper
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Abstract

Background: Cardiovascular diseases constitute an important group of causes of death in the country. Ischemic heart
diseases that are the main causes of cardiopulmonary arrest, leading to an impact on the mortality of the cardiovascular
diseases in the health system.

Objective: Assess the number of home deaths by cardiopulmonary arrest notified by the Mobile Emergency Medical
Service (SAMU) in March 2018, 2019 and 2020.

Methods: Observational study carried out from the analysis of cardiopulmonary arrest mortality data of citizens assisted
by SAMU in Belo Horizonte, Minas Gerais, Brazil. Social and clinical characteristics and occurrence information of the
patients were analyzed. The mortality rate due to cardiopulmonary arrest in relation to the total number of attendances
was assessed. A significance level of 95% was considered.

Results: There was increase of home deaths due to cardiopulmonary arrest in March 2020 compared to March 2018
(p<0.001) and March 2019 (p=0.050). Of the deaths reported in 2020, 63.8% of the patients were aged 60 years or
older, 63.7% of the occurrences were performed in the afternoon and approximately 87% of the cardiopulmonary arrest
notified had associated clinical comorbidities, with systemic arterial hypertension and heart failure represented by
22.87% and 13.03% of the reported cases, respectively. The majority of the evaluated sample of this study did not have
any medical care follow-up (88.7%).

Conclusion: Considering the increase in the number of the deaths, we suggest reflections and readjustments regarding
the monitoring of chronic non-transmissible diseases during a pandemic, as well as improvements in death surveillance.
(Arq Bras Cardiol. 2021; 116(2):266-271)

Keywords: COVID-19; Betacoronavirus; Pandemics; Heart Arrest; Deaths; Emergency Medical Services.

Introduction

Mobile Emergency Care Service (SAMU) represents the
mobile emergency component that is normatively instituted by
the Brazilian Public Health System (SUS). A component of the
Urgency and Emergency Network since 2003, SAMU is currently
a public assistance service working with the objective of mobile
pre-hospital assistance in SUS. In addition, this service brings

guidelines recommended by SUS, any citizen can request
pre-hospital mobile assistance through free telephone access
by calling the number 192. At central regulation, a telephone
operator identifies the patient and the location of the call and
transfers the service to the medical regulator, who can guide
the patient by phone or call the assistance team to answers
the user’s request. All stages of care are recorded with the

patients to private hospitals, and it is an important component
of admissibility of patients from the private healthcare network."?

SAMU comprises central regulation and ambulance
teams, composed of doctors and nurses. According to the
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consent of both parties, professionals and users.’

The ambulance teams consist of basic support units, in
which a nursing technician, drivers and nurses are present,
and advanced support units, an ambulance with more
technological resources and the presence of a doctor and
a nurse. Depending on regional needs, the ambulances are
motorcycles, boats, or an aeromedical system consisting of
a helicopter or airplane.?

Cardiovascular diseases (CVD) are currently an important
group of causes of death in Brazil and worldwide. According
to the Brazilian Society of Cardiology, as of the first day
of July, CVD caused more than 198,000 deaths among
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Brazilians in 2020. These diseases include ischemic heart
diseases, which are the main causes of cardiopulmonary
arrest (CPA).

According to the Cardiométro, an indicator of the
number of deaths from CVD, created by the Brazilian
Society of Cardiology, between 2004 and 2014, ischemic
diseases constituted the group of cardiovascular causes
with the highest prevalence of death events due to CVD.*
The data in the literature regarding the incidence of CPA
in Brazil are scarce, and the impact of this event on the
mortality of individuals is observed.>’

In this context, this study aims to describe the number of
home deaths due to CPA notified by SAMU in the city of Belo
Horizonte in 2020 and to compare the home deaths due to
CRA in March 2020 in relation to March 2018 and March 2019.

Methodology

This study is part of the SAMU notification service in
Belo Horizonte, Minas Gerais, Brazil, and it refers to data
collected in March 2018, March 2019, and March 2020. The
notifications were selected based on the manual handling
of files regarding the total attendance of the teams in the
previously determined period. Exclusion criteria were not
established for evaluating users/deaths. Thus, sampling
was performed for convenience, covering all notifications
registered with the service during the periods described.

This is a retrospective observational study carried out based
on the analysis of primary data on mortality due to CPA in
citizens assisted by SAMU in Belo Horizonte.

Statistical Analysis

Age, occurrence characteristics (day of the month and time
of day) and clinical characteristics (cause of CPA, medical
follow-up, and associated comorbidities) were collected.
The mortality rate was calculated according to the SAMU
notification system.

The data were collected by the researchers of the service
and subsequently submitted to descriptive analysis. The
descriptive analysis of the variables was performed using
the distribution of frequencies and absolute numbers of the
categorical variables. The prevalence of outcomes and 95%
confidence intervals were estimated for the population.

For data analysis, the public and free OpenEpi® statistical
program was used. Categorical variables were analyzed using
frequency distribution and compared using the chi-square test.
The significance level was set at 95% (p < 0.05).

Results

A total of 1,662 deaths were recorded by SAMU in the
month of March in 2018 (n = 563), 2019 (n = 494), and
2020 (n = 605). During this period (March), SAMU reported
919 home deaths due to CPA in the years 2018, 2019, and
2020, distributed in 260 deaths in March 2018 (28.3%), 283
deaths in March 2019 (30.8%), and 376 deaths in March
2020 (40.9%). It was observed that the death rates for the
total number of attendances at SAMU during these periods
were 0.51, 0.57 and 0.62, respectively.

Figure 1 shows a 33% increase in cases of home deaths
between March 2018 and March 2020. Table T compares the
gross number of deaths by CPA and other causes, showing that
2020 had more notifications of home deaths due to CPA, with
statistical difference in relation to 2018 and 2019.
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Figure 1 - Prevalence of death outcome in patients assisted by the Mobile Emergency Care Service of Belo Horizonte, Minas Gerais, Brazil, March 2018-2020.
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Table 1 - Comparison of home deaths due to cardiopulmonary arrest and other causes in March 2018 and 2019 compared to March
2020, notified by the Mobile Emergency Care Service of Belo Horizonte, Minas Gerais, Brazil

Deaths Years p value* Years p value *
2018 2020 2019 2020

CPA 260 376 <0.01 283 376 0.05

Other causes 303 229 21 229

CPA: cardiopulmonary arrest; p value* - chi-square Test.

Table 2 - Descriptive analysis of deaths by cardiopulmonary
arrest in March 2020, notified by the Mobile Emergency Care
Service of Belo Horizonte, Minas Gerais, Brazil

Variables n %

Social characteristics

Age (years)

<19 10 2.70
20-59 126 33.50
> 60 240 63.80
SAMU occurrence characteristics

Attendance

First half of March 190 50.50
Second half of March 186 49.50
SAMU occurrence time

6:00 am to 11:59 am 142 37.70
12:00 pm to 5:59 am 98 26.00
6:00 pm to 11:59 pm 89 23.60
12:00 am to 05:59 am 47 12.70
Clinical characteristics

Cause of CPA

Clinical 326 86.70
Trauma 50 13.30
Medical follow-up

Yes 45 12.00
No 331 88.00

CPA: cardiopulmonary arrest; SAMU: Mobile Emergency Care Service;
am: ante meridiem,; pm: post meridiem. Sample size = 376.

Table 2 describes social, clinical, and notification
characteristics. Of the deaths reported in March 2020, 63.8%
of the patients were aged 60 years or over. According to the
notification time, 63.7% occurred during the daytime with
37.7% in the morning and 26.0% in the afternoon, with no
difference between the proportions of the 31 consecutive
days of that period (Table 2).

Regarding clinical characteristics, it was observed that
approximately 87.0% of patients with CPA had other clinical

Arq Bras Cardiol. 2021; 116(2):266-271

comorbidities and that the majority of the evaluated sample
did not have any medical follow-up according to the data
collected (88.7%) (Table 2). However, many of the patients’
companions and family were unaware of the patients’ history.

Table 3 describes clinical comorbidities notified by the
service, which represents 87.0% (n = 331) of the patients
evaluated, according to the course of the disease observed.
Among the chronic diseases observed, hypertension was
associated with CPA in 22.87% of the reported cases; heart
failure and diabetes mellitus were present in 13.03% and
11.0% of cases, respectively. Among other comorbidities,
it is interesting to note that in 38.4% of the reported cases,
although the family or friends reported the presence of
associated comorbidity, they were unable to specify the
patient’s associated comorbidities.

Discussion

As a main result of this study, a gradual numerical increase
was observed in the rate of home deaths due to CPA for the
total number of attendances by SAMU and a proportional
increase of 33% of home deaths in March 2020, which is the
month when the World Health Organization declared the
COVID-19 pandemic.®

Since the confirmation of the first case in Brazil, on
February 26, 2020, the press, as well as health authorities,
in the absence of vaccines or antiviral medications, has
warned of the need for social distance, the use of masks, hand
washing, and reinforcement for care regarding respiratory
etiquette. In the city of Belo Horizonte, the first notification
of COVID-19 occurred on March 16, 2020; however, since
the world declaration of the pandemic, the city government
instituted social isolation early, preventing residents from
non-essential contact.

Approximately 80% of COVID-19 cases are mild or
oligosymptomatic.” A recent study shows that 20% required
hospital care, with 5% to 15% of these being treated in
intensive care units requiring ventilatory support. Mortality
for these patients can reach up to 80%.° SARS-CoV-2 can
be transmitted from person to person (contact with hands,
cough, or saliva droplets) or through surfaces and objects
contaminated by the virus.” On May 16, 2020, more than
4,605,673 people had been diagnosed with COVID-19, and
there were 310,180 deaths worldwide. In Brazil, by May
16, 2020, 222,877 cases had been recorded, with 15,046
deaths.” Among the measures to prevent COVID-19 infection,
individuals are recommended to clean their hands, surfaces,
and objects with water and soap or hand sanitizer. Other
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Table 3 - Comorbidities related to deaths by cardiopulmonary
arrest in March 2020, notified by the Mobile Emergency Care
Service of Belo Horizonte, Minas Gerais, Brazil

Clinical comorbidities n %

Not reported 145 38.56
Arterial hypertension 86 22.87
Heart failure 49 13.03
Diabetes mellitus 42 11.17
Cancer 40 10.64
Dementia 26 6.91

Respiratory infections 23 6.12
Stroke 19 5.05
Arrhythmia 12 3.19
Urinary tract infection 3 0.80

Sample size = 376.

indications include avoiding contact with eyes, nose, and
mouth; permanent use of a facemask; maintaining healthy
eating and sleep habits; and social isolation and distancing.'

The increase in the number of deaths, in the context of the
pandemic, can aggravate users’ fear of leaving social isolation
and seeking medical assistance and essential services. This
could delay the demand for health services affecting the
underlying disease. It is interesting to note that almost 89% of
our sample did not have medical follow-up, and in a similar
frequency (87%) the nature of the CPA was the clinical cause.

Gonzales-Olmo et al.," in a recent study, with data from the
population of Madrid, demonstrated high levels of individual
self-perception of greater vulnerability in relation to COVID-19
infection when seeking dental care, which is considered an
essential health service. Thus, the researchers observed that
the sample of individuals over 60 years of age with systemic
diseases avoided dental care most of the time."?

In accordance with our results, Holmes et al. (2020)
indicated that there was a structural break in the time series of
weekly admissions deferred annually according to emergency
services in the United Kingdom between September 2019 and
April 2020." These researchers observed the period of time
corresponding to September 2019 and April 2020.

Scales for assessing individuals’ fear have been developed
and are in the validation phase (such as the “Fear of COVID-19
Scale”) in order to assess this emotion. New studies are
expected to assess the context of the pandemic in this regard,
monitoring fear at the expense of not seeking essential health
services, improving quality of life, and delaying mortality due
to causes that do not involve COVID-19.">"7

Julia et al.’® report on the reorganization of the health
service in France during the pandemic. Important investments
have been made in terms of teleconsultations for the follow-
up of patients with COVID-19, but the most vulnerable
population with difficulties in accessing the internet and
digital technologies or those with language barriers were left

without adequate assistance. In addition, the available hospital
beds have been drastically reduced, and primary health care
professionals have thus had to deal with emergencies due to
chronic diseases." Home visits have been divided according
to patients with and without COVID-19, leading to service
overload. A flow for primary care has now been adopted for
patients with chronic diseases, in order to avoid delays for
outpatient control."”

In Belo Horizonte, there has been a reduction in demand
from the population for care in the Basic Health Units and
the Emergency Care Units. During the first four months of
2019, 1,478,905 people were attended; during the same
period of 2020, this number was 1,215,543, which represents
an 18% reduction.” Thus, it is important to monitor the
management of chronic diseases and promote educational
actions so that the population understands the importance
of health care follow-up and the regular use of necessary
medicines. Accordingly, the Municipal Health Department
of Belo Horizonte has updated the flow of care in primary
health care."

Souza et al.?' report on the primary health care provided by
SUS in Brazil and on the investments that have been destined
for acquisition of equipment and expansion of hospital beds
for patients with COVID-19. They reinforce the need to
strengthen primary care as an instrument to prevent collapse
in the health system, avoiding deaths due to COVID-19 and
chronic diseases.?" It is necessary to reflect on how to find
the balance so that health actions are not paralyzed during
the pandemic.

The Municipal Health Department of Belo Horizonte
has carried out initiatives such as training through web
conferences, web classes, and discussion of clinical cases and
technical notes for care and flow of patients with COVID-19,
establishing partnerships for online care and assisting patients
risk groups. At the same time, it has been taking measures to
adapt emergency services and primary health care, seeking
to avoid overloading services and promoting better care for
patients with and without COVID-19.%

The increased numbers of home deaths have aroused the
attention of health managers, and the idea is to reinforce
the importance of outpatient control of chronic diseases
and to clarify adopted safety measures to the population
regarding clinical complications not related to COVID-19
during the pandemic.

It is a favorable moment to reinvent the relationship
between users and primary health care professionals, seeking
greater closeness to establish bonds, strengthen the importance
of controlling chronic diseases and avoiding unnecessary
deaths. Itis also necessary to implement measures to improve
death surveillance. Primary health care services should
organize assistance and patient flows in order to ensure
adequate care for patients with and without COVID-19.

As a study limitation, we point out the high percentage of
individuals for whom it was not possible to collect information
about the existence of comorbidities (38.5% of the sample)
due to the lack of information from the interviewed relatives or
friends, which may have underestimated the values presented.
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Conclusion

The results point to an increase in the number of
home deaths due to CPA notified by SAMU in March
2020 in relation to March 2018 and March 2019 in Belo
Horizonte, Minas Gerais. It is necessary to carry out new
studies with a longitudinal design in order to monitor the
increase in mortality of health system users and analyze its
causal relationships in order to avoid deaths due to other
diseases that do not involve COVID-19.
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Short Editorial related to the article: Increased Home Death Due to Cardiopulmonary Arrest in Times of COVID-19 Pandemic

“Somewhere, something incredible is waiting to be

2

known.”

Carl Sagan

Abstract

The world changed in just a few months after the
emergence of the novel coronavirus disease 2019
(COVID-19), caused by a beta coronavirus named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
COVID-19 was declared a pandemic by the World Health
Organization (WHO) on March 11, 2020. Brazil currently
has the world’s second-highest COVID-19 death toll,
second only to the USA. The COVID-19 pandemic is
spreading fast in the world with more than 181 countries
affected. This editorial refers to the article published in
Arquivos Brasileiros de Cardiologia: “Increase in home
deaths due to cardiorespiratory arrest in times of COVID-19
pandemic.”” Their main results show a gradual increase
in the rate of out-of-hospital cardiac arrest during the
Coronavirus disease 2019 (COVID-19) pandemic in the
city of Belo Horizonte, Minas Gerais, Brazil. Their data
demonstrate a proportional increase of 33% of home deaths
in March 2020 compared to previous periods. Their study
is the first Brazilian paper to demonstrate the same trend
observed in other countries.

My personal interest in Science must be credited to Carl
Sagan. During my youth, | saw his TV program “Cosmos”
and this changed everything. Today, Science is one of the
top priorities of humankind. The world changed in just a
few months after the emergence of the novel coronavirus
disease 2019 (COVID-19), caused by a beta coronavirus
named severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). COVID-19 was declared a pandemic by the
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World Health Organization (WHO) on March 11, 2020.?
Brazil currently has the world’s second highest Covid-19
death toll, second only to the USA. The COVID-19
pandemic is spreading fast in world with more than 181
countries affected.

In the majority of patients, COVID-19 is a mild disease
with some respiratory symptoms. COVID-19 is more severe
and fatal among patients with pre-existing cardiovascular
risk factors or diseases.’ The Chinese Center for Disease
Control and Prevention published a survey demonstrating
that among patients diagnosed with COVID-19, 13% had
hypertension, 5% had diabetes mellitus and 4% had a
history of cardiovascular disease. However, in the same
cohort, among patients who had not survived, 40% had
hypertension, 20% had diabetes and 22% had pre-existing
cardiovascular diseases.* Patients with cardiovascular diseases
had the highest case fatality rate (10.5%). Risk factors of
cardiac events after COVID-19 pandemic include older age,
pre-existing cardiovascular diseases and greater severity of
pneumonia at presentation.? Coronary heart disease has
also been found to be associated with acute cardiac events
and poor outcomes in influenza and other respiratory viral
infections.>® COVID-19 has also demonstrated damage to
the cardiovascular system with several manifestations, such as
myocardial injury, acute myocardial infarction, heart failure,
Takotsubo syndrome (TS), arrhythmias, myocarditis and
shock.” Not only chronic cardiovascular conditions, such as
hypertension or heart failure, are relevant to the COVID-19
outcomes, but also age, immunological status of the host and
the effect of cardiovascular drugs like antithrombotic drugs
or antihypertensives.® Figure 1 demonstrates the interaction
between cardiovascular diseases/risk factors and COVID-19.

The damage that COVID-19 causes in the cardiovascular
system is probably multifactorial and can result from an
imbalance between high metabolic demand and low
cardiac reserve, systemic inflammation and thrombogenesis,
in addition to direct cardiac damage from the virus.”
Cardiovascular system complications occur mainly in patients
with cardiovascular risk factors (advanced age, hypertension
and diabetes) or preexisting cardiovascular diseases. There
are few reports of COVID-19 patients who presented with
acute ST-segment elevations and, for those patients, the
ECG changes were present in the inferior leads. In each
case, a diagnosis of myocarditis was supported by elevated
cardiac troponins, a moderate decrease of left ventricular
ejection fraction and the absence of flow-limiting coronary
artery disease by invasive coronary angiography.® Autopsy
findings support the concept that the pathogenesis of severe
COVID-19 disease involves direct viral-induced injury of
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Figure 1 - Interaction between cardiovascular diseases/risk factors and COVID-19. Cardiovascular comorbidities such as hypertension and coronary artery
disease are associated with increased susceptibility and higher mortality in patients with COVID-19. COVID-19 is also associated with cardiovascular
manifestations including myocardial injury, myocarditis, arrhythmias, acute coronary syndrome and thromboembolism.

multiple organs, including heart and lungs, coupled with the
consequences of a procoagulant state with coagulopathy.'
Table 1 lists the most frequent cardiovascular consequences
of COVID-19 described in the literature.

Concerning coronary artery disease epidemiology, some
studies showed a decreased incidence of hospitalization
for acute myocardial infarction during the COVID-19
pandemic. Solomon et al.”® noted that the weekly rates of
hospitalization for acute myocardial infarction decreased
by up to 48% during the COVID-19 period. De Filippo et
al.”™ found a similar decrease in hospitalization for acute
coronary syndrome in 15 hospitals in northern Italy."
This decrease is partially related to the anxiety and fear
of catching COVID-19 in the emergency department that
many patients demonstrated during the initial months
of the pandemic. Due to this decrease in myocardial
infarction hospitalizations, a transient increase in out-of-
hospital cardiac arrest (AOHCA) was observed, compared
to the equivalent time period in the years before the
pandemic.™ This increase of AOHCA is directly attributable
to COVID-19 infections and to the potential increase of
patients with acute coronary syndrome that did not go
immediately to emergency settings.

We must congratulate the authors of the article published
in Arquivos Brasileiros de Cardiologia.” Their main findings

show a gradual increase in the rate of out-of-hospital cardiac
arrest during the coronavirus disease 2019 (COVID-19)
pandemic in the city of Belo Horizonte, Minas Gerais,
Brazil. Their data demonstrates a proportional increase
of 33% of home deaths in March 2020 compared to
previous periods. Their study is the first Brazilian paper to
demonstrate the same trend observed in other countries.'*'*
The main limitations of the study are: short observation
period, sample from a single Brazilian metropolitan region
and lack of complete information on comorbidities in
about 40% of cases. However, these data do not invalidate
the main messages of the study, which are: (1) the need
to organize the health system to deal with cases of acute
diseases during the COVID-19 pandemic, (2) educating the
population about the need to seek continued health care,
and (3) the search for better treatments and prevention.

The approval of effective vaccines for the prevention
of COVID-19 and the beginning of the Brazilian national
immunization program against COVID-19 in January 2021
fill us with hope and optimism.'®'” However, as long as
vaccination is not widely available to the population, it
is necessary to continue with effective and scientifically
proven measures of social distancing, the use of masks and
hand hygiene. Only then will the COVID-19 pandemic be
a page in history and no longer a harsh reality.
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Table 1 - Cardiovascular consequences of COVID-19

Cardiovascular Complication

Frequency

Implications

Myocardial injury and myocarditis

7-20% of patients with COVID-19

Myocardial injury is associated with a 5-fold increase in the need for
invasive mechanical ventilation and an 11-fold increase in mortality

Acute coronary syndrome (ACS)

Less than 5% of patients with
COVID-19

Reduction in hospitalizations for ACS and a 40% reduction in ST-segment
elevation myocardial infarction during the pandemic. This decrease in
ACS cases is associated with a similar increase in out-of-hospital cardiac
arrest.

Heart failure

Incidence of 24% in all patients with
COVID-19 and 49% in patients who
died

Heart failure can contribute to respiratory failure in patients with ARDS.

Adequate management of HF is mandatory to reduce mortality.

Arrhythmias and sudden cardiac
arrest

Malignant arrhythmias, such as

can occur in patients with elevated
levels of troponin T

ventricular tachycardia and fibrillation,

Atrial and ventricular tachycardia and fibrillation can be triggered by

myocardial injury, systemic causes or drug interactions. Special attention

is needed with drug-induced QT prolongation

Coagulation abnormalities and

can be found in 60% of those with

thrombosis

severe ilinesses

Elevated levels of d-dimer (>0.5 mg/l)

Optimal anticoagulation regimen to prevent thromboembolic events

is not known but anticoagulation is often empirically prescribed.
Recommendations on antithrombotic treatment and PCI for acute

coronary syndromes should be maintained during COVID-19 treatment
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COVID-19 and Myocardial Injury in a Brazilian ICU: High Incidence
and Higher Risk of In-Hospital Mortality

Jorge Henrique Paiter Nascimento,*™ Rafael Lessa da Costa,”™ Luiz Fernando Nogueira Simvoulidis,? Jodo Carlos
de Pinho,? Roberta Santos Pereira,” Andrea Dornelles Porto,? Eduardo Costa de Freiras Silva,?™ Liszt Palmeira
Oliveira,” Max Rogerio Freitas Ramos,? Glducia Maria Moraes de Oliveira’

Universidade Federal do Rio de Janeiro,” Rio de Janeiro, R - Brazil

Hospital Unimed-Rio,? Rio de Janeiro, R/ - Brazil

Abstract

Background: The incidence of myocardial injury (MI) in patients with COVID-19 in Brazil and the prognostic impact of MI
have not been elucidated.

Objectives: To describe the incidence of Ml in patients with COVID-19 in the intensive care unit (ICU) and to identify
variables associated with its occurrence. The secondary objective was to assess high-sensitivity troponin I as a predictor
of in-hospital mortality.

Methods: Retrospective, observational study conducted between March and April 2020 with cases of confirmed
COVID-19 admitted to the ICU. Numerical variables were compared by using Student t test or Mann-Whitney U test.
The chi-square test was used for categorical variables. Multivariate analysis was performed with variables associated
with Ml and p<0.2 to determine predictors of MI. The ROC curve was used to determine the troponin value capable of
predicting higher in-hospital mortality. Survival functions were estimated by use of the Kaplan-Meier method from the
cut-off point indicated in the ROC curve.

Results: This study assessed 61 patients (63.9% of the male sex, mean age of 66.1x15.5 years). Myocardial injury was
present in 36% of the patients. Systemic arterial hypertension (HAS) [OR 1.198; 95%ClI: 2.246-37.665] and body mass
index (BMI) [OR 1.143; 95%Cl: 1.013-1.289] were independent risk predictors. High-sensitivity troponin | >48.3 ng/
mL, which was determined in the ROC curve, predicts higher in-hospital mortality [AUC 0.786; p<0.05]. Survival in the
group with high-sensitivity troponin 1 >48.3 ng/mL was lower than that in the group with values <48.3 ng/dL [20.3 x
43.5 days, respectively; p<0.05].

Conclusion: There was a high incidence of MI in severe COVID-19 with impact on higher in-hospital mortality. The
independent risk predictors of MI were SAH and BMI. (Arq Bras Cardiol. 2021; 116(2):275-282)

Keywords: COVID-19; SARS-CoV-2; Coronavirus; Betacoronavirus; Infection; Myocarditis; Myocardial Infarction;
Hospitalization; Morbidity.
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suggested.” However, the causes of myocardial injury and
its contribution to the prognosis are yet to be elucidated.

This study’s primary objective was to describe the
incidence of myocardial injury in patients with COVID-19
admitted to the ICU and to identify possible risk factors
related to its occurrence. This study’s secondary objective
was to assess high-sensitivity troponin | as a predictor of in-
hospital mortality.

Methods

This is a retrospective observational study conducted in
the ICU of a private hospital in the city of Rio de Janeiro,
Brazil, with patients admitted with the diagnosis of confirmed
COVID-19 between March and April 2020. Data were
collected from the electronic medical records system. The
cases without high-sensitivity troponin | measures and those
with chronic renal disease and glomerular filtration rate
(GFR) lower than 30 mL/min/1.73m?2 were excluded from the
study. All participants were older than 18 years. This study
was approved by the Ethics Committee in Research of the
Rio de Janeiro State University. Written informed consent
was waived because of the retrospective nature of this study.
All patients received antimicrobial therapy for community-
acquired bacterial pneumonia on hospital admission, and the
therapeutic plan was adjusted according to clinical course,
allowing medication reconciliation whenever possible.

The diagnosis of COVID-19 was in accordance with the
guidance from the WHO.'® The cases were confirmed by use
of the polymerase chain reaction (PCR) to identify SARS-CoV-2
in the nasopharyngeal swab from patients admitted to the
ICU. Myocardial injury was defined as the detection of at least
one cardiac troponin | value above the 99" percentile upper
reference limit (URL), in accordance with the Fourth Universal
Definition of Myocardial Infarction.” High-sensitivity
troponin | assays, whose reference value is lower than 19 ng/
mL, were used. Troponin | was measured according to the
ICU protocol on patient’s admission or under the following
conditions: global or regional left ventricular wall motion
abnormalities, inexplicable cardiac arrhythmias, dynamic
electrocardiographic changes, acute coronary syndrome, or
heart failure syndrome.

The following variables were analyzed: age, sex, body mass
index (BMI, kg/m?) and the most prevalent comorbidities, time
from COVID-19 symptom onset to hospitalization, length of
ICU stay, length of hospital stay, myocardial injury detection,
need for hemodynamic support with vasopressors, need
for invasive ventilatory support, acute respiratory distress
syndrome according to the Berlin definition,'> and the
Simplified Acute Physiology Score Ill (SAPS 3)."

Statistical Analysis

The normally distributed continuous variables were
expressed as mean and standard deviation, and the
nonnormally distributed continuous variables were expressed
as median and interquartile interval. The categorical variables
were expressed as absolute and relative frequencies. The
Kolmogorov-Smirnov test was used to test for normality.
The continuous variables were compared by using unpaired
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Student t test or Mann-Whitney U test. The categorical
variables were compared by using the chi-square test or
Fisher exact test. Logistic regression was used to determine the
predictors of myocardial injury. The variables that associated
with myocardial injury at the significance level of p< 0.20
were included in the multivariate regression model. The
forward stepwise method was used. The magnitude of the
effect of each variable was estimated by calculating the odds
ratio (OR) and the respective 95% confidence interval (Cl). The
Receiver Operating Characteristic (ROC) curve was analyzed
to determine the high-sensitivity troponin | value capable of
predicting in-hospital mortality. The survival functions were
calculated by using the nonparametric Kaplan-Meier estimator.
The patients were divided according to covariables selected
by their probable prognostic role based on literature review.
The log-rank test was used to compare the survival functions
for each covariable. Relative risks (RR) were calculated for the
prognosis of the variables associated with the outcomes, with
95% Cl, according to the Cox proportional hazards model.
Initially, Cox bivariate analysis was performed, and then
multivariate analysis was performed for the factors possibly
playing a role in the outcome (p<0.10). Schoenfeld residuals
were used to check the proportional hazards of the Cox
models. The tests were two-tailed, and the level of statistical
significance adopted was p<0.05. Data were analyzed by
use of the SPSS 22.0 (IBM, Chicago, IL). The statistical graphs
were generated by using MedCalc 19.3.

Results

This study identified 105 cases of confirmed COVID-19
in the ICU of a private hospital, in the city of Rio de Janeiro,
between March and April 2020. After excluding 35 patients
who had no troponin | value and 9 patients with GFR < 30 mL/
min/1.73m2, 61 cases of confirmed COVID-19 were included
in this study, 36% of which had myocardial injury (Figure 1).

Of the 61 patients, 63.9% were of the male sex and
the mean age was 66.1£5.5 years. The mean time from
COVID-19 symptom onset to hospital admission was 7+6
days, and the mean lengths of hospital and ICU stay were 19
and 15 days, respectively. The most prevalent comorbidities
were arterial hypertension (55.7%) and diabetes mellitus
(27.8%), as shown in Table 1. Fifteen patients died, resulting
in a mortality rate of 24.6%. Invasive intensive support was
used in a significant part of the sample, 59% of which required
invasive ventilatory support, 57.4% required hemodynamic
support with vasopressors at some point during hospitalization,
and 36% underwent renal replacement therapy by use of
hemodialysis.

The patients with myocardial injury had slightly longer
lengths of hospital and ICU stay than those without troponin
I elevation, but the difference was not statistically significant
between the groups. Similarly, their prognostic assessment
by use of the SAPS 3 score did not significantly differ, with
an expected mortality of 55.7+27.1% among patients
with myocardial injury and of 46.2+32.8% among those
without myocardial injury (p=0.2), as shown in Table 1. On
multivariate regression, the predictors of myocardial injury
were systemic arterial hypertension (OR 9.198; 95%Cl:
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105 cases of confirmed COVID-19

\/

70 cases of confirmed COVID-19

61 cases of confirmed COVID-19

22 cases with
myocardial injury

35 cases excluded due to absence of troponin measurement
9 cases excluded due to GFR < 30 mL/min/1.73m?
\ /

39 cases without
myocardial injury

Figure 1 - Flowchart for recruiting patients.

2.246-37.665) and BMI (OR 1.143; 95%Cl: 1.013-1.289),
as shown in Table 2.

The ROC curve was analyzed to determine the high-
sensitivity troponin | value capable of predicting in-hospital
mortality. In Figure 2, the area under the ROC curve for the
outcome was 0.786 (95%Cl: 0.662-0.880; p = 0.001). The
cut-off point for high-sensitivity troponin | was 48.3 ng/mL.
In Kaplan-Meier analysis (Figure 3), the survival in the group
with high-sensitivity troponin | over 48.3 ng/mL was 20.3 days
(95%Cl: 11.4-29.2), while the survival in the group with high-
sensitivity troponin | below that value was 43.5 days (95%Cl:
37.8-49.2), p = 0.0003. On Cox bivariate survival analysis
stratified according to high-sensitivity troponin 1, only age
related to the outcome (RR=1.046; 95%Cl: 1.006-1.087).
On multivariate analysis, no variable was an independent
predictor of survival.

Discussion

The term ‘myocardial injury” is widely used to designate
different pathophysiological processes that involve the death
of cardiomyocytes and can include myocardial ischemia
as a contributing cause. Different reports have shown
association between that condition and the SARS-CoV-2
infection. However, the exact mechanism of myocardial
injury in such cases and its prognostic importance are yet
to be known.?579

The most plausible causes of myocardial injury in

patients with COVID-19 include myocarditis, hypoxemia,
stress cardiomyopathy, acute cor pulmonale, and

myocardial ischemia caused by microvascular dysfunction
or epicardial coronary artery disease.”*'" However, the
isolated contribution of each cause to myocardial injury
is yet to be determined. The current body of evidence
about myocarditis caused by SARS-CoV-2 is scarce and
sometimes lacks cardiac histological assessment and viral
genome analysis, resulting in differential diagnosis based
on clinical suspicion. In addition, the contribution of the
angiotensin-converting-enzyme |l signaling pathways to
myocardial damage in this scenario has not been thoroughly
investigated.

It has been postulated that SARS-CoV-2 infection involves
an intense inflammatory response with a hypercoagulable
state and ischemia aggravated by hypoxemia. In addition,
the systemic inflammatory response can result in endothelial
injury with consequent increase in thrombin generation
and reduction in endogenous fibrinolysis." Furthermore,
intrinsic aspects of the novel coronavirus can contribute
directly to myocardial injury, such as the cases with
suspected myocarditis.'®'® Several pathophysiological
mechanisms have been proposed and can be summarized
in the following 6 conditions: endothelial dysfunction,
increased oxidative stress, hypoxemia, imbalance between
myocardial oxygen supply and demand, immune-mediated
myocardial injury, and possible direct myocardial injury by
SARS-CoV-2.18-20

Although the rates may vary, up to 25% of the individuals
hospitalized from COVID-19 are estimated to require
intensive care.>* Those rates vary according to cultural
differences regarding the ICU admission criteria and regional
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Table 1 - Characteristics of 61 patients admitted to the intensive care unit with and without myocardial injury

General population

With myocardial injury

Without myocardial injury

Characteristics (n=61) (n=22) (n=39) p-value
General

Age 66.1+15.5 67.8+15.8 65.2+16.3 0.6010
Male sex 39 (63.9%) 14 (63.6%) 25 (64.1%) 0.9710
From symptom to admission (days) 76 65 7+3 0.1410
Length of ICU stay (days) 14.5[5.2-28.7] 18.0[8.7-33.2] 10.0 [5-28] 0.6940
Length of hospital stay (days) 17.0[9.0-36] 21.5[9.7-36.2] 13.0[9.0-37.7] 0.5720
SAPS 3 49.7+28 55.7+27.1 46.2+32.8 0.2120
Comorbidities

Systemic arterial hypertension 34 (5.7%) 19 (86.4%) 15 (38.5%) 0.0001
Diabetes mellitus 17 (27.8%) 6 (27.3%) 11(28.2%) 0.9380
CAD 4 (6.5%) 3(13.6%) 1(2.6%) 0.930
COPD 2(3.2%) 2(9.1%) 0(0%) 0.0560
Neoplasm 4 (6.5%) 1(4.5%) 3(7.7%) 0.6340
Asthma 2(3.2%) 0 (0%) 2(3.3%) 0.2800
BMI (kg/m?) 29.4616.3 32+7.6 28+5.4 0.0220
Complications

Mild ARDS 2(3.2%) 0 (0%) 2(5.1%) 0.2800
Moderate ARDS 18 (29.5%) 8(36.4%) 10 (25.6%) 0.3780
Severe ARDS 17 (27.8%) 10 (45.5%) 7(17.9%) 0.0210
Mechanical ventilation 36 (59%) 18 (81.8%) 18 (46.2%) 0.0070
Vasopressor use 35 (57.4%) 18 (81.8%) 17 (43.6.%) 0.0040
Venous thromboembolism 11 (18%) 6 (27.3%) 5(12.8%) 0.1590
ARF with dialysis 22 (36%) 12 (54.5%) 10 (25.6%) 0.0240
Death 15 (24.6%) 9 (40.9%) 6 (15.4%) 0.0260

ICU: intensive care unit; SAPS 3: Simplified Acute Physiology Score Ill; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; BMI: body

mass index; ARDS: acute respiratory distress syndrome; ARF: acute renal failure.

Table 2 - Multivariate analysis of myocardial injury predictors in patients admitted to the intensive care unit

Characteristics OR 95%Cl p-value
Age 1.010 0.977-1.045 0.543
Male sex 0.980 0.330-2.907 0.971
Arterial hypertension 10.13 2.544-40.198 0.001
Coronary artery disease 6.0 0.584-61.619 0.132
Body mass index 1.108 1.009-1.218 0.033
SAPS 3 1.010 0.989-1.032 0.341

OR: odds ratio; 95%Cl: 95% confidence interval; SAPS 3: Simplified Acute Physiology Score Ill.

characteristics, such as population age and prevalence of other
comorbidities. Likewise, the fatality rates in the ICU range from
22% to 67%.%"** In an ltalian study with 1591 patients, the ICU
mortality was 26%; however, a significant part of the cohort
remained at the ICU at the time of the study publication, which
might have underestimated that indicator.** In our ICU, the
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mortality rate was 24.6%, which is below the expected mean
according to the prognosis indicator SAPS 3 (49.7£28%).

The incidence of myocardial injury in patients hospitalized
varies from 7% to 28%.”- Recent Chinese studies have shown
that patients with COVID-19 requiring intensive care are more
likely to progress with myocardial injury, which is associated
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Figure 2 - Prediction of in-hospital mortality based on troponin values. AUC: area under the ROC curve.
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Figure 3 - Survival of patients with COVID-19 admitted to the intensive care unit with and without myocardial injury, Kaplan-Meier method. HS-Tropo: high-sensitivity troponin.
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with a higher mortality risk.>** Our study evidenced a
high incidence of myocardial injury (36%) in a sample of
patients admitted to a Brazilian ICU with the diagnosis of
confirmed COVID-19, and systemic arterial hypertension
was an independent risk factor for that complication.
This pandemic and the need for strict control of hospital
infection, including that by the novel coronavirus, have
limited the use of complementary diagnostic methods,
therefore hindering the ability to determine the mechanisms
of myocardial injury.

An international prospective study, conducted between
April, 3, and April, 20, 2020, with 1216 patients
hospitalized from COVID-19, mostly in the ICU, aimed
at assessing the major indications for echocardiography
and the echocardiographic changes of the SARS-CoV-2-
related cardiac impairment. The most common indications
for echocardiography were: left ventricular failure (40%),
elevated levels of cardiac biomarkers (26%), and right
ventricular failure (20%). Left ventricular abnormalities
were reported in 479 patients (39%), and the left ventricular
impairment was classified as mild (17%), moderate (12%)
or severe (9%). That study shows the cardiac impairment
attributed to COVID-19, revealing a significant incidence
of elevation in cardiac biomarkers and damage to the
ventricular function in that population. However, the
exact mechanism of myocardial injury cannot always be
determined.?

In a recently published study, Giuseppe Lippi and
Mario Plebani have reviewed 217 articles searching for
laboratory tests that might have prognostic importance
for the novel coronavirus infection. However, 206 articles
were excluded because of lack of technical information
on the data presented. In the remaining 11 articles, the
following major laboratory abnormalities in patients with
unfavorable progression of COVID-19 could be established:
increased white blood cell count, increased neutrophil
count, reduced lymphocyte count, decrease in albumin
levels, increase in lactic dehydrogenase levels, increase
in alanine aminotransferase levels, increase in aspartate
aminotransferase levels, increase in total bilirubin levels,
increase in creatinine levels, increase in cardiac troponin
levels, increase in D-dimer levels, longer prothrombin
time, and increase in procalcitonin and in C-reactive
protein levels. Regarding troponin I, a retrospective analysis
has shown that increases greater than 2.2 times the URL
correlated with adverse clinical results.?”

A study carried out with 2736 patients with COVID-19
admitted to the Mount Sinai Health System hospitals in
New York city between February 27, 2020, and April 12,
2020, has reported that even small amounts of myocardial
injury, quantified by troponin elevation, mainly in patients
with history of cardiovascular disease were associated
with high risk of death.? Despite its small sample size,
our study could show the statistical significance of the
association between troponin | levels greater than 2.5 times
the URL and in-hospital mortality, and the cut-off point
was determined by use of the ROC curve. This shows that
even modest elevations in that cardiac biomarker can help
identify individuals at risk for adverse events. However, the
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use of different laboratory methods is the major limiting
factor of the analysis of a cut-off point for large population
clusters, with studies being conducted at single centers.
The higher diversity of the methodologies of the articles
on that subject might require assessment by use of meta-
analysis to better determine the cut-off point related to
worse clinical outcomes.

The small number of patients included in this study
and the lack of data on the frequency of myocardial
injury in asymptomatic or mildly symptomatic SARS-CoV-
2-infected patients are important limitations. The ICU
protocol may have influenced the sampling, because, after
admission, the biomarker was measured again if a change
in the clinical status or in complementary tests occurred.
Another important aspect was the sample loss greater than
10% caused by the absence of troponin measurement.
However, that could not prevent the association of death
with troponin elevation, but might have selected the most
severe cases, whose troponin levels were measured, and the
data obtained served as part of an exploratory research in a
retrospective cohort about the theme. To prevent statistical
bias, data from multiple centers and larger samples are
necessary to confirm the results presented.

Conclusion

In the sample studied, the incidence of myocardial injury
among patients admitted to the ICU with the diagnosis
of confirmed COVID-19 was 36%, and systemic arterial
hypertension and BMI were independent risk predictors.
This study showed the impact of myocardial injury on
mortality. In addition, survival in the group with high-
sensitivity troponin | levels higher than 43.8 ng/dL was
lower than that in the group with high-sensitivity troponin
I levels lower than that value.
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Short Editorial

Association of Cardiac Injury with Mortality in Hospitalized Patients

with COVID-19

Edson Romano’
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Short Editorial related to the article: COVID-19 and Myocardial Injury in a Brazilian ICU: High Incidence and Higher Risk of In-Hospital Mortality

Covid-19 disease emerged in December 2019 in Wuhan
City, Hubei Province, China. Itis caused by the new coronavirus
called severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the seventh coronavirus identified to date, which is
different from other coronaviruses that cause pneumonia and
common cold." Due to the greater and faster transmissibility,
a pandemic was declared by the World Health Organization
on 11 March 2020.?

Since then, several studies worldwide have been conducted
and published with the aim of determining the risk factors for
developing the disease, as well as its complications, degrees
of severity, treatment, morbidity, and mortality.

One of the initial studies was conducted by the Chinese
Center for Disease Control and Prevention, which evaluated
the degree of severity of 72,314 patients with Covid-19 in this
population. In 81.4% of the cases, the disease was classified
as mild, severe in 13.9%, and critical in 4.7%.?

Regarding cardiac involvement, the manifestation occurs
with myocardial injury, which is defined by high levels of
troponin, and it occurs especially due to non-ischemic
myocardial processes, including respiratory infection with
severe hypoxia, sepsis, systemic inflammation, pulmonary
thromboembolism, cardiac adrenergic hyperstimulation
during cytokine storm syndrome, and possibly myocarditis due
to direct action of the virus. Ischemic etiology is also present
due to rupture of coronary atherosclerotic plaque, coronary
spasm, microthrombi, or direct endothelial lesion.*

A significant aspect that has been described is that patients
with myocardial injury are associated with a greater need
for ventilatory support and in-hospital mortality. They are
generally older patients with a higher prevalence of systemic
arterial hypertension, diabetes mellitus, coronary artery
disease, and heart failure.®

In a systematic review of 4 studies with 374 patients,
troponin | levels were significantly higher in patients with
severe Covid-19 compared to those with non-severe forms
of the disease.®
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Regarding prevalence, studies developed in China have
reported myocardial injury with elevated troponin levels
ranging from 7% to 17% in hospitalized patients, from
22% to 31% among patients admitted to intensive care
units (ICU), and up to 59% of patients who died.”® This
variation in the incidence of myocardial injury has been
replicated in various publications in different centers, and
it has also been demonstrated in a meta-analysis of 10
studies involving 3,118 patients in Wuhan, China, with
a prevalence of myocardial injury ranging from 15% to
44%; the combined effect of these studies showed that,
in patients with high troponin, the mortality risk was 21
times higher (OR = 21.15).° This variation reflects the
heterogeneity of the definitions of myocardial injury and
of the population studied and regional characteristics,
which will in some way also reflect the lethality rates, with
data showing an incidence of 13% to 67% of patients with
elevated troponin hospitalized in the ICU.?

Therefore, a Brazilian study is necessary to evaluate
the presence of myocardial injury in our population, with
regard to the mortality of this group of patients, as well
as the presence of comorbidities as a predictor of death.

In this edition, Brazilian'® authors present the results of
an observational, retrospective study conducted in the ICU
of a private hospital in Rio de Janeiro, between March and
April 2020. Initially, 105 confirmed cases of Covid-19 were
included. After excluding 35 patients due to the absence
of troponin I and 9 due to severe renal failure, 61 patients
remained, and 36% of them presented myocardial injury
with elevated troponin I. The primary objective was to
describe the incidence of myocardial injury and to identify
variables associated with its occurrence. The secondary
objective was to evaluate ultrasensitive troponin | as a
predictor of hospital mortality.

After univariate analysis and multivariate logistic
regression of a series of general variables and comorbidities,
the predictors of myocardial injury with statistical
significance were systemic arterial hypertension and body
mass index. The mortality rate of this group was 24.6%,
and the troponin | value was related to hospital mortality.

Although this study has important limitations, such as
a small number of patients and loss of cases due to the
absence of troponin | dosage, the impact of myocardial
injury on in-hospital mortality and the identification of risk
predictors such as systemic arterial hypertension and body
mass index were demonstrated.

More robust, multicenter national studies may confirm
the findings revealed in this study and draw a profile of the
Brazilian population.
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Abstract

Background: Increased risk of new-onset diabetes with statins challenges the long-term safety of this drug class. However,
few reports have analyzed this issue during acute coronary syndromes (ACS).

Objective: To explore the association between early initiation of statin therapy and blood glucose levels in patients
admitted with ACS.

Methods: This was a retrospective analysis of patients hospitalized with ACS. Statin-naive patients were included and
divided according to their use or not of statins within the first 24 hours of hospitalization. The primary endpoint was
incidence of in-hospital hyperglycemia (defined as peak blood glucose > 200 mg/dL). Multivariable linear and logistic
regression models were used to adjust for confounders, and a propensity-score matching model was developed to
further compare both groups of interest. A p-value of less than 0.05 was considered statistically significant.

Results: A total of 2,357 patients were included, 1,704 of them allocated in the statin group and 653 in the non-
statin group. After adjustments, statin use in the first 24 hours was associated with a lower incidence of in-hospital
hyperglycemia (adjusted OR=0.61, 95% Cl 0.46-0.80; p < 0.001) and lower need for insulin therapy (adjusted OR =
0.56, 95% Cl 0.41-0.76; p < 0.001). These associations remained similar in the propensity-score matching models,
as well as after several sensitivity analyses, such as after excluding patients who developed cardiogenic shock, severe
infection or who died during index-hospitalization.

Conclusions: Among statin-naive patients admitted with ACS, early statin therapy was independently associated with
lower incidence of in-hospital hyperglycemia. (Arq Bras Cardiol. 2021; 116(2):285-294)

Keywords: Statins; Acute Coronary Syndrome; Myocardial Infarction; Blood Glucose; Hidroxymethylglutaryl-CoA-
Reductase Inhibition.

Introduction

There is established evidence that statins improve
cardiovascular outcomes among patients with stable coronary
artery disease (CAD)."? At the same time, patients with increased
risk of CAD but without overt atherosclerosis may also derive
benefit,** making guidelines to recommend statins for those two
groups.® Also, statins play an important role in acute coronary
syndromes (ACS)*” and, in patients submitted to percutaneous
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revascularization, early therapy can confer additional benefit.®?
Despite these benefits, concerns have been raised about
increased risk of new onset diabetes mellitus (DM) with long-
term statin therapy.'®'? Furthermore, statins can worsen glucose
control in patients with known diagnosis of DM, or anticipate
progression to overt DM in those with metabolic syndrome,
impaired fasting blood glucose and glucose intolerance.'"
Many possible mechanisms have been proposed to explain the
influence of statins over glycemia." Statins could impair beta-
cell function and decrease insulin secretion, a pathway directly
related to inhibition of 3-hydroxy-3-methylglutaryl-coenzyme
A (HMG-CoA) reductase or to other potential intracellular
mechanisms.’®” On the other hand, there is also some evidence
that statins could decrease insulin resistance, thus compensating
for the harmful mechanism mentioned before.'®

While there is a huge body of data about long-term
influence of statins over glycemia in stable CAD patients,
there are scarce data in individuals with ACS. Despite the

285


https://orcid.org/0000-0003-4639-1003
https://orcid.org/0000-0002-7995-8304
https://orcid.org/0000-0001-6171-1269
mailto:rhmfurtado@gmail.com

286

Furtado et al.
Statins and glycemia in ACS

Original Article

aforementioned concerns with impaired glucose tolerance in
the long-term, due to their anti-inflammatory effects, % statins
could potentially decrease inflammation in the acute phase of
ACS and thus indirectly reduce blood glucose levels related
to the acute phase stress. Therefore, we hypothesized that,
in patients hospitalized with ACS, early statin therapy would
be associated with lower incidence of hyperglycemia during
hospitalization in the coronary care unit (CCU).

Methods

Population and variables selection

We performed a retrospective data analysis of patients
admitted with a diagnosis of ACS at the CCU of the Heart
Institute of Sao Paulo University Medical School (Instituto do
Coracgdo da Faculdade de Medicina da Universidade de Sdo
Paulo). All consecutive patients admitted to our CCU with a
diagnosis of ACS were prospectively registered in a dedicated
database from January 1%, 1998 through May 1%, 2019. We
identified statin-naive patients at hospital admission and
compared patients who received statins in the first 24 hours
of admission (and continued during the whole hospitalization)
versus those who did not.

Variables concerning ACS type — ST-elevation myocardial
infarction (STEMI), non-ST elevation myocardial infarction
(NSTEMI), or unstable angina (UA) — baseline demographic
characteristics, risk factors, past CAD history or procedures,
concomitant medications and baseline laboratory results were
also collected. Blood glucose was obtained by blood sample
daily; the first blood glucose level (admission glucose level)
and the highest blood glucose level during hospitalization
(i.e., peak glucose level) were registered in the database for
further analysis.

We defined an ACS case as any patient presenting with
new-onset ischemic symptoms at rest or worsening exertional
ischemic symptoms requiring urgent hospital admission within
the first seven days of symptoms onset. Myocardial infarction
(MI) was defined according to the current Universal Definition
of MI during data collection. STEMI was defined as persistent
ST elevation of at least T mm in two or more contiguous leads
(except V2-V3, where at least 1.5 mm was required in women
and men older than 40 years and at least 2 mm in men younger
than 40 years) or new/presumably new left bundle branch block
atadmission electrocardiogram (ECC). Cases not fulfilling criteria
for Ml were classified as UA. Patients were excluded if they were
taking any statin immediately prior to index-hospitalization or
if they did not have information regarding blood glucose levels
or statin therapy at index hospitalization.

The primary outcome of interest in our analysis was
the occurrence of in-hospital hyperglycemia, defined as
peak blood glucose level > 200 mg/dL at any time during
hospitalization, and secondary outcomes were peak blood
glucose > median value of the peak blood glucose in our
sample, and hyperglycemia requiring intravenous insulin
therapy. This cut-off of 200 mg/dL was based on the most
recent guidelines considering the suggested target level for
glucose control in patients with ACS.?' We also explored the
associations between hyperglycemia and in-hospital mortality.

Arq Bras Cardiol. 2021; 116(2):285-294

Laboratory routine

Every patient admitted with ACS had blood drawn from a
forearm vein by venipuncture during admission. Blood was
then centrifugated and sent to the laboratory, where glucose
was determined by a standard procedure. For this first sample,
fasting was not required, since we were interested in the first
random blood glucose after ACS presentation. For further
measures, fasting blood glucose was obtained, together with
other routine laboratory samples.

Statistical analysis

Categorical variables were compared with 2 or Fisher’s
exact tests as appropriate and were described as absolute
numbers and percentages. Continuous variables are described
as means = standard deviations or median with interquartile
ranges (IQR) and were compared with two-sample Student’s t-test
(normal distribution) or the Mann-Whitney test (non-Gaussian
distribution), as appropriate. Shapiro-Wilk test and visual analysis
of histograms were used for normality testing.

Specifically, the Mann-Whitney test was used in the unadjusted
analyses to compare the continuous outcomes of blood glucose
between the two groups of interest. For the unadjusted analyses
regarding the binary outcomes (incidence of hyperglycemia and
in-hospital death), univariate logistic regression models were used.

In order to adjust for confounders, multivariable regression
models were used in the adjusted analyses. Log-transformed
blood glucose levels for the admission and peak glycemia were
included in a multiple linear regression model. Transformation
was done to meet normality of residuals assumption in the
model. The model included as independent variables the
baseline demographic data and comorbidity-related variables.
A stepwise selection procedure was used to fit the model, with
a threshold p-value of 0.2 to remove covariates and 0.05 for
to add covariates in the model. A logistic regression model was
also built following the same steps to assess hyperglycemia as
a categorical variable (considering the three aforementioned
definitions) and in-hospital death. Those models were adjusted
for the following covariates: age, race, sex, DM, hypertension,
hypercholesterolemia, smoking, heart failure (HF), prior Ml,
prior percutaneous coronary intervention (PCl), prior coronary
artery bypass graft (CABG), prior stroke, creatinine clearance
(CrCl) < 60 mL/min, ACS phenotype (STEMI versus NSTEMI
or UA), Killip class 2 or more, year of admission (before or
after 2010, which was the midpoint of the time span of the
database), type of health insurance coverage (private versus
government-funded), and GRACE (Clobal Registry of Acute
Coronary Events) score.?? Values of glycated hemoglobin
(HbATc) and body mass index (BMI) were not available for all
patients and were not included in the main model, but were
included in sensitivity analyses (see below).

Additionally, a propensity score matching model was
developed, considering the probability of receiving statin
in the first 24 hours after admission. The model was built
from a logistic regression and used a nearest neighbor of 1
and a caliper of 0.001, using the same variables used in the
regression models. After matching, baseline variables were
checked between the two groups to verify whether there
remained imbalances, with both a p-value above 0.10 and a
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standardized mean difference less than 10% considered as
appropriate, according to previous literature on the topic.*

For sensitivity analysis, we also ran additional models
adjusting for all baseline variables, and for the use of
aspirin, angiotensin converting-enzyme inhibitors (ACEI),
angiotensin receptor blockers (ARB), oral betablockers,
P2Y,, inhibitor, unfractionated heparin, low-molecular-
weight heparin, intravenous betablockers, nitrates, and
intravenous glycoprotein lIlbllla inhibitors in the first 24
hours of admission. Besides that, we also ran a model
including BMI in kg/m? and another one including HbA1c
at hospital admission as covariates. Finally, we also ran
models excluding patients who developed cardiogenic
shock, severe infection or who have died during the index
hospitalization.

No imputation was used for missing data. Only
individuals with valid information regarding statin use
and blood glucose levels were included. All tests are
two-tailed. A p-value of less than 0.05 was considered
statistically significant. The software Stata™ version 15.1
(Statacorp, College Station, TX, USA) was used for statistical
calculations.

Results

Descriptive analyses

Out of 7,099 patients included in the database between
January 1¢ 1998 through May 1+ 2019, a total of 2,357 statin-
naive patients were included in this analysis — 1,704 were
administered statin in the first 24 hours of hospital admission and
653 not (Figure 1). In the overall study population, the mean age
was 62.9 = 12.6 years, 713 patients (30.3%) were female, 789
(33.5%) had a history of known DM at admission, and 1,073
(45.5%) had STEMI as the clinical ACS presentation (Table 1).

As expected, there were several differences between
patients taking statins compared with those not taking statins in
the first 24 hours of hospitalization. Patients taking statins were
younger, and more likely to have a history of hypertension, DM
and CrCl < 60 mL/min at admission, among other differences.
Also, they were more likely to have been included in the
database after January 2010. Conversely, they were less likely
to be white and to have private health insurance (Table 1).
Patients taking statins in the first 24 hours were also more likely
to be treated with aspirin, P2Y,, inhibitor and ACEI or ARB
in the first 24 hours (Table 1). In terms of baseline laboratory
values, patients taking statins in the first 24 hours had higher
levels of triglycerides and a trend for higher levels of HbA1c,
but similar levels of total cholesterol, LDL-cholesterol, and
HDL-cholesterol (Table 1).

Association between statin use in the first 24 hours and
blood glucose levels

In the unadjusted analysis, blood glucose levels at admission
were not different between patients taking statins and those
not taking statins in the first 24 hours. However, patients taking
statins in the first 24 hours, as compared to those not taking,
had lower peak blood glucose (Table 2A).

In the adjusted multivariable analysis, statin therapy in the
first 24 hours remained independently associated with lower
peak blood glucose during index hospitalization (adjusted
geometric means 139.0 versus 150.3 mg/dL, respectively;
95% ClI of the difference of -15.9 to -6.5 mg/dL, adjusted p
< 0.001 ). After adjustments, there remained no significant
differences in admission blood glucose (Table 2B).

In a propensity score matched analysis, 500 patients
from the statin group were matched with a similar number
of patients from the group without statin therapy. After
matching, baseline characteristics used to build the model
were well balanced between the two groups, without any
p-value < 0.10 nor any standardized mean difference >
10 % (Supplementary Table 1 and Supplementary Figure 1).
Considering the propensity score matched analysis, statin
therapy remained significantly associated with lower levels
of peak blood glucose (Supplementary Table 2).

Association between statin and occurrence of in-hospital
hyperglycemia

In the unadjusted analysis, statin therapy in the first 24
hours was associated with lower incidence of hyperglycemia,
including peak blood glucose above 200 mg/dL, peak blood
glucose above the median, and hyperglycemia with the need
for insulin therapy (Supplementary Table 3).

After adjusted multivariable analysis, statin therapy
remained independently associated with lower incidence of
peak blood glucose above 200 mg/dL (adjusted OR = 0.61,
95% C1 0.46-0.80; p < 0.001), as well as peak blood glucose
above the median and hyperglycemia requiring insulin therapy
(See Supplementary Table 3 and Figure 2A for more details).

In the propensity score matching analysis, results were
similar to those obtained in the multivariable regression
approach, with significant associations between statin use and
lower risk of hyperglycemia according to all three definitions
(Supplementary Table 3 and Figure 2B).

Sensitivity analyses

Associations between statin therapy and lower incidence
of hyperglycemia (peak blood glucose > 200 mg/dL)
remained consistent after several sensitivity analyses were
conducted, such as including other concomitant medications
in the model. Results for the primary endpoint also remained
consistent in a model that considered the date of inclusion
in the database as a continuous variable. In another analysis,
where patients were stratified according to period of inclusion
(before versus after January 2010), there was no significant
effect modification for the primary endpoint Additionally,
when patients who developed cardiogenic shock or severe
infection, or who did not survive up to hospital discharge
were excluded from the analysis, there remained significant
associations between use of statin in the first 24 hours and
lower occurrence of hyperglycemia. Finally, in models that
included HbATc (%) or BMI as covariates, although the
point estimates for the OR “s remained similar, no significant
association remained, probably due to the small number of
patients with those two variables available. These results are
described in Supplementary Tables 4 to 11.
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7,099

4171

1,704

Primary population of interest

Patients included in the
database from 01 Jan 1998 to
01 May 2019

1,387 not statin-naive
1,541 had no information
regarding prior statin use

1,814 with missing information
on glucose levels or baseline
variables

| Statin in the first 24 hours ||

No statin in the first 24 hours |

Figure 1 - Flowchart of patients’ selection and allocation process.

Association between blood glucose levels and in-hospital
mortality

In the overall study population, higher peak blood glucose
levels were independently associated with higher in-hospital
mortality (OR 1.05; 95%Cl 1.03-1.07 for every 10 mg/dL; p <
0.001). On the other hand, admission blood glucose was not
independently associated with in-hospital mortality (Table 3).

Discussion

Study main findings

There are several important results of this study. First, that
statin use in the first 24 hours of hospitalization in ACS was
highly associated with comorbidities and, more importantly,
there was an important temporal association, such that,
in our data, a large difference existed between patients
included before versus patients included after 2010. This is
likely related to the body of evidence accumulated regarding
the use of statins in ACS,’ although there is no guideline
recommendation supporting initiation of statin therapy within
the first 24 hours of hospital admission.>?' Second, there was
an independent association between early statin therapy and
lower incidence of in-hospital hyperglycemia. This association
was observed in two different adjusted models (logistic
regression and propensity score matching) and after several
sensitivity analyses performed to verify the consistency of the

Arq Bras Cardiol. 2021; 116(2):285-294

findings. Therefore, despite the established risk of new-onset
DM in the chronic phase, our results probably exclude any
apparent harm, or impairment in glucose tolerance with statins
during the acute phase of ACS, a period where the surge of
catecholamines and inflammatory mediators may increase
susceptibility to stress hyperglycemia and its potential clinical
consequences.*

Comparison with previous studies

Despite the vast literature investigating the effects of
statins over impaired glucose tolerance chronically, few
reports have investigated any possible effect in the acute
scenario. Yan et al.*® have reported a higher risk of stress
hyperglycemia in patients with acute Ml receiving statins, but
the lack of adjusted analysis and the arbitrary cut-off for stress
hyperglycemia weaken the conclusions of that study. Sposito
et al.?® studied this issue in patients hospitalized with STEMI,
showing that simvastatin 80 mg decreased insulin sensitivity
compared to simvastatin 10 mg assessed by euglycemic
hyperinsulinemic clamp.?® Although these results appear to
contrast to ours, the inclusion of only patients without DM
and the use of euglycemic hyperinsulinemic clamp limit the
generalization of their finds to a real-world scenario such as
our study. Nevertheless, it is possible that, despite an adverse
effect over insulin resistance early in the acute phase of ACS,
statins could compensate for that by reduction in inflammatory
response, leading to a decrease in glucose blood levels.
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Table 1 - Baseline characteristics, laboratory values, medications in the first 24 hours and revascularization strategies for the index-event

according to study groups

Variables (N 1;0;;;7) St&ﬁ; %2;11) No s}trz::ié\sg;oup p-value
White race 2102 (89.2) 1500 (88.0) 602 (92.2) 0.004
Female sex 713(30.3) 522 (30.6) 191(29.3) 0.51
Age in yrs; mean + SD 62.9+12.6 62.6+125 63.8+129 0.038
Diabetes 789 (33.5) 591 (34.7) 198 (30.3) 0.045
Hypertension 1688 (71.6) 1246 (73.1) 442 (67.7) 0.009
Dyslipidemia 1241 (52.7) 912 (53.5) 329 (50.4) 0.7
Smoking 611 (25.9) 450 (26.4) 161 (24.7) 0.39
Prior M 653 (27.7) 461 (27.1) 192 (29.4) 025
Prior CABG 327 (13.9) 234 (13.7) 93 (14.2) 0.75
Prior PCI 413 (17.5) 304 (17.8) 109 (16.7) 0.51
Prior stroke 113 (4.8) 87 (5.1) 26 (4.0) 0.25
Prior HF 212(9.0) 162 (9.5) 50 (7.7) 0.16
CrCl <60 mL/min 1316 (55.8) 1053 (61.8) 263 (40.3) <0.001
STEMI as index-event 1073 (45.5) 781 (45.8) 292 (44.7) 0.63
Killip class 2 or more 447 (19.0) 308 (18.1) 139 (21.3) 0.075
GRACE score, mean + SD 1416+ 475 140.5 + 46.7 144.3 +49.4 0.14
Public health insurance 1736 (73.7) 1334 (78.3) 402 (61.6) <0.001
Included after jan-2010 950 (40.3) 870 (51.0) 80(12.2) <0.001
BMI in kg/m?, median (IQR)' 25.7(23.4-28.7) 25.7 (23.3 - 28.6) 25.9(25.0-29.1) 0.19
Total cholesterol in mg/dL, median (IQR)? 182 (151-215) 182 (150-217) 178 (152-213) 0.51
LDL cholesterol in mg/dL; median (IQR)? 113 (87 - 143) 114 (86 — 144) 113 (90- 141) 0.96
Triglycerides in mg/dL; median (IQR)? 128 (91-180) 129 (92-184) 122 (89-171) 0.042
HDL cholesterol in mg/dL; median (IQR)? 37 (31-44) 37 (31-44) 38 (31-45) 0.36
HbA1c in %; median (IQR)® 5.9(5.6-6.8) 5.9(5.6-6.8) 5.9(5.3-6.5) 0.054
Aspirin 2247 (95.4) 1646 (96.7) 601 (92.0) <0.001
P2Y12 inhibitor* 1199 (50.9) 1024 (60.1) 175 (26.8) <0.001
Oral beta-blocker 1424 (60.4) 1048 (61.5) 376 (57.6) 0.081
Intravenous beta-blocker 189 (8.0) 95 (5.6) 94 (14.4) <0.001
Nitrate 1461 (62.0) 1002 (58.8) 459 (70.3) <0.001
LMWH 1326 (56.3) 1099 (64.5) 227 (34.8) <0.001
UFH 772 (32.8) 463 (27.2) 309 (47.3) <0.001
ACEI/ARB 1651 (70.1) 1227 (72.0) 424 (64.9) 0.001
Gplibllla inhibitor 867 (36.8) 632 (37.1) 235 (36.0) 0.62
Primary PCI 544 (23.1) 409 (24.0) 135(20.7) 0.086
Fibrinolytic 264 (11.2) 195 (11.4) 69 (10.6) 0.55
Revascularization for the index event®

PCI 1341 (56.9) 986 (57.9) 355 (54.5) 0.13
CABG 423 (18.0) 285 (16.7) 138 (21.1) 0.013
Medical management 637 (27.0) 460 (27.0) 177 (27.1) 0.96

Data are for n and % unless otherwise specified; 1- information about BMI was available for 287 patients; 2- information about cholesterol panel was available for 2062
patients; 3- information about HbA1c was available for 540 patients; 4- Seven patients, all in the statin group, were taking ticagrelor within the first 24 hours of admission, and
all remaining patients on a P2Y ,inhibitor were taking clopidogrel; 5- CABG and PCI are not necessarily mutually exclusive since some patients may have been submitted
to both. ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; CABG: coronary artery bypass grafting; CrCl: creatinine clearance; Gpliblila:
glycoprotein libllla; GRACE: Global Registry of Acute Coronary Events; HF: heart failure; IQR: inter-quartile range; LMWH: low molecular weight heparin; MI: myocardial

infarction; PCI: percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction; UFH: unfractionated heparin.
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Table 2A - Unadjusted analysis': median values of the first blood glucose level and peak blood glucose according to statin treatment groups

Statin group No statin group :
(N=1704) (N=653) P-value
First blood glucose level (mg/dL); median (IQR) 116 (97 - 159) 113 (95 - 153) 0.22
Peak blood glucose (mg/dL); median (IQR) 124 (101 -175) 134 (106 — 196) <0.001

Table 2B - Multivariable analysis? adjusted geometric means of the blood glucose level according to statin treatment group

Statin group No statin group o . Adjusted
(N=1704) (N=653) 95% CI of the difference pvalue
1 blood glucose in mg/dL 124.4 -52t033 0.64
Peak blood glucose in mg/dL 139.0 -15.910-6.5 <0.001

Adjusted for age, race, sex, diabetes, hypertension, hypercholesterolemia, smoking, heart failure, prior myocardial infarction, prior percutaneous coronary intervention,
prior coronary artery bypass graft, prior stroke, creatinine clearance < 60 ml/min, ACS phenotype (STEMI versus NSTEMI), Killip class 2 or more, GRACE score,
health insurance coverage status and period of inclusion (before versus after January 2010) 1- Unadjusted analysis made by Mann Whitney test. 2- Multivariable

analysis performed by multivariate linear regression

Table 3 - Associations between blood glucose levels and in-hospital death

Unadjusted OR (95% Cl); p-value

Adjusted OR (95% ClI); p-value

Admission blood glucose (for every 10 mg/dL)

1.03 (1.01 - 1.06); < 0.001

1.02 (0.99 - 1.04); 0.12

Peak blood glucose (for every 10 mg/dL)

1.06 (1.04 - 1.08); < 0.001

1.05 (1.03 - 1.07); < 0.001

Admission blood glucose > 200 mg/dL

172 (1.15 - 2.56); 0.008

142 (0.90-2.24); 0.14

Peak blood glucose > 200 mg/dL

3.06 (2.20-4.28); <0.001

2.70 (1.76-4.16); <0.001

Adjusted for: age, race, sex, diabetes, hypertension, hypercholesterolemia, smoking, heart failure, prior myocardial infarction, prior percutaneous coronary
intervention, prior coronary artery bypass graft, prior stroke, creatinine clearance < 60 ml/min, ACS phenotype (STEMI versus NSTEMI), Killip class 2 or more,
GRACE score, type of health insurance and period of inclusion (before versus after January 2010). Models were performed using univariate logistic regression for

unadjusted analyses and multivariate logistic regression for adjusted analyses

The association between statins and lower blood glucose in
stress situations could be at least partially explained by the direct
effects of statins on inflammation, which is well-established
in the literature." Other reports have suggested that those
pleiotropic effects from statins may occur early in the course
of ACS. Two randomized studies have demonstrated that
short-duration (less than 5 days) treatment with rosuvastatin,
compared to placebo, decreased the incidence of post-contrast
acute kidney injury.?”-® This effect seemed to be mediated by an
anti-inflammatory action, since no lipid-lowering effect would
be expected in such a short timeframe.? Additionally, an early
statin loading has been found to decrease the incidence of
peri-procedural Ml in one meta-analysis.® However, a larger
randomized study, the SECURE-PCl trial, did not find a decrease
in ischemic events after ACS with an 80 mg loading dose of
atorvastatin,” despite a potential benefit in the subgroup of
patients who were submitted to PCI after randomization.*

Hyperglycemia and mortality after ACS

The impact of hyperglycemia on survival after ACS is well-
established both in patients with and without DM.? In a sub-
analysis in the CARDINAL trial, Goyal et al.*' have suggested
that persistence of elevated blood glucose through 24 hours after
admission was even more associated with lower survival than
admission high blood glucose.?" While there is an association
between glycemia and mortality, it is not completely understood

Arq Bras Cardiol. 2021; 116(2):285-294

whether high blood glucose is a direct mediator of increased
cell death and injury during MI, or just a marker of increased
baseline risk. From a biological perspective, hyperglycemia
may be associated with direct impairment of microcirculation
and adverse left ventricular remodeling.*? On the other hand,
findings from randomized studies that failed to demonstrate
better prognosis with stricter glycemic control support the
latter hypothesis.?*** Nevertheless, if high blood glucose could
be partially implicated in myocardial damage during M, our
results are reassuring, since they likely exclude a harmful effect
of statins on glucose metabolism in the acute phase of ACS.

Study limitations

Our study has several limitations. First, we did not collect
detailed information on dosages and types of statins that
were used. Although some studies have found differential
effects among different statins on glucose metabolism, other
studies have suggested that the risk of DM with statins might
be a class effect.**® Second, our database spans over a long
timeline, including patients since 1998, when the use of statins
during acute phase of Ml was less widespread. However,
we considered this covariate in the adjusted models and in
additional sensitivity analyses, thus supporting the findings that
the association was not spuriously driven by this confounding
factor. Third, we did not collect detailed information about
indications and contraindications for starting or not early statin
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Peak blood glucose > median
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Peak blood glucose > 200 mg/dL

Need for i.v. insulin

0.25 0.50

Peak blood glucose > median

Statin better

Peak blood glucose > 200 mg/dL

Need for i.v. insulin

0.25 0.50

Statin better

Adj OR (95% Cl) Adj P-value
0.72 (0.57-0.89) 0.003
0.61 (0.46 — 0.80) <0.001
0.56 (0.41 - 0.76) <0.001
1.00 2.00
Statin worse
Adj OR (95% Cl) Adj P-value
0.68 (0.53-0.88) 0.003
0.62 (0.46-0.85) 0.003
0.61 (0.42-0.88) 0.008
1.00 2.00

Statin worse

Figure 2 - Adjusted risk of in-hospital hyperglycemia according to different definitions. AAdjusted by multivariable logistic regression. B: adjustment by propensity score

matching. Adjusted for: age, race, sex, diabetes, hypertension, hypercholesterolemia,

smoking, heart failure, prior myocardial infarction, prior percutaneous coronary

intervention, prior coronary artery bypass graft, prior stroke, creatinine clearance < 60 ml/min, ACS phenotype (STEMI versus NSTEMI), Killip class 2 or more, GRACE

score, type of health insurance and period of inclusion (before versus after Jan-2010).

therapy in ACS. Accordingly, it might be possible that patients
at a higher risk of death or in critical clinical condition were
less likely to be administered statins in the first 24 hours by the
treating physician. Several factors, in addition to the drug effect
on glucose metabolism, may have influenced the decision to
initiate statins in the first 24 hours. Also, although adjustments
were made for several comorbidities and other demographic
and socioeconomic factors, unknown residual confounders may
remain. However, the GRACE score, a well-established predictor

of in-hospital death among patients with ACS* was included
as covariate, and we also performed several sensitivity analyses
excluding patients who developed cardiogenic shock or severe
infection, and those who died during index hospitalization.
Fourth, due to the retrospective nature of our analysis, it could
not be determined whether our findings were subject to reporting
bias. Fifth, our data come from a single-center database, so it is
uncertain whether our findings could be extrapolated to other
countries or to different standards of practice in other hospitals.
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Finally, due to the observational nature of our study, we cannot
make any causal inference but only conclude about associations,
so that our findings are only hypothesis-generating and should
be confirmed in dedicated randomized trials.

Conclusion

In patients admitted with ACS, statin therapy in the first
24 hours was associated with lower incidence of in-hospital
hyperglycemia. This finding suggests that, while statins
can increase the risk of new-onset DM in the long-term,
they could be associated with salutary effects over glucose
metabolism in the short-term in ACS.

Compliance with Ethical Standards

This study is in accordance with the recommendations
of Helsinki Declaration and Good Clinical Practice
norms on medical research in humans. Since this study
was a retrospective analysis based on a de-identified
administrative database of routine care of patients admitted
to our hospital, Informed Consent Form was waived
according to local regulations.
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Abstract

Background: Non-dipper blood pressure is defined by less than a 10% reduction in nighttime blood pressure, and it
is associated with cardiovascular disease. Inflammation is thought to play a role in the pathogenesis of both chronic
obstructive pulmonary disease (COPD) and non-dipper blood pressure pattern, and both diseases are associated with
lower quality of life.

Objective: The aim of this study was to investigate the effects of non-dipper blood pressure pattern in patients with COPD.

Methods: A cross-sectional study was carried out with 142 patients with COPD. The Saint George Respiratory Questionnaire
and the Euro Quality of Life Scale were used to collect data. To understand arterial stiffness, the augmentation index and
pulse wave velocity were measured, and 24-hour ambulatory blood pressure monitoring was subsequently performed. A
multivariable logistic regression model was used to understand the relationship between different independent variables
and blood pressure pattern. P values lower than 0.05 were considered statistically significant.

Results: As a result, 76.1% (n = 108) of the patients had non-dipper blood pressure pattern. Non-dipper patients had higher
C-reactive protein (OR:1.123; 95% Cl:1.016;1.242), augmentation index (OR: 1.057; 95% CI: 1.011;1.105) and Saint George
Respiratory Questionnaire total score (OR: 1.021; 95% CI: 1.001;1.042) than dipper patients. Also, as the number of people
living at home increased, non-dipper blood pressure pattern was found to be more frequent (OR: 1.339; 95% Cl: 1.009;1.777).

Conclusion: Non-dipper blood pressure pattern may increase cardiovascular risk by triggering inflammation and
may adversely affect the prognosis of COPD by lowering the disease-related quality of life. (Arq Bras Cardiol. 2021;
116(2):295-302)

Keywords: Pulmonary Disease Chronic Obstructive; Monitoring; Dipper, No-Dipper; Prognosis; Quality of Life.

Introduction disease and end-organ damage.? The augmentation index
(Aix) and pulse wave velocity (PWV) are indicators of arterial
stiffness that can predict future cardiovascular events, and
Aix and PWV values are higher in the non-dipper blood
pressure pattern.>* It is controversial how non-dipper blood
pressure pattern causes these effects, but it is thought that this
pattern induces cytokine expression from the endothelium
and triggers an inflammatory process.® Inflammation markers
such as C-reactive protein (CRP), the neutrophil-lymphocyte
ratio (NLR), and the platelet-lymphocyte ratio (PLR) are higher
among individuals with non-dipper blood pressure compared
to their counterparts.®

Chronic obstructive pulmonary disease (COPD) is highly
prevalent worldwide; it is characterized by the limitation of
airway flow and, according to the World Health Organization,
it will be the third leading cause of death in 2030.

Areduction in blood pressure by more than 10% at night is
a physiological process?. If the reduction in blood pressure at
night is less than 10%, it is called the non-dipper blood pressure
pattern, which is known to be associated with cardiovascular
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physical and mental health; it is also related to the number of
acute exacerbations and hospitalizations in COPD.?

Studies that have investigated the effects of blood pressure
patterns on COPD are quite limited, and elucidation of this
subject might be a guide for COPD management. The aim
of this study is to investigate the effect of non-dipper blood
pressure pattern on laboratory values and quality of life in
COPD.

Methods

The diagnosis of COPD should be confirmed via spirometry
in patients with dyspnea, chronic cough, chronic sputum
production, and exposure to risk factors of COPD. In our study,
patients diagnosed with COPD by chest disease specialists,
who were therefore taking medication, were accepted as
COPD. In addition, spirometry examinations of patients were
checked by the computer system.

Participants

This cross-sectional study was conducted with patients
with COPD, between the ages of 18 and 80 years, who were
admitted to Izmir Katip Celebi University Atatirk Training
and Research Hospital’s inpatient or outpatient clinic for
pulmonary diseases. The study excluded patients who, in
addition to COPD, had known active infection, malignancy,
congestive heart failure, diabetes mellitus, or renal failure.
The study was conducted between January and June 2018.

Sample size

The sample size was calculated using the GPOWER 3.1
program. By using a previous research finding, we assumed
the mean CRP levels would be 4.9 + 1.7 mg/lt in the non-
dipper group and 3.8 = 1.5 mg/lt in the dipper group. In order
to show the differences between the two groups, the required
sample size was calculated at 128, with 95% power and a
two-sided type-1 error rate of 5%. We increased the sample
size by 10% and aimed to reach 140 patients."

Data collection tools

Sociodemographic characteristics

In order to examine sociodemographic data, education
level was categorized into two groups (middle school or lower
and high school or higher). Income level was categorized into
three groups (= 1500 Turkish Liras (TL), 1501 to 3499 TL, and
< 3500 TL). Body mass index values were divided into three
categories (normal [< 24.99 kg/m?], overweight [25 to 29.99
kg/m?], and obese [= 30 kg/m?)). Marital status was divided
into two groups (single and married). Alcohol intake was also
divided into two groups (yes and no). Places where patients
were included in the study were divided into two groups
(inpatient service and outpatient clinic), and COPD history
in their families was categorized into two groups (yes and
no). Patients diagnosed with hypertension by a physician and
receiving prescription medication were considered as having
hypertension. Patients who smoked regularly, at least once a
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day, were considered as active smokers. Regarding continuous
variables, patients were asked to respond to questions such as
age, number of people living at home, years of smoking and
package numbers, number of admissions to the emergency
unit due to COPD during the last year, and number of hospital
admissions for COPD.

Saint George’s Respiratory Questionnaire

Saint George’s Respiratory Questionnaire (SGRQ) is a
quality of life scale especially developed for the respiratory
system that can be used in patients with asthma and COPD,
as well as in patients with bronchiectasis and sarcoidosis."
The scale includes the components of symptoms, activity,
and effect, and, after scoring, all three components and total
quality of life scores are obtained.' The scale is scored from
0 to 100. For each component and for the produced total
score, ‘0" indicates ‘perfect’ and ‘100" indicates ‘worst’ quality
of life.? The validity and reliability of the Turkish version of
the scale have been confirmed.'

Euro Quality of Life Scale

The Euro Quality of Life Scale (EQ-5D) is a 5-question
overall quality of life scale, each consisting of 3 levels."* The
scale is composed of 5 dimensions, including mobility, self-
care, daily activities, pain, and mood. Higher scores indicate
higher quality of life.”* The utility of the EQ-5D score was
computed using the MVH-AT algorithm by Dolan.' This
algorithm provides a range from —0.594 to +1, where higher
values indicate better quality of life. The scale’s validity and
reliability have been confirmed in Turkish settings."

Augmentation index and pulse wave velocity

After the administration of the questionnaire and blood
sampling, patients were examined in terms of Aix and PWV. A
Mobil-O-Graph® (IEM; Stolberg, Germany) device calculated
the Aix and PWV by recording oscillometric brachial blood
pressure; the cuff subsequently reinflated at the diastolic phase
for approximately 10 seconds, recording brachial pulse waves
with a high-fidelity pressure sensor.

24-hour ambulatory blood pressure monitoring and
blood sampling

For 24-hour blood pressure measurement, patients were
monitored with a Mobil-O-Graph NG® (IEM; Stolberg,
Germany) device. The device was adjusted to perform a 24-
hour measurement, once every 15 minutes during the day
and once every 30 minutes at night. The next day, at the same
time, patient returned the devices. The non-dominant arm was
used for measurement, and day and night measurements were
adjusted according to the patients’ sleeping and waking hours.
Patients were instructed to continue their usual activities and
to avoid exhausting exercise. Blood tests were obtained from
patients before treatment was administered. Among patients
who were hospitalized in the pulmonary diseases service,
the questionnaire was applied on the same day. The 24-hour
ambulatory blood pressure monitoring (24-h ABPM) measuring
device was applied in similar conditions for outpatients.
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The results of 24-h ABPM measurement were examined,
and, if nighttime average values of systolic and diastolic blood
pressures were decreased by 10% or more with respect
to day-time average values, this was considered as dipper
blood pressure?. When the decrease in blood pressure
was less than 10%, it was considered as non-dipper blood
pressure pattern.? CRP blood tests were carried out in a
Architect C16000 autoanalyzer (Abbott Diag., USA), and
the hemogram was analysed in a Mindray BC-6800 whole
blood device (Mindray, China).

Ethical approval

The ethical approval for the study was obtained from
the Izmir Katip Celebi University Interventional Clinical
Research Ethics Committee under decision number 164
(date of approval: December 22, 2016). All the procedures
in this study were in accordance with the 1975 Helsinki
Declaration, updated in 2013. Informed consent was
obtained from all participants included in the study.

Statistical analysis

Statistical analysis was performed using SPSS version 16.
In this study, the distribution of the continuous variables
were assessed with Kolmogorov-Smirnov test, and the
data were not distributed normally. Continuous variables
were presented as medians and inter quartile ranges (IQR).
Statistical comparison of two independent groups was
performed using the Mann Whitney U test. The between-
group comparisons of categorical variables were performed
using the chi-square test. The strength of association between
two continuous variables was assessed using Spearman
correlation tests.

Independent effects with respect to the presence of
non-dipper blood pressure of the different identifying
factors were examined using logistic regression models.
The Hosmer-Lemeshow test was used for assesing the
model fit. Independent variables with p < 0.10 on bivariate
analysis were included in the multivariate logistic regression
model with a “backward” elimination method. Due to high
correlation between nighttime systolic blood pressure and
nighttime mean arterial pressure, only nighttime mean arterial
pressure was added to the model. Adjusted coefficients
are presented with their 95% confidence intervals. All p
values were two-tailed, and p values lower than 0.05 were
considered statistically significant.

Results

One hundred and sixty-seven patients were invited to the
study. Twelve patients did not want to wear the 24-h ABPM
device or did not want to participate in the study due to lack
of time. Thirteen patients were excluded from the study due
to inappropriate 24-h ABPM measurements, and the study
was completed with 142 patients. In total, 23.9% (n = 34)
of the patients had dipper and 76.1% (n = 108) had non-
dipper blood pressure pattern. Among these patients, 43%
(n = 61) participated from the inpatient clinic, and 57% (n
= 81) were outpatients.

According to univariate analysis, sociodemographic
variables such as age, sex, and marital status did not
significantly affect the blood pressure pattern. On the other
hand, the median number of people living in the household
were higher in those who had non-dipper blood pressure
pattern compared to those with dipper blood pressure pattern.
The relationship between sociodemographic variables and
blood pressure pattern is presented in Table 1.

Mean nighttime systolic blood pressure, mean nighttime
arterial pressure, Aix, and CRP values were significantly higher
among participants with non-dipper blood pressure pattern
compared to thier counterparts. The association between
24-hour blood pressure and laboratory results are shown in
Table 2. When patient quality of life was examined according
to blood pressure pattern, SGRQ symptoms, effects, and total
scores were higher among the patients with non-dipper blood
pressure, and the EQ-5D score was lower; the differences
were statistically significant. (Table 3).

According to multivariate logistic regression analysis, CRP
(OR:1.123; 95% Cl: 1.016;1.242), Aix (OR: 1.057; 95% ClI:
1.011;1.105), and SGRQ total score (OR: 1.021; 95% Cl:
1.001;1.042) were higher in patients with non-dipper blood
pressure pattern than in those with dipper blood pressure. In
addition, individuals with non-dipper blood pressure pattern
were living in more crowded houses, compared to individuals
with dipper blood pressure pattern (OR: 1.339; 95% Cl:
1.009;1.777) (Table 4).

Discussion

In this study, we investigated the effects of the dipper and
non-dipper blood pressure patterns on laboratory results and
quality of life of patients with COPD. According to our study
findings, patients with COPD and non-dipper blood pressure
pattern had higher CRP and Aix values and lower quality of
life due to COPD. The increase in the prevalence of the non-
dipper blood pressure pattern with the number of people
living at home is another finding of the study.

The 24-h ABPM used for diagnosis and follow-up of
hypertension provides information about the presence of
dipper and non-dipper blood pressure.? In our study, 76.1%
of patients with COPD had a non-dipper blood pressure
pattern. Nersesyan et al. found that the rate of non-dipper
blood pressure pattern in patients with COPD was 72.7%." In
the study performed by Aidar et al.,® the decrease in nighttime
blood pressure was higher than 10%, with respect to daytime
blood pressure, in the healthy control group, while the mean
value of nighttime blood pressure in patients with COPD was
below 10%, with respect to daytime blood pressure.® Although
the frequency data were not shared in the study by Aidar et
al.,® it was understood that the decrease in nighttime blood
pressure of patients with COPD was insufficient. The presence
of inflammatory processes based on both conditions might
explain the association between non-dipper blood pressure
and COPD. However, the effects of each factor on one another
are still unclear.® In this study, CRP levels were higher among
individuals with non-dipper blood pressure pattern. A previous
study conducted by Kaya et al."" presented the same finding,
where CRP values were higher in patients with non-dipper
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Table 1 - Sociodemographic variables

Categorical variables Dipper Non-dipper Total P value
(n=34) (n=108) (n=142)

Sex n (%)

Female 7(206) 25(23.1) 32 (22.5) 0819

Male 27 (79.4) 83(76.9) 110 (77.5)

Body mass index n (%)

Normal (18.5 to 24.5) 19(55.9) 51(47.2) 70 (49.3)

Overweight (25 to 29,9) 10 (29.4) 33 (30.6) 43(30.3) 0.571

Obese (30 to 40) 5(14.7) 24 (22.2) 29 (20.4)

Level of education n (%)

Middle school and lower 11(32.4) 43(39.8) 54(38) 054

High school and higher 23(67.6) 65 (60.2) 88 (62)

Income level n (%)

1500 Turkish liras or below (low) 0(0) 9(8.3) 9(6.3)

1501 to 3500 Turkish lira (medium) 20 (58.8) 60 (55.6) 80 (56.3) 0.217

3501 Turkish liras or higher (high) 14 (41.2) 39 (36.1) 53 (37.3)

Marital status n (%)

Single 9(26.5) 24 (22.2) 33(23.2)

Married 25(73.5) 84 (77.8) 109 (76.8) 0644

Place of attendance n (%)

Inpatient services 11(32.4) 50 (46.3) 61(43) 0169

Outpatient clinic 23 (67.6) 58 (53.7) 81(57)

Presence of hypertension n (%)

Yes 18 (52.9) 49 (47.1) 67 (48.6) 0693

No 16 (47.1) 55 (52.9) 71(51.4)

Family history of COPD n (%)

Yes 9(26.5) 43(39.8) 52 (36.6) 0221

No 25(73.5) 65 (60.2) 90 (63.4)

Smoking n (%)

Yes 8(23.5) 21(29.4) 29 (20.4)

No 26 (76.5) 87 (80.6) 113 (79.6) 0629

Use of alcohol n (%)

Yes 12(35.3) 25 (23.1) 37 (26.1) 0182

No 22 (64.7) 83 (76.9) 105 (73.9)

Non-categorical variables

Age, median (IQR) 65 (59.75-73) 66 (55-71.75) 66 (55.75-72) 0.739

Number of people living at home, median (IQR) 2(1-2) 2(2-3) 2(2-3) 0.038'

Smoking, pack years, median (IQR) 42.5 (23.75-60) 50 (30-80) 50 (30-74.25) 0.317

Number of visits to emergency department in the last year, median (IQR) 3,5(1-6) 3(1.25-6) 3 (1-6) 0.929

Number of hospitalization in the last year, median (IQR) 2(0-3) 1(0-2) 1(0-2) 0.296

p: percentiles; IQR: interquartile range. * Statistical significance (p < 0.05)
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Table 2 - 24-Hour Ambulatory Blood Pressure Values and Laboratory

Blood pressure values and laboratory results (Tzzir) N& n;d:gg;er (nT=ot1‘=le) P value
24-h mean SBP, mmHg, median (IQR) 122 (111-129) 122.5 (116-129.75) 122 (115.75-129.25) 0.985
24-h mean DBP, mmHg, median (IQR) 76 (71- 85.75) 73.5 (67.25-82) 74 (68-84) 0.236
24-h mean AP, mmHg, median (IQR) 97 (88-113) 97 (90-105) 97 (88.75-106) 0.305
24-h mean heart rate, median (IQR) 84 (69.75-88) 77 (70-84.75) 77.5 (70-88) 0.152
24-h pulse pressure, mmHg, median (IQR) 47 (37-51) 47 (42-52) 47 (42-51.25) 0.979
Daytime mean SBP, mmHg, median (IQR) 128 (110.75-145) 124 (116-131) 124.5 (116-133) 0.224
Daytime mean DBP, mmHg, median (IQR) 74 (71-83) 75 (67-82) 74 (69-82) 0.622
Daytime mean AP, mmHg, median (IQR) 99 (73.25-91.5) 97 (90-104) 98 (91-106) 0.098
Daytime mean heart rate, median (IQR) 84 (73.25-91.5) 78 (71-86.75) 80 (71-87) 0.127
Daytime pulse pressure, mmHg, median (IQR) 47 (38-52.25) 47 (42-52) 47 (42-52) 0.781
Nighttime mean SBP, mmHg, median (IQR) 118 (107.75-120) 120 (115-133) 118 (114-131.5) 0.012"
Nighttime mean DBP, mmHg, median (IQR) 71 (64.75-73) 72 (65-80) 72 (65-78) 0.099
Nighttime mean AP, mmHg, median (IQR) 94 (82.5-94) 94 (87-104.5) 94 (86-101) 0.045°
Nighttime mean heart rate, median (IQR) 74.5 (54-88) 73 (61-82) 73 (61-82) 0.698
Nighttime pulse pressure, mmHg, median (IQR) 44 (43.25-51.5) 47.5 (44-52) 47 (44-52) 0.105
Augmentation index, median (IQR) 20.40 (14.75-24.3) 27 (18-35) 23.05 (17-33) 0.020°
Pulse wave velocity, median (IQR) 9.65 (8.67-10.32) 9.2(8-10.2) 9.45 (8.2-10.8) 0.794
WBC, median (IQR) 8.85 (7.71-10.63) 9.61 (8.64-11.18) 9.44 (8.32-11.14) 0.073
CRP, median (IQR) 0.97 (0.02-3) 4.34 (1.12-7.42) 2.86 (0.6-6.54) <0.001"
NLR, median (IQR) 2.89 (2.29-5.47) 3.93(2.28-6.19) 3.76 (2.31-5.88) 0.210
PLR, median (IQR) 130.5 (95.16-203.58) 160.37 (115.38-201.61) 152.06 (107.74-201) 0.110

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; AP: arterial pressure; WBC: White blood cells; CRP: C reactive protein; NLR: neutrophil lymphocyte

ratio; PLR: platelet lymphocyte ratio; IQR: interquartile range. * Statistical significance (p <0.05)

Table 3 - Saint George’s Respiratory Questionnaire and Euro Quality of Life Scale scores

Scores ?ni;;p;:) z‘:‘o:igis;;per ;I':t=al1 Q) p value
SGRQ Symptoms, median (IQR)  74.13 (56.43-78.97) 78.08 (64.97-83.68) 76.08 (61.4-82.27) 0.021°
SGRAQ Activity, median (IQR) 62.49 (48.38-86.72) 74.48 (60.67-87.53) 71.4 (53.83-87.53) 0.091
SGRQ Impact, median (IQR) 47.64 (25.15-67.32) 58.1 (46.33-74.77) 56.99 (38.33-74.3) 0.025
SGRQ Total, median (IQR) 53.84 (35.64-73.64) 65.23 (53.84-79.85) 63.71 (52.01-78.63) 0.021°
EQ-5D, median (IOR) 051 (0.51-0.58) 051 (0.51-0.51) 051 (051-0.51) 0.034

p: percentiles; SGRQ : Saint George’s Respiratory Questionnaire; EQ-5D: Euro Quality of Life Scale; IQR: interquartile range. * Statistical significance (p < 0.05)

pattern, compared to patients with dipper blood pressure."
Previous studies have shown that non-dipper blood pressure
decreases the number of endothelial progenitor cells, disrupts
vascular repair mechanisms and endothelial homeostasis,
and consequently induces inflammation by increasing the
expression of endothelial cytokines.® In our study, we suggest
that the higher CRP levels in individuals with the non-dipper
blood pressure pattern were caused by similar mechanisms.

In our study, there was no significant difference between
NLR and PLR values based on blood pressure patterns.
Previous studies have shown that NLR and PLR values are
higher in patients with non-dipper blood pressure.> Golpe
et al. investigated the relationship between blood pressure
pattern and inflammatory markers in patients with COPD, and
they concluded that blood pressure pattern does not affect
neutrophil and lymphocyte levels.'® Given that the sample of
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Table 4 - Logistic regression analysis of non-dipper blood pressure

Determining factors Odds ratio (Univariate) Odds ratio (Multivariate)

B 95% CI p value B 95% Cl p value
Age 0.997 0.961;1.034 0.879 0.995 0.950;1.042 0.817
Sex
Female 1 1 1 1 1 1
Male 0.861 0.335;2.212 0.756 1.100 0.341;3.546 0.873
Number of people living at home 1.169 0.903;1.515 0.236 1.339 1.009;1.777 0.043*
Nighttime mean AP, mmHg 1.038 0.999;1.078 0.055 1.033 0.991;1.077 0.122
Augmentation index 1.049 1.008;1.092 0.018* 1.057 1.011;1.105 0.015*
CRP 1.141 1.025;1.270 0.016* 1.123 1.016;1.242 0.024*
SGRQ Total 1.023 1.003;1.043 0.025* 1.021 1.001;1.042 0.040*
EQ-5D 0.440 0.076;2.540 0.358 0.766 0.118;4.960 0.780

B: regression coefficient; 95% ClI: confidence interval; AP: arterial pressure; CRP: C reactive protein; SGRQ : Saint George’s Respiratory Questionnaire; EQ-5D:

Euro Quality of Life Scale. * Statistical significance (p < 0.05)

our study only consisted of patients with COPD and that
inflammatory pathways play a major role in COPD, the
NLR and PLR values may not have been affected by the
blood pressure pattern.

As a result of our study, we found higher Aix values
among patients with non-dipper blood pressure; this finding
is in concordance with the results of previous studies in the
literature.* Aix is considered as one of the best indicators of
arterial stiffness and atherosclerosis-related conditions, and
it is thought to predict oncoming cardiovascular events.?
Non-dipper blood pressure triggers the inflammatory
process and causes atherosclerosis and arteriosclerosis,
and it is thought to be associated with increased risk for
both cardiovascular mortality and end-organ damage.??
Considering the increased risk of inflammation and
atherosclerosis caused by non-dipper blood pressure, Aix
might be expected to be higher in individuals with non-
dipper blood pressure pattern. As a result of this finding
supported by our study, it might be useful to closely monitor
patients with COPD and non-dipper blood pressure pattern,
in order to improve management of cardiovascular diseases.

In our study, the general quality of life measured by EQ-
5D was lower in patients with non-dipper blood pressure
pattern according to univariate analyses; however, this
relationship lost its significance in multivariate analyses.
SGRQ quality of life scale scores, which were specific for
COPD, were higher in patients with non-dipper blood
pressure pattern, and this relationship remained significant
in multivariate analyses. One reason for this could be due to
the fact that the EQ-5D measures the overall quality of life,
while the SGRQ is specific for COPD. Considering that the
overall quality of life of individuals with COPD is lower than
that of healthy individuals, the non-dipper blood pressure
pattern in patients with COPD may further decrease the
quality of life."” The study of Wacker et al. reported that, in
association with disease burden, SGRQ score predicts acute
COPD exacerbations, hospitalizations due to exacerbations,
and deaths due to all causes.? In individuals with a non-
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dipper blood pressure pattern, our mean SGRQ score
was higher, which may indicate the importance of blood
pressure control during COPD management.

In our study, we found that the increase in the number
of people living at home increased the prevalence of the
non-dipper blood pressure pattern. Increased number of
people living in the same house and the number of children
are factors that increase the responsibility and hence lead
to stress on individuals.'® As stress physiologically triggers
the release of epinephrine and norepinephrine, the non-
dipper blood pressure pattern can be expected to be more
frequent in people with high stress factors." Moreover,
the overcrowding rate describes the proportion of people
living in overcrowded dwellings, as defined by the number
of rooms available to the household, the household’s size,
its members’ ages, and their family situation; 40% of the
population of Turkey lives in overcrowded families.?® This
case may constitute a high risk for people of Turkey for the
development of non-dipper blood pressure pattern.

Itis necessary to mention that there are some limitations
to our study. First, as our study is cross-sectional, there is
a temporality problem where we cannot be sure whether
the factor preceded the occurrence of the outcome or
not. In our case, we do not know whether inflammation
caused non-dipper blood pressure pattern or vice verse;
hence, prospective studies are needed in order to assess
causality. Failure to include a healthy control group may be a
limitation. Comparisons of healthy individuals and patients
with COPD might provide better information regarding the
effects of blood pressure patterns. Also, in our study, the
presence of sleep apnea syndrome was not investigated.
Non-dipper blood pressure pattern was found to be high
in patients with sleep apnea syndrome, and sleep apnea
syndrome is common in patients with COPD.?"*2 Our
participation rate was lower than expected; however, we
determined differences in major indicators such as CRP
and EQ-5D and SGRQ quality of life scores, which were
related to the primary hypotheses, and we achieved more
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than 90% power in post hoc power calculations for these
parameters.

Conclusion

The non-dipper blood pressure pattern was more
common in patients with COPD, and patients with COPD
and non-dipper blood pressure had higher CRP levels and Aix
values. This poses an increased risk of cardiovascular disease
and end-organ damage. At the same time, the non-dipper
blood pressure pattern adversely affects quality of life of
patients with COPD, and this is thought to negatively affect
exacerbations of the disease, hospitalizations, and mortality.
For these reasons, close monitoring of blood pressure in
patients with COPD may contribute to increased individual
quality of life and decreased levels of mortality related to
cardiovascular diseases.
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Short Editorial

To Dip or not to Dip Blood Pressure in Chronic Obstructive Pulmonary

Disease: That is the Question!

Sofia F. Furlan”™ and Luciano F. Drager’

Unidade de Hipertensao do Instituto do Coragao (InCor) — HCFMUSP" Sao Paulo, SP - Brazil
Short Editorial related to the article: Evaluation of Dipper and Non-dipper Blood Pressure Patterns and Quality of Life Among Patients with

Chronic Obstructive Pulmonary Disease

Chronic obstructive pulmonary disease (COPD) is a major
health problem worldwide." It is characterized as a chronic
inflammatory lung disease that causes obstructed airflow
from the lungs. It is typically caused by long-term exposure
to cigarette smoke, but household air pollution, ambient
particulate matter, ozone, and occupational particulates,
including coal dust, also contribute to COPD.? According to
the Global Burden of Disease, 544.9 million people worldwide
had a chronic respiratory disease in 2017, which represents
an increase of 39.8% compared with 1990." Among the
respiratory diseases, COPD remained the most prevalent
disease-specific condition in 2017, accounting for 55.1% of
chronic respiratory disease prevalence among men and 54.8%
among women globally." More importantly, most chronic
respiratory disease-attributable deaths and disability-adjusted
life years were due to COPD."

Consistent evidence has indicated that COPD is associated
with increased cardiovascular risk, which is an important
cause of death in COPD patients.** Systemic inflammation,
chronic hypoxia, sympathetic activation, lung hyperinflation,
secondary erythrocytosis, and loss of pulmonary vascular
surface are responsible for increasing the rate of conditions
such as pulmonary hypertension, right ventricular dysfunction,
arrhythmias, ischemic coronary disease, among others.> More
recently, the association between COPD and hypertension
has gained increasing attention. In a Danish cohort of
more than 70,000 COPD patients, 47.6% of the patients
had hypertension (the most common comorbidity in these
patients).> Although it is not clear whether COPD increases
the incidence of hypertension, uncontrolled blood pressure
(BP) is associated with poor prognosis in patients with COPD.*
These findings pave the way for additional characterization of
the impact of COPD on BP variability.

In this issue of the Arquivos Brasileiros de Cardiologia,”
the authors conducted an interesting cross-sectional study to
investigate the associations between non-dipper BP patterns,
which are markers of subclinical inflammation, arterial
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stiffness, and quality of life, in 142 adult patients with COPD.
COPD was defined using spirometry and suggestive clinical
features. As expected, all patients were classified as dippers or
non-dippers by 24-hour ambulatory BP monitoring (ABPM).
In addition, the authors assessed arterial stiffness parameters
using a validated device calculating the augmentation index
and pulse wave velocity. The quality of life was evaluated
by two scales, the Saint George’ Respiratory Questionnaire
and the Euro Quality of Life Scale (EQ-5D). The first one is
a standardized self-administered airways disease-specific
questionnaire divided into three subscales: symptoms (eight
items), activity (16 items), and impacts (26 items). For each
subscale and for the overall questionnaire, scores range from
zero (no impairment) to 100 (maximum impairment). The
EQ-5D is a non-disease specific instrument to describe and
evaluate the health-related quality of life. It is noteworthy that
the initial intention of the authors for using these two scales
was not clear. The authors found a very high percentage of
non-dipper BP patterns (< 10% reduction in BP during sleep
compared with the waking period) in patients with COPD,
namely, 76.1% (n = 108). As previously described in other
investigations, higher values of augmentation index were
found in those with the non-dipper BP profile. Interestingly,
the quality of life (measured by the EQ-5D) was lower in
patients with COPD who presented a non-dipping BP pattern.
Consistently, the Saint George Respiratory Questionnaire
revealed higher values (less quality of life) when comparing
non-dippers and dippers. In the multivariate logistic regression,
participants with the non-dipper BP pattern presented higher
values of C-reactive protein (12%), augmentation index (5.7%),
and a higher total score of the Saint George Questionnaire
(2.1%), compared to the reference group (dipper BP pattern).
EQ-5D was not independently associated with non-dipping BP
pattern. Moreover, the frequency of the non-dipper pressure
BP pattern increased in parallel to the increased number of
people living in the household (33%).

The study conducted by Askin et al.” has merit for
addressing not only ABPM in COPD but also potential
interfaces in this association. Three quarters of COPD patients
presented non-dipping BP pattern, a rate comparable to other
chronic conditions, such as diabetes and chronic kidney
disease.®? The independent association of non-dipping BP
with subclinical inflammation may have the following two
potential implications: 1) Inflammation may be one of the
potential mechanisms of non-dipping BP pattern in patients
with COPD, but the opposite may also be true; 2) This
combination potentially denotes a sub-group of patients
with COPD with higher cardiovascular risk. The independent
association between the number of people living in the
household and the non-dipper BP pattern is interesting, and
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it is potentially not specific to COPD. As speculated by the
authors, the higher the number of people living in a place,
the higher the levels of anxiety (and possibly insomnia) that
in turn may influence the circadian BP pattern. Despite the
strengths, it is important to comment on some limitations to
guide potential investigations in the future. First, this cross-
sectional design prevents any inference about causality. Some
associations (for instance, inflammation and non-dipping
BP pattern) may be bidirectional. Second, around 50% of
patients with COPD had a formal diagnosis of hypertension.
Detailed inclusion of the effects of anti-hypertensive treatment
would be necessary to improve the quality of the multivariate
analysis. Third, patients with non-dipping BP may suffer from
important and prevalent sleep-disordered breathing, such as
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Abstract
Background: Data on the use of cardiac magnetic resonance imaging (CMR) on children in Brazil is lacking.
Objectives: This study sought to provide information on current pediatric CMR practices in Brazil.

Methods: A questionnaire was sent out to referring physicians around the country. It covered information on the respondents,
their CMR practices, the clinical context of the patients, and barriers to CMR use among children. For statistical analysis,
two-sided p < 0.05 was considered significant.

Results: The survey received 142 replies. CMR was reported to be available to 79% of the respondents, of whom, 52%
rarely or never use CMR. The most common indications were found to be cardiomyopathies (84%), status of post-tetralogy
of Fallot repair (81%), and aortic arch malformations (53%). Exam complexity correlated with CMR-to-surgery ratio (Rho =
0.48, 95% CI = 0.32-0.62, p < 0.0001) and with the number of CMR exams (Rho = 0.52, 95% CI = 0.38-0.64, p < 0.0001).
Further, a high CMR complexity score was associated with pediatric cardiologists conducting the exams (OR 2.14, 95% Cl
1.2-3.89, p < 0.01). The main barriers to a more frequent use of CMR were its high cost (65%), the need for sedation (60%),
and an insufficient number of qualified professionals (55%).

Conclusion: Pediatric CMR is not used frequently in Brazil. The presence of a pediatric cardiologist who can perform
CMR exams is associated with CMR use on more complex patients. Training pediatric CMR specialists and educating
referring providers are important steps toward a broader use of CMR in Brazil. (Arq Bras Cardiol. 2021; 116(2):305-312)

Keywords: Pediatrics; Heart Defects,Congenital/surgery; Diagnostic Techniques Procedures; Magnetic Resonance Imaging;
Cardiac Catheterization.

hospitals, the number of CMR exams exceeds the number of
cardiac surgeries. At Boston Children’s Hospital, for example,
there were 1,270 CMR exams and 947 surgeries in 2016/2017
(http://www.childrenshospital.org); at Texas Children’s
Hospital, there were 941 CMR exams and 926 surgeries in
2018 (https://www.texaschildrens.org); and at the Hospital for
Sick Children in Toronto, roughly 700 CMR exams and 600
surgeries are performed each year. These figures result in a
CMR-to-surgery ratio between 1.02 and 1.34.

In Brazil, numbers on the use of CMR are not publicly

Introduction

Cardiac magnetic resonance imaging (CMR) is considered
the gold standard for the assessment of ventricular volumes,
systolic function, and in vivo flow quantification. It can
also diagnose edema and fibrosis with good agreement with
histology.®” In addition, CMR images may be used as a matrix
source in order to produce three-dimensional cardiac models
that can be used for teaching, training, and preoperative
planning.®® The combination of these advantages makes CMR
a powerful tool in the management of patients with congenital

heart disease (CHD).

Over the last decade, CMR has been routinely employed
at leading pediatric cardiology centers worldwide. In some
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available. It was hypothesized that CMR is not widely available
for the pediatric population and that it is being underused.
Information on CMR use, the most frequent indications for
and barriers to its use, as well as the role of CMR in cardiac
and surgical decision-making are not available. Unpublished
data from the Heart Institute of Distrito Federal show that
their average annual number of pediatric CMR exams is
55, while their average annual number of pediatric cardiac
surgeries is 180, resulting in a CMR-to-surgery ratio of 0.31.
At the Children’s and Maternity Hospital of Sdo Jose do Rio
Preto, where approximately 300 surgeries are performed each
year, only 21 CMR exams were performed in 2018 (personal
communication), resulting in a CMR-to-surgery ratio of 0.07.
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Because these numbers are not necessarily representative,
the present study sought to obtain information on the use of
CMR on children in Brazil.

Methods

A survey was distributed to pediatric cardiologists and
cardiac surgeons from across Brazil. These individuals were
identified mainly from three WhatsApp groups related
to the field of pediatric cardiology: “Grande INCOR” (a
group consisting of current and prior pediatric cardiologists
and pediatric cardiac surgeons from the Heart Institute of
Sao Paulo [INCOR]), “DCC/CP” (a group created by the
Department of Congenital Heart Disease and Pediatric
Cardiology of the Brazilian Society of Cardiology, including
pediatric cardiologists and pediatric cardiac surgeons
from around the country), and “GBCO-Ped” (a Brazilian
pediatric cardio-oncology group, which includes pediatric
cardiologists with any interest in cardio-oncology). These
groups include a total of more than 350 individuals. The first
author’s individual contacts were also asked to participate.
A questionnaire with 10 questions (Supplementary Material)
was converted into electronic format via SurveyMonkey (Palo
Alto, CA, USA) and sent out to the aforementioned groups.
Respondents who worked in more than one institution were
asked to provide answers regarding only one of them. The

identity of the respondents and their institutions remained
anonymous, thus allowing for multiple respondents from a
single institution.

Due to the large number of contacts from the city of Sao
Paulo (SP) and because it is a city with half of the cardiac
surgery centers in the state of Sdo Paulo with a population that
is larger than the regions North and Central-West (Figure 1),
SP, for the purpose of this study, was thus treated as a separate
geographic area, rather than part of the Southeast region.

The questionnaire contained questions covering the
respondents (workplace, expertise, and number of cardiac
surgeries performed at his/her main reference institution),
CMR practices (availability, specialist performing the
exams, and frequency of CMR exams), clinical contexts of
the patients (CMR indication, readiness to proceed with
Fontan operation without a prior cardiac catheterization,
among others), and barriers faced when using CMR in this
population. Questionnaires containing only answers about
the respondents were excluded from the analysis, since this
information alone would have not added relevant data to
the objectives of the study. The same questionnaire was sent
out to a WhatsApp group of cardiac imagers with pediatric/
congenital expertise in Brazil, in which the first author
participates, with the objective of obtaining data on their
numbers of CMR exams and their CMR practices.

spondents: 35

Figure 1- CMR survey respondents’geographic distribution (adapted from https./suportegeografico77.blogspot.com/2019/04/mapa-regioes-do-brasil. htmi).
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This study used the answers to Questions 3 (the number
of surgeries performed annually) and 6 (the number of
CMR exams performed monthly) to estimate the CMR-
to-surgery ratio for each respondent. Each individual
categorical answer was transformed into a number, since
the answer options were number based. With regard to
the number of surgeries (Question 3), if fewer than 150
surgeries were performed annually, the answer was treated
as 100; if between 150 and 249 surgeries were performed,
the answer was treated as 200; if between 250 and 349
surgeries were performed, the answer was treated as 300;
and if 350 or more surgeries were performed a year, the
answer was treated as 500. With regard to the number of
CMR exams performed monthly (Question 6), if no CMR
exams were performed, the answer was treated as zero; if
one or two CMR exams were performed, the answer was
treated as 2; if three to five CMR exams were performed,
the answer was treated as 5; if six to twelve CMR exams
were performed, the answer was treated as 12; and if
thirteen or more CMR exams were performed a month,
the answer was treated as 20. These rates were multiplied
by twelve in order to transform the monthly rate of CMR
exams into an annual rate.

Using these numbers, it was possible to estimate the
CMR-to-surgery ratio for each site by dividing the number
of CMR exams by the number of cardiac surgeries.

The complexity of the CMR was stratified as follows.
High complexity procedures involved “complex CHD with
a diagnostic query,” “status following Jatene, Senning, or
Mustard operations”, “Ebstein’s anomaly,” “hypoplastic
right or left ventricles” (borderline ventricles), “status
pre- or post- Glenn and Fontan operations,” and “fetal
CMR”. Medium complexity procedures involved “status
post-tetralogy of Fallot repair,” “situs anomalies,” and
“pulmonary venous return anomalies”. Low complexity
procedures defined all of the remaining answers. These
indications received a numerical score: High complexity =
3, medium complexity = 2, and low complexity = 1. The
respondents’ individual answers were multiplied by these
scores added together. The maximum possible score was 32,
which covered all possible clinical indications. For instance:
if someone has used CMR only for Ebstein”s anomaly,
hypoplastic left ventricle, status post-tetralogy of Fallor
repair and cardiomyopathy, this respondent”s score is 9.

Statistical Analyses

Considering that the number of registered pediatric
cardiologists in Brazil is 491 (portal.cfm.org.br), the sample size
estimated to have a 95% confidence interval (Cl) and a margin
of error of = 3%, which, according to Cochran “s formula, was
95. Continuous variables were expressed as means plus or
minus standard deviation or median with interquartile range
(25-75), as appropriate. For the assessment of data normality,
a calculation tool was employed to calculate the area under
a normal curve, assumed to be when approximately 95%
of the area was within 1.96 standard deviations of the
mean. Categorical variables were summarized as numbers
and percentages. The chi-square test was used to assess
associations between categorical variables and adjusted odds
ratios (ORs) with their 95% Cls. Spearman'’s rank test was used
to assess correlations between ordinal variables with skewed
distributions. Two-sided p < 0.05 was considered statistically
significant. Analyses were performed using StatsDirect, v. 2.7.2
2008 (Cheshire, UK).

Results

Our survey produced 142 responses for a response rate of
142/364 (40%). In summary, responses were received from the
following regions: the North (1.4%), the Northeast (14.8%),
the Central-West (13.4%), SP (24.65%), the Southeast (not
including Sao Paulo) (24.65%), and the South (21.1%) (Figure
1). Due to the limited participation of respondents from the
North, this region was not represented in further analyses
that were stratified by region. Most of the respondents (75%)
worked in state capitals and were most commonly pediatric
cardiologists (91.5%), followed by cardiac surgeons (7%), and
adult cardiologists who also treat children (1.4%). The size of
the cardiac surgery programs where the referring physicians
worked varied by region (Table 1).

CMR was reported as ‘available’” by 79% of the
respondents. This rate varied widely by region (Table 1), with
respondents from Goiania, Belém, and Palmas reporting that
CMR was not available to them. CMR was available to 68%
of the physicians who work outside of capital cities.

In Brazil, CMR is performed by radiologists, followed by
pediatric cardiologists. In some areas, pediatric cardiologists
who perform CMR exams are rare or non-existent (Figure 2).

Most of the respondents (61%) reported that they rarely

Table 1 - Summary of the most important survey results stratified by region and the city of Sao Paulo

NE (n=21) CW (n=19) SE (n=35) SP (n=35) S (n=30)
Estimated number of cardiac surgeries per center/year 200 180 200 400 300
(200-300) (180-180) (100-307.5) (200-500) (200-480)
CMR available - yes 67% 95% 86% 94% 83%
Ped cardiologist performing CMR exams - yes 0 68.5% 28.2% 68.6% 30%
Estimated number of CMR exams per center/month (1Q) 2(2-2) 4.58 (4.58-4.58) 2 (2-5) 5(2-12) 2 (2-5)
CMR complexity score:0-32 (1Q) 7(59) 25 (15-25) 8(5.5-14) 11(7-17.8) 9(6-15)
CMR-to-surgery ratio (SD) 0.11+0.08 0.35+0.27 0.24 £0.35 0.36+0.35 0.14+0.1

CMR: cardiac magnetic resonance imaging; Regions: NE: Northeast; CW: Central-West; SE: Southeast; SP: Sdo Paulo; S: South.
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Figure 2 - Types of specialists performing pediatric CMR in Brazil by region.

or never use CMR, while 15% reported that they use it
often. The frequency of CMR use varied by geographic
region (Table 1). The overall Brazilian CMR-to-surgery
ratio was estimated to be 0.22 + 0.27, which also varied
by region (Table 1).

Cardiac Magnetic Resonance Indications

Our survey showed that the three most common
indications for CMR were cardiomyopathies (84%), status
post-tetralogy of Fallot repair (81%), and aortic arch
malformations (53%) (Table 2). Regional differences on
CMR complexity were also found (Table 1).

Our findings showed correlations between exam
complexity and CMR-to-surgery ratio (Rho = 0.48, 95%
Cl = 0.32-0.62, p < 0.0001), as well as between exam
complexity and the number of CMR exams (Rho = 0.52,
95% Cl = 0.38-0.64, p < 0.0001). No correlation was
found between CMR complexity and number of surgeries
(p = 0.73).

The results also pointed to a positive correlation
between a high CMR complexity score (= 18) and whether
the exam was performed by a pediatric cardiologist (OR
2.14, 95% ClI 1.2-3.89, p 0.01), as well as an inverse
correlation between high complexity and performance by
an adult cardiologist (OR 0.42, 95% CI1 0.19-0.89, p 0.03).

Need for Routine Catheterization prior to Fontan

A relatively high number of the respondents (43%)
would consider ordering a Fontan operation without prior
cardiac catheterization (cath) in selected patients, based
on the combination of echocardiography (echo) and CMR
assessments.

Arq Bras Cardiol. 2021; 116(2):305-312

It was observed that the willingness to proceed with the
Fontan completion without prior cath correlated inversely
with the size of the cardiac surgery program (OR 0.6, 95%
C10.38-0.93, p 0.02) and with a lack of confidence in CMR
flow assessment (OR 0.42, 95% C1 0.31-0.56, p < 0.0001).

Confidence in Echocardiography and Cardiac Catheterization
versus CMR for Flow Assessments

Of the respondents, 74% reported relying more on
flow assessments by echo and/or cath than on the flow
assessment by CMR.

No associations were found between confidence in
echo/cath or CMR flow assessment and the number of
CMR exams performed monthly, the use of CMR for pre- or
post- Glenn and Fontan surgeries, or the type of specialist
performing the CMR exams.

Barriers to CMR Use

According to the respondents, the main barriers to the
more frequent use of CMR are its high cost (65%), the
need for sedation or anesthesia (60%), and the insufficient
number of qualified professionals (55%; Table 3). One of
the respondents mentioned that CMR is available only for
adults in the city where he/she is employed.

Discussion

To the best of our knowledge, this is the first survey
to assess the use of CMR in children in Brazil. Regional
differences were identified in many aspects of CMR
practice: specialist performing CMR, CMR indications,
CMR-to-surgery ratio, among others. This corroborates our
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Table 2 - CMR indications for children in Brazil

Affirmative

CMR Indication Answers (%)

Cardiomyopathies 84
Status post-tetralogy of Fallot repair 81
Aortic arch disease 53
Complex CHD 46
Ebstein’s anomaly 45
Cardiac tumors 44
Right or left ventricular hypoplasia 36
Pre- and or post-Glenn and Fontan 36
Status post-transposition of the great arteries repair 34
Coronary anomalies 32
Pulmonary venous return 31
Marfan 18
Status post-heart transplant 16
Cardiotoxicity 14
Situs anomalies 14
Takayasu arteritis 14
Fetal CMR 3

CMR: cardiac magnetic resonance imaging; CHD: congenital heart disease.

Table 3 - Barriers to CMR use

Barriers %

Cost 65
Need for sedation 60
Insufficient number of qualified professionals 55
Waiting time 40
Limited education on and promotion of CMR 24
Inferiority to computed tomography angiography 21
Limited credibility 16
Other 5

CMR: cardiac magnetic resonance imaging.

impression that CMR use is diverse throughout the country.
This study found that, in comparison to the leading centers
in Europe and North America, CMR is very underused in
Brazil as regards the number of surgeries. This study suggests
that the reason for this finding may be multifactorial.

Cost was cited as the main barrier to more frequent CMR
use. However, considering the relatively high availability of
pediatric CMR reported in this survey, this answer might
instead be reflecting a difficulty of access to CMR. In Brazil,
most patients with CHD are treated at public facilities,
which usually operate with very restricted budgets. In

stark contrast to the needs of children and adolescents
with CHD, according to 2012 data from the Brazilian
Ministry of Health, 84 MRI scanners were available for
the country’s publicly funded health insurance, and
1,263 MRI scanners were available for private practice.
The paucity of available scan time is further worsened by
the need to share the magnet with other pediatric and/or
adult specialties. At the first author’s practice, for example,
there is only one scanner, which is available for routine
pediatric or congenital CMR exams only one morning per
week. Therefore, the highest CMR-to-surgery ratio we
can achieve is 0.6:1. For the sake of comparison, at the
Hospital for Sick Children in Toronto, there are six scanners
for clinical use, one of which is dedicated exclusively
to pediatric CMR exams for 6 hours every day. Another
possible explanation for the reported barrier of ‘scanner
availability’ is the question of reimbursement. At our site,
the public health care system reimburses CMR exams with
BRL$403 (US$103), while BRL$322 (US$83) is reimbursed
for a computed tomography (CT), and BRL$165 (US$42) is
reimbursed for an echo. In relative terms, these differences
are not dissimilar to those in the US. Therefore, it does
not seem to be a suitable reason for the underuse of CMR
as regards echo and CT. In absolute figures, however, the
reimbursement for all types of imaging studies is insufficient
(http://www2.ebserh.gov.br/documents).

The second most important barrier to a more frequent
application of CMR was found to be the need for sedation
or anesthesia, which is usually requested for children
under 8 years of age. This is often a concern for both the
referring physician and his or her parents. However, it is
important to emphasize that the number of adverse events
experienced by children as a result of sedation for CMR
is very low."" Another point to consider is that CMR is a
non-invasive technique that does not expose patients to
ionizing radiation, as is the case with the use of cardiac
cath or CT."? However, it is important to mention that
measures are taken to avoid sedation and that there are
many strategies that can be used to this end."3"®

The third most important barrier to a more frequent
use of CMR was reported to be an insufficient number
of qualified professionals. The Society for Cardiovascular
Magnetic Resonance stratifies CMR training into three
levels: 1. basic training, 2. specialized training, and 3.
advanced training.'” There is a requirement to perform at
least 150 CMR cases a year to obtain the level 2 certificate
which constitutes the minimum level required in Europe
for pediatric cardiologists to perform a CMR.""" In
Brazil, there is no regulation on this matter, but it would
not seem unreasonable to seek the implementation of
European standards. It may be simply a matter of time
before specialization in pediatric/congenital CMR evolves
and more qualified professionals are available in the
market. Interestingly, the COCATS 4 task force recognizes
that skills to identify basic and complex CHD in adults,
including quantification of shunts, are usually acquired
after 36 months of exposure to CMR cases in a general
CMR setting.?® Therefore, it is advisable to “concentrate”
the learning experience by training in specialized pediatric
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facilities. In Europe and North America, for example,
pediatric/congenital CMR fellowships are offered at sites
that perform a high number of pediatric and congenital
exams. These programs are usually located within pediatric
hospitals with a high volume of cardiac surgeries. More
often than not, these sites have a pediatric cardiologist
as an integral member of their imaging teams. In Brazil,
this setup exists only in the city of Sao Paulo, where the
number of surgeries is high and where there are pediatric
cardiologists routinely involved in the pediatric CMR
practice. At the present time, training radiologists and
cardiologists to become experts in pediatric CMR exams
realistically involves physicians training at academic centers
in Europe and North America.

Almost all of the respondents had previously requested
CMR exams for patients with cardiomyopathy or after
tetralogy of Fallot repair, indications of low and medium
complexity. More complex CMR exams are performed
in centers with the highest CMR-to-surgery ratios and
especially when pediatric cardiologists are involved in
scanning. On the other hand, the complexity of the exams
was not necessarily found to be related to the number
of surgeries performed. It seems possible that sites that
offer CMR and that employ pediatric cardiologists attract
more complicated cases, perhaps because they are more
prepared to take on these cases or because these services
tend to be more integrated into cardiology practice.

In the vast majority of centers worldwide, it is routine
for a patient with a univentricular heart to receive a pre-
Fontan cardiac cath for the assessment of the pulmonary
arterial anatomy, measurement of the pressure of the
pulmonary arterial bed, and estimation of pulmonary
vascular resistance. Some experts have encouraged the
routine sole use of CMR in pre-Fontan patients, with cath
reserved for high-risk patients.?’* In this survey, 43% of
respondents reported that they would be willing to order
a Fontan operation only with information from echo and
CMR, thus avoiding cath in patients who are deemed to be
standard risk, although there is a large variation in practices
between regions.

Study Limitations

The authors of this study recognize that, although
the sample size estimated was sufficient to address our
questions, the high number of non-respondents, something
expected in these kinds of surveys, was a potential source of
bias. The most important limitation of our survey, however,
was the fact that the actual number of pediatric CMR exams
per center remains unknown. We tried to obtain these
numbers from radiologists and cardiologists who lead or are
part of the imaging teams of the largest pediatric cardiac
surgery programs in Brazil, but only one site agreed to share
its CMR statistics. Therefore, the CMR-to-surgery ratios
found and all associations between the number of CMR
exams and the number of surgeries were mere estimates,
and may not be, to some extent, representative of Brazil. To
mitigate uncertainties and improve comparability between
sites, our study offered answer options that included
ranges rather than precise numbers. It is possible that we

Arq Bras Cardiol. 2021; 116(2):305-312

have received responses from several individuals from the
same institution and that these responses may, to a certain
extent, have expressed individual estimates rather than
concrete institutional data and that some institutions may
have been overrepresented in the pool of respondents. It
was also impossible to evaluate the availability of CMR and
other aspects of CMR in the North of Brazil due to the low
participation of colleagues from this area.

Conclusions

Pediatric CMR is available to approximately 2/3 of
practitioners, but it is rarely used in Brazil. Exams are most
often performed by radiologists. CMR is most commonly
obtained for cardiomyopathies and after tetralogy of
Fallot repair. The presence of a pediatric cardiologist to
perform the CMR exams is associated with CMR use in
more complex patients. Obstacles to a more frequent
use of CMR are cost, the need for sedation, and a lack of
qualified professionals. Training pediatric CMR specialists
and educating referring providers are important steps
toward an increased use of CMR in Brazil. Collaboration
between institutions is advisable and necessary in order
to have a better picture of the use of CMR in the pediatric
population in Brazil.
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Short Editorial

Cardiovascular Imaging in Congenital Heart Diseases: Why not Leverage

New Imaging Modalities?

Vitor Guerra’

Sickkids Hospital/ The Hospital for Sick Children, Department of Pediatrics, University of Toronto," Toronto, Ontario — Canada
Short Editorial related to the article: Current Use of Pediatric Cardiac Magnetic Resonance Imaging in Brazil

“There can be no keener revelation of a society’s soul than
the way in which it treats its children.”

Nelson Mandela (8 May 1995)

Worldwide, we are living in an era burdened by congenital
heart diseases (CHD)." If we take a snapshot in 2018, there
were 2,944,932 live births in Brazil (Tabnet, DATASUS).
Considering the incidence of CHD, about 9 per 1000 live
births, which has been stable across countries and populations,
we would expect around 26,000 new patients with some
form of CHD in our country. On the other hand, worldwide
survival rate for CHD in the last 3 decades has been close to
98%.2 Having said that, CHD continues to be a public health
problem worldwide.

In the last four centuries, the specialty of pediatric
cardiology has grown tremendously, achieving several
milestones in clinical and surgical scenarios, mostly due the
incredible advances in cardiovascular imaging diagnostic
tools. This allows non-invasive diagnosis in all ages from fetal
life until adulthood. The relatively new modality of cardiac
magnetic resonance imaging (CMR) provides clinically useful
information in various situations in patients with CHD.
Current guidelines for diagnosis and management include
echocardiogram, CMR and cardiac catheterization for the
majority of CHD patients.?

Kozak et al.* took a snapshot of the Brazilian situation
on the use of CMR in pediatric populations interviewing
cardiologists from most states, including centers with different
levels of care and surgical volumes. The big picture: it is
not being fully used! About half of the cardiologists (52%)
rarely use CMR for children. If we magnify this picture,
two major layers are revealed. The first layer involves
the process of changing practices and incorporating new
technologies. The predominant use of CMR still relies on
use for cardiomyopathies, tetralogy of Fallot post-repair, and
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aortic arch anomalies, according to this data. However, the
current era of CMR in cardiology goes beyond anatomical
assessment, allowing us to access hemodynamic and other
functional data which impacts patient care, surgical decision
making, and even prognostic risk factors. The second layer,
not surprisingly, is the cost of CMR, which should be analysed
in the context of healthcare costs for populations with CHD.
As countries develop economically, the burden of poverty-
related conditions diminishes and is substituted by chronic and
often complex care needs, such as CHD. The survival rate and
quality of life for these patients from childhood into adulthood
depends on excellence of medical care. The complexity of
surgically repaired heart lesions requires lifelong surveillance.®
Therefore, all these points should be taken in consideration
when planning ideal care for patients with CHD. It is
expensive, and it requires investment during a lifelong journey.
However, investment is not a single solution; it is a triad which
needs to be addressed simultaneously, “people, process, and
technology”. Kozak et al.* has shown that there are three major
limitations: 1) cost (65%), 2) the need for sedation (60%),
and 3) insufficient number of qualified professionals (55%).
These address the triad: the investment in new technology
in healthcare, the need for professional development, and
a process to make the technology effective and impact the
quality of care. The training of pediatric cardiologist in today s
world requires sub-specialty in imaging diagnosis, which has
been advancing too slowly, especially with respect to CMR
training.® The increasing number and quality of professionals
able to perform and interpret results will generate a new cycle,
including correct use of CMR in patients with CHD, especially
in pediatric populations.

This data has the power to trigger multiple actions in
caring for patients with CHD, namely, allocation of resources,
professional training, and changes in practices. All these
actions coupled with strong care practices move us in the
same direction, promoting high quality health care.
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Abstract

Background: Doxorubicin is associated with cardiotoxicity and late cardiac morbidity. Heme is related to cellular oxidative
stress. However, its specific regulation in cardiomyocytes under doxorubicin effects has not yet been documented.

Objective: This study seeks to evaluate the changing profiles of rate-limiting enzymes in the heme metabolism pathway under
the effect of doxorubicin.

Methods: H9c2 cardiomyocytes were incubated with doxorubicin at different concentrations (1,2,5,10uM respectively). The
real-time PCR and Western Blot were used to determine the mRNA and protein expression for four pivotal enzymes (ALAST1,
ALAS2, HOX-1, and HOX-2) regulating cellular heme metabolism, as well as the levels of heme were detected by ELISA. p<0.01
was considered significant.

Results: This study observed a dose-dependent changing pattern in heme levels in H9c2 cells with the highest level at
the 5uM concentration for doxorubicin, which occurred synchronously with the highest upregulation level of ALAS1, as
well as the degradative enzymes, HOX-1, and HOX-2 in mRNA and protein expression. By contrast, ALAS2, contrary to
the increasing concentrations of doxorubicin, was found to be progressively down-regulated.

Conclusion: The increase in ALAS1 expression may play a potential role in the heme level elevation when H9c2 cardiomyocyte
was exposed to doxorubicin and may be a potential therapeutic target for doxorubicin-induced myocardial toxicity. (Arq Bras

Cardiol. 2021; 116(2):315-322)

Keywords: Doxorubicin; Biosynthesis; Heme; Myocites, Cardiac; Cardiotoxicity; ALAS.

Introduction

With the continuing progression of anti-tumor drugs and
radiotherapy, the survival rate of patients with malignant
tumors has been improved, and their survival-span is
significantly prolonged. However, the widespread use of anti-
tumor drugs is accompanied by an increase in cardiovascular
adverse events, which affects patient survival and quality of
life. Anthracyclines are drugs derived from streptomycin,
including doxorubicin, and epirubicin, which are widely
used to treat breast cancer, small cell lung cancer, myeloma,
sarcoma, lymphoma, and leukemia. Myocardiopathy and
subsequent heart failure are the most serious manifestation of
cardiotoxicity caused by anthracycline drugs in chemotherapy.
Moreover, the cardiovascular toxicity of anthracyclines is dose-
dependent and irreversible."?

The exact mechanism of anthracycline drugs that
induced myocardial toxicity remains unclear, though a
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variety of theories have been proposed, including the
inhibition of DNA replication and RNA transcription,
DNA damage caused by free radicals, lipid peroxidation
and alkylation, DNA cross-linking, interference with DNA
unwinding, inhibition of topoisomerase I, among others.

Heme is an important porphyrin ligand, as a supplement
of the heme protein, and is responsible for the physiological
function of O, transport in the body. Many biological
functions related to life, such as electron transport,
oxygen storage, signal transduction, and gene expression
are controlled by different heme proteins. Recent studies
found that heme levels increased significantly in rat
models of myocardial ischemic heart failure, suggesting
that heme may play an important role in ischemic and
hypoxic myocardial injury.>* However, there has been no
published literature that specifically explored the changing
of heme biosynthesis or metabolism in cardiomyocyte under
anthracyclines treatment.

Heme biosynthesis is initiated by the formation of
5-aminolevulinic acid (ALA) from glycine (Gly) and
succinyl-CoA, catalyzed by ALA synthase (ALAS), which has
two isoenzymes: ALAST and ALAS2. On the other hand,
heme oxygenase (HOX) mediates the first step of heme
catabolism, and it cleaves heme to form biliverdin. Two
active isoforms of HOX have been identified: the inducible
HOX-1 and the less regulated HOX-2.
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The purpose of this study was to elucidate the changing
profiles of four pivotal enzymes, aminolaevulinic acid
synthase 1 (ALAS1), aminolaevulinic acid synthase 2
(ALAS2), heme oxygenase 1 (HOX-1), and heme oxygenase
2 (HOX-2), in H9c2 cardiomyocyte under doxorubicin
treatment.

Methods

Cell culture and doxorubicin treatment

H9c2 cardiomyocytes were purchased from American
Type Culture Collection (ATCC, Manassas, VA)and then
cultured with DMEM/F12 medium containing 10% fetal
bovine serum and 1% double-antibody medium, under the
conditions of 37°C and 5% CO, in a humidified chamber.
The H9c2 cells were then plated onto 6-well plates at
2 x 10°cells/well in a volume of 2mL and cultured
in DMEM/F12 medium containing 10% fetal bovine
serum for 24 h. After, different doses of doxorubicin
(1,2,5,10 uM, respectively) were added to the plate well.
The doxorubicin-untreated cells (treated with saline)
represented the control group. After a 24h-incubation at
379C, the cells of different wells were harvested separately
by centrifugation (10,000 rpm for 10 minutes at 4°C) and
used for further study below.

Quantitative real-time PCR

Total RNA was extracted from H9c2 cells of all the
groups, using TRIzol (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and reverse transcribed with the
SuperScript Double-Strand Synthesis kit (Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manufacturer’s
instructions, and amplified on a 7500 Fast real-time PCR
system with SYBR GreenER ¢PCR SuperMix Universal
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Primers used for amplification of ALAST, ALAS2,
HOX-1, and HOX-2 were designed using Primer3 (v. 0.4.0)
software. The following primers were used for real-time PCR:

ALAST-F: TTGCCAAAGTCCGTTTCC

R: TGTAGTCATCTGCCATAGGG 37;
ALAS2-F: TCAAGGGCAGAGGAGGCGTCAAG
R: ACGAGGCACAGTTGGGTAG
HOX-1-F:TCGACAACCCCACCAAGTT
R:CTGGCCGAAGAAACTCTGTCT
HOX-2-F:GCTTACACTCGTTACATGGG

R: CACATGCTCGAACAGGTAGA

GAPDH-F: GATGACATCAAGAAGGTGGTGA
R:ACCCTGTTGCTGTAGCCATATTC.

The reaction conditions were as follows: 95°C for 3
min; 95°C for 30 sec, 55°C for 20sec, and 72°C for 20sec
with 40 cycles. Melting curve analyses were performed to
verify their amplification specificity. The expression values
of all targeted genes from each sample were calculated by
normalizing with internal control GAPDH and calculated
using the 2-AACT method.
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Western Blot

HIc2 cells were trypsinized, centrifuged for 5 min at 1,000
x g and washed with cold PBS. The H9c2 cells were then
resuspended in lysis buffer with protease and phosphatase
inhibitors. The cell lysate was kept in ice and vortexed. After
centrifugation for 20 min at 13,000x g, the supernatant was
separated and stored at —80 °C until use. After denaturation,
20ug of total protein were loaded onto 12% sodium dodecy!
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels
for protein separation, and electrophoretically transferred to
a polyvinylidene difluoride (PVDF) membrane. After blocking
with 5%milk in TBST (50mM Tris-HCI, pH 8;154 mM NaCl
and 0.1% tween20) for 2 hours at room temperature, the
membranes were probed with specific antibodies against
ALAST (dilution, 1:1,000; rabbit polyclonal; cat. no. 16200-1-
AP; Proteintech), ALAS2 (dilution,1:1,000; rabbit polyclonal;
cat. no. ab136799; Abcam), HOX-1 (dilution,1:1,000;
rabbit polyclonal; cat. no. ab230513; Abcam), HOX-2
(dilution,1:500; rabbit polyclonal; cat. no. ab229960;
Abcam), and GAPDH (dilution, 1:1,000; clone 6C5; cat. no.
ab8245; Abcam) overnight at 4°C. Horseradish peroxidase
(HRP)-labeled secondary antibodies (1:1,000 dilution;
cat.nos. A0208, A0216; Beyotime) was added, followed
by incubation at room temperature for 2 h. Membranes
were visualized by enhanced chemiluminescence kits
(Biorbyt, Ltd., Cambridge, UK). To quantify the targeting
protein expression, the X-ray films were scanned, and band
intensities were quantified by Image) 1.47 software. The
results were normalized to GAPDH.

Intracellular heme measurement

Enzyme-linked immune sorbent assay (ELISA) was
employed to determine intracellular heme levels. H9c2 cells
of each group were lysed and followed by centrifugation at
12,000 rpm for 15 minutes at 4°C to remove debris. The
protein concentration of the cell lysate was quantified by
an enhanced BCA Protein Assay kit (Beyotime). The heme
in H9c2 cell lysates was measured by using QuantiChrom
Heme Assay (BioAssay Systems) following the manufacture’s
protocol and normalized to a protein concentration of
each sample.

Flow cytometry to determine the apoptosis rate in
H9c2 cells

Apoptosis was assessed using the Annexin V-FITC/
Pl Apoptosis Detection kit (KeyGEN, China) according
to the manufacturer’s protocol. After the intervention,
approximately 1x10° H9c2 cells of each group were
washed and digested with trypsin, and then resuspended
with 1x PBS (4°C) and centrifuged at 2,000 rpm for 5-10
minutes to wash the cells. The cells were resuspended in
500ul of the buffer, followed by the addition of 5 ul of
Annexin V-FITC and 5 ul of PI. The cells were incubated
in the dark for 15 minutes at room temperature. Next,
the cells of each group were examined for apoptosis rate
by flow cytometry (BD Accuri™ C6). The experiment was
repeated three times. The apoptotic rate was quantified as
the percentage of cells stained with Annexin V.
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Statistical Analysis

Data in the present study are normally distributed, which
was verified by Shapiro- Wilk test, and are expressed as mean
+ SD. One-way ANOVA, followed by Tukey’s post hoc test,
was used to examine the statistical significance of differences
between groups. Statistical analysis was performed by using
the SPSS 24.0 Statistical Package Program for Windows (SPSS
Inc., Chicago, IL, USA). A two-sided p-value of <0.01 was
considered significant.

Results

The changing of the heme level in H9c2 cells with a
different concentration of doxorubicin

As shown in Figure 1, compared with the control group
(5088.4+153.1ng/ml), heme levels of H9c2 cells were
significantly up-regulated to a 1.27-fold (6493.1+138.8
ng/ml), a 1.56-fold (7498.9+110.2ng/ml), and a maximum
2.34-fold (11896.6+187.3ng/ml) increase in TuM, 2uM,
and 5uM doxorubicin groups, separately (p<0.01). This
up-regulation trend was dropped back to a 1.95-fold
(9911.9+286.8ng/ml) increase in the 10uM doxorubicin
group, as compared to the control group (p<0.01).

The Effects of doxorubicin on the apoptosis rate of
H9c2 cells

The flow cytometry analysis showed that, compared
with the control group treated with saline, the apoptosis
rate of H9c2 cells treated with different concentrations
of doxorubicin was significantly increased, as shown
in Figure 2. When incubated with 1, 2, 5, and 10uM
doxorubicin for 24h, the total apoptosis rate, including
both early and end-stage apoptosis, of H9c2 was increased

t010.6=1.6%, 41.1%£1.9%, 60.5+3.6%, and 76.0+2.5%,
respectively, as compared to 2.1+0.5% in the control
group (p<0.01).

Regulation of aminolaevulinic acid synthase 1 (ALAS1)
and aminolaevulinic acid synthase 2 (ALAS2) messenger
RNA (mRNA) expression in H9c2 cells after doxorubicin
treatment

As the first step and rate-limiting enzymes for heme
synthesis that occur in the mitochondria, the mRNA
expression of ALAST and ALAS2 under doxorubicin
treatment were evaluated. After incubating with TuM and
2uM doxorubicin, the mRNA expressions of ALAST were
down-regulated (though not statistically significant). After
treating with 5uM and 10uM doxorubicin, the ALAS1T
mRNA expressions were statistically increased to 41.1-fold
and 375.3-fold, separately, as compared to the control
group. Unlike ALAST, ALAS2 mRNA expression proved to
be progressively and significantly down-regulated (1uM
group:0.88-fold, 2uM group: 0.83-fold, 5uM group:
0.49-fold, T0uM group:0.31-fold respectively, as shown
in Figure 3A.)

Regulation of mRNA expression for HOX-1 and HOX-2 in
H9c2 cells after doxorubicin treatment

The cytoplastic rate-limiting enzymes in heme catabolism,
HOX-1 and HOX-2, were examined. It was found that
after having been incubated with an increasing level of
doxorubicin, the HOX-1 and HOX-2 mRNA exhibited the
same regulation pattern, although with different changing
levels. No significant change was observed in mRNA
expression after TuM and 2uM doxorubicin treatment,
when compared with the control group, for either HOX-1
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Figure 1 - Effects of doxorubicin on heme levels in H9c2 cells exposed to saline (control group) or doxorubicin with different concentrations for 24 hours. Heme
levels were measured by ELISA. Data are presented as the meantstandard deviation. *p<0.01, compared with the control group.
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doxorubicin treatment, respectively. (B) Statistical graph of annexin V-FITC/PI staining. Results was expressed as meanxSD. * p<0.01 vs control group.

or HOX-2. After incubating with 5uM doxorubicin, the
mRNA expression for HOX-1 and HOX-2 significantly up-
regulated to 4.3-fold and 15.5-fold changes, respectively
(p<0.01). But after treatment with T0uM doxorubicin, the
up-regulation was declined to the extent of 2.6-fold and
3.2-fold, separately, when compared with the control group
(p<0.01), as shown in Figure 3B.

Regulation of ALAS1, ALAS2, HOX-1, and HOX-2 protein
levels after doxorubicin treatment

Western blot analysis showed that, identical to their
mRNA expression pattern, ALAST protein levels were
significantly down-regulated in the 2uM doxorubicin group
and up-regulated in T0uM doxorubicin groups, when
compared with the control group. ALAS2 protein levels
were found to be progressively down-regulated as the
doxorubicin concentration increased from TuM to 10uM,
as shown in Figure 4A.

Protein expression of HOX-1 was slightly down-regulated
under 1TuM and 2uM doxorubicin treatment, and then
sharply up-regulated when compared with the control group.
However, inconsistent with the mRNA expression pattern, our
study detected a progressive increase in the HOX-2 protein
level, with an increase in the doxorubicin concentration from
TuM to 5uM, and then a decline to the baseline level when
treated with 10uM doxorubicin (Figure 4B).

Discussion

Doxorubicin is a kind of anthracycline drug, which is
an effective broad-spectrum anti-tumor drug. It is widely
used in the treatment of various malignant tumors, such as
breast cancer, lung cancer, and lymphoma.® But the toxic
cardiac effects of doxorubicin in a clinical chemotherapy

Arq Bras Cardiol. 2021; 116(2):315-322

dose is severe and dose-dependent, which can cause
cardiomyopathy and congestive heart failure, and thus
greatly limits its clinical use.® Different from the mechanism
of its anti-tumor activity, the primary mechanism of cardiac
toxicity induced by doxorubicin, is the generation of iron-
mediated reactive oxygen species (ROS) and the subsequent
promotion of myocardial oxidative stress.” Heme is an
essential mediator of the biochemical availability of iron.®
The function of the heme molecule varies according to
the binding protein it coordinates with. It may serve as a
mediator of oxygen transport and storage in hemoglobin®
or myoglobin,' whereas it acts as an electron transporter
in cytochromes and is the critical source of redox-active
iro."" Bhoite-Solomon et al. found that free heme is toxic to
the myocardium and caused cytolysis through sarcolemma
damage in a concentration-dependent manner."? In addition
to cardiomyocyte, free heme can also be toxic to human
epithelial cells and neuron-like cells'*'* through oxidative
stress caused by cell apoptosis or necrosis. Moreover, free
heme can cause endothelial cell injury by stimulating the
expression of inflammatory factors.''°

However, unlike the abundant studies in the iron-
mediated oxidative injury in cardiomyocyte treated with
anthracycline drugs, the intracellular heme level variation
and the regulation processes of its synthesis and metabolism
have not been well evaluated in cardiomyocyte under
anthracycline treatment. The present study systematically
examined the variation characteristics of biosynthetic and
degradative enzymes for heme for the first time.

In the heme biosynthesis pathway, there are eight
enzymes involved, among which four are mitochondrial
enzymes, and four are cytoplasmic enzymes."” For the first
step of heme synthesis, glycine and succinyl coenzyme
A are condensed into &-aminolevulinic acid (ALA). This
reaction needs to be catalyzed by aminolevulinic acid synthase
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(ALAS)."® There are two types of ALAS: ALAST and ALAS2.
The former has a universal expression, while the latter is
dominantly expressed in red blood cell precursor cells.” The
present study found that not only ALAST, but also ALAS2,
were both expressed in the H9c2 cells at baseline levels. After
the treatment with doxorubicin, ALAST and ALAS2 mRNA
expression exhibit two distinct changing patterns. The ALAS1
mRNA and protein expression at first presented a trend of
inhibition (though not statistically significant in our study) with
1uM and 2uM doxorubicin and then showed a dramatic up-
regulation pattern with 5uM and 10uM doxorubicin treatment.

By contrast, mRNA and protein expression of ALAS2
were progressively suppressed to the lowest level when

treated with 10uM doxorubicin, with 69.0% and 35.0%
reductions, respectively. This phenomenon indicates that,
under the effect of doxorubicin, the regulation of ALAST and
ALAS2 may occur through the different pathways and seek
different targeting bioprocesses. The step-down-regulation
of ALAS2 can be explained by the negative feedback from
a progressive elevation of heme level. This effect might
be achieved by repressing ALAS2 mRNA transcription, as
shown in our real-time PCR results, as well as by interrupting
ALAS2 formation through a block of the ALAS2 precursor
into mitochondria.?2" In red blood cells, the expression
of ALAS2 is determined by the trans-activation of nuclear
factors GATA-1, CACC box, and NF-E2-binding sites in the
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promoter area, and its synthesis is regulated by the amount
of free iron. 2> However, the regulation mechanism of ALAS2
in cardiomyocyte under doxorubicin treatment will need
to be further researched.

In our study, ALAS1, which was supposed to be strictly
under negative feedback control at a low level to prevent a
high cytotoxic heme level, was overexpressed both in gene
and protein aspects, despite the simultaneously existing
high heme level. Podvinec et al.? reported that drugs that
induce cytochromes P450 and other drug-metabolizing
related enzymes might simultaneously and transcriptionally
up-regulate ALAS1 expression, which is the first step in
the heme synthesis, to coordinate with the need of up-
regulated cytochrome P450 activity. This process was
mediated through two enhancer elements, located 20 and
16 kb upstream of the transcriptional start site of ALAST,
and their interaction with the xenoreceptors NR112 and
NR113.2* Zordoky et al.** revealed that doxorubicin caused
a significant induction of several cytochrome P450 genes,
such as CYP1A1, CYP1A2, CYP1B1, and CYP2B2 gene
expression in a concentration-dependent manner. NR1I2
and NR1I3 have also been proved to be the crucial nuclear
receptors mediating the interaction between doxorubicin
and metabolizing enzymes.?> The precise mechanism
for the regulation of ALAS expression patterns in the
cardiomyocyte will need to be elucidated in future study.

Heme oxidase (HOX) is the rate-limiting enzyme in
the process of heme degradation, which can oxidatively
degrade the heme molecule to produce carbon monoxide,
iron, and biliverdin. Heme oxidase has two isoenzymes,
heme oxidase 1 (HOX-1) and heme oxidase 2 (HOX-
2). HOX-2 mainly plays a regulatory role under normal
physiological conditions, while HOX-2 may protect cells
and tissues under oxidative stress.?

The HOX-1 expression may be promoted by a variety
of stimuli including doxorubicin?” and intracellular
accumulation of heme. Previous studies revealed that
HO-1 expression is primarily regulated at the transcriptional
level, several regulatory elements have been identified to
play important roles in up-regulating HOX-1, including
metal response elements (MREs), stress response elements
(StREs), AP-1, and NF-B. 22 On the other hand, Bach1 has
proven to have a repressor effect on HOX-1 expression.?’
The present study found HOX-1 in H9c2 cardiomyocytes
was down-regulated in the first place when treated with
low concentration doxorubicin (1uM and 2uM) in H9c2
cells and then significantly up-regulated with 5uM and
10uM doxorubicin incubation. Our research indicates that
further studies focusing on the interaction between various
regulators and HOX-1 gene elements under different
doxorubicin concentration will be needed.

In spite of exhibiting a similar pattern of mRNA
expression with HOX-1, the HOX-2 protein level was
progressively elevated, along with the doxorubicin
concentration, which increased from 1uM to 5uM and
abruptly declined below the baseline level when treated
with 10uM doxorubicin. The difference in the changing
profile of the protein level between HOX-1 and HOX-2 may
be due to the difference in their regulation mechanisms.3%-
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In rats, HOX-2 expression is modulated by glucocorticoids
through the glucocorticoid responsive element (GRE).*? To
the best of our knowledge, this is the first study on the effect
of doxorubicin on HOX-2 expression in cardiomyocytes;
however, the precise mechanism of action between
doxorubicin and HOX-2 regulation remains a critical,
unsolved question.

Study limitations

The lack of results in detecting enzyme activities in
H9c2 cells was believed to be the main limitation of our
study. Meanwhile, the oxidative stress level, according to
the changes in heme metabolism, has not been explored,
which may well elucidate the relationship between
heme metabolic enzymes and doxorubicin-induced
cardiotoxicity. Further studies covering these aspects are
warranted to clarify the effect of doxorubicin on the heme
biosynthesis and metabolism.

Conclusions

The increase in ALAST expression may play a
potential role in the heme level elevation when H9c2
cardiomyocyte is exposed to doxorubicin. Although HOXs
were upregulated under moderate-high concentration
doxorubicin treatment, their degradative effects were
overwhelmed by the uncontrolled heme synthesis
activation. The specific mechanisms for the loss of negative
feedback control to heme formation under doxorubicin
treatment and the potential role of ALAS as a therapeutic
target against the doxorubicin-induced heme cytotoxicity
will need to be studied in future investigations.

Author contributions

Conception and design of the research and Writing of
the manuscript: Wang Z; Acquisition of data and Statistical
analysis: Wang Z, Gao J, Teng H; Analysis and interpretation
of the data and Critical revision of the manuscript for
intellectual content: Wang Z, Peng J.

Potential Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Sources of Funding

This study was funded by Beijing Municipal Natural
Science Foundation (Grant n? 7162089).

Study Association

This study is not associated with any thesis or
dissertation work.

Ethics approval and consent to participate

This article does not contain any studies with human
participants or animals performed by any of the authors.



Wang et al.
Doxorubicin and Heme

Original Article

References

1.

Barbar T, Mahmood SS, LiuJE. Cardiomyopathy Prevention in Cancer Patients.
Cardiol Clin. 2019 Nov;37(4):441-7.

Cuomo A, Rodolico A, Galdieri A, Russo M, Campi G, Franco R, et al. Heart
Failure and Cancer: Mechanisms of Old and New Cardiotoxic Drugs in Cancer
Patients. Card Fail Rev. 2019 May 24;5(2):112-8.

Sansbury BE, DeMartino AM, Xie Z, Brooks AC, Brainard RE, Watson LJ,et al
Metabolomicanalysis of pressure-overloaded and infarcted mouse hearts. Circ
Heart Fail. 2014;7:634—42.

Khechaduri A, BayevaM, Chang HC, Ardehali H. Heme levels are increased in
human failing hearts. ] Am Coll Cardiol. 2013;61:1884-93.

Rivankar S .An overview of doxorubicin formulations in cancer therapy. ] Cancer
Res Ther. 2014 Oct-Dec;10(4):853-8.

Liu H, Wang H, Xiang D, Guo W. Pharmaceutical Measures to Prevent
Doxorubicin-Induced Cardiotoxicity. Mini Rev Med Chem. 2017;17(1):44-50.

Cappetta D, De Angelis A, Sapio L, Prezioso L, Illiano M, Quaini F, Rossi F, etal.
Oxidative Stress and Cellular Response to Doxorubicin: A Common Factor in
the Complex Milieu of Anthracycline Cardiotoxicity. Oxid Med Cell Longev.
2017;2017:1521020.

Gao G, LiJ, ZhangY, Chang YZ. Cellular Iron Metabolism and Regulation. Adv
Exp Med Biol. 2019;1173:21-32.

Kafina MD, Paw BH. Intracellular iron and heme trafficking and metabolism in
developing erythroblasts. Metallomics. 2017;9(9):1193-203.

. Postnikova GB, Shekhovtsova EA. Myoglobin: Oxygen Depot or Oxygen

Transporter to Mitochondria? A Novel Mechanism of Myoglobin Deoxygenation
in Cells (review). Biochemistry (Mosc). 2018 Feb;83(2):168-83.

. Yanatoril, Richardson DR, Toyokuni'S, Kishi F. How iron is handled in the course

of heme catabolism: Integration of heme oxygenase with intracellular iron
transport mechanisms mediated by poly (rC)-binding protein-2. Arch Biochem
Biophys. 2019 Sep 15;672:108071.

. Bhoite-Solomon V1, Kessler-Icekson G, Shaklai N. Myocyte injury by hemin. In

Vitro Cell Dev Biol Anim. 1993;29A (8):636-42.

. Nath KA, Balla J, Croatt AJ, Vercellotti GM. Heme protein-mediated renal

injury: a protective role for 21-aminosteroids in vitro and in vivo. Kidney Int.
1995;47(2):592-602.

. Coldstein L, Teng ZP, Zeserson E, Patel M, Regan RF. Hemin induces an

iron-dependent, oxidative injury to human neuron-like cells. | Neurosci Res.
2003;73(1):113-21.

. Merle NS, Grunenwald A, Rajaratnam H, Gnemmi V, Frimat M, Figueres ML,

etal. Roumenina LT1,2, Intravascular hemolysis activates complement via cell-
free heme and heme-loaded microvesicles. JCl Insight. 2018 Jun 21;3(12). pii:
96910.

. Camus SM, De Moraes JA, Bonnin P, Abbyad P, Le Jeune S, Lionnet F, et

al. Circulating cell membrane microparticles transfer heme to endothelial
cells and trigger vasoocclusions in sickle cell disease. Blood. 2015 Jun
11;125(24):3805-14.

17.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

van der Vorm LN, Paw BH. Studying disorders of vertebrate iron and heme
metabolism using zebrafish. Methods Cell Biol. 2017;138:193-220.

. Brown BL, Kardon JR, Sauer RT, Baker TA. Structure of the Mitochondrial

Aminolevulinic Acid Synthase, a Key Heme Biosynthetic Enzyme. Structure.
2018 Apr 3;26(4):580-9.e4.

Chiabrando D, Mercurio S, Tolosano E. Heme and erythropoieis: more than
astructural role. Haematologica. 2014 Jun;99(6):973-83.

Lathrop JT, Timko MP. Regulation by heme of mitochondrial protein transport
through a conserved amino acid motif. Science. 1993;259(5094):522-5.

Lane DJ, Merlot AM, Huang ML, Bae DH, Jansson PJ, Sahni'S, etal. Cellulariron
uptake, traffickingand metabolism: key molecules and mechanisms and their
roles in disease. Biochim Biophys Acta Mol Cell Res. 2015;1853:1130-44.

Peoc’h K, Nicolas G, Schmitt C, Mirmiran A, Daher R, Lefebvre T, et al.
Regulation and tissue-specific expression of 8-aminolevulinic acid synthases
in non-syndromicsideroblastic anemias and porphyrias. Mol Genet Metab.
2019 Jan 23. pii: S1096-7192(18)30632-2.

Podvinec M, Handschin C, Looser R, Meyer UA. Identification of the
xenosensors regulatinghuman 5-aminolevulinate synthase. Proc Natl Acad
Sci USA.2004;101(24):9127-9132.

Zordoky BN, El-Kadi AO. Induction of several cytochrome P450 genes by
doxorubicinorubicinin H9c2 cells. Vascul Pharmacol. 2008 ;49(4-6):166-72.

Hedrich WD, Hassan HE, Wang H. Insights into CYP2B6-mediated drug-
drug interactions. Acta Pharm Sin B. 2016 Sep;6(5):413-25.

Munoz-Sénchez J, Chanez-Cérdenas ME. A review on hemeoxygenase-2:
focus on cellular protection and oxygen response. Oxid Med Cell Longev.
2014;2014:604981.

Zhu XF, Li W, Ma JY, Shao N, Zhang Y/, Liu RM, et al. Knockdown of
heme oxygenase-1 promotes apoptosis and autophagy and enhances
the cytotoxicity of doxorubicin in breast cancer cells. Oncol Lett. 2015
Nov;10(5):2974-80.

Morse D, Choi AM. Heme oxygenase-1: the “emerging molecule” has
arrived. Am J Respir Cell Mol Biol. 2002 Jul;27(1):8-16.

Kitamuro T, Takahashi K, Ogawa K, Udono-Fujimori R, Takeda K,
Furuyama K, et al. Bach1 functions as a hypoxia-inducible repressor for
the heme oxygenase-1b gene in human cells. ) Biol Chem. 2003 Mar
14;278(11):9125-33.

Dunn LL, Midwinter RG, NiJ, Hamid HA, Parish CR, Stocker R. New insights
into intracellular locations and functions of heme oxygenase-1. Antioxid
Redox Signal. 2014;20:1723-42.

Intagliata S, Salerno L, Ciaffaglione V, Leonardi C, Fallica AN, Carota G, etal.
Heme Oxygenase-2 (HO-2) as a therapeutic target: Activators and inhibitors.
Eur) Med Chem. 2019 Dec 1;183:111703.

Liu N, Wang X, McCoubrey WK, Maines MD. Developmentally regulated
expression of two transcripts for heme oxygenase-2 with a first exon unique
to rat testis: control by corticosterone of the oxygenase protein expression.
Gene. 2000 Jan 4;241(1):175-83.

Arq Bras Cardiol. 2021; 116(2):315-322

321



Wang et al.
Doxorubicin and Heme

Original Article

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

322 Arq Bras Cardiol. 2021; 116(2):315-322



Short Editorial

Influence of Doxorubicin Treatment on Heme Metabolism in

Cardiomyoblasts: An In Vitro Study

Mariana Gatto"™ and Gustavo Augusto Ferreira Mota’

Departamento de Clinica Médica, Faculdade de Medicina de Botucatu, Universidade Estadual Paulista - Unesp, Botucatu, SP, Brazil
Short Editorial related to the article: Effects of Doxorubicin on Heme Biosynthesis and Metabolism in Cardiomyocyte

The last decades have been marked with potential
advances in cancer diagnosis and therapy, leading to a
decrease in mortality and increased patient survival.’
Doxorubicin is a drug that belongs to the anthracycline
family, a class of anticancer drugs extracted from
streptomycin.? Although the mechanism of action of this
drugin cancer is complex, it is known that it interferes with
the synthesis of DNA and RNA in addition to inducing the
production of free radicals that damage the cell membrane
and DNA.?> However, many of the chemotherapeutic
agents used in the neoplasms treatment protocols induce
several side effects, including cardiac toxicity and negative
repercussions in the vascular system such as thrombolytic
ischemia, arterial hypertension, ventricular dysfunction
and heart failure.”* The cardiotoxic effect of doxorubicin
is dose-dependent, and the primary mechanism of toxicity
is the induction of oxidative stress in the myocardium, with
high production of reactive oxygen (ROS) and nitrogen
(RNS) species that trigger DNA damage and deregulation
of various processes intracellular.®

The heme molecule mediates the iron availability and
is essential for numerous biological processes in aerobic
organisms. In the cardiovascular system, it plays a crucial role
in antioxidant defense, signal transduction, oxygen transport,
hemoglobin storage, and mitochondrial electron transport.®
Four mitochondrial and four cytoplasmic enzymes participate
in heme metabolism. For heme synthesis, glycine and succiny!
coenzyme A are condensed into 8-aminolevulinic acid (ALA)
by the enzymes aminolevulinic acid synthases (ALAS), known
as ALAST and ALAS2.” The degradation of heme is carried out
by enzymes called heme oxygenase (HOX), which produces
carbon monoxide, biliverdin, and iron. HOX-1 isoenzyme
regulates normal physiological conditions while HOX-2
isoenzyme protects the cells from oxidative stress.? On the
other hand, experimental studies have shown that elevated
heme protein levels are related to increased oxidative stress
and toxicity in cardiomyocytes.®'® However, few studies in
the literature verified the influence of anthracyclines on heme
protein metabolism in cardiomyocytes.
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In this sense, the study published in the Arquivos
Brasileiros de Cardiologia of this edition aimed to explore
changes in heme biosynthesis in a cardiomyocytes cell
lineage treated with doxorubicin.” The authors evaluated
changes in the protein and gene profile of the enzymes
ALAS1T, ALAS2, HOX-1, and HOX-2 in cultures of H9C2
cardiomyocytes treated with different concentrations of the
doxorubicin for 24 hours.” The authors demonstrated that
treatment with doxorubicin significantly increased heme
levels and that the enzymes ALAST and ALAS2 showed
different behaviors. Lower doses of doxorubicin inhibited
ALAST1 expression in H9C2 cardiomyocytes, and the authors
suggest that it is a negative feedback mechanism to prevent
cell toxicity induced by high levels of heme. When the dose
of the drug was increased, ALAS1 expression also increased,
a result corroborated by a previous study.'? ALAS2 levels
decreased as the dose of doxorubicin was increased, and
the authors proposed that this mechanism is an effect to
counteract the high level of heme.

Regarding the HOX-1 and HOX-2 enzymes, both
showed the same behavior at the gene level, with increased
expression compared to the control when higher doses of
the drug were used. At the protein level, increased levels
of HOX-1 were detected only with the highest doses of the
doxorubicin, while HOX-2 showed increased levels in a
dose-dependent manner.” The authors suggested that results
related to the protein profile of HOX-1 and HOX-2 may be
due to differences in the regulatory mechanisms of these
enzymes. Also, few studies have verified the relationship
between HOX-2 and doxorubicin in cardiomyocytes.

Although doxorubicin is widely used, many of its
cardiotoxic mechanisms remain unclear. The research
on which this short editorial is based has shown that
treatment with doxorubicin in cardiomyocytes modulates
gene and protein levels of crucial enzymes in the synthesis
and degradation of heme proteins in a different way.
Future studies are needed to elucidate the exact role of
these enzymes in cardiomyocytes under treatment with
doxorubicin.
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Value of Left Atrial Diameter with CHA2DS2-VASc Score in
Predicting Left Atrial/Left Atrial Appendage Thrombosis in Non-

valvular Atrial Fibrillation
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Abstract

Background: Atrial fibrillation is the most common persistent arrhythmia, and is the main factor that leads to
thromboembolism.

Objective: To investigate the value of left atrial diameter combined with CHA2DS2-VASc score in predicting left
atrial/left atrial appendage thrombosis in non-valvular atrial fibrillation.

Methods: This is a retrospective study. 238 patients with non-valvular atrial fibrillation were selected and divided
into two groups: thrombosis and non-thrombosis. CHA2DS2-VASc score was determined. P<0.05 was considered
statistically significant.

Results: Multivariate logistic regression analysis revealed that the history of stroke/transient ischemic attack,
vascular disease, CHA2DS2-VASc score, left atrial diameter (LAD), left ventricular end-diastolic dimension (LVEDD)
and left ventricular ejection fraction (LVEF) were independent risk factors for left atrial/left atrial appendage
thrombosis (p<0.05). Receiver operating characteristic curve analysis revealed that the area under the curve for
the CHA2DS2-VASc score in predicting left atrial/left atrial appendage thrombosis was 0.593 when the CHA2DS2-
VASc score was =3 points, and sensitivity and specificity were 86.5% and 32.6%, respectively, while the area
under the curve for LAD in predicting left atrial/left atrial appendage thrombosis was 0.786 when LAD was =44.17
mm, and sensitivity and specificity were 89.6% and 60.9%, respectively. Among the different CHA2DS2-VASc
groups, the incidence rate of left atrial/left atrial appendage thrombosis in patients with LAD =44.17 mm was
higher than patients with LAD <44.17 mm (p<0.05).

Conclusion: CHA2DS2-VASc score and LAD are correlated with left atrial/left atrial appendage thrombosis in non-
valvular atrial fibrillation. For patients with a CHA2DS2-VASc score of 0 or 1, when LAD is =44.17 mm, the risk for
left atrial/left atrial appendage thrombosis remained high. (Arq Bras Cardiol. 2021; 116(2):325-331)

Keywords: Atrial Fibrillation Non Valvar; Stroke; Risk Assessment; Propensity Score; Heart Atria; Atrial Appendage.

Introduction

Atrial fibrillation (AF) is the most common persistent
arrhythmia, and is the major factor that leads to
thromboembolism." In recent years, with the aging of the
population in China, the incidence of this disease has
increased.? Therefore, this disease represents a serious
threat to people’s life and health. When AF occurs, the
cardiac atrium cannot regularly and effectively constrict,
and blood flow slows down, which greatly increases the
risk of left atrial/left atrial appendage thrombosis,® and left
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atrial/left atrial appendage thrombosis further increases
the risk of thromboembolism events.* Therefore, scientific
evaluation of left atrial/left atrial appendage thrombosis is
of great significance for guiding treatment and improving
the prognosis of patients. CHA2DS2-VASc is a presently and
widely used scoring system to assess the risk of stroke in
patients with non-valvular AF, and plays an important role
in determining high-risk factors and guiding treatment.®
However, the scoring system relies mainly on patient’s
history record. A study revealed that® left atrial size
was closely correlated to left atrial/left atrial appendage
thrombosis. However, it remains unclear whether the left
atrial diameter combined with the CHA2DS2-VASc scoring
system can improve the predictive results of left atrial/left
atrial appendage thrombosis. The objective of this study
was to analyze the factors related to left atrial/left atrial
appendage thrombosis in patients with non-valvular AF,
and explore the value of left atrial diameter combined with
the CHA2DS2-VASc score in predicting left atrial/left atrial
appendage thrombosis, in order to provide reference for
clinical practice.
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Data and methods

General data

This was a retrospective study. Data was collected from medical
records. A total of 238 patients with non-valvular AF, who were
hospitalized in Zhengzhou Cardiovascular Hospital from February
2012 to March 2017, were enrolled into the study. Inclusion
criteria: (1) patients diagnosed by electrocardiogram (ECC) or
dynamic ECG; (2) patients who underwent transesophageal
echocardiography. Exclusion criteria: (1) patients with rheumatic
heart disease, valvular AF and paroxysmal AF; (2) patients with
acute myocardial infarction and acute decompensated heart
failure within 90 days, and patients with previous history of
cardiac surgery; (3) patients with pulmonary embolism, deep
venous thrombosis, history of administration of anticoagulant
drugs, such as warfarin and rivaroxaban, or lipid-lowering
drugs, such as statins; (4) patients with malignant tumors,
hyperthyroidism, and severe liver and kidney dysfunction. This
study was approved by the Ethics Committee of our hospital. All
patients provided a signed informed consent.

Methods

Clinical data acquisition

Gender, age, course of AF, smoking and alcohol addiction,
chronic disease history, height and weight of all patients were
collected, and the body mass index (BMI) was calculated. In
addition, fasting blood glucose (FBG), total cholesterol (TC),
triglyceride (TG), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), platelet count
(Plt), serum uric acid (UA) and other biochemical indicators
were collected.

Transthoracic echocardiography and transesophageal
echocardiography

All examinations were performed by an experienced
sonographer with the title of Chief Physician in our hospital. All
patients were routinely informed and signed an informed consent
before examination. A Philips iE33 color Doppler ultrasound
diagnostic apparatus was used to complete the examination.
Transthoracic echocardiography was routinely performed, and
the probe frequency was 2.5 MHz. Left atrial diameter (LAD), left
ventricular end-diastolic dimension (LVEDD), and left ventricular
ejection fraction (LVEF) were measured. Subsequently, local
pharyngeal anesthesia with lidocaine was administered. Then,
the probe was placed into the esophagus up to the location of
the heart, and the probe frequency was 5.0 MHz. The left atrial
and left atrial appendage sections were continuously observed
to determine whether thrombus was present in the left atrial/left
atrial appendage. These patients were divided into two groups:
thrombosis group and non-thrombosis group.

CHA2DS2-VASc score

The CHA2DS2-VASc score was calculated according to the
basic clinical data of patients:” (1) major risk factors (2 points
per item): age of =75 years old, ischemic stroke, and transient

Arq Bras Cardiol. 2021; 116(2):325-331

ischemic attack; (2) secondary factors (1 point per item):
female, aged 65-74, hypertension, diabetes, vascular disease,
and chronic heart failure; (3) a lowest score of 0 and a highest
score of 9. The higher the score was, the greater the possibility
of thrombosis.

Statistical analysis

Data collation and statistical analyses were conducted
using the statistical software SPSS 21.0. Continuous data were
expressed as mean=standard deviation (x+SD), and compared
between two groups using Student’s unpaired t-test of normal
distribution, and Kolmogorov-Smirnov (K-S) test was used
for normal distribution. Categorical data were expressed
in rate (%), and compared between two groups using X*-test.
Multivariate logistic regression analysis was performed to analyze
related factors that affected the left atrial/left atrial appendage
thrombosis. The receiver operating characteristic (ROC) curve
was used to analyze the predictive results of left atrial diameter
and CHA2DS2-VASc score for left atrial/left atrial appendage
thrombosis. p<0.05 was considered statistically significant.

Results

Left atrial/left atrial appendage thrombosis

A total of 238 patients with non-valvular AF were enrolled in
this study. Among these patients, 157 patients were male and
87 patients were female, and the age of these patients ranged
from 29 to 86, with an average age of 61.1+12.4. In these 238
patients, left atrial/left atrial appendage thrombosis occurred in
46 patients, and the incidence was 19.3%.

Comparison of clinical data between the thrombosis group
and the non-thrombosis group

Differences in gender, BMI, course of AF, proportions of
patients with a history of smoking and alcohol consumption,
proportions of patients with diabetes and coronary heart disease,
CHA2DS2-VASc score, FBG, TC, TG, LDL-C, Plt, UA and drug
therapy between the thrombosis group and non-thrombosis
group were not statistically significant (p>0.05). In the thrombosis
group, the proportion of patients aged =75, the proportion
of patients with hypertension, the proportion of patients with
heart failure, the proportion of patients with a history of stroke/
transient ischemic attack, the proportion of patients with a history
of vascular disease, and the CHA2DS2-VASc score, LAD and
LVEDD were higher than those in the non-thrombosis group,
while HDL-C and LVEF were lower than those in the non-
thrombosis group, and all differences were statistically significant
(p<0.05, Table 1).

Related factors that affect left atrial/left atrial appendage
thrombosis

With the determination of whether the left atrial/left atrial
appendage thrombosis existed as a dependent variable, and
the variables with a p-value <0.10 as independent variables,
multivariate logistic regression analysis was performed. The
results revealed that the history of stroke/transient ischemic



Zhang & Yuan
Left atrial diameter with CHA2DS2-VASc score

Original Article
Table 1 - Clinical Data of Thrombosis Group & Non-Thrombosis Group
Index Thrombo_sis Non-Thron:bosis tiy? p
Group (n=46) Group (n=192)
Age (n, %)
<65 yo 18(39.1) 112 (58.3)
65-74 yo 15 (32.6) 62 (32.3)
275 yo 13(28.3) 18(9.4) 12.668 0.002
Sex (M/F) 32 (69.6) 119 (62.0) 0.921 0.337
BMI (kg/m?) 26.82+3.70 25.94+3.01 1.696 0.091
Years of AF (A) 4.69+1.69 5.10+1.38 1.718 0.087
Smoke (n, %) 18 (39.1) 71(37.0) 0.921 0.337
Alcohol drinking (n, %) 11(23.9) 36 (18.8) 0624 0.429
Hypertension (n, %) 32 (69.6) 91 (47.4) 7.304 0.007
Diabetes (n, %) 8(17.4) 44 (22.9) 0.664 0415
Coronary disease (n, %) 4(8.7) 8(4.2) 1.590 0.207
HF (n, %) 7(15.2) 6(3.1) 10.508 0.001
Stroke/TIA (n, %) 17 (37.0) 11(5.7) 101.138 0.000
Vascular disease (n, %) 22 (47.8) 51(26.6) 7.890 0.005
FBG (mmollL) 5.72+0.86 6.13+1.43 1.832 0.068
TC (mmollL) 4.82+0.96 4.66+0.98 1.036 0.301
TG (mmol/L) 1.84£1.02 1.68+0.92 1.055 0.292
LDL-c (mmol/L) 3.00+0.54 2.96+0.86 0.298 0.766
HDL-c (mmollL) 0.99+0.18 1.16+0.31 3.458 0.001
PIt (x10°/L) 209.08+34.45 214.43+41.26 0.815 0.416
UA (umol/L) 333.70+64.68 342.74£70.08 0.798 0.426
CHA2DS2-VASc score 2.26+1.90 1.64+1.48 2428 0.016
CHA2DS2-VASc group (n, %) 2.635 0.268
0 score 8(17.4) 55 (28.6)
1 score 14 (30.4) 56 (29.2)
22 scores 24 (52.2) 81(42.2)
LAD (mm) 45.8146.16 38.55+5.00 6.118 0.000
LVEDD (mm) 51.35+4.38 48.53+4.11 4133 0.000
LVEF (%) 57.05+10.50 61.84+9.17 3.092 0.002
Drug treatment (n, %)
B-blockers 15 (32.6) 54 (28.1) 0.362 0.547
ACEI/ARB 21(45.7) 75(39.1) 0.670 0.413

BMI: body mass index; HF: heart failure; TIA: transient ischemic attack; FBG: fasting blood glucose; TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein
cholesterol; HDL-C: high-density lipoprotein cholesterol; Plt: platelet count; UA: serum uric acid; LAD: left atrial diameter; LVEDD: left ventricular end-diastolic dimension;
LVEF: left ventricular ejection fraction; ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blockers.

attack, vascular disease, CHA2DS2-VASc score, LAD, LVEDD
and LVEF were independent risk factors for left atrial/left atrial
appendage thrombosis (p<0.05, Table 2).

The value of LAD and CHA2DS2-VASc score in predicting
left atrial/left atrial appendage thrombosis

The ROC curve analysis revealed that when the
CHA2DS2-VASc score was used to predict left atrial/left

atrial appendage thrombosis, the area under the curve
(AUC) was 0.593 (95% Cl: 0.495-0.690). When the
CHA2DS2-VASc score was =3, sensitivity and specificity
were 86.5% and 32.6%, respectively. When LAD was used
to predict left atrial/left atrial appendage thrombosis, the
AUC was 0.786 (95% Cl: 0.704-0.868). When LAD was
=44.17 mm, sensitivity and specificity were 89.6% and
60.9%, respectively (Figure 1).
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Table 2 - Related factors of thrombus in left atrium or left atrial appendage

Index B SE Wals x2 p OR (95%Cl)
Stroke/TIA 3.597 1.165 9.528 0.002 36.498 (3.718~358.322)
Vascular disease 1.280 0.574 4979 0.026 3.597 (1.168~11.071)
HDL-c 2.574 1.021 6.354 0.012 13.124 (1.773~97.142)
CHA2DS2-VASc score -0.441 0.171 6.610 0.010 0.644 (0.460~0.901)
LAD -0.246 0.058 18.025 0.000 0.782 (0.698~0.876)
LVEDD -0.173 0.063 7.432 0.006 0.841(0.743~0.953)
LVEF 0.066 0.027 5.925 0.015 1.068 (1.013~1.126)

TIA: transient ischemic attack; HDL-C: high-density lipoprotein cholesterol; LAD: left atrial diameter; LVEDD: left ventricular end-diastolic dimension; LVEF: left
ventricular ejection fraction.
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Figure 1 — The ROC curve analysis results showed that when the CHA2DS2-VASc score was used to predict left atrial/left atrial appendage thrombosis, the area
under the curve was 0.593 (95% Cl: 0.495-0.690). When the CHA2DS2-VASc score was 23, sensitivity and specificity were 86.5% and 32.6%, respectively. When
LAD was used to predict left atrial/left atrial appendage thrombosis, the area under the curve was 0.786 (95% ClI: 0.704-0.868). When LAD was >44.17 mm,
sensitivity and specificity were 89.6% and 60.9%, respectively.
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Effect of LAD on the risk of left atrial/left atrial appendage
thrombosis in patients in the different CHA2DS2-VASc
groups

In the different CHA2DS2-VASc groups, the incidence of
left atrial/left atrial appendage thrombosis in patients with
LAD =44.17 mm was higher than that in patients with LAD
<44.17 mm, and the difference was statistically significant
(p<0.05, Table 3).

Discussion

As the most common arrhythmia type in the Internal
Medicine-Cardiovascular Department, AF is a risk factor
that leads to thromboembolism.® Compared with the
non-AF population, the risk of stroke in patients with AF
is increased by five times.” In addition, a study revealed
that'® the thrombus that caused stroke in AF patients mostly
came from the left atrial /left atrial appendage. Left atrial/
left atrial appendage thrombosis is an independent risk
factor for stroke in patients with non-valvular AR This may
significantly increase the risk of thromboembolic events,
and is a direct indicator of anticoagulant therapy in AF
patients.’? Therefore, early detection of left atrial/left atrial
appendage thrombosis or high-risk factors for left atrial/
left atrial appendage thrombosis is of great significance
for guiding treatment and improving the prognosis of AF
patients. In this study, 238 AF patients, who did not receive
anticoagulation and lipid-lowering therapy, were enrolled.
The transesophageal echocardiography results revealed that
the incidence of left atrial/left atrial appendage thrombosis
was 19.3%. This is similar to 18.6%, reported by Shuanglun
Xie et al.,"® and 20.7%, reported by Weiwei Fu et al.™
These results reveal that the incidence of left atrial/left
atrial appendage thrombosis is relatively high in AF patients
without anticoagulation and lipid-lowering therapy.

The CHA2DS2-VASc scoring system was established by
further optimizing the CHADS2 scoring system, which is a
clinical method commonly used to assess the risk of stroke
in AF patients at present, and also used to guide clinical
treatment." A study revealed that'®a CHA2DS2-VASc score
of =2 is an independent risk factor for left atrial/left atrial
appendage thrombosis in AF patients. This study revealed
that the CHA2DS2-VASc score was higher in the thrombosis
group than in the non-thrombosis group. However, the
difference in the distribution of CHA2DS2-VASc scores
between the two groups was not statistically significant.
Univariate and multivariate analysis revealed that the
CHA2DS2-VASc score is an independent risk factor for left

atrial/left atrial appendage thrombosis. Furthermore, these
results reveal that the CHA2DS2-VASc score is correlated
to left atrial/left atrial appendage thrombosis. The ROC
curve analysis revealed that the AUC was 0.593 (95%
Cl: 0.495-0.690). When the CHA2DS2-VASc score was
=3, sensitivity and specificity were 86.5% and 32.6%,
respectively. These results showed that for patients with a
CHA2DS2-VASc score of =3, the possibility of left atrial/
left atrial appendage thrombosis should be highly alerted.
However, this study also revealed that when the CHA2DS2-
VASc score was 0 or 1, left atrial/left atrial appendage
thrombosis still occurred in 9 and 15 patients, respectively.
Furthermore, these results revealed that for low-risk
patients with a CHA2DS2-VASc score of 0 or 1, there
was still a risk of stroke. These results suggested that the
CHA2DS2-VASc score has some limitations in predicting
left atrial/left atrial appendage thrombosis.

A study revealed that'” morphological changes in the
left atrium and left atrial appendage might increase the
risk of thromboembolism in AF patients. When AF occurs,
the bigger the cardiac atrium, the more easily thrombosis
forms."® In this study, LAD in AF patients was compared.
The results revealed that LAD was greater in the thrombosis
group than in the non-thrombosis group, which was an
independent risk factor for left atrial/left atrial appendage
thrombosis. The ROC curve analysis revealed that when
LAD was used to predict left atrial/left atrial appendage
thrombosis, the AUC was 0.786 (95% Cl: 0.704-0.868), and
when LAD was =44.17 mm, sensitivity and specificity were
89.6% and 60.9%, respectively. These results revealed that
LAD size was correlated to left atrial/left atrial appendage
thrombosis. Hence, when LAD was =44.17 mm, this had
good sensitivity and specificity in predicting left atrial/left
atrial appendage thrombosis. In this study, we used LAD
as the index to predict left atrial/left atrial appendage
thrombosis. Recently, left atrial volume has been used as
a measure of left atrial enlargement.” This index might
be included in future studies. In this study, patients were
further stratified according to the CHA2DS2-VASc score,
in order to analyze the effect of LAD on left atrial/left
atrial appendage thrombosis. These results revealed that
regardless of whether the CHA2DS2-VASc score was 0, 1
or =2, LAD =44.17 mm significantly increased the risk of
left atrial/left atrial appendage thrombosis. These results
revealed that further assessment of LAD on the basis of
the CHA2DS2-VASc score would be helpful for evaluating
the risk of left atrial/left atrial appendage thrombosis and
guiding anticoagulation therapy.

Table 3 - The effect of left atrial diameter on the risk of thrombosis in left atrium/left atrial appendage in patients with different CHA2DS2-VASc

groups (mm).

left atriallleft atrial appendage thrombus (n, %)

CHA2DS2-VASc group n OR X2 p
LAD244.17 LAD<44.17

0 score 63 6/12 (50.0) 3/51(5.9) 8.500 (95% Cl: 1.856~38.938) 9.524 0.002

1 score 73 11/16 (68.8) 4/57 (7.0) 9.797 (95% CI: 2.747~34.943) 15.466 0.000

=2 score 102 11/19 (57.9) 11/83 (13.3) 4.368 (95% Cl: 1.651~11.559) 9.712 0.002
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However, considering that this study is a single-center,
small-sample size study, there may be some shortcomings in
sample representativeness. Hence, multi-center and large-
sample size cohort studies are needed to further clarify the
relationship between the CHA2DS2-VASc score and LAD
in predicting left atrial/left atrial appendage thrombosis and
guiding anticoagulation therapy.

Conclusion

In summary, the CHA2DS2-VASc score and LAD are
correlated to left atrial/left atrial appendage thrombosis
in patients with non-valvular AF. For patients with a
CHA2DS2-VASc score of 0 or 1, LAD size should be further
considered. When LAD was =44.17 mm, the risk of left
atrial/left atrial appendage thrombosis is still relatively
high, and it is necessary to conduct further anticoagulation
therapy.
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Short Editorial relatet to the article: Value of Left Atrial Diameter with CHA2DS2-VASc Score in Predicting Left Atrial/Left Atrial Appendage

Thrombosis in Non-valvular Atrial Fibrillation

Ischemic stroke can result from a variety of causes, such
as atherosclerosis of the cerebral circulation, occlusion of
cerebral small vessels, and cardiac embolism."” Of these
causes, cardioembolic stroke has a particular significance
because cardiac embolism causes more severe strokes than
other ischemic stroke subtypes.? In about 20% of patients
who have had ischemic stroke, a major risk cardiac source,
such as atrial fibrillation (AF) and/or left ventricular thrombi,
is identified. Thus, assessing the presence of AF, and the
risk of thromboembolism associated to cardiac lesions play
a key role in stroke prevention. *

Age, male gender, hypertension, diabetes mellitus,
valvular heart disease, congestive heart failure, coronary
heart disease, chronic kidney disease, inflammatory
disorders, sleep apnea, and tobacco use have all been
established as risk factors for both AF* and stroke.> However,
it may be that other atrial factors besides AF can result in
thromboembolism, and in some cases, AF may be a lagging
marker of these other thrombogenic atrial abnormalities.
AF often occurs in the setting of atrial abnormalities such
as mechanical dysfunction in the left atrial appendage.®
These abnormalities of atrial substrate have recently
been associated with stroke risk independently of AF. The
CHA2DS2-VASc (congestive heart failure, hypertension,
age = 75 years, diabetes mellitus, stroke or transient
ischemic attack (TIA), vascular disease, age 65 to 74 years,
sex category) score is a validated tool to predict the risk of
stroke and systemic emboli in patients with non-valvular
atrial fibrillation and has been widely used to guide clinical
practice.”"®

Left atrial appendage (LAA) represents one of the main
sources of cardiac thrombi responsible for stroke in patients
with AF" and this is probably due to the anatomical
characteristics of this structure, which facilitate slower blood
flow inside it. An interesting finding is that LAA thrombosis
can occur even in patients with a lower CHA2DS2VASc
score (< 2) and this may be related to its morphology.
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The relationship between the findings of transesophageal
echocardiography and the CHA2DS2-VASc score has not yet
been established, since most studies evaluate the association
in the presence of thrombus with the score.’' Linhares
et al.," recently presented interesting results suggesting
that the thrombogenic morphology of LAA identified in
transesophageal echocardiography (TEE) presented a higher
risk of stroke regardless of the CHA2DS2VASc score.™

However, it remains unclear whether another parameter,
the left atrial diameter (LAD) combined with the CHA2DS2-
VASc scoring system can improve the predictive results
of left atrial/left atrial appendage thrombosis. Zhang Y
e Yi-Qiang Y," in a retrospective study including 238
patients with non-valvular atrial fibrillation, proposed to
investigate the value of left atrial diameter combined with
CHA2DS2-VASc score in predicting the left atrial/left atrial
appendage thrombosis in non-valvular atrial fibrillation.
The authors have found that the receiver operating
characteristic curve analysis revealed that the area under
the curve for the CHA2DS2-VASc score in predicting left
atrial/ left atrial appendage thrombosis was 0.593 when the
CHA2DS2-VASc score was = 3 points, and the sensitivity
and specificity was 86.5% and 32.6%, respectively, while
the area under the curve for LAD in predicting left atrial/
left atrial appendage thrombosis was 0.786 when LAD was
= 44.17 mm, and the sensitivity and specificity was 89.6%
and 60.9%, respectively. Additionally, they have found that
among the different CHA2DS2-VASc groups, the incidence
of left atrial/ left atrial appendage thrombosis in patients
with a LAD of = 44.17 mm was higher than in patients
with a LAD < 44.17 mm.

Rather than a definitive answer to this intriguing question,
the paper by Zhang Y and Yi-Qiang Y'> mostly represents an
important hypothesis generator. The findings are interesting
indeed. However, the readers should consider important
aspects that may limit the generalizability and clinical
application of these findings at the present moment. First,
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the sensitivity of the predictive model remained moderate
even after the addition of the LAD parameter; second, the
specificity of the model was too low to be suggested as a
standard tool; third, due to the large confidence intervals
observed in the analysis of the association of the different
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Abstract

More than 20 years since its initial use, catheter ablation has
become a routinely performed procedure for the treatment of
patients with atrial fibrillation (AF). Initially based on the electrical
isolation of pulmonary veins in patients with paroxysmal AF,
subsequent advances in the understanding of pathophysiology
led to additional techniques not only to achieve better results,
but also to treat patients with persistent forms of arrhythmia, as
well as patients with structural heart disease and heart failure.

Significant technological advances, especially in 3D
electroanatomic mapping, intracardiac echocardiography
use and how energy is delivered to the tissue (cryoablation
and tissue contact force with radiofrequency) have allowed
a significant reduction in the rate of complications and in the
use of ionizing radiation.

Currently, ablation is the most efficient treatment for
patients with AF, and an excellent alternative to the use
of antiarrhythmic drugs, whose development has been
insignificant in recent decades.

With the pioneering observations made by Haissaguerre
et al.,' the pivotal role of arrhythmogenic foci located in the
pulmonary veins (PV) in the pathophysiology of the initiation and
maintenance of AF episodes was shown. The concept of focal AF
was then established, where atrial arrhythmia that diffusely affects
both atria have a well-determined origin, and is ~ therefore
susceptible to therapeutic interventions. Techniques using
catheter ablation were developed and improved to eliminate
AF-generating foci through circumferential ablation around the
PVs,>* with higher success and performance rates compared to
the best pharmacological therapy.”'°

The aim of this article is to review the advances in catheter
ablation for AF and describe to the clinical cardiologist state-of-
the-art indications, techniques, results and complications.

Ablation Strategies

Over the last 20 years, several ablation strategies have
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been used to control AF. In common, there is a current
consensus that the isolation of all PVs is fundamental in all
groups of patients (paroxysmal, persistent or long-standing
persistent AF).""> Isolation must be electrically proven by
circular mapping inside the PVs (Figures 1 and 2), as this
step is paramount for the success of the procedure. Recent
studies have shown that the procedure should be performed
on uninterrupted oral anticoagulation, a strategy proven to
reduce thrombotic and hemorrhagic complications.'®'®

In patients with paroxysmal AF, PV isolation is usually all that
is needed, targeting additional sites only in specific situations
(e.g., triggering foci mapped outside the PVs). Some centers
routinely perform isolation of the superior vena cava'®*since
it can also be, albeit rarely, a triggering AF-inducing source.
Most publications show favorable results, with success rates
above 70%.57?

PV isolation can be performed using: 1) radiofrequency
(RF) energy, through point-by-point focal applications (Figure
1 — A), ideally with catheters with contact force sensors at
the tip (Figure 1 — B), or 2) freezing (cryoablation), using a
balloon catheter positioned in the antrum of the PVs, capable
of performing ablation simultaneously around the entire
circumference in contact with the tissue (Figure 1 - D). A
randomized study (Fire and ICE)*' directly comparing the two
strategies for the treatment of paroxysmal AF showed similar
results. These findings were replicated in a second randomized
study (CIRCA-DOSE)?? that compared two cryoablation
regimens (4 min vs. 2 min freezings) to the use of contact
force-guided RF to isolate the PVs in patients with paroxysmal
AF; in this study, there was a >98% reduction in AF burden
demonstrated through continuous electrocardiographic
monitoring. It is important to note that the Cryo balloon
catheter is not commonly used for ablation at sites other than
around the PVs; when necessary, an RF catheter should be
used for that (Figure 1 - C).

In persistent and long-standing persistent forms of AF,
additional electrical conduction barriers are often created, as
stand-alone PV isolation is usually insufficient and associated
with high recurrence rates.?>* Several strategies have been
studied,?*% the most frequently used being: ablation of
triggers outside the PVs, linear lesions in the left atrium (LA)
and extensive RF applications at sites depicting fractionated
electrograms during AF (most commonly observed in the
posterior LA wall, septum, LA roof, mitral annulus, base of
the left atrial appendage (LAA) and inside the coronary sinus).
During RF applications at these sites, AF conversion to regular
atrial tachycardias or even to sinus rhythm may occur.

The negative results of the randomized Star AF 1I°® study
should be noted. The study compared the addition of linear
lesions and ablation of fragmented potentials to PV isolation in
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Figure 1 - Catheter ablation for the treatment of paroxysmal AF. A) Isolation of left VPs by circumferential ablation (RF point-by-point) guided by 3D electroanatomic
mapping (NAVx system — Abbott), demonstrating the elimination of electrograms (*) recorded by a circular catheter inside the PVs. B) Isolation of the right PVs
(CARTO system — Biosense Webster) with a contact force-sensing catheter (shown by the force vector and force quantification = 7 g); the circular mapping catheter
is inside the right superior PV. C) Persistent AF ablation (NAVx system — Abbott) demonstrating the additional linear RF lesions to isolate the LA posterior wall (roof
and inferior lines), leading to the elimination of electrograms (recorded by the circular mapping catheter). D) Fluoroscopic imaging during cryoablation for isolation
of the left superior PV, demonstrating the balloon catheter (arrow) inflated and in contact with the vein ostium. Balloon ablation along the PV circumference is
performed simultaneously, which is usually restricted to PV isolation — when additional ablation is required, an RF catheter should be used.

Figure 2 - Use of intracardiac echo (ICE) during AF ablation. A) Schematic diagram showing the ICE catheter in the right atrial cavity with the ultrasound
beam directed to guide the two transeptal punctures and positioning of circular mapping and ablation catheters in LA. B) ICE image demonstrating PV antral
positioning and tissue contact during RF delivery around the left superior PV (VPSE). LA: left atrium; LAA: left atrial appendage; Map: mapping catheter; RF:
ablation catheter.
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patients with persistent AF. In this study, there was no difference
in the rates of sinus rhythm maintenance at 18 months between
the groups (59% for PVI only vs. 49% and 46% in the other
groups, without statistical significance). Therefore, many centers
still perform PV isolation only, even in patients with persistent AR

A more aggressive strategy for eliminating AF triggers was
also tested in a randomized controlled trial (BELIEF Trial),* by
electrical isolation of the left atrial appendage (LAA). Isolation of
this structure in addition to conventional ablation was associated
with a 55% reduction in the relative risk of AF recurrence in
patients with long-term persistent AF. LAA isolation is currently
performed selectively as it requires extensive RF applications
and its association with increased risk of embolic phenomena
(due to the loss of LAA contraction leading to slow flow and
thrombus formation). Patients with electrically isolated LAA
should be permanently anticoagulated, regardless of the
CHADSVASC score, and should undergo occlusion of this
structure if anticoagulation is contraindicated.*

Therefore, more persistent forms of AF with significant atrial
remodeling require modification of the atrial substrate, implying
a greater number, sites and extent of RF applications. There is
no consensus in the literature on the best strategy to be used
(Table 1). The evolution of AF to persistent forms represent
progression of a pathological process (atrial myopathy)*'“
and should motivate earlier intervention, ideally when AF is
still paroxysmal, and LA remodeling is not yet present. A large
retrospective study with more than 4,500 patients analyzed
the impact of time between the diagnosis of AF and ablation
therapy.* The results are striking, demonstrating that the earlier
the ablation is performed the better the results — establishing the
so called “oncological concept of AF”, that is, the best results
are obtained when treatment is done in the early stages of the
disease (PV isolation in paroxysmal AF). In more advanced
diseases (persistent and long-standing persistent AF), treatment is
usually much more extensive and associated with worse results.
A message to cardiologists and clinicians caring for AF patients
is that the sooner the better.

Technologies to guide ablation

Regardless of the strategy used, imaging-based
mapping methods are often used in addition to traditional
electrophysiological mapping. Two types of technology are
appropriate in this setting:

a) Electroanatomic mapping — this form of 3D mapping allows
to accurately define the anatomy of the atrial cavities and the
PVs, depict the functional substrate by measuring tissue voltage,
mark the RF lesions spots (figure 1) on the constructed map and
color-code the electrical activation information obtained. It is
also possible to navigate on images of the true anatomy obtained
by computed tomography or magnetic resonance imaging. 3D
mapping is especially useful to reduce exposure to fluoroscopy
and to make easy to show electrical activation of the arrhythmia
circuit or focus as well as the RF lesions performed to treat them.
Two systems are currently available in Brazil: CARTO — Biosense
Webster and NavX — Abbott.

b) Intracardiac echocardiogram (ICE) — through an ultrasound
catheter initially positioned (but not limited to) in the right atrium,
it is possible to obtain detailed real-time images of cardiac
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anatomy*# and visualize precise and safe manipulation of
catheters through the various cardiac structures (Figure 2). Its use
also allows the safe performance of transeptal punctures under
direct visualization and the early detection of acute complications
(pericardial effusion, thrombi). A recent study with more than
100,000 patients undergoing AF ablation showed the importance
of this imaging method in significantly reducing the risk of a
severe complication: cardiac perforation.*® In this contemporary
series, failure to use ICE was the greatest risk factor for cardiac
perforation (RR 4.85).

These non-fluoroscopic imaging tools have been increasingly
used in the EP laboratory over the years and can even guide
the entire ablation procedures, completely avoiding the
use of X-rays.*’ Initially reported approximately 10 years
ago, “Zero-Fluoro” techniques are increasingly used in the
electrophysiological community because they have been
shown as safe and effective as traditional methods guided by
fluoroscopy.#*->0

Recurrences
Two main factors justify AF recurrences after ablation:

1. Reconnection or recurrent conduction in the PVs — for
circumferential lesions to provide permanent PV isolation,
contiguous fibrous tissue formation should form usually four to
eight weeks after the acute injury (energy-induced tissue edema).
If the lesion is not deep enough in the atrial wall, there may be
remaining viable tissue after edema resorption. It only takes a
small recovered segment to restore electrical PV-LA connection.

2. Occurrence of ectopic foci outside the PVs (non-PV triggers)
— these occur more commonly (but not only) in persistent forms
of AF or in patients with significant atrial remodeling.

PV reconnection is easily solved with new RF applications in
conduction gaps. Reintervention is usually quick, easy and safe. In
paroxysmal AF, it increases the control rates of AF in approximately
95% of cases. With the use of catheters with contact-force sensors,
it has become an increasingly rare phenomenon®'~**as RF lesions
tend to be deeper and permanent.>

Non-PV triggers represent a more diffuse atrial substrate;
their recognition and extensive ablation are necessary to
improve outcomes, without which arrhythmia control is usually
not possible.?3**5 They are most commonly located at the LA
posterior wall, LAA and coronary sinus**** — structures that
can also be isolated by RF applications. It is certainly possible
to maintain sinus rhythm in the long term, even if more than
one intervention if necessary.

Patient Selection and Results

The selection of patients for catheter ablation of AF is
currently mainly based on the failure of medical therapy
(Table 2). According to the last HRS/EHRA/ECAS/APHRS/
SOLAECE consensus of experts in 2017," the primary indication
for AF ablation is the presence of symptomatic paroxysmal or
persistent AF, refractory or intolerant to at least one class | or
Il antiarrhythmic drug. There is solid evidence for improved
quality-of-life parameters in these patients.**°

AF ablation can be performed in patients with various
types of heart disease (coronary artery disease, left ventricular



Saad & d’Avila
Catheter Ablation for Atrial Fibrillation

Review Article

Table 1 - Atrial fibrillation Ablation Strategies

For PV Isolation:

Class | - A PV isolation is recommended for all AF ablation procedures

Class | - B Demonstration of PV entrance block

Class lla-B Monitor for PV reconnection for 20 minutes after initial isolation
Adenosine administration 20 minutes after PV isolation

Class lIb - B Pacing along the circumferential ablation line

Demonstration of PV exit block

In addition to PV isolation:

Class |- B CTl ablation in patients with history of typical flutter or if the arrhythmia is inducible during AF ablation
Class|-C If linear lesions are performed, bidirectional block should be demonstrated
If reproductible non-PV triggers are identified, ablation should be considered
Class lla-C
When using a contact force-sensor catheter, a minimum of 5-10 g is reasonable
LA posterior wall isolation can be considered for initial or redo procedures for persistent or long-standing persistent AF
Class Ilb-B

High dose Isoproterenol for non-PV trigger detection and ablation can be considered for initial or redo procedures for

paroxysmal, persistent, or long-standing persistent AF

PV: pulmonary vein; AF: atrial fibrillation; ICT: cavo-tricuspid isthmus; LA: left atrium.

Table 2 - Indications for atrial fibrillation ablation

Symptomatic AF, refractory or intolerant to at least 1 antiarrhythmic drug (class | or Il1):

Class | - A Paroxysmal AF
Class lla-B Persistent AF
Class llb - C Long-standing persistent AF

Symptomatic AF, before initiation of antiarrhythmic drugs (Class I or Ill):

Class lla-B Paroxysmal AF
Class lla-C Persistent AF
Class Ilb-C Long-standing persistent AF

Indications for patient populations underrepresented in clinical trials:

Congestive heart failure
Older patients (> 75 years)

Class lla-B Hypertrophic cardiomyopathy
Younger patients (< 45 years)
Brady-tachy syndrome
Class lla-C Athletes with AF
Class llb - C Asymptomatic AF

AF: atrial fibrillation.

hypertrophy, heart failure) and clinical presentations of AF
(paroxysmal, persistent or long-lasting persistent), but the best
results are obtained for patients with structurally normal hearts.
In the largest randomized study that compared ablation with
pharmacological therapy (CABANA),” survival free of recurrent
AF is significantly better (HR 0.53) in ablated patients compared
to those who remained on multiple antiarrhythmic drugs.
Nevertheless, in this study, there was no reduction in a combined
hard endpoint (death, stroke, severe bleeding or cardiac arrest) in
the “intention-to-treat” analysis, although there were problems
with large crossover rates for the ablation group (27%). In this

study, the subgroups that benefited the most were the youngest
(<65 years) and patients with congestive heart failure.

The selection of patients with persistent and long-standing
persistent forms of AF follows the same reasoning, but the
decision should be individualized according to parameters
of remodeling such as LA size or volume®” (which is an
important predictor of recurrence) and AF duration. Persistent
AF is a heterogeneous disease, with different degrees of atrial
fibrosis and with influence of the autonomic nervous system
and other pathophysiological processes still poorly understood,
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which explains the heterogeneous results observed with
different ablation strategies. Targeting this type of AF requires
an individualized definition of the substrate and mechanisms
involved.?8>

It is important to note that even with the strategy
of extensive RF applications described above, higher
recurrences rates and need for reinterventions are observed.
In the experience of Natale et. al., 60% of patients
maintained sinus rhythm without drugs after the first
procedure.* In those undergoing a second intervention,
80% maintained sinus rhythm. Table 3 summarizes some of
the main published studies.

Catheter ablation is less effective in certain subgroups of
patients,® where advances in pathophysiological knowledge

Table 3 - Trials in atrial fibrillation ablation

are still needed: dilated and fibrous atria, persistent or long-
standing AF, hypertrophic cardiomyopathy, amyloid infiltrate,
obesity and sleep apnea.

Long-term follow-up of patients undergoing catheter
ablation shows the occurrence of late recurrences,®'-%* around
7% per year in the first 5 years. It should be noted that the
estimation of the actual success of ablation is hampered
by inconsistencies and heterogeneities in the definitions of
success and recurrences in the different published studies.
As an example, most studies consider as a recurrence any
atrial arrhythmia lasting more than 30 seconds, a definition
with clearly little clinical significance. In this scenario, the
AF burden should be more valued and clinically meaningful
in future research.

. . Follow-up Sinus Rhythm
Trial (year) Type Ablation Strategy N months Maintenance p-value
Paroxysmal AF
Randomized Ablation or PVI
Thermocool AF (2010) . . - CFAE and lines 167 12 66%/16% <0.001
AAD; multicentric .
optional
STOP AF (2013) Randomized Cryoablation or PVI 245 12 70%/7% <0.001
AAD; multicentric
Non-randomized; contact PVI
SMART AF (2014) R - CFAE and lines 172 12 72.5%/INA <0.0001
force-sensors; multicentric; .
optional
PVI
TOCCASTAR (2015) Randomized contact force-  CFAE, non-PV 300 12 67.8%/69.4% 0.0073*
sensors or not; multicentric  triggers and lines
optional
Randomized Ablation or PvI
- - i 0, 0,
RAAFT-2 (2014) AAD (1 line); multicentric non PV. triggers 127 24 45%/28% 0.02
optional
. . PVI + roof
Randomized Ablation or ) ) AF burden:
MANTRA-PAF (2012) AAD (1% line); multicentric Ilne_s mitral gnd 294 24 13%/19% -
ICT lines optional
FIRE and ICE (2016) Randomized RF or Cryo; PVI 762 12 64.1% (RF)/65.4% (Cryo) -
multicentric
Randomized RF or Cryo o o
CIRCA DOSE (2019) 4 'min or Cryo 2 min; PVI 346 12 53.9% (RF)/52.2% (Cryo 4 0.87
) ) min)/51.7% (Cryo 2 min)
multicentric
Persistent AF
Randomized Ablation or 0. /969
TTOP (2014) AAD / DCC PVI + CFAE 210 6 56%/26% <0.001
Randomized Ablation or PvI
SARA (2014) . . . CFAE and lines 146 12 70%/44% 0.002
AAD; multicentric .
optional
Randomized 3 ablation PV
STAR AF 11 (2015) . . . PVI + CFAE; 589 18 59%/49%/46% 0.15
strategies; multicentric .
PVI + lines
Paroxysmal or Persistent AF
Randomized Ablation or PVI
CABANA (2019) additional ablation 2204 48.5 69%/50% -

AAD; multicentric .
optional

AF: atrial fibrillation; RF: radiofrequency; AAD: antiarrhythmic drugs; PVI: pulmonary vein isolation; CFAE: complex fractionated atrial electrograms; DCC: direct

current cardioversion; * non-inferiority.
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As new technologies and experiences tend to promote
permanent PV isolation, recurrence is currently more
frequently observed due to the appearance of non-PV triggers,
which should be identified and addressed??23544 Therefore,
it is important to maintain periodic monitoring of patients and
it is prudent to maintain anticoagulant therapy in patients at
higher risk who do not have contraindications.

Table 4 summarizes adjuvant care to maximize the safety
and efficacy of the ablation procedure.

Special Situations

International guidelines published in 2016 and 2017 and
updated in 2019 and 2020 by different international societies
(SBC/HRS/EHRA/ECAS/APHRS/ACC/AHA/ESC/EHRA)-1315
almost consensually recommend ablative treatment in special
situations (Table 2):

1) Ablation as first-choice therapy:

Increasing safety and efficacy allow ablation to be offered
as first-line therapy for treatment (even before the use of
antiarrhythmic drugs) in some special situations (athletes,
young people, normal hearts).®>® It is a Class Ila indication
for patients with symptomatic paroxysmal or persistent AF.
Other appropriate situations for this strategy are patients with
symptomatic pauses upon arrhythmia interruption (brady-
tachy syndrome)®” or in competitive athletes, who may have
contraindications to antiarrhythmic drug use.

2) AF in patients with Heart Failure (HF):

HF may predispose to AF occurrence through various
mechanisms, such as increased left ventricular filling pressures
or LA dilatation and fibrosis, leading to atrial structural and
electrical remodeling. AF can increase mortality in patients with
left ventricular dysfunction.®® Treatment of AF in this subset
of patients is of critical importance®7?given the limitations of
Amiodarone, the only antiarrhythmic drug available for this
subgroup. In the most recent European guidelines published
in 2020, AF ablation in patients with HF received a Class la'®
indication based on comparative studies with Amiodarone
(AATAC)* and the publication of randomized studies such as

Table 4 - Adjunctive Strategies for atrial fibrillation ablation

AMICA” and CASTLE-AFE” the latter performed in patients
with severe HF (mean EF 32%), demonstrating a significant
reduction in mortality or hospitalization for HF (38%) and
cardiovascular mortality (51%). These unprecedented findings
confirm the negative prognosis of AF in this population and
open a new frontier of indications for ablation in centers
with adequate experience and infrastructure. Recent positive
results are encouraging, with demonstration of improvement
in ventricular function and reversal of atrial remodeling.”®

3) AF in the elderly:

There are studies that have focused on reporting the
results of AF ablation in older individuals. The age limit
for the definition of elderly ranged from =70, 75 or 80
years. However, the number of elderlies in these studies
was relatively small, with five of the seven studies enrolling
less than 100 patients and the largest series reporting on
267 patients. Overall, the results of these studies provide
evidence that ablation meets safety and efficacy criteria in this
population,”””® despite a reduction in AF-free survival rates
with every decade of age (Class Ila).

4) AF in asymptomatic patients and reduced risk of stroke:

Ablation of AF (paroxysmal or persistent) in truly
asymptomatic patients can be considered” despite the lack
of definitive evidence of significant changes in hard outcomes
— particularly in the risk of thromboembolic phenomena/
stroke. It should be performed by experienced operators
and after a detailed discussion of the risks and benefits (Class
[Ib). There is solid evidence of reduction of hospitalizations®
and resource utilization, with favorable cost-effectiveness.'
In this scenario, patients with a higher probability of success
should be prioritized (young people, paroxysmal AF, without
significant atrial remodeling).

Several retrospective observational studies point to a
significant reduction in thromboembolic risks in patients with
CHADVASC score <3 undergoing successful AF ablation,®'-
many of them reporting favorable outcomes even in patients
who discontinued anticoagulant therapy. Data from the KP-
RHYTHM®study, proving that the risk of stroke is proportional
to the burden of AF in paroxysmal patients, regardless of

Not directly related to the AF ablation procedure:

Weight loss
Evaluate BMI for ablation procedure

Class lla— B A
Screen for sleep apnea signs and symptoms
Treat sleep apnea
Class llb — C Interruption of AAD before ablation to improve long-term results is not clear

AAD use during blanking period (3 months) after ablation to improve results is not clear

Reducing risk during ablation procedure:

Class1-B Clear delineation of PV ostia to avoid energy delivery inside the PVs
Class | - C Reduce the energy power delivered in the LA posterior wall near the esophagus
Class lla-C Use a temperature sensor probe in the esophageal lumen and guide energy titration

AF: atrial fibrillation; AAD: antiarrhythmic drugs; BMI: body mass index; PV: PV: pulmonary vein; LA: left atrium.
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CHADVASC score, and a metanalysis from randomized
studies® suggesting reduced mortality and hospitalizations,
are compatible with the hypothesis of risk reduction after
a successful ablation.

It should be emphasized, however, that there is no direct
evidence from randomized studies specifically designed for
this purpose; the CABANA trial did not show any reduction
in a combined endpoint in a heterogeneous population
(paroxysmal and persistent AF) comparing ablation versus
drug treatment. The recently published EAST-AFNET
4% demonstrated a significant benefit in cardiovascular
outcomes with a strategy of early rhythm control compared
to heart rate control, but in this important randomized
study, only 20% of patients were treated with ablation.

All current guidelines recommend that ablative treatment
should not aim at discontinuation of anticoagulant
therapy,"""* which should have its indication based on the
baseline risk of the patient (usually indicated in patients
with CHADSVASC score = 2). All patients undergoing
ablation should use anticoagulants for a minimum period
of 2 months regardless of risk factors, and its continuation
should be individualized by the risk score.

The ongoing OCEAN?" study compares the maintenance
of anticoagulation therapy (Rivaroxaban) with Aspirin in
patients at moderate to severe risk undergoing ablation
and maintaining sinus rhythm for at least 1 year after the
procedure. The results should help refine indications of
long-term anticoagulation after ablation.

Complications

The ablation procedure is associated with low complication
rates in centers of excellence with high volume and
experience, with major complications individually lower
than 1% in highly experienced centers."" Table 5 summarizes
the main complications and their incidences as reported in
the literature.

Table 5 - Complications Related to AF Ablation

It is important to be aware of a late complication (in the first
weeks) related to esophageal injury due to its proximity to the LA
posterior wall. During energy application in this region, power
and/or time should be reduced, in addition to monitoring the
luminal esophageal temperature (Table 4). An available alternative
consists of different methods of mechanical esophageal deviation
to increase its distance from the site of energy delivery.”>% There
are reports of atrio-esophageal fistulas, with a high mortality
rate.”'% Fortunately, this is a rare complication, with an estimated
incidence of approximately 0.04%. Its early recognition is critical
to avoid a fatal outcome.?101103

Future Perspectives

The use of high-power RF with short duration has been
advocated to produce better quality tissue lesions,0410%
besides causing wider and shallower lesions and therefore
less risk of collateral damage (especially to the esophagus).
This technique was associated with shorter RF application and
LA instrumentation times and low complication rates, %%
boosting further investigations of catheters that can cause
more permanent lesions within seconds of energy delivery.'*

There are great expectations for the development of a new
energy source for ablation: “electroporation”. Unlike thermal
energies (RF, cryotherapy, laser, ultrasound and microwave),
which damages all tissues indiscriminately, pulsed field
ablation (PFA) or “electroporation,” which is a non-thermal
ablation modality in which ultrafast electric fields (<1 s)
are applied to target tissue selectively, destabilizing cell
membranes and culminating in cell death. This is possible
because tissues have different thresholds for necrosis. This
technology is already in use to treat unresectable solid
tumors in close proximity to blood vessels or nerves, given
their different resistance to pulsed electric fields.’0%1°
Cardiomyocytes have one of the lowest tissue injury
thresholds, and PFA can therefore be applied during catheter
ablation, limiting collateral damage to nearby structures such
as the esophagus'" and phrenic nerve."?

Complications Incidence Diagnostic test
Death <0.1% - 0.4% -
Coronary stenosis / occlusion <0.1% Coronary angiogram

Atrio-esophageal fistula

0.02% - 0.11%

CT/MRI; avoid endoscopy with air insufflation

Air embolism Clinical or angiography

PV stenosis CT/MRI

Stiff LA syndrome <1.5% Echo; cardiac catheterization
Permanent phrenic nerve paralysis 0% - 0.4% Chest X-Ray; fluoroscopy; Sniff test
Stroke/TIA 0% - 2% CT/MRI; cerebral angiography
Vascular complications 0.2-1.5% Vascular ultrasound; CT

Cardiac tamponade 0.2% - 5% Echo

Pericarditis 0% - 5% Clinical; ECG; Echo
Gastroparesis 0% — 17% Endoscopy; barium swallow; gastric emptying

evaluation

CT: computed tomography; MRI: magnetic resonance; PVI: pulmonary vein; LA: left atrium; TIA: transient ischemic attack; ECG: electrocardiogram.
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Initial experience in patients undergoing ultra-fast PV
isolation is very promising, with permanent isolation rates
never reported before (100%).""* This technology has great
potential to replace RF and other thermal energies for
catheter treatment of AF.

The recently published ERADICATE-AF'"* study evaluated
the additional effect of catheter renal denervation in 302
hypertensive patients undergoing AF ablation, randomized
to simply PV isolation or combined with renal artery
ablation. The addition of denervation resulted in better
AF-free survival at 12 months (72% vs. 56%). These findings
certainly need to be replicated in a blinded model of renal
denervation, but modulation of the autonomic nervous
system is an important pathophysiological mechanism that
should be further explored.

Conclusions

Catheter ablation is the most effective method for rhythm
control in patients with AF, associated with significant
improvement in symptoms, AF burden, quality of life and
hospital admissions. It is associated with low complication
rates when performed in experienced centers. Its role in
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Introduction

Cardiopulmonary transplantation (CPT) peaked in the late
1980s and early 1990s, with almost 300 transplants performed
each year worldwide. With the advances in the treatment of
heart and lung failure, this number has dropped considerably,
and in 2017 only 62 CPTs were performed worldwide."? There
is a huge discussion about the profile of patients who can
benefit from CPT and the best time for its indication.

Case report

We describe the case of a 46-year-old female patient
diagnosed with atrioventricular communication (AVC),
who underwent surgical correction in 2006 and developed
secondary pulmonary hypertension in the late postoperative
period. Her personal history was: stroke in 2014, with right
hemiplegia, chronic atrial fibrillation, and biliary lithiasis.
Referred to the transplant service, the patient was put on
a waiting list for the procedure after a multidisciplinary
discussion. She evolved with need for hospitalization due to
dyspnea and worsening of heart failure, from functional class
[1'to IV (according to the New York Heart Association, NYHA).
A chest computed tomography (CT) scan showed chronic
pulmonary thromboembolism (PTE) of the main arteries and
interlobar branches. A transthoracic echocardiogram showed
severe right ventricular (RV) dysfunction with pulmonary artery
systolic pressure (PASP) of 129 mmHg, presence of transeptal
bidirectional flow, and at least two orifices compatible with
ostium secundum type atrial septal defect, measuring 10 mm
and 8 mm, respectively.

The patient evolved with progression of cardiac dysfunction
and worsening of clinical picture (dyspnea on minimal exertion,
central cyanosis), increased pulmonary artery systolic pressure
(PASP = 153mmHg) and need for continuous inotropic use
(milrinone). A cardiac magnetic resonance imaging (MRI) was
performed and identified return of the AVC (Figure 1) and PTE
in the right pulmonary artery (Figure 2).
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After a discussion at the Technical Chamber of the State
Transplant Center, the patient was prioritized in the transplant
wait line and, after five months of hospitalization, the CPT was
performed at Hospital Israelita Albert Einstein (HIAE). The donor
was an 18-year-old male, whose cause of brain death had been
hemorrhagic stroke.

The surgical incision was made by anterior thoracotomy
with Clamshell-type transverse sternotomy, and the installation
of extracorporeal circulation (ECC) through cannulation in
the ascending aorta and drainage in the superior and inferior
vena cava. During cardiectomy, phrenic nerves were identified
bilaterally and released with safety margins.

During pneumonectomy, the region of the recurrent laryngeal
nerve was preserved to prevent injuries. The implantation of
the cardiopulmonary block started with bronchial anastomoses,
followed by the aorta and vena cava. The graft ischemia
time was 255 minutes and the ECC time was 195 minutes.
After being removed from ECC, the patient was submitted
to a thromboelastogram (TEC) and a coagulogram, corrected
according to result with platelets, fibrinogen and prothrombin
complex, in addition to two red blood cell concentrates.

The patient was admitted to the intensive care unit (ICU)
in mechanical ventilation, receiving 0.5 micro/kg/min of
norepinephrine; 0.06 micro/kg/min of vasopressin; 3.7 micro/
kg/min of dobutamine. The prophylaxis used was meropenem
and vancomycin and, in induction, methylprednisolone and
basiliximab. For immunosuppression, we used Tacrolimus,
prednisone and mycophenolate.

The patient was extubated on the second postoperative
day, with a PO,/FiO, ratio of 400. In the first 72 hours after
transplantation, the patient had primary graft dysfunction I (PGD),
only due to a radiological alteration without clinical repercussion.
She remained in the ICU for four days and was discharged on the
34" postoperative day. Currently, she is under outpatient follow-
up, reporting a good quality of life.

Discussion

The International Society for Heart and Lung Transplantation
(ISHLT) reports that the major indication for CPT is pulmonary
hypertension, due to idiopathic pulmonary arterial hypertension
or secondary to congenital heart disease (such as Eisenmenger
Syndrome), which represents 60% a 70% of transplants in the
past three decades, followed by Cystic Fibrosis, with 14.9%.>*

The option for isolated heart and lung transplantation for
patients who would previously be treated with CPT, as well
as advances in the treatment of pulmonary hypertension, are
reflected in the decrease in number of CPTs performed.

Preoperative exams must be carefully analyzed, as
patients who will be referred and submitted to CPT may
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Figure 1 - Cardiac magnetic resonance imaging showing interatrial communication.

Figure 2 - Cardiac magnetic resonance imaging showing thromboembolism in the right pulmonary artery (red arrow) and an enlarged pulmonary artery trunk.

have involvement of other organs, such as liver and kidney, in
addition to chronic systemic venous congestion. Another point
to be verified is whether the recipient has a positive immune
panel, because previous transfusion procedures could sensitize
the patient.’®

The postoperative management of CPT is similar to that
of patients undergoing lung transplantation alone. Common
causes of death in the first 30 days are graft failure, technical
complications, and infection. Bronchiolitis obliterans

syndrome (BOS) and pulmonary allograft dysfunction remain
the main causes of mortality in the first year.®

There is a discussion in the international literature about
the need and indication for CPT or when to recommend lung
or heart transplantation alone. In Brazil, the 3rd Brazilian
Guidelines on Cardiac Transplantation advises that, in cases
of fixed pulmonary hypertension, CPT can be considered.”
However, some points must be taken into account: anatomy,
worsening of ventricular failure, hypertension, clinical
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conditions and hemodynamics of the patient, worsened
quality of life, cardiac index and renal dysfunction.®

A disadvantage of CPT is the use of one donor for a
patient, while a bilateral or two unilateral heart and lung
transplantation could be performed in two or three patients.’

There are many patients in Brazil who can benefit from
CPT, whether due to congenital heart disease or Pulmonary
Arterial Hypertension (PAH) of any etiology, in which the
involvement is severe and irreversible.’*"

Conclusion

CPT should be considered as a therapeutic option
for carefully selected patients. The time for referral for
transplantation, before the disease gets worse, is of utmost
importance to achieve good results. The management of these
patients requires complex and multidisciplinary care. There
is a hidden demand in our population that can benefit from
this type of transplantation.
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In 2007, Ridding and Rothwell" asked in their editorial: “Is
there a future for the therapeutic use of transcranial magnetic
stimulation?”, drawing attention to the number of studies and
hypotheses being built around non-invasive brain stimulation
(NIBS). In fact, at the time, the focus of the use of NIBS was
on neurological and psychiatric diseases. As the understanding
of the physiology of the nervous system on the cardiovascular
system was broadened, other ideas emerged. In their hypothesis,
Cogiamanian et al. (2010)? drew attention to the possibility of
treating arterial hypertension using NIBS - repetitive transcranial
magnetic stimulation (rTMS) and transcranial direct current
stimulation (tDCS). From 2010 to the present, many questions
have been answered about the real effects of NIBS, through
experimental and clinical research.>* The understanding we
have today of the physiological effects that brain stimulation
techniques have on neuronal cells and associating them with
the complex neural control of the cardiovascular system, we
ask ourselves: is there a possibility of this effective treatment
approach for systemic arterial hypertension? If we think about
the low cost, easy patient adherence, few side effects, it
seems reasonable for us the need for studies that investigate
this possible approach. For some years now, the relationship
between the pathophysiological mechanisms of arterial
hypertension and the central and peripheral nervous system
has been further studied and thinking of the descending blood
pressure (BP) control and regulation mechanisms, various
areas of the brain (sensory motor cortex, pre-cortex - frontal
medial and the insular cortex) control several functions such
as: modulation of the autonomic response, somatic vasomotor
mechanisms, variations in BP, among others.

Studies have shown that NBIS can influence cardiac
autonomic behavior, through the variability of the R intervals
of the electrocardiogram, favoring the increase in cardiac
sympathetic or parasympathetic activity, depending directly on
the applied stimulus.> Apparently, anodic stimulation applied
to the motor control area increases the sympathetic tone,
while anodic stimulation in the temporal lobe increases the

Keywords

Blood Pressure; Transcranial Magnetic Stimulation;
Transcranial Direct Current Stimulation; Transcranial Magnetic
Non-Invasive/methods.

Mailing Address: Fernando Zanela da Silva Aréas

Centro de ciéncias da satide - Universidade Federal do Espirito Santo - Av.
Marechal Campos, 1468. Postal Code 29066-050, Vitéria, ES — Brazil
E-mail: fernandozanela@hotmail.com

Manuscript received June 12, 2020, revised manuscript September 09,
2020, accepted September 09, 2020

DOI: https://doi.org/10.36660/abc.20200639

parasympathetic tone (Insular cortex).®” However, little has been
explored in response to NIBS on arterial sympathetic activity.
It is well known that BP is controlled by cardiac output (heart
rate and stroke volume) and by the arterial resistance system.
The central action of cardiac and peripheral modulation by the
autonomic system through NIBS can be a non-pharmacological
feasibility in BP control, with great plausibility. The direct action
on pressure reduction was only verified when deep brain
stimulation was performed in the periventricular/periaqueductal
gray matter region in humans.® However, in studies with tDCS
carried out in normotensive individuals, it failed to show any
hypotensive effect.” A light at the end of the tunnel for the effect
of NIBS on BP was verified in a study using tDCS in athletes.
Higher post-aerobic exercise hypotension was found when
tDCS was applied before exercise in athletes, with no effect
on sedentary individuals.’ However, the short, medium and
long-term effect of NIBS in hypertensive individuals, mainly due
to idiopathic causes, needs to be better verified.

It is known that hypertensive patients have greater cardiac
and vascular sympathetic tone.?

It is possible that cardiac effects are more expected with
the application of NIBS than peripheral ones, thereby we can
expect the likelihood that the decreased sympathetic response
in hypertensive patients facilitates hypotension or improve the
pharmacological and non-pharmacological effect in the clinical
treatment.

In view of this relationship between BP and cortical activity,
NIBS seems to be a tool with good potential to be explored, as
the effects of invasive brain stimulation (deep brain stimulation
and spinal cord stimulation) have already been demonstrated
with good results in the control of BP® The reduction in BP
is seen as a reaction after non-invasive magnetic stimulation.
This letter draws attention to this hypothesis due to the few
experimental and clinical studies that have tested this possibility
and the clinical studies that we have, did not address systemic
arterial hypertension more strongly.
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Abstract

The term Chain of Survival provides a useful metaphor for
the elements involved in the COVID-19 management. The 5
links of the COVID-19 Chain of Survival are:

* SCIENCE - Evidence-based medicine (public policies
and policies)

* AWARENESS - Increasing population sensitization and
awareness

* TRAINING - Individual or team training for healthcare
professionals

* STRUCTURE - Equip and structure the pre-hospital and
in-hospital phases of COVID-19 management

* RETURN - Return of patients and healthcare professionals

A strong Chain of Survival can improve the chances of
survival and recovery for victims of COVID-19.

Initiative: Brazilian Society of Cardiology (SBC) and
Brazilian Association of Emergency Medicine (ABRAMEDE).

Note: The COVID-19 Chain of Survival is aimed at providing
information and not at replacing the clinical judgement of
physicians, who should determine the appropriate treatment
for their patients.

Introduction

In December 2019, the Municipal Health and Sanitation
Commission of Wuhan, Hubei Province, China, reported a
group of 27 cases of pneumonia of unknown etiology, 7 of
which were severe. In January 2020, the Chinese authorities
identified a new virus in the Coronaviridae family that has been
named ‘new coronavirus’, 2019-nCoV, and, subsequently,
SARS-CoV-2 (severe acute respiratory syndrome coronavirus
2). The disease associated with the new coronavirus has been
called COVID-19." Since then, COVID-19 has spread, affecting
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35 628 628 individuals worldwide by the first fifteen days of
October, having the United States and Brazil as its epicenter,
with 9 385 506 and 5 566 049 cases, respectively. Regarding
the number of deaths in the same period, 1 215 756, Brazil
ranks second, with 160 496 deaths. ?

The emergency measures to treat patients with COVID-19
and restrain the outbreak are number one priority in those
countries. However, those measures might result in collateral
damage for patients with other acute diseases, in addition to
worsening the socioeconomic conditions in those countries.

The Chain of Survival refers to a chain of events that should
occur in rapid sequence to maximize the chances of surviving
COVID-19 and restoring the health and social flows. It is a
simple metaphor to demonstrate the population’s vital role
in controlling COVID-19, in addition to the role played by
healthcare professionals in that control. It suggests that each
link of the chain is critical and depends on the preceding one,
and that the chain of survival is not only strong when all its
links are consolidated, but it might help save lives through the
effective approach to its links.

General principles

This article addresses the major challenges faced by
healthcare technicians, who, with health managers and
physicians, have responded to the ever-changing needs
regarding COVID-19 management, providing adequate
healthcare environments to infected individuals as well as
protection to other patients and care providers.

This pandemic has highlighted the importance of the
healthcare systems and hospitals, as well as the need for
their constant management as a major part of governance
in this challenging and complex situation.

This article aims at creating and describing the structural
components of a COVID-19 Chain of Survival. The
recommendations in this document are based on evidence
available at the time of its elaboration and on expert
opinions. Because the knowledge about COVID-19 rapidly
evolves, the protocols for the safe return of medical care
and invasive and non-invasive procedures are constantly
evolving and adapting. This project has been idealized
by the Brazilian Society of Cardiology and the Brazilian
Association of Emergency Medicine (ABRAMEDE) to serve
as reference for their associates. The recommendations
presented, however, should not be used as the sole base
to define local protocols; other updated sources should be
considered as knowledge in the field evolves.
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Systematic, organized and coordinated effort in
the community continues to be the most powerful
recommendation we can make to save individuals affected
by COVID-19. The metaphor of the links in a chain
has proved to be successful in many aspects regarding
cardiopulmonary resuscitation.>* The use of the COVID-19
Chain of Survival can identify weak spots not only in the
healthcare system ‘links” but also in the fight against the
pandemic, and, thus, contribute to optimize the treatment
of critical patients with COVID-19. Therefore, all individuals
involved are important and should work in harmony. Major
health managers, healthcare professionals, technicians,
clinical engineers, risk managers and pharmacists, among
others, should work as in an orchestra, with dynamic system
management.

Surviving severe COVID-19 depends on a sequence of
critical interventions. If one of such critical interventions is
neglected or delayed, the chances of survival decrease. The
term ‘Chain of Survival’ is used to describe that sequence.
Figure 1 shows the 5 interdependent links in the COVID-19
Chain of Survival.

* SCIENCE: Evidence-based medicine (policies and
public policies) — The chain of command in the health
system and the COVID-19 challenge

An essential point is to participate in the public debate,
learning with the pandemic and objectively assessing
the governance of health systems. The discussion will
necessarily continue, as it should in a democracy, but it is
paramount to learn the lessons of this challenging period.

Evidence-based medicine is the explicit and conscientious
use of the best scientific evidence for the decision-making
regarding patient care. Evidence-based medicine aims at
uniting the physician’s experience, the patient values and
preferences, and the best scientific evidence available.>”
The COVID-19 pandemic has had personal and political
repercussions, yielding impassioned discussions and

true clashes in the agonism and antagonism of new/old
drugs or treatments. This scenario, however, does not
change the demand for better evidence deriving from
randomized clinical trials specifically designed to determine
the evidence-based modalities of treatment to reduce
the COVID-19 spread and prevent the burden of future
outbreaks.*”

* AWARENESS: Increasing population sensitization
and awareness

Although several therapies have been suggested, no
specific option has been able to successfully treat COVID-19
or prevent SARS-CoV-2 infection so far. The only feasible
intervention that has proven to reduce the transmission rate
seems to be the use of strict social distancing measures for
the general population.® The results of systematic reviews
and metanalyses have supported the physical distancing of
at least 1 meter and have provided quantitative estimates for
contact tracing models. The ideal use of face masks, proper
hand hygiene, and face/eye protection against contact in
public places seem to have an impact.>® Maclntyre et al.,*
in a randomized study comparing the use of cloth masks
and medical masks in healthcare workers, have found a
significantly higher rate of respiratory infection among
cloth masks users. Other studies and recommendations,?'2
involving simulation applied to population distribution and
COVID-19 transmission, have shown that the continuous
use of face masks (filtering 20-50% of exhaled air) by the
general population, even when asymptomatic, significantly
reduces COVID-19 spread, with beneficial effects
regardless of the population groups associated with higher
risk. That reduction can be potentially optimized when
social distancing is associated. Therefore, it is plausible
and necessary to consider that all individuals should wear
masks when exposed to agglomerations and other high-risk
situations, especially because of the higher transmissibility
in the early asymptomatic phase of COVID-19.

Awareness

Individual or team

Evidence-based Increasing training for .
medicine (public population healthcare _th?] pre_-th ?Sﬂltal andf Return of patients
policies and sensitization and professionals - OS&%\?II;) 13568 o and healthcare
policies) awareness sensitization and )
awareness e ATk

Equip and structure

Figure 1 - COVID-19 Chain of Survival.
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* TRAINING: Individual and team training for healthcare
professionals

The interruption of permanent medical education goes
beyond medical residence. The cancellation of medical
congresses, courses and symposia, the reduction in clinical
teams due to absence of contaminated professionals, the
reluctance to attend trainings, the confinements, the taking
on colleague’s tasks, and the increase in the workload during
the COVID-19 pandemic have required the implementation
of technologies, as well as adjustments and immediate action
to minimize the educational gap."*'

Teleconferences had already been introduced as a
useful tool for continuing education long before COVID-19
appearance. With the pandemic, their prominent use
involved in exchanging learning strategies between
institutions'*'® made teleconferences the fundamental
mean to provide permanent clinical education, proving their
usefulness. Several apps and multimedia conferencing have
allowed not only clinical departments to implement lectures
and clinical sessions, but also medical schools to continue
their activities. In addition, hospitals and clinical units could
continue to issue reports and discuss their cases.

Simulation-based medical education has been an
adequate tool for learning during the COVID-19 pandemic,
provided some adjustments were made, such as the
reduction in the number of participants, use of personal
protection equipment, and disinfection of mannequins.'?-2?

* STRUCTURE: Equip and structure the pre-hospital
and in-hospital phases of COVID-19 management

In face of the immediate need to manage a novel
disease, telemedicine has enabled interdisciplinary
and distance learning.?* In Brazil, intensive care and
emergency physicians could provide remote care to patients
with COVID-19, indirectly contributing to evidence-
based clinical management.?*2® The Tele UTI project
is a collaborative initiative of five private philanthropic
hospitals to provide care to 2500 intensive care beds
from the Brazilian Unified Public Health System, under
the leadership of the Hospital Israelita Albert Einstein. The
project consists in daily remote medical visits to intensive
care patients, with emphasis on severe acute respiratory
syndrome and suspected COVID-19 cases.?’

* RETURN: Return of patients and healthcare
professionals

The return of routine medical visits and social life should be
aligned with social policies and follow the recommendations
of competent authorities. It is mandatory that the medical
community and the society remain vigilant and pay careful
attention to new evidence and possible new outbreaks.?®

The following measures are imperative in healthcare
settings: proper physical structure to ensure physical
distancing by using floor signaling in association with
physical barriers, such as acrylic or glass panels; alcohol gel
provision; banners and posters displayed at strategic places
with information on hand hygiene, cough etiquette, and
COVID-19 major signs and symptoms.?®2? Last but not least,
the economy recovery and the social adequacy to the ‘new
today’ are fundamental.

Towards post-COVID-19: Lessons and challenges to hospitals
and health infrastructure

There is evidence of possible repetitions of viral attacks
soon. Prevention and preparedness are essential, especially
for the healthcare sector.

Conclusion

The first lesson to be learned is that this challenging period
requires courage to change: those who work in the healthcare
sector must rethink the architectonic models. Technicians have
made miracles by adapting the current hospitals to promptly
meet the new demand and should be included in future
planning and design processes. The governance of the health
systems must consider the need for less fragmentation and
stronger national coordination. It is worth considering that we
currently must be even more sustainable, aiming at prevention
and preparedness, with an economic development focused on
respect to people, the community, and the environment. We
should, thus, remember Machiavelli and take advantage from
a dramatic crisis.

The concept of the COVID-19 Chain of Survival highlights
several important principles, and any frail link in the chain
reduces the survival rates. A weak component of the system is
the major reason for variability in the survival rates.

Although all links should be strong, the unavoidable
question persists: which is the most important? Recognizing the
emergency and starting the chain are certainly essential; thus,
if that does not occur, the survival decreases.

Because ‘Structure’ is the only ‘sufficient” intervention, that
is, the link that treats COVID-19, it is often referred as ‘the most
important factor in determining survival’. However, the efficacy
of the chain cannot be assessed based on only one individual
link; the chain should be assessed as a whole. In fact, the truth
is even more satisfactory and suitable for the concept of the
Chain of Survival, in which each link matters.

A strong Chain of Survival can improve the chances of
survival and recovery for COVID-19 victims.
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Possible Mechanisms of Action

Sodium-glucose co-transporter 2 inhibitors (SGLT2i)
inhibit glucose reabsorption in proximal convoluted tubules,
resulting in glycosuria and reduced blood glucose levels.
However, this effect does not seem to explain the benefits
of SGLT2i in patients with heart failure (HF)."?

Its benefits also do not seem to be directly related to
its effects on classic cardiovascular risk factors (SAH, DM,
DLP), since outcome reduction in the EMPA-REGC study was
not dependent on the baseline metabolic/hemodynamic
profile of the patients or their variation throughout the
study.?

One of the most accepted mechanisms for explaining
the mode of action of SGLT2i in HF is improved parietal
tension of the left ventricle secondary to a decrease in pre-
(effect of natriuresis and osmotic diuresis) and afterload
(improvement in endothelial function and reduction
of blood pressure).*® Metabolic mechanisms include
improved cardiomyocyte metabolism and bioenergetics
(increased ketogenesis and increased B-hydroxybutyrate
levels),” myocardial sodium-hydrogen pump inhibition
(which leads to a higher concentrations of calcium in the
mitochondria),® reduced cardiac necrosis and fibrosis
(inhibition of collagen synthesis)? and changes in cytokine
production and epicardial fatty tissue.”

However, there are still questions about the real
contribution of these mechanisms.

Their benefits exist with or without DM, which calls the
role of ketogenesis into question.
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The diuretic effect of SGLT2i was not observed in DAPA-
HF (either by potentiating diuretics or reducing natriuretic
peptide levels)."" Thus, better knowledge of the main
mechanisms still depends on studies in experimental models
and other studies in progress, such as EMPEROR-preserved,
EMPA-HEART and DELIVER.

The possible mechanisms of action of this therapeutic class
are summarized in the figure below (Figure 1).

New evidence about HF prevention

The first large study on this therapeutic class (EMPA-REG
OUTCOME) was published in 2015." It evaluated empagliflozin
in DM2 patients with established cardiovascular disease who
were receiving normal treatment. Among those who received
empagliflozin, there was a significant reduction in major adverse
cardiovascular events (MACE: CV death, non-fatal Ml or non-
fatal stroke) (hazard ratio [HR]: 0.86 95% Cl: 0.74-0.99) and a
surprising reduction in hospitalization for HF (HHF) (HR: 0.65
(95%Cl: 0.50-0.85). The CANVAS Program," published in
2017, evaluated canagliflozin in DM2 patients with a high risk
of cardiovascular events who were receiving normal treatment.
It found a reduction in the combined primary endpoint (MACE:
CV death, non-fatal Ml or non-fatal stroke) and a 33% reduction
in HHF (HR = 0.67, 95%Cl: 0.52-0.87), as well as fewer
combined renal events.

The DECLARE-TIMI 58 trial™* evaluated dapagliflozin in DM2
patients with established atherosclerotic disease or multiple risk
factors for atherosclerotic disease who were receiving normal
treatment. There was no reduction in the combined primary
outcome (MACE: CV death, MI or stroke). There was a 17%
reduction in the combined outcome of cardiovascular mortality
and HHF and a 27% reduction (HR: 0.73 (95%Cl: 0.61-
0.88) in HHFE. More recently, the VERTIS-CV trial”® evaluated
ertugliflozin (not yet marketed in Brazil) in DM2 patients with
established cardiovascular disease who were receiving normal
treatment. Although there was no reduction in the combined
primary outcome (MACE: CV death, myocardial infarction or
stroke),a 30% reduction in HHF was observed.

Taken together, the available data demonstrate the
effectiveness of SGLT2i for reducing the incidence of HF in
groups of DM2 patients.
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SGLT2 inhibition modifies many cardiovascular risk factors
via multiple mechanisms

SGLT2 inhibition Mechanisms
Diuresis

Elimination of

Natriuresis

- s Left ventricular mass
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Cardiac function
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T Cardiom etabolic efficiency

J/Blood pressure
J Weight
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Figure 1 - SGLT2i: mechanisms of action.

When assessed in isolation, the other outcomes showed
benefits for the group that received the medication. For the
combined outcome of cardiovascular mortality and HHF,
the HR of HHF was 0.73 (95%Cl: 0.61-0.88) and the HR
was 0.83 (95%Cl: 0.73-0.95). For renal failure or mortality,
the HR was 0.53 (95%Cl: 0.43-0.66).

There was a HR of 0.86 (95%Cl: 0.74-0.99)The results
for the combined primary outcome (MACE: CV death,
non-fatal Ml or non-fatal stroke).

New evidence about HF treatment in patients with and
without DM

HF prevention in diabetics

HF is the second leading cause of cardiovascular disease
in DM2. The prevalence of HF is 9-22%, which is four times
the prevalence in the general population and is generally
higher in females (relative risk reduction (RRR) 1.95 vs.
1.75)."° Recent data suggest that, in DM2 patients, body mass
index has a greater impact on the development of HF in than
glycated HB itself, which is unlike the AMI/stroke outcome.'®

Therefore, the different mechanisms of hypoglycemic
drugs should be considered for this outcome in general, not
just for glycemic control." It has been shown that DPP-4
inhibitors are a neutral class in all aspects of cardiovascular
disease. As a class, GLP1 agonists reduced the risk of
atherosclerotic cardiovascular disease (reduced AMI and/
or stroke).'® However, SGLT2i showed a definite benefit by
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reducing HHE" Recently, the DAPA-HF and EMPEROR-
Reduced trials demonstrated increased benefits in HF
patients (both diabetic and non-diabetic) with reduced
ejection fraction. These studies found that, as an add-on
therapy to pharmacological treatment optimized for HF,
SGLT2i reduced HHF and cardiovascular mortality."

Thus, a meta-analysis of combinations demonstrated that
a potential ideal treatment regimen with reduced CV and HF
outcomes could be a combination of GLP1-a and SGLT2i in
a history of metformin therapy.'”'?

SGLT2i in ICFER - which, for whom, and when

In the VERTIS-CV trial, SCLT2i (ertugliflozin) reduced
hospitalization for HF in diabetic patients with vascular
disease due to atherosclerosis.’ In the EMPEROR-Reduced
trial, SGLT2i (empagliflozin) reduced the combined primary
outcome of HHF/cardiovascular death and the secondary
outcomes HHF and decline in renal function, as well as
improved quality of life, reduced glycated hemoglobin and
NT-proBNP2

In the DAPA-HF trial, dapagliflozin reduced the combined
outcome of hospitalization/urgent visit due to HF and
cardiovascular death, the secondary outcomes cardiovascular
death/HHF, total HHF/cardiovascular death, all-cause
mortality, and improved quality of life.?' Likewise, in the
DECLARE-TIMI trial, dapagliflozin reduced renal events,'
while in the DAPA-CKD trial it reduced the risk of sustained
decline in renal function in patients with chronic kidney
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disease, whether diabetic or not.” Subanalysis of the DAPA-
HF trial showed reduced progression of renal function decline
in HF patients,® while pre-specified analysis of the EMPA-REG
OUTCOME trial showed that SGLT2i (empagliflozin) reduced
the progression of renal function decline in diabetics.? Finally,
in the CREDENCE trial, canagliflozin reduced the progression
of renal function decline.?

Figure 2 summarizes the unquestionable benefits of
SGLT2i (i.e. reduced hospitalization) presented in the main
studies.

The most recent SBC Brazilian Heart Failure guideline,
coordinated by the Department of Heart Failure (DHF), was
published in 2018 and little was known about the role of
iSGLT2 in the therapeutic management of HF.?® It was a
consensus in the DHF that the time had come to revisit it.
For that purpose, preparatory meetings were held, topic
divisions were made among the different collaborators
and a virtual meeting took place on December 4, 2020, due
to the COVID-19 pandemic. This meeting was attended by
renowned experts in the HF area, who provided updates,
offered their opinions and included new therapeutic
options. The iSGLT2 have been incorporated into the
therapeutic management of HF, gathered together in a
single table that will be published shortly.

List of participants of the Heart Failure Summit Brazil 2020 /

Heart Failure Department - Brazilian Society of Cardiology
Aguinaldo Freitas Junior, Andréia Biolo, Antonio Carlos
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de Albuquerque, Dirceu Rodrigues de Almeida, Edimar
Alcides Bocchi, Edval Gomes dos Santos Jdnior, Estévao
Lanna Figueiredo, Evandro Tinoco Mesquita, Fabiana G.
Marcondes-Braga, Fabio Fernandes, Fabio Serra Silveira,
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Neto, Jodo Manoel Rossi Neto, José Albuquerque de
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Figure 2 — Reduction in hospitalization for heart failure in SGLT2i studies. RRR: relative risk reduction.

Arq Bras Cardiol. 2021; 116(2):355-358

357



358

Bocchi et al.
Sodium-Glucose Co-Transporter 2 Inhibitors (SGLT2i) in HF

Research Letter

Potential Conflict of Interest

Dr. Edimar Bocchi - Consultancy/lecture fee: Boehringer
Ingelheim, Astra Zeneca. Research grant: Astra Zeneca.
Research projects: Boehringer Ingelheim, Astra Zeneca.

Dr. Lidia Zytynski Moura - Speaker and advisory board at
Astra Zeneca.

Dr. Carlos Eduardo Lucena Montenegro - Speaker at Astra
Zeneca.

Dr. José Albuquerque de Figueiredo Neto - Speaker at
Astra Zeneca.

References

1. Verna, S., McMurray, J.J.V. SGLT2 inhibitors and mechanisms of
cardiovascular benefit: a state-of-the-art review. Diabetologia, 2018.

2. Lopaschuk, GD and Verma S. Mechanisms of Cardiovascular Benefits of
Sodium Glucose Co-Transporter 2 (SGLT2) Inhibitors: A State-of-the-Art
Review. JACC Basic Trans| Sci, 2020; 5(6):632-644.

3. Fitchett D, Inzucchi SE, Cannon CP et al. Empagliflozin Reduced Mortality
and Hospitalization for Heart Failure Across the Spectrum of Cardiovascular
Risk in the EMPA-REG OUTCOME Trial. Circulation, 2019; 139(11):
1384-1395.

4. Wanner C, Lachin JM, Inzucchi SE et al (2018) Empagliflozin and
clinical outcomes in patients with type 2 diabetes mellitus, established
cardiovascular disease, and chronic kidney disease. Circulation
137:119-129.

5. Verma$, McMurray JJV, Cherney DZI (2017) The metabolodiuretic promise
of sodium-dependent glucose cotransporter 2 inhibition: the search for the
sweet spot in heart failure. JAMA Cardiol 2:939-940.

6. Sattar N, McLaren J, Kristensen SL et al. (2016) SGLT2 inhibition and
cardiovascular events: why did EMPA-REG Outcomes surprise and what
were the likely mechanisms? Diabetologia 59:1333-1339.

7. Ferrannini E, Mark M, Mayoux E (2016) CV protection in the EMPA-
REG OUTCOME Trial: a “Thrifty Substrate” hypothesis. Diabetes Care
39:1108-1114.

8. Baartscheer A, Schumacher CA, Wust RC et al. Empagliflozin decreases
myocardial cytoplasmic Na+ through inhibition of the cardiac Na+ /H+
exchanger in rats and rabbits. Diabetologia 2017; 60:568-573.

9. Fedak PW, Vermas, Weisel RD, Li RK. Cardiac remodeling and failure from
molecules to man (part Il). Cardiovasc Pathol 2005;14: 49-60.

10. Packer M. Do sodium-glucose co-transporter-2 inhibitors prevent heart
failure with a preserved ejection fraction by counterbalancing the effects of
leptin? A novel hypothesis. Diabetes Obes Metab. 2018; 20(6):1361-1366.

11. Packer M. Lessons learned from the DAPA-HF trial concerning the
mechanisms of benefit of SGLT2 inhibitors on heart failure events in the
context of other large-scale trials nearing completion. Cardiovasc Diabetol.
2019;18(1):129.

12. Zinman B, Wanner C, Lachin JM et al. for the EMPA-REG OUTCOME
Investigators: Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes N Engl ) Med 2015; 373:2117-2128

13. Neal B, Perkovic V, Mahaffey KW et al. CANVAS Program Collaborative
Group. Canagliflozin and Cardiovascular and Renal Events in Type 2

Dr. Denilson Campos de Albuquerque - Emperor study
researcher. Advisory board and speaker to Boehringer
Ingelheim and Astra Zeneca.

Sources of Funding

There were no external funding sources for this study.

Study Association

This study is not associated with any thesis or dissertation
work.

Diabetes. N Engl ) Med. 2017 Aug 17;377(7):644-657. doi: 10.1056/
NEJMoa1611925

14. Wiviott SD, Raz I, Bonaca MP et al. DECLARE-TIMI 58 Investigators.
Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl
Med. 2019 Jan 24;380(4):347-357. doi: 10.1056/NEJM0a1812389

15. Cannon CP, Pratley R, Dagogo-Jack S et al. VERTIS C Investigators.
Cardiovascular Outcomes with Ertugliflozin in Type 2 Diabetes. N Engl |
Med. 2020 Oct 8;383(15):1425-1435. doi: 10.1056/NEJM0a2004967.

16. Ohkuma T, Komorita Y, Peters, SAE. et al. Diabetes as a risk factor for heart
failure in women and men: a systematic review and meta-analysis of 47
cohorts including 12 million individuals. Diabetologia 62, 1550-1560
(2019).

17. Rawshani A, Rawshani A, Franzén S, et al. Risk Factors, Mortality, and
Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl ) Med.
2018;379(7):633-644. doi:10.1056/NEJM0a1800256

18. Zelniker TA, Wiviott SD, Raz |, et al. SGLT2 inhibitors for primary and
secondary prevention of cardiovascular and renal outcomes in type
2 diabetes: a systematic review and meta-analysis of cardiovascular
outcome trials Lancet. 2019 Jan 5;393(10166):31-39. doi:10.1016/
S0140-6736(18)32590-X

19. Sinha B, Ghosal S. Meta-analyses of the effects of DPP-4 inhibitors,
SGLT2 inhibitors and GLP1 receptor analogues on cardiovascular
death, myocardial infarction, stroke and hospitalization for heart
failure. Diabetes Res Clin Pract. 2019;150:8-16. doi:10.1016/j.
diabres.2019.02.014

20. Packer M, Anker SD, Butler J, Bocchi E et al. EMPEROR-Reduced Trial
Investigators. Cardiovascular and Renal Outcomes with Empagliflozin
in Heart Failure. N Engl ) Med. 2020 Oct 8;383(15):1413-1424. doi:
10.1056/NEJM0a2022190.

21. McMurrayJJV, Solomon SD, Inzucchi SE et al DAPA-HF Trial Committees
and Investigators. Dapagliflozin in Patients with Heart Failure and
Reduced Ejection Fraction. N Engl ) Med. 2019 Nov 21;381(21):1995-
2008. doi: 10.1056/NEJM0a1911303

22. PerkovicV, Jardine M), Neal B, et al. CREDENCE Trial Investigators.
Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy.
N Engl ) Med. 2019 Jun 13;380(24):2295-2306. doi: 10.1056/
NEJMoa1811744.

23. Comité Coordenador da Diretriz de Insuficiéncia Cardiaca, Rohde
LEP, Montera MW, Bocchi EA, et al. Diretriz Brasileira de Insuficiéncia
Cardiaca Cronica e Aguda. Arq Bras Cardiol. 2018 Sep; 111(3):436-539

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

Arq Bras Cardiol. 2021; 116(2):355-358



Research Letter

The Challenges of Heart Failure Yesterday, Today and Tomorrow and

the 20 Years of DEIC

Evandro Tinoco Mesquita,” Ana Paula Mendes,’

Lidia Moura José Albuquerque de Figueiredo Neto,’

Fabiana

G. Marcondes-Braga,* Fernando Bacal,* Maria da Consolacao Vieira Moreira,® Nadine Oliveira Clausell®
Universidade Federal Fluminense Hospital Universitdrio Anténio Pedro,” Niterdi, RJ - Brazil

Pontificia Universidade Catdlica do Parand,? Curitiba, PR - Brazil
Universidade Federal do Maranhao,” Sao Luis, MA - Brazil

Instituto do Coragao (InCor), Hospital das Clinicas, Faculdade de Medicina, Universidade de Sao Paulo,* Sao Paulo, SP - Brazil
Universidade Federal de Minas Gerais Faculdade de Medicina,” Belo Horizonte, MG - Brazil
Hospital de Clinicas de Porto Alegre - Servico de Cardiologia,® Porto Alegre, RS - Brazil

The Department of Heart Failure of the Brazilian
Society of Cardiology (DEIC) completes 20 years in 2020
and represents a robust legacy of scientific activities and
associations of Brazilian cardiology.

Its foundation represented an important milestone in the
fight against heart failure (HF), a complex progressive and
often fatal clinical syndrome. HF should be addressed in a
multidisciplinary way, supported by translational science
and good practices (clinical guidelines and protocols),
involving patients, families, caregivers, managers and the
whole society, in view of its social impacts in Brazil and
in the world.

With population aging and increased survival of patients
with cardiovascular diseases, the prevalence of HF is
increasing globally, with about 26 million people affected
worldwide, in addition to thousands of undiagnosed
cases." HF is the leading cause of hospitalization in the
world and this results in an overload at all levels of care.
It is estimated that HF affects approximately 2.5 million
people in Brazil and a recent study has revealed its
financial impact in Brazil, with an estimated expenditure
of BRL 22.1 million/US$ 6.8 million in 2015.% Besides,
the study revealed a substantial loss of well-being. Of the
521,941 years of life lost adjusted for disability, adjusted
for comorbidities, there are 270,806 years of healthy life
lost due to disability and 251,941 years of life lost as a
result premature death.

DEIC was created under the leadership of Professor
Maria da Consolacao Vieira Moreira and had the support
of Professor Gilson Soares Feitosa, then president of the
Brazilian Society of Cardiology (1999-2001), mobilizing
leaders from all over Brazil, particularly the professor Edimar
Alcides Bocchi, leading the Heart Failure Study Group
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(GEIC) in 2000. On July 6, 2001, chaired by Professor Maria
da Consolagao, the 1+ Brazilian Symposium on Heart Failure
was held in Belo Horizonte during the 12, Congress of
Society of Cardiology of Minas Gerais (Chart 1).

With a successful history, built by HF leaders in Brazil,
due to the growing number of members and relevance
in scientific productivity, GEIC gradually became the
Department of Heart Failure (DEIC), finally created in
2011, in the administration of Professor Fernando Bacal.
This important fact occurred during the 10" Brazilian
Congress of Heart Failure, celebrating 11 years since the
foundation of GEIC, in the city of Belo Horizonte (Chart 1).

Since its foundation, congresses of high scientific quality
and international exchange have been held annually,
providing the Brazilian medical community with the
improvement of the state of the art of multidisciplinary
care and treatment of HF. In the last congresses, we have
had more than 1,000 registrants and about 200 papers
have been presented, allowing exchanges of experiences
with renowned specialists from various locations, from
Brazil and the world. In 2020, due to the impacts of the
pandemic of the new coronavirus, DEIC, in a revolutionary
way, held a virtual congress — Heart Failure Summit Brazil
2020 — to present and discuss the main advances that, in
the last 12 months, transformed the HF and will be reasons
for changes to our HF Guideline due to be released in the
first half of 2021 (Chart 2).

Fulfilling its scientific role, DEIC has an important project
of Guidelines and Updates, intended to demonstrate
strategies and propose evidence-based recommendations.
The first HF Guideline, in the form of a consensus, was
published in 1992, before the DEIC was created. It was
published in Sdo Paulo and was coordinated by the
esteemed master Dr. Michel Batlouni (Chart 3).

In 2014, the 1% Brazilian Registry of Heart Failure —
Clinical Aspects, Quality of Care and Hospital Outcomes
— BREATHE was published. It was organized by Professor
Denilson Campos de Albuquerque and outlined a picture
of HF in hospitalized patients around the country,
identifying the incorporation of diagnostic methods
and therapeutic interventions. The Brazilian Registry of
Takotsubo Syndrome, led by Professor Marcelo Westerlund
Montera, is currently underway.

DEIC has taken a contemporary stance and expanded
its technical and scientific scope, working on chronic HF,
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acute HF (emergency room/cardiovascular intensive care
unit), advanced HF (heart transplantation/mechanical
circulatory support), HF in children and adolescents
and cardiomyopathies. In Cardiomyopathy, we had
the pioneering spirit of teachers Marco Aurélio Dias,
Francisco Manes Albanesi, Raul Carlos Pareto Junior,
Antonio Carlos Pereira Barreto, Charles Mady, who
helped train leaders in HF.

Over the last five years, the following study groups
were created in important thematic areas: GETAC (Heart
Transplant and Mechanical Circulatory Assistance Study
Group), GEICPED (Study Group on HF in Children and
Adults with Congenital Heart Diseases) and GEMIC
(Cardiomyopathy Study Group). From a modern
perspective, we are organizing ourselves to build an
ecosystem for inter and multidisciplinary collaboration
and cooperation in different sub-areas, which has been
a trend in the following international HF societies:
HFA-ESC (https://www.escardio.org/Sub-specialty-
communities/Heart-Failure-Association-of-the-ESC-(HFA)
and HFSA (https://hfsa.org/) (Chart 4).

In 2004, the GEIC for the Youth was created to
encourage the scientific and associative development of
young cardiologists interested in HF. The first meeting
held at the Brazilian Congress of Heart Failure in Salvador
(2004), since then, has been changing each year and
adding new leaders and now bringing innovation and
entrepreneurship to our attendees.

Reaffirming its social role, with community actions
and health policies, in the 73 Brazilian Congress of
Cardiology (2018), DEIC president Salvador Rassi and
scientific director Evandro Tinoco Mesquita made
official the National Day of Alert against Heart Failure,?
celebrated on the 9" of July. The date was chosen
because it was the day of birth of Carlos Chagas, our
patron. This first “modern cardiologist” confirms the
quote from the late Professor Nelson Botelho, as he
used a translational view bringing the bench closer to
the bed and connecting a look at population health in
Chagas disease. Besides, we created the Carlos Chagas

Chart 1 - GEIC/DEIC Presidents.

commendation from DEIC for colleagues outstanding in
teaching/education, assistance, innovation, science and
associations. In collaboration with REBRIC (Brazilian
Network of Heart Failure) we work not only with alerts
against HF, but also with the application of literacy,
building tools for self-care and improvement of clinical
outcomes (https://www.rebric.com.br/).

The next decade brings us new challenges: firstly,
cementing the paths to a new area of expertise in
cardiology — the HF specialist. In the present decade,
in line with a contemporary view well established in
other countries, several initiatives were introduced to
promote and train HF specialists, ensuring education
with technical and scientific quality.

In addition, a broader look at prevention in HF involves
understanding the model of chronic cardiometabolic
disease,* making it essential to combine systemic arterial
hypertension, obesity, dyslipidemia and diabetes mellitus
in the genesis, progression and treatment of HF. Lastly,
the need for comprehensive care of HF, involving
general practitioners, geriatricians, internists, intensivists
and palliative care specialists. Besides, advances in
artificial intelligence,® digital medicine and genomics
are building personalized cardiovascular medicine in HF
that will transform the concepts of prevention, diagnosis
and treatment, as it has been developed in cardiac
amyloidosis and hereditary cardiomyopathies. The
COVID-19 pandemic further establishes the concept of
cardiovascular surveillance,®” as studies that used cardiac
resonance imaging found that, even in people without
symptoms, there is a degree of aggression to the heart that
should be studied regarding the future risk of developing
dilated cardiomyopathy and symptomatic heart failure.

To celebrate the 20 years of DEIC, we gathered
the achievements of our brilliant story and applauded
the cardiologists, whose work and dedication were
responsible for the excellence and success of the
department. It is a great honor to revive and revere the
past, envisioning a future with the challenge of producing
new ideas and renewing ourselves (Figure 1).

First GEIC Board

GEIC/DEIC Presidents

President: Edimar Alcides Bocchi

2000-2001: Edimar Alcides Bocchi

Vice President: Denilson Campos Albuquerque

2002-2003: Edimar Alcides Bocchi

Secretary: Fabio Vilas-Boas Pinto

2004-2005: Fabio Vilas-Boas Pinto

Scientific Director: Maria da Consolagéo V Moreira

2006-2007: Nadine Oliveira Clausell

Members of the Scientific Committee:

2008-2009: Marcelo Westerlund Montera

Evandro Tinoco Mesquita

2010-2011: Fernando Bacal

Dirceu Rodrigues de Aimeida

2012-2013: Jodo David de Souza Neto

Fernando Bacal

2014-2015: Dirceu Rodrigues de Almeida

Marco Aurélio Silva (in memoriam)

2016-2017: Luis Eduardo Paim Rohde

Nadine Oliveira Clausell

2018- 2019: Salvador Rassi

Salvador Rassi

2020-2021: Evandro Tinoco Mesquita
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Chart 2 - GEIC/DEIC Symposia and Congresses.

1st Brazilian Symposium on Heart Failure
July 6, 2001 - Belo Horizonte MG

10th Brazilian Congress of Heart Failure
June 9 to 11, 2011 — Belo Horizonte MG

1st Brazilian Symposium on Heart Failure
November 28 to 30, 2002 - Rio de Janeiro RJ

11th Brazilian Congress of Heart Failure
May 31 to June 2, 2012 — Gramado RS

2nd Brazilian Symposium on Heart Failure
November 21, 2003 - Sdo Paulo SP

12th Brazilian Congress of Heart Failure
June 6 to 8, 2013 — Porto de Galinhas PE

3rd Brazilian Symposium on Heart Failure
November 25 to 27, 2004 - Salvador BA

13th Brazilian Congress of Heart Failure
August 7 to 9, 2014 — Ribeirdo Preto SP

4th Brazilian Symposium on Heart Failure
June 23 to 25, 2005 — Gramado RS

14th Brazilian Congress of Heart Failure
June 18 to 20, 2015 — Rio de Janeiro RJ

5th Brazilian Congress of Heart Failure
July 06 to 08, 2006 — Goiania GO

15th Brazilian Congress of Heart Failure
August 11 to 13, 2016 — Campos do Jordao SP

6th Brazilian Congress of Heart Failure
June 28 to 30, 2007 — Fortaleza CE

16th Brazilian Congress of Heart Failure
May 11 to 13, 2017 — Gramado RS

Tth Brazilian Congress of Heart Failure
June 26 to 28, 2008 — Buzios RJ

17th Brazilian Congress of Heart Failure
June 28 to 30, 2018 — Goiénia GO

8th Brazilian Congress of Heart Failure
June 11 to 13, 2009 - Sao Paulo SP

18th Brazilian Congress of Heart Failure
August 8 to 10, 2019 — Fortaleza CE

9th Brazilian Congress of Heart Failure
June 10 to 12, 2010 — Curitiba PR

Heart Failure Summit Brazil 2020 (DIGITAL)
September 19, 2020

Chart 3 - Consensuses and Guidelines

- Brazilian Consensus for the Treatment of Heart Failure — 1992

- Heart Failure Guidelines and Updates: 1999, 2002, 2005, 2009, 2012, 2018

- Heart Transplant Guidelines: 1999, 2010, 2018

- Onco-Oncology Guideline: 2011

- Guideline on Myocarditis and Pericarditis: 2013

- Guideline on Heart Failure and Heart Transplantation in Fetuses, Children and Adults with Congenital Heart Diseases: 2014

- Guideline on Mechanical Circulatory Assistance: 2016

Chart 4 - Medical Residency Programs and Specialization Courses in Advanced HF and Heart Transplantation

1. Instituto Dante Pazzanese de Cardiologia

Continuing Education on Heart Transplant in Adults

2. Sociedade Beneficente Israelita Brasileira Hospital Albert Einstein

Continuing Education on Transplant and Heart Failure

3. Instituto do Coragao (Incor) - HCFMUSP

- Specialized complementation program: Congestive Heart Failure and Ventricular Assist Devices

- Heart Transplant Residency

4. Universidade Federal de S&o Paulo - UNIFESP

Medical Residency at Escola Paulista de Medicina - Optional Year: Heart Transplant

5. Hospital de Clinicas de Porto Alegre

Medical Residency - Additional Year: Heart Transplant

6. Instituto de Cardiologia do Rio Grande do Sul/ Fundag&o Universitéria de Cardiologia

Medical Residency - Additional year for heart transplant education

7. Instituto de Medicina Integral Professor Fernando Figueira — IMIP

Specialized Complementation Program — COMESP. Heart Transplant and Advanced Heart Failure.
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Figure 1 - Challenges of DEIC 2020-30
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Wellens Syndrome," also known as “Anterior Descending
Coronary T-wave syndrome”, was described in 1982 by Dr.
Henrick Joan Joost (Hein) Wellens, a Dutch physician who also
contributed to the characterization of the reentry mechanism in
Wolff—Parkinson-White syndrome (WPWS).

Originally described during hospital admission (60%
at admission and 40% at the follow-up) of patients with
unstable angina, it was characterized by the occurrence of 2
electrocardiographic patterns, with pattern A in 25% of patients
and B in 75% of patients.

Pattern A shows the occurrence of biphasic T-wave in leads
V2 and V3 and can be found from V1 to V6, whereas pattern
B shows inverted and symmetrical T-wave in V2 and V3, with
both patterns occurring without the association of Q-waves or
pathological QS complexes, with normal R-wave progression and
without evidence of ventricular hypertrophy.

These electrocardiographic findings are not very sensitive
(69%) but are highly specific (89%)* for important obstructive
disease in the proximal segment of the anterior descending
coronary artery, which if not properly addressed, can determine
extensive anterior infarction and high risk of mortality.

Therefore, the performance of provocative ischemia tests is
discouraged in the presence of electrocardiographic findings of
Wellens Syndrome.?

In our service, we conducted the investigation of two patients:
patient (1) male gender, smoker, complaining of intermittent
atypical pain at rest (CCS-1V) who, after undergoing a coronary
artery angiotomography as the first diagnostic test, had an
episode of pain, being referred to a 12-lead electrocardiogram
that showed pattern A of Wellens Syndrome. Female patient (2),
with CCS2 angina, with a positive family history (mother had
an infarction at 35 years old) came with an electrocardiogram
showing pattern B of Wellens Syndrome (Figure 1, 1A and 1B),
and the angiotomography confirmed the same findings as in
patient 1. Both angiotomography images show segmental plaque,
with signs of vulnerability determining significant proximal
obstruction of the proximal segment of the anterior descending
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artery, promptly at the reading (Figures 2, 3, 4 and 5). The plaque
with characteristics of vulnerability was partially calcified, showing
a large volume, positive remodeling and low attenuation.

After being referred to the emergency department, the
patients’ condition was confirmed at the coronary angiography,
and an anterior descending artery angioplasty was successfully
performed (Figure 6).

To the best of our knowledge, this is the first report of an
electrocardiogram-angiotomography correlation for Wellens
Syndrome.
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Figure 2 - Three-dimensional reconstruction (volume-rendering technique) showing important luminal reduction in the proximal segment of the anterior descending
artery in both patients (Patient 1 - A / Patient 2 - B).
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Figure 3 — Angiotomography of the coronary arteries. Left image - curved reconstruction showing mixed plaque in the proximal segment of the descending artery
(red arrows), resulting in marked luminal reduction. Right image - axial image of the proximal segment of the anterior descending artery, on the lesion topography
(red arrow), showing critical luminal reduction in patient 1.

Figure 4 - Angiotomography of the coronary arteries. Left image - curved reconstruction showing mixed plaque in the proximal segment of the descending artery
(red arrows), resulting in marked luminal reduction. Right image - axial image of the proximal segment of the anterior descending artery, on the lesion topography
(red arrow), showing critical luminal reduction in patient 2.
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Post-angioplasty Post-angioplasty

Figure 5 - Coronary angiography. Top image - critical lesion in the proximal segment of the descending artery, confirming the tomographic findings. Bottom
image — post-treatment image showing effective recanalization of the lesion. (Patient 1 - A / Patient 2 - B)
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