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Editorial

COVID-19 and the Heart

Tania Mara Varejao Strabelli"** and David Everson Uip***

Faculdade de Medicina Universidade de Sdo Paulo,” Sao Paulo, SP - Brazil
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Centro de Contingéncia do Covid-19 do Estado de Sao Paulo,® Sdo Paulo, SP — Brazil

We have been living with the new coronavirus pandemic
since March 11, 2020. Initially, on January 1, 2020, the World
Health Organization (WHO) declared the new coronavirus
infection a global emergency and proceeded to name the
disease COVID-19. The Coronavirus Study Group of the
International Committee on Taxonomy of Viruses proposed the
adoption of the name SARS-Cov-2." Genomic sequencing and
phylogenetic analysis have indicated that it is a betacoronavirus
from the same subgenus as the severe acute respiratory
syndrome (SARS) that caused an epidemic in China in 2003
and the Middle East respiratory syndrome (MERS) that caused
the same condition in the Middle East in 2012. It has 96.2%
genetic identity with betaCoV/bat/Yunnan, a virus isolated in
bats. The structure of the virus’s cell-binding receptor gene
is very similar to that of the SARS coronavirus, and the virus
appears to use the same angiotensive-converting enzyme 2
(ACE2) receptor to enter the cell.

The clinical picture of COVID-19 is similar to that of
other respiratory viruses, namely, fever, generally dry cough,
fatigue, and, in severer cases (5%), dyspnea, pulmonary
bleeding, severe lymphopenia, and renal failure. Symptoms
are mild in 80% of cases. Diagnosis of symptomatic cases
should be confirmed by testing for the virus via polymerase
chain reaction (PCR) of a nasal swab.

The cardiac complications of this disease have drawn
physicians’ attention. In a study evaluating 138 patients
hospitalized for COVID-19, 16.7% developed arrhythmia,
and 7.2% presented acute cardiac injury.? On the other hand,
cardiologists at the San Raffaele Hospital in Milan, Italy, which
is the referral hospital for cardiovascular complications from
COVID-19, collected enzymes (BNP, troponin, CK-MB) from
all patients to detect the prevalence of cardiac injury. As of
March 9, of the 82 patients admitted, 19 of whom were in
the intensive care unit, only one 43-year-old female patient
had been admitted for chest pain with ST-segment changes
and diagnosis of pneumonia. Her coronary angiography
was normal.’?
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A large study published by the Chinese Center for
Disease Control and Prevention, with data from 44,672
confirmed cases of COVID-19, reported a mortality of
2.3%. The most common comorbities in patients who died
were arterial hypertension, diabetes mellitus, cardiovascular
disease, and age over 70 years.*

Another published study' based on retrospective analysis
of databanks from two hospitals in Wuhan (the Jin Yin-tan
Hospital and the Tongji Hospital) evaluated 150 cases of
laboratory confirmed infection with SARS-CoV-2, 68 (45%) of
which resulted in death. The following discharge criteria were
applied: no fever for at least 3 days, significant improvement
in respiratory function, and 2 consecutive negative tests for the
virus. There was a statistically significant difference for advanced
age in patients who died (p < 0.001), but there was no
difference between sexes (p = 0.43). A total of 63% (43/68) of
patients who died had underlying diseases, in comparison with
41% (34/82) of patients who were discharged (p = 0.0069).
Patients with associated cardiovascular disease had a greater
risk of death (p < 0.001). There was also a higher incidence of
secondary infections in patients who died compared to those
who were discharged (16% [11/68] vs. 1% [1/82], p = 0.0018).
Figure 1 shows higher values of inflammatory mediators in
patients who died, and Figure 2 summarizes the causes of death.

Another study published in The Lancet ° identified
increased interleukin-6, high-sensitivity troponin I, and
lactate dehydrogenase values as more frequent findings in
hospitalized patients who died (n = 54) compared with
those who survived (n = 137) in 2 hospitals in Wuhan,
China. Of all the patients, 91 (48%) had some comorbidity,
the following being the most common: arterial hypertension
in 58 patients (30%), diabetes mellitus in 36 patients (19%),
and chronic coronary disease in 15 patients (8%). However,
in multivariate analysis of risk factors for outcome of
death, only advanced age, higher Sequential Organ Failure
Assessment (SOFA) score, and d-dimer greater than 1 ug/l
at admission were statistically significant.

There isstill no evidence that the use of angiotensin converting
enzyme (ACE) inhibitors or angiotensin receptor blockers (ARB)
may affect the virus’s activity. The Council on Hypertension of
the European Society of Cardiology recommends that doctors
and patients continue antihypertensive treatment as usual.

Another fundamental recommendation is that everyone
is vaccinated against influenza, whose seasonal activity has
already begun in Brazil, and which, to date, has higher
mortality than COVID-19.

This is a time for vigilance, common sense, and scientific
investigation. Medical societies must organize themselves in order
to establish protocols for recognizing and treating complications.
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Figure 1 — Main laboratory parameters in confirmed cases of COVID-19 by outcome.’
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Figure 2 — Summary of causes of death in 68 patients with confirmed COVID-19.
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The rapid, uncontrollable spread of the new coronavirus
(SARS-CoV-2) throughout the world, in conjunction with
its severity, led the Director-General of the World Health
Organization (WHO) to characterize the situation as a
pandemic on March 11, 2020." It is currently possible to
observe increasingly intense efforts on the part of health
organizations and public authorities with the aim of containing
the progress and spread of SARS-CoV-2. SARS-CoV-2 has
emerged as a new subtype of human severe acute respiratory
syndrome (SARS-CoV) characterized by high transmission
capacity and induction of severe respiratory infection. Recent
studies have demonstrated a high prevalence of hypertension
and diabetes in elderly patients affected by COVID-19 who
died in Wuhan, China,** which was the epicenter of the
SARS-CoV-2 outbreak; this suggests that these comorbidities
are important risk factors for deterioration and worse prognosis
of complications associated with COVID-19.

Considering the recommendations for social isolation
currently imposed in different countries, it is fundamental
to encourage the population to maintain a physically active
lifestyle routine as a preventative health measure during this
period of confronting the spread of the virus. During periods
of confinement at home, the population tends to adopt a
sedentary routine, which favors increased body weight gain,
as well as the emergence of comorbidities associated with
greater cardiovascular risk, such as obesity, increased blood
pressure, and glucose intolerance, in addition to psychosocial
disorders such as anxiety and depression. Sedentary behavior,
whether sitting, watching TV, or spending time in front of
electronic devices, has in fact been associated with increased
body weight in children, adolescents, adults and elderly® as
well as with a marked increase in the risk of cardiovascular
mortality.” It has, on the contrary, been shown that the risk of
developing cardiovascular diseases and mortality is reduced
in individuals with physically active life habits, such as going
on moderately intense walks.® It has furthermore been
demonstrated that the risk of upper respiratory tract infection
due to coronavirus is potentially greater in the presence of
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immune system deficiency.? In this sense, there is strong
evidence in the literature that practicing physical exercise
is a beneficial measure for improving immunity.'*'? The
American College of Sports Medicine has recently published
a guide suggesting that moderately intense physical activity
should be maintained during the period of quarantine due to
SARS-CoV-2, emphasizing the importance of every minute of
physical activity to health."

It is worth remembering that, for healthy and asymptomatic
individuals, the WHO recommends at least 150 minutes of
physical activity per week for adults and 300 minutes per week
for children and adolescents.' This time of physical activity
should be accumulated during the days of the week; it may be
divided according to individual routine, and it should preferably
be composed of it may be divided according to individual
routine, and it should preferably be composed of moderate- and
vigorous-intensity activity.. We emphasize the importance of
advice from physical exercise professionals in order to adequately
adapt practice of physical activities for the population. It is
fundamental that individuals who regularly perform physical
exercise maintain their practice, adapting them, however, to
the current conditions of restricted movement. The importance
of staying physically active should be even further emphasized
for elderly individuals, who have been proven to present more
comorbidities and greater cardiovascular risk, in addition to being
more vulnerable to COVID-19. Populations with cardiovascular
comorbidities should perform physical activities on a daily
basis, maintaining pharmacological treatment and respecting
their eventual physical limitations and the recommendations of
healthcare professionals. Practice of physical exercise should be
interrupted when symptoms related to COVID-19, such as fever,
dry cough, and dyspnea, are present at rest.

It is important to emphasize that the home and family
environment is also conducive to performing physical activity.
In this manner, regardless of age range, the following behaviors
and attitudes should be recommended, which will help the
population stay physically active and maintain physical and
mental health and which will be important for facing this
moment of social isolation:

e Perform physical activities that are pleasurable, exploring
spaces around the house and using equipment to move about;

* Perform daily activities, such as cleaning, maintaining, and
organizing spaces around the house;

* Play and exercise with children, adolescents, and pets, using
games that promote energy expenditure higher than resting;

* Avoid sedentary behavior, alternating time spent sitting or
lying down with periods of physical activity, reducing time
spent using electronic devices;
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e Set aside a few minutes for stretching, relaxation, and
meditation activities.

In this manner, faced with the exponential growth of this
pandemic in Brazil, healthcare professionals recommendations
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Abstract

Background: The current challenge of cardiovascular surgery (CVS) is to improve the outcomes in increasingly severe
patients. In this respect, continuous quality improvement (CQI) programs have had an impact on outcomes.

Objective: To assess the evolution of the incidence and mortality due to CVS, as well as the current outcomes of the
Hospital das Clinicas Heart Institute of the University of Sao Paulo Medical School (InCor-HCFMUSP).

Methods: An outcome analysis of CVSs performed at the InCor, between January 1984 and June 2019. We observed the
surgical volume and mortality rates in 5 time periods: 1st (1984-1989), 2nd (1990-1999), 3rd (2000-2007), 4th (2008-2015)
and 5th (2016-2019). The CQI program was implemented between 2015 and 2016. The analysis included the total number
of surgeries and the evolution of the most frequent procedures.

Results: A total of 105,599 CCVs were performed, with an annual mean of 2,964 procedures and mortality of 5,63%.
When comparing the 4th and the 5th periods, the average global volume of surgeries was increased from 2,943 to
3,139 (p = 0.368), bypass graft (CABG), from 638 to 597 (p = 0.214), heart valve surgery, from 372 to 465 (p = 0.201),
and congenital heart disease surgery, from 530 to 615 (p = 0.125). The average global mortality went from 7.8% to 5%
(p < 0.0001); in CABG surgery, from 5.8% to 3.1% (p < 0.0001); in heart valve surgery, from 14% to 7.5% (p < 0.0001)
and in congenital heart disease surgery, from 12.1% to 9.6% (p < 0.0001).

Conclusion: In spite of a recent trend towards increased surgical volume, there was a significant decrease in operative
mortality in the groups studied. After the implementation of the CQI program, the mortality rates were closer to
international standards. (Arq Bras Cardiol. 2020; 114(4):603-612)

Keywords: Cardiovascular Surgical Procedures/trends; Quality Improvement; Patient Safety; Hospital Mortality; Database.

Introduction

Cardiovascular surgery has undergone transformations
throughout its history, especially after the consolidation of
large databases.' These data helped reduce surgical mortality
by implementing data-oriented improvements.? At that time,
this was the reality of only a few centers in the world.

In 1984, the Hospital das Clinicas Heart Institute of the
University of Sao Paulo Medical School (InCor-HCFMUSP)
database was structured wih the purpose of defining and
improving cardiovascular surgery outcomes. Thus, the
InCor, one of the largest Cardiology centers in Brazil,
took its first step into the virtuous cycle of outcome
continuous improvement.
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In this respect, a national analysis of cardiovascular surgery
outcomes already showed a mortality of 8%,? virtually twice as
much than that in the best centers worldwide, although the data
were obtained from an administrative database. There was a
wide range of justifications, such as healthcare access difficulties,
lack of adherence to protocols and socioeconomic conditions.
In fact, it was quite difficult to identify the health service
weaknesses, given the lack of clinical data available.

In InCor, limitations in variable definitions, regarding
both data completeness and consistency, as well as the
lack of reference parameters to follow the results caused
the development of a data-driven culture over time, which
was strengthened after the implementation and validation
of the EuroSCORE | and the modified Parsonnet’s score.*
Afterwards, the InCor created the InsCor, becoming one of
the few centers in the world to have its own risk model for
prediction, planning and optimization of outcomes.’

Over time, the InCor took the lead by establishing a
partnership with the Sdo Paulo State Department of Health,
in order to build the Sao Paulo Registry of Cardiovascular
Surgery (REPLICCAR).® Next, the InCor established the Patient
Safety and Quality Surgical Unit, which gave rise to the CQI
Program, consolidated in 2016, whose initial mission was to
reduce mortality rates in cardiovascular surgery.
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The purpose of this study is to assess the evolution of the
incidence and and mortality of cardiovascular surgery, as well
as the influence of the CQI Program in one of the centers of
reference in cardiology in Brazil: the InCor-HCFMUSP.

Methods

Sample

An observational retrospective study from InCor database.
We collected information on the surgical volume and mortality
outcomes from January 1984 to June 2019. To facilitate this
analysis, data were grouped into 5 periods: 1984-1989;
1990-1999; 2000-2007; 2008-2015 and 2016-2019.
Thus, we analysed the surgical volume and mortality rates
in general, as well as those related to the groups with the
highest surgical volume and mortality rates (Coronary, Valvular,
Congenital and Arrhythmias). In addition, the evolution of
mortality rates in the last two periods (4th and 5th) for Aortic
Valve Surgery, Mitral Valve Surgery, Aortic Valve Surgery +
Mitral Valve Surgery, CABG + Valve Surgery (Aortic or Mitral)
and Aortic Dissection Surgery was analysed in isolation.

Data collection, definition and organization

The InCor database (SI3)” includes clinical and follow-up
data of patients inside and outside the hospital. Filling out
this register is compulsory and performed by employees from
several healthcare areas. The data are placed online (http://si3/)
with a personal password and user. Data completeness
and veracity were validated by the Incor Hospital Medical
Information Unit, by the Assistance Operations Management
and by the Patient Safety and Quality Surgical Unit. Data of
the first publication, “Evolution of Cardiovascular Surgery
at the Instituto do Coracao: Analysis of 71,305 Surgeries”,
were retrieved and analysed together.® Surgical mortality was
defined as any death occurring within 30 days after the main
procedure, in or out of the hospital.

Inclusion Criteria

All cardiovascular procedures performed at the InCor,
between January 1984 and July 2019.

Exclusion Criteria

For the analysis by procedure type, emergency or rescue
procedures were excluded.

The CQI Program

Envisioning a new era of cardiovascular surgical outcomes,
the new InCor management, led by Prof. Fabio Jatene, created,
inside the Cardiovascular Surgery Division of Incor, the Patient
Safety and Quality Surgical Unit (UCQSP). This unit aims at
supporting the construction of a safety culture, by promoting
transparency, standardizing training courses, improving staff
work and monitoring performance. In order to converge these
and other activities, the UCQSP established the CQI Program
in Cardiovascular Surgery.® To this end, an alignment with the
Information Technology Service and the Hospital Medical

Information Unit of the InCor was crucial to monitor the
program implementation. Thus, the initial set of measures of
the CQI Program was:

1) establish annual goals of surgical volume and outcomes;

2)  public and monthly presentations of the outcomes;

3)  implementation of a surgical Checklist and its
propagation to 100% of the surgical procedures;

4)  establishment of a clinical/surgical outpatient setting
for all groups;

5)  monitoring of adherence to the perioperative
protocols established;

6)  multidisciplinary approaches to all surgeries and/or
patients at high risk;

7)  assessment of the cause of operative mortality using the
POCMA (Phase of Care Mortality Analysis) process;

8)  requirement of quality improvement metrics for each

area involved in healthcare;
9)  development of Researches in Quality and Safety;

10) accurate indication and timing of surgery for urgency/
emergency patients.

Statistical analysis

Regarding the mortality rates observed, the periods were
compared using a two-tailed test for comparison of proportions.
In 2019, it was observed that the second and the first semester
had the same number of surgeries and average deaths. From 1984
to 2007, for the Arrhythmia group, only the annual mean of the
number of surgeries perfomed in each period was available.
Therefore, we considered that the number of surgeries carried
out in each year was equal to the average of the period, in order
to estimate the p-value. For the variable number of surgeries, the
two-tailed Mann-Whitney test was used. The level of significance
established was 0.05. The R software (version 3.5.3) was used
for the analyses and graphs. The Excel software was used to
consolidate the original basis.

Ethics and consent term

This Project was carried in the UCQSP, with the
approval of the hospital management, as a study on quality
improvement. It was a database study with no identification
of patients. Therefore, the Free and Informed Consent Form
was not required.

Results

A total of 105,599 CVSs were performed, with an annual
mean of 2,964 procedures and mortality of 5.63%.

In the total volume analysis, there was an increase of
32.5% between the 1st and 2nd periods (p = 0.001) and
of 35.3%, between the 2nd and 3rd periods (p = 0.0001).
There was a decrease of 22.7% between the 3rd and 4th
periods (p = 0.0006) and a slight increase of 6.7% between
the 4th and 5th periods (p = 0.3677).

In relation to CABG surgery, there was an increase of
18.3% between the 1st and 2nd periods (p = 0.0145), and
of 9.2%, between the 2nd and 3rd periods (p = 0.0293).
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There was a decrease of 42.3% between the 3rd and 4th
periods (p = 0.0002), and of 6.4%, between the 4th and 5th
periods (p = 0.2141).

In valve surgeries, there was an increase of 8.5% between
the Tstand 2nd periods (p = 0.1471), and of 37.6%, between
the 2nd and 3rd periods (p = 0.0001). This increment
decreased in the same proportion between the 3rd and 4th
periods (p = 0.0009). However, there was an increase of
24.9% between the 4th and 5th periods (p = 0.2019).

In congenital surgeries, there was an increment of 23.4%
between the 1stand 2nd periods (p = 0.0020), and of 37.8%,
between the 2nd and 3rd periods (p = 0.0077). There was
a decrease of 22.7% between the 3rd and 4th periods
(p = 0.0312), and an increase of 16.1%, between the 4th
and 5th periods (p = 0.1250).

In arrhythmia surgeries, there was an increase of 154.6%
between the 1stand 2nd periods (p = 0.0001), 68% between
the 2nd and 3rd periods (p = 0.0001), 12.6% between the
3rd and 4th periods (p = 0.0084), and of 1.6% between the
4th and 5th periods (p = 0.8081) (Table 1).

In the total mortality analysis, although there was a
decrease in mortality of 1% between the 1st and 2nd periods
(p = 0.0001), there was an increase of 0.1% between the 2nd
and 3rd periods (p = 0.5227), and of 2.9% between the 3rd
and 4th periods (p = 0.0001). However, there was a decrease
of 2.8% between the 4th and 5th periods (p = 0.0001),
which resulted in a decrease of 0.8% between the 1st and
5th periods (0.0051).

In relation to CABG surgery, there was a decrease in mortality
of 0.1% between the 1st and 2nd periods (p = 0.7088),
with an increase of 0.5% between the 2nd and 3rd periods
(p = 0.1072), and of 1% between the 3rd and 4th periods
(p = 0.0121). Nonetheless, there was a decrease of 2.6%
between the 4th and 5th periods (p = 0.0001), achieving a
decrease of 1.3% between the 1st and 5th periods (p = 0.0092).

In valve heart surgeries, there was an increase in mortality
of 0.3% between the 1st and 2nd periods (p = 0.6693), of
0.5% between the 2nd and 3rd periods (p = 0.4174), and
of 5.5% between the 3rd and 4th periods (p = 0.0001).
However, there was a decrease of 6.5% between the 4th and
5th periods (p = 0.0001), ending up with a decrease of 0.2%
between the 1st and 5th periods (p = 0.8946).

In congenial surgeries, there was a decrease in mortality

of 0.9% between the 1st and 2nd periods (p = 0.1993), and
of 2.7% between the 2nd and 3rd periods (p = 0.0001).

Although there was an increase in mortality of 6.9% between
the 3rd and 4th periods (p = 0.0001), there was a decrease of
2.5% between the 4th and 5th periods (p = 0.0017). When we
compared the 1st and 5th periods, there was an increase in
mortality of 0.7% (p = 0.3943).

In arrhythmia surgeries, there was a decrease in mortality of
1.2% between the 4th and 5th periods (p = 0.0001). We could
not accurately retrieve the data on mortality of the arrhythmia
surgeries performed in the 1st, 2nd and 3rd periods. (Table 2)

The graphs of global, coronary, valve, and congenital
volume and mortality in > 35 years of the InCor are shown
in Figures 1, 2, 3 and 4, respectively.

Additionally, we provided the annual volume (Table 3)
and mortality (Figure 5) rates of the most complex and most
frequently perfomed procedures in cardiovascular surgery
since 2008: Acute Aortic Dissection, Congenital, Isolated
CABG, CABG + Valve, Aortic Valve, Mitral Valve, and Aortic
Valve + Mitral Valve.

For didactic purposes, we decided to compare these
procedures in the 4th and 5th periods as well. Therefore, in
Acute Aortic Dissection, the average annual volume
increased 66% (p = 0.1060) and mortality decreased 11.2%
(p=0.0016). In CABG + Valve, the average annual volume
decreased 22.4% (p = 0.1481) and mortality reduced 12.1%
(p = 0.0001). In Mitral Valve surgery, the average annual
volume increased 34.1% (p = 0.1535) and mortality reduced
6.4% (p < 0.0001). In Aortic Valve surgery, the average annual
volume increased 14.6% (p = 0.1481) and mortality reduced
6.7% (p < 0.0001). In Mitral Valve surgery + Aortic valve,
the average annual volume increased 22% (p = 0.2688) and
mortality reduced 11.9% (p < 0.0001) (Figure 5).

We also analysed two procedures considered the state of
the art in cardiovascular surgery: Off-pump CABG surgery
(OPCAB) and Valve Repair, for periods 4 and 5. The annual
average volume of OPCAB decreased 49.8% (p = 0.0040)
and mortality increased 0.8% (p = 0.7018). Still, the annual
average volume of Valve Repairs reduced 5.7% (p = 0.8081),
but mortality reduced 3.8% (p = 0.0427).

Discussion

We carried out a time series analysis of the volume and
mortality in cardiovascular surgeries in > 35 of the InCor, one
of the greatest intitutions in Latin America which, in 2016,
established its CQI Program. These information were obtained

Table 1 - Number of Procedures per Surgical Group at the InCor during the 5 periods

Period 1 Period 2 Period 3 Period 4 Period 5
Total 2,122 2,812 3,806 2,943 3,139
Groups Selected
Coronary 856 1,013 1,106 638 597
Valve 400 434 597 372 465
Congenital 403 497 685 530 615
Arrhythmias 238 606 1,018 1,146 1,165
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Table 2 — Mortality Rates per Surgical Group of the InCor during the 5 periods

Period 1 Period 2 Period 3 Period 4 Period 5
Total 5.79% 4.75% 4.86% 7.78% 4.99%
Groups Selected
Coronary 4.44% 4.29% 4.79% 5.78% 3.14%
Valve 7.63% 7.95% 8.44% 13.96% 7.47%
Congenital 8.85% 7.94% 5.27% 12.13% 9.60%
Arrhythmias 2.15% 0.94%
Total
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Figure 1 - Year-by-year graph of global surgical volume and mortality in > 35 years of the InCor.

from the InCor database, which was founded in 1984, at the
same time that the New York State database was established.
This is also the period when a series of risk scores began to
arise all over the world, with the purpose of stratifying patients,
adjusting risk and monitoring the outcomes."

These initiatives came at a time when patients had more
comorbid conditions and, at the same time, the most complex
surgeries were influenced by the increase in life expectancy.'
It was the ideal scenario to start measuring the outcomes and
optimizing the strategies. Perhaps one of the highest impact
projects on outcomes continuous improvement has been
the creation of the EuroSCORE™ and the STS score' which,
through the estimation of expected mortality, allowed us to
plan, prepare and even look for new treatment alternatives
for the patients. The adoption of these instruments in surgical

practice enabled the phenomenon to develop. While the
centers started to make their measurements, the outcomes
observed continued to improve to the extent that the scores
had to be recalibrated in order to survive.'

At the InCor, the measurements started to be taken in
2007 with the incorporation of the EuroSCORE and the
2000 Bernstein-Parsonnet model, for estimation of expected
mortality.* These models, which were validated first, were
used by the INCOR to elaborate its own model: the InsCor.*
In the evolution of outcomes, this corresponds to period 4
of the present analysis. It was in this period that the culture
of data and outcomes measurements began to consolidate,
although a decrease in the surgical volume at the InCor, both
in general surgery and in the subgroup ones, resulted in a
proportional increase in surgical mortality rates. In addition,
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Figure 2 - Year-by-year graph of volume and mortalidade in CABG surgery in > 35 years of the InCor.
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Figure 3 - Year-by-year graph of volume and mortalidade in Valve Cardiac Surgery in > 35 years of the InCor.
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Figure 4 - Year-by-year graph of volume and mortality in Congenital Heart Disease Surgeries in > 35 years of the InCor.
Table 3 — Annual volume categorized by Procedure type (2008 - 1S/2019)
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 182019
Acute Aortic Dissection 42 36 54 25 19 40 78 7 72 76 72 44
Congenital 466 446 466 530 500 573 638 617 566 617 612 332
CABG 715 660 607 634 665 583 611 622 547 523 554 381
CABG + Valve 76 68 65 68 79 88 89 62 40 67 46 39
Aortic Valve 176 153 138 153 164 21 215 191 198 173 214 109
Aortic and Mitral Valve 68 59 49 66 54 49 51 63 55 58 67 50
Mitral Valve 210 181 125 154 204 212 234 258 235 208 217 199

although in this period there was the implementation of
certain improvement initiatives, these were not convergent,
and, consequenlty, could not be structured and far
less sustainable.

The success of centers that had already started to work on
the organization and structuring of improvement programs
started to show results. In this respect, in 2012, the European
Association for Cardio-Thoracic Surgery (EACTS) established
its Quality Improvement Programme (QUIP) with the purpose
of improving the outcomes, as well as integrating strategies for
quality improvement.'®

The Cardiovascular Surgery Division of the InCor started
to create improvement initiatives through an organizational
culture that focused on reducing mortality outcomes by

following established goals. These goals at first followed
historical data, which means improving one's own results.
This is one of the best ways to create progressive and
sustainable results. Because it understood the importance
of multicenter registries and of continuous and collaborative
learning, the InCor, by means of a partnership with the SES-SP,
and the FAPESP created, in 2013, the Paulista Cardiovascular
Surgery Registry.® After this initiative, the InCor gained a better
understanding of the outcomes and could guide its strategies
better. As a result, in 2016, the InCor, with the establishment
of a data-driven culture, converged its improvement measures
through the implementation of its CQI Program.’

This analysis was carried out with 105,599 cardiovascular
surgeries and it is possible to observe that, since 1984, the
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Figure 5 - Year-by-year graph of the volume and mortality of the most complex and most frequently performed procedures in cardiovascular surgery since 2008.

annual surgical volume has only increased, with the largest
increase occurring in the 3rd period. The annual death rate was
progressively increasing until the 4th period. The significant
growth in surgical volume between the 2nd and 3rd periods
(35%) caused the increase in mortality rate to be insignificant
(0.1%). Nevertheless, the major decrease in surgical volume
in the 4th period (22.7%) caused the mortality rate to
increase significantly (2.9%). Although surgical volume growth
between the 4th and 5th periods (6.7%) was not significant,
the mortality rate reduced significantly (2.8%). Anyway, since
its origins until the current period of the InCor, there has
been asignificant increase in surgical volume (47.9%), with a
decrease in mortality rates (0.8%).

The significant decrease in the global surgical volume in
period 4 was directly related with the significant decrease in
surgical volume in all subgroups, excepted for the arrhythmia
subgroup. This was more evident in the CABG group, most
probably due to the boom in percutaneous procedures, such
as coronary angioplasty.'”” Moreover, new evidence changed
the practice of cardiovascular disease treatment, with the
advances in drug therapy'® and accurate indication for surgical
intervention.” Here, we highlight the role of Science in
balancing and adjusting the scenario for the benefit of better
patient outcomes.

Arq Bras Cardiol. 2020; 114(4):603-612

The decreased volume of CABG was significant between
the 3rd and 4th periods (42.3%). However, we can say that it
stopped to decline, since between the 4th and 5th periods,
there was a decrease of only 6.4% (p = 0.21). We can see
that, even though the highest CABG volume occurred in
the 3rd period, the mortality rate has also increased (0.5%).
Although this was not significant, it shows an increase in the
number of deaths in this period. As described before, the
incorporation of risk scores into our practice only took place
by the beginning of the 4th period, which may explain to
some extent the outcomes observed. As a result, the reduction
of 42.3% in CABG volume in the 4th period undoubtedly
impacted the mortality rate, which reached 5.78% (p = 0.01).
What is evident is that, even though the volume reduction was
not significant, in the 5th period, the mortality rate reduced
2.6% (p = 0.0001). By examining Figure 2, we note that
the mortality rate in CABG surgeries reached 1% in 2019, a
historic achievement, which is very close to the results of the
best centers in the world.?

The volume of Valve Surgeries, which had been progressively
increasing, suffered a significant reduction in the 4th period
(37.6%), with a significant increase in mortality (5.5%).
However, in the 5th period, the surgical volume increased
24.9% (p = 0.20), and there was a decrease of 6.5% in the
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mortality rate (p = 0.0001). As the statistical data show, this is
not only explained by the volume increase, but rather by the
continuous outcome improvements, which reached, in 2019,
a mortality of 2% in mitral valve surgery and of 5% in aortic
valve surgery. The latter should continue to decline due to
increased referral of more severe cases to transcatheter aortic
valve implantation (TAVI).

In the congenital surgery group, there was also a significant
surgical volume reduction in the 4th period (22.7%), which
may have influenced the significant increase in mortality (6.9%).
However, even with a modest volume increase in the 5th period
(16.1%), mortality reduced significantly (2.5%). This also reflects
the continuous implementation of improvement measures by
the staff and the cardiovascular surgery division which, by 2019,
has already reduced mortality rates to 7% (Figure 4).

For arrhythmia surgery, the 5th period was quite satisfactory
because, in addition to a significant volume increase (389.5%),
there was a reduction in mortality of 1.2% (p = 0.0001).

On the other hand, in relation to the isolated procedures,
which have been presenting an expressive increase since 2008,
we compared the 4th and 5th periods. We observed that the
cases of Acute Aortic Dissection Surgeries increased 66%
(p = 0.1060), and mortality reduced 11.2% (p = 0.0016).
In 2019, the results already reach 11% for a mean mortality
in the best centers of >20%.?" It is important to mention that
several protocols were structured taking into account the best
moment for the surgical approach and the standardization of
the surgical technique. In CABG + Valve surgeries, the average
annual volume had a modest reduction of 22.4% (p = 0.1481).
However, there was a significant mortality reduction (12.1%).
In 2018, the mortality rate was 8% and, in 2019, we still have
not registered any deaths due to this associated procedure.
In mitral valve surgery, the average annual volume increased
34.1% (p = 0.1535), with a reduction in mortality of 6.4%
(p < 0.0001). Until the first period of 2019, mortality had
already reached 2%. In aortic valve surgery, the mean annual
volume increased 14.6% (p = 0.1481) and there was also a
significant decrease in mortality (6.7%). In 2019, mortality
also followed a downward trend and is already at 5%. In the
combined mitral and aortic valve repairs, the average annual
volume increased 22% (p = 0.2688) and mortality reduced
11.9% (p < 0.0001). The positive mortality outcomes of the
valve group is also the result of strong efforts towards the
establishment of a line of care, of a multidisciplinary outpatient
surgery clinic and the standardization of surgical techniques.
Besides, this is a population at high risk, with 56% of rheumatic
disease patients, 75% of patients in functional classes Ill and
IV and 31% of reoperations.?

The purpose of this analysis is to show the evolution of
cardiovascular surgery in one of the centers with the greatest
operative volume in South America, where > 80%? of the
patients are assisted under Brazil's Unified Health System
(SUS), which makes it a reference hospital that receives
all types of patient referrals for different procedures.
Unquestionably, the decrease in surgical volume in the 4th
period had an impact on mortality in a context that still
focused on surgical volume, because evidence shows that

the improvement in mortality outcomes due to volume
were replaced by improvements resuting from the CQI
programs,*** including at university hospitals, which would
be our case,?® and in several parts of the world.?"2®

Within the package of measures developed by the InCor
through its CQI program, previously mentioned, it is worth
to highlight the implementation of the InCor Checklist.
This project was initiated in 2014, but it was only after 2016
that it became compulsory for all surgeries. Research projects
in the area of Quality and Safety have favoured partnerships
financed by the FAPESP, such as the cooperation with
the Fuwai Hospital, in China, and the partnership of the
REPLICCAR Il with the Harvard University Department of
Public Health (www.repliccar.com.br).

Undoubtedly, the greatest challenge should be sustainability
and, above all, the continuous outcomes improvement. To this
end, strategies that aim at reducing morbidity, optimizing
processes to reduce hospital stay time and that focus on
improving patient experience are required. Programs like this
could be spread in Brazil, focusing on standardization and
continuous structuring of good quality practices, regardless
of the surgical volume.

Limitations

We note 3 limitations: 1) This is a unicentric and
retrospective study, which would hinder the generalization of
our conclusions. However, the large surgical volume and the
existence of an institutional registry that improves over time
help minimize this bias. 2) The lack of patient stratification
based on risk makes it difficult to understand whether the
decrease in surgical mortality would be more associated with
a greater proportion of patients at low risk. A subanalysis of
more recent periods (from 2013 to 2019) was carried out
and we found a significant decrease in mortality with no
differences in the surgical volume or in the risk estimated
by the EuroSCORE II. 3) The CQI program was consolidated
in 2016, but improvement measures date back to 2007.
In fact, isolated actions can be traced back to 2007, but
the formulation and structuring of the CQI program were
established between 2015 and 2016. In practice, we can say
that the package of measures converged in 2016, which may
explain the mortality reduction in all groups.

Conclusions

In spite of a recent trend towards increased surgical
volumes, except for CABG surgery, a significant decrease in the
general surgical mortality rate and in the groups studied was
evident. The consolidation of the CQI program at the InCor
has been associated with the progressive decrease in surgical
mortality, which corroborates the evidences, regardless of the
scenario or region. After the consolidation of the CQI program,
the mortality rates were close to international standards.
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How Do We Know a Change is an Improvement? The (Not So) New
Scientific Knowledge Every Physician Should Learn, Master and Lead
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Short Editorial related to the article: Analysis of >100,000 Cardiovascular Surgeries Performed at the Heart Institute and a New Era

of Outcomes

Cardiothoracic surgeons have a rich history of quality
improvement and a strong ethos of transparency and innovation
allowing for the rapid diffusion of standards, techniques, and
benchmarks worldwide. Nationally, few medical specialties have
contributed as much to the development of knowledge as the
Brazilian cardiac surgery. From the hard work developed during
decades by pioneering surgeons such as Euryclides Zerbini and
Adib Jatene to the most contemporaneous leaders in the field,
the Instituto do Coragdo do Hospital das Clinicas da Faculdade
de Medicina da Universidade de Sao Paulo — InCor — is definitely
atthe heart of this journey." In this issue of Arquivos Brasileiros de
Cardiologia the work by Mejia et al.? has the merit of taking into
account the evolution of the number of cardiovascular surgeries
performed at InCor during a 35-year period. The total number
is a remarkable one: over 100,000 open heart procedures were
analyzed. After all, the mean number of procedures/year is 2,964,
- or more than 11 procedures per workday. It is noteworthy the
fact that the total number of procedures has been increasing,
especially due to an increase in valvular operations and the
correction of congenital cardiopathies. Also, of note, there is a
7% decrease in coronary artery bypass graft surgery volume in
the most recent period studied.

Besides describing the volume of disease-specific open-heart
surgical procedures throughout five different periods of time over
the 35 years of data, another objective of the study by Mejia et al.?
was to evaluate the impact of the actions taken from a continuous
quality improvement program on mortality from cardiovascular
surgery. It is not clear, however, how the periods of time were
selected for the analyses.

The quality improvement initiative at InCor, called Programa
de Melhoria Continua da Qualidade (PMCQ), was consolidated
in 2016 with a clear mission to decrease the cardiovascular
surgical operative mortality. It is hosted at the Unidade Cirtirgica
de Qualidade e Seguranca do Paciente Cirdrgico (UCQSP)
as a department of the Cardiovascular Surgical Division at
InCor. According to the authors, this unit aims to support
the construction of the safety culture, promote transparency,
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standardize training, improve the work of the teams and monitor
the surgical performance.?

When InCor aims to support the construction of a safety
culture, it is clear that they head toward the right direction.
As stated by Robert Lloyd,* Vice President at the Institute
for Healthcare Improvement, “Quality” is not a department.
An organization will only make meaningful and sustainable
improvements when people at every level feel a shared
desire and responsibility for making processes and outcomes
better every day.

After analyzing the data, the authors concluded that there was
asignificant decrease in operative mortality (closer to international
standards) in the studied groups after the implementation of the
quality improvement program at InCor. The question that remains
is how do we know that the changes made after the PMCQ
consolidation resulted in an improvement in surgical mortality?

Directing efforts in collecting, analyzing and applying data
of the surgical results in order to improve quality and reassess
conducts and procedures is critical to quality improvement
initiatives. Mixing accountability or research measures with those
for improvement, however, is counterproductive.

Modern Quality Improvement (QI) concepts had their origins
in the Statistical Process Control (SPC) measurements developed
by Walter Shewart in the 1920s. The marriage of those techniques
with an overall management philosophy by Edwards Deming,
Joseph Juran, and others has resulted in the quality movement
as it is known through various terms and acronyms (TQM — Total
Quality Management, CQI — Continuous Quality Improvement,
and so on). Although arriving later in health care than in other
fields, QI concepts have rapidly proliferated here through the
efforts of Berwick and others.’

Quality improvement requires using data to learn and to
predict future performance (as opposed to what happened
in the past, as stated by accountability and research data).
Regarding improvement, it is critical to understand that
every process has an inherent variation that one wants to
understand. Understanding the terms process and variation,
besides developing process thinking, are fundamental to an
understanding of how to improve anything.

Contemporary cardiothoracic surgical care is a complex
process, involving sophisticated techniques and equipment,
health care professionals with varying levels of skills, and high-
risk patients. Surgeons work in a safety-critical environments
where the complexity of care and the patients’ risk factors
exponentially increase the potential for significant harm.
The designed system of caring for surgical patients deliver
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outcomes that vary throughout time, irrespective of being
successful or not. Because humans and poorly designed
systems are vulnerable to error, a critical assessment of our
systems of care is essential for improvement to continue.®

Variation in a quality measure may result from common
causes — expected causes that are inherent to the system. It
may also derive from special causes — unnatural causes that are
not part of the system but arise due to specific circumstances.

There are many ways to present and analyze data. For
improvement efforts, a control chart (Figure 1) helps distinguish
between special and common causes of variation. It includes an
upper control limit and a lower control limit marked above and
below the average line. Variation within these limits is expected
and attributed to common causes; variation beyond these limits
suggests special causes.”

In a stable system, only common causes affect the outcomes.
Variation is predictable within statistically established limits. By
contrast, in an unstable system, outcomes are affected by both
common causes and special causes. In this case, variation is
unpredictable. If the process is stable and variation is predictable,
one can foresee the future outcome for the system being observed
in real-time, which makes it suitable for improvement efforts.
Control charts can also be used to identify early signs of success
in an improvement project and to monitor a process to ensure it
is holding the gains from a quality improvement effort. Like a run
chart it helps determine whether the changes made are leading
to improvement. The point here is that improvement efforts can
only be made in stable systems.”

Data driven from the original manuscript in its tables 1
and 2 (total volume of procedures and total operative death

P chart of Operative Death
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Figure 1 - P chart of operative death. Data obtained from tables 1 and 2 of the
original manuscript. Average line is in green. Upper and lower control limits are
in red. Dots represents the operative death index for the specified period of
time. Dots are connected in a black line that shows variation. Operative death in
period 4 is beyond the upper control limit (as marked in a red circle), suggesting
a special cause in the process of caring within this period of data collection.

index throughout different periods of time) were used to build
a control chart as in Figure 1. Statistical process control (SPC)
techniques have played an efficacious role in monitoring hospital
performance, such as mortality rate.® According to this analysis,
the system being used for improvement efforts in the work by
Mejia et al.? is an unstable system and the outcome (operative
death) is affected by both common and special causes. Since
variation is unpredictable in an unstable system, the changes
from PMCQ at InCor cannot be attributed to the improvement
in total operative death from period 4 to period 5. In fact, using
SPC methodology, there is no difference in operative mortality
between periods 1,2,3 and 5. The operative mortality at InCor
has been varying close to international standards since they started
collecting these data. A special cause in period 4 increased the
operative mortality beyond the upper control limit, which made
it statistically different from period 5, when research statistical
methods were used to analyze an improvement effort.

Health care organizations use data to understand their
performance — although they do not always do so effectively.*
It is important to note that the quality improvement staff view
and seek to use data regarding variation in healthcare processes
differently from that of health services researchers. Where
practical, real-time quality improvement is the goal, variation
itself needs to be examined in real time to answer the questions:
1- Are we getting better? And 2- Where can we improve?* Thus,
“just-in-time” performance data are essential to the effective use
of variation data, and the focus is on creating stable processes and
learning from special-cause variation. In contrast, health services
researchers pose the question, does A cause B (other things being
equal?), often taking the long view to examine several years®
worth of data and seeking to eliminate special-cause variation
and test for significance® These different perspectives can lead
healthcare managers and researchers to look at the same results
and reach very different conclusions about their significance and
the actions that should be taken in response.*

Learning fast from mistakes is part of the improvement theories
and although there was no proven improvement in operative
mortality attributed to actions taken after PMCQ consolidation,
the continuous quality improvement effort at InCor is far from
being unsuccessful. The PMCQ initiative at InCor should be
followed by others. InCor not only pioneered and mastered the
open-heart surgical academy in the country. Its leadership in the
field continues to change our own perspectives regarding what
means to be a contemporary heart surgeon within a system.
InCor is helping us reflect on the traditional view that patient
outcomes are related only to the surgeon’s technical skill to an
evolvingand broader framework, wherein health care outcomes
are affected by a multitude of factors in highly integrated and
complex processes and environment. Since physicians (and
surgeons) are involved in almost all-important health care
processes, it is wasteful to try to improve health care processes
without them.® It is still required for a surgeon to learn, master
and lead the current and new technology and technical skills to
care for patients. Contemporarily, however, this is not sufficient
to improve outcomes. It is time for cardiothoracic surgeons (and
every physician) to reflect on their own personal purposes of
being a healthcare professional and learn, master and lead the
(not so) new scientific knowledge to improve patient outcomes.

Arq Bras Cardiol. 2020; 114(4):613-615
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Abstract

Background: The role of Ser49Gly beta1-adrenergic receptor genetic polymorphism (ADBR1-GP-Ser49Gly) as a predictor
of death in heart failure (HF) is not established for the Brazilian population.

Objectives: To evaluate the association between ADBR1-GP-Ser49Gly and clinical outcomes in individuals with HF with
reduced ejection fraction.

Methods: Secondary analysis of medical records of 178 patients and genotypes of GPRB1-Ser49Gly variants, classified as
Ser-Ser, Ser-Gly and Gly-Gly. To evaluate their association with clinical outcome. A significance level of 5% was adopted.

Results: Cohort means were: clinical follow-up 6.7 years, age 63.5 years, 64.6% of men and 55.1% of whites. HF etiologies
were predominantly ischemic (31.5%), idiopathic (23.6%) and hypertensive (15.7%). The genetic profile was distributed
as follows: 122 Ser-Ser (68.5%), 52 Ser-Gly (28.7%) and 5 Gly-Gly (2.8%). There was a significant association between
these genotypes and mean NYHA functional class at the end of follow-up (p = 0.014) with Gly-Gly being associated
with less advanced NYHA. In relation to the clinical outcomes, there was a significant association (p = 0.026) between
mortality and GPRB1-Ser49Gly: the number of deaths in patients with Ser-Gly (12) or Gly-Gly (1) was lower than in those
with Ser-Ser (54). The Gly allele had an independent protective effect maintained after multivariate analysis and was
associated with a reduction of 63% in the risk of death (p = 0.03; Odds Ratio 0.37 — CI 0.15-0.91).

Conclusion: The presence of B1-AR-GP Gly-Gly was associated with better clinical outcome evaluated by NYHA
functional class and was a predictor of lower risk of mortality, regardless of other factors, in a 6.7-year of follow-up. (Arq
Bras Cardiol. 2020; 114(4):613-615)

Keywords: Heart Failure/mortality;Epidemiology; Polymorfism, Geetic; Receptors,Adreneic, beta; cardiovascular
Dieases; Hospitalization; Epinephrine/therapeutic use; Cardiotoxicity.

The therapies available are capable of reducing mortality
by up to 60%,* but response to these medical treatments is
heterogeneous. It has been demonstrated that genetic nature
influences this variability.>

Introduction

Heart failure (HF) is currently the main cause of hospital
admissions due to circulatory diseases in the Brazilian public
healthcare system: 202,000 patients were admitted in 2018,

costing BRL 311 million."

The current strategy with clinical, laboratory and imaging
parameters to predict prognosis is limited. The natural
history of HF is unpredictable, even in phenotypically
similar patients.
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In the pathophysiology of HF, the role of the Sympathetic
Nervous System (SNS) is well established. Cardiac betal-
adrenergic receptor (RB1) is the main structure responsible
for mediating the effects of adrenaline. Sustained stimulation
of this system determines multiple deleterious effects,?
especially cardiotoxicity.®

Accordingly, some genetic variants that modified the activity
of this receptor have been described. A genetic polymorphism
(GP) was identified at position 145 of the nucleotide that
resulted in the substitution of Serine for Clycine at position
49 of the amino acid — GPRB1-Ser49CGly.”

GPRB1-Ser49Gly was associated with a dramatic
interference with RB1 function. The Cly allele determined
greater reduction in its number (down-regulation) compared

616
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with the Ser allele.®” Because of the continuous exposure
to adrenaline, this dysfunction could be clinically relevant
in HE. In practice, this genetic mutation would determine
desensitization with a relevant intrinsic adrenergic block.®

Accordingly, in the context of HF, some publications
analyzed GPRB1-Ser49Cly in scenarios that included: risk
of HF>%'" beta-blocker response,®'* echocardiographic
outcomes,™ functional capacity,' cardiac arrhythmia''
and clinical outcomes.”'®'” These studies include a small
number of patients and present some inconsistent findings.
In general, the Gly allele was associated with better clinical
outcome;”"” however, a potential influence of ethnicity on
these genotypes was observed, inverting this benign behavior
in some populations.” For these reasons, the role of this
genotype is still unknown.

Therefore, it is of paramount importance to analyze the
behavior of this GP in a Brazilian population with its own
ethnic characteristics, in order to establish the pattern of
this GP for our population, increasing our (small) current
genetic database.'®'®

The objective of this study is to evaluate the association
between the Ser49Cly genotypes and major clinical outcomes,
such as hospital admissions due to HF and death in individuals
with HF with reduced ejection fraction.

Methods

Study design

Longitudinal study of a cohort of patients. Information was
collected from medical records dated between January 2015
and April 2018, since the beginning of follow-up. All patients
were seen at the same HF clinic of a university hospital.

Study population

This is a series of cases followed for 6.7 years, which
consecutively included 178 patients (113 men and 65 women)
diagnosed with HF with reduced ejection fraction, being
characterized as a convenience sampling.

Inclusion criteria

Patients aged 18 or older, with symptomatic HF (defined
by the Framingham criteria), systolic ventricular dysfunction
and left ventricular ejection fraction (LVEF) < 50% on
two-dimensional echocardiography.

Exclusion criteria

Patients with unknown clinical status at the end of the study.

Method

Statistical analysis

Statistical analysis was performed using SPSS for Mac, version
25. For all of the tests, 0.05 or 5% (p < 0.05) was defined as

Arq Bras Cardiol. 2020; 114(4):613-615

the rejection level of the null hypothesis and 95% confidence
interval (Cl). The measures of central tendency were expressed
as mean = standard deviation. Categorical variables were
expressed in absolute and relative frequencies n(%).

The following statistical tests were used: One-way ANOVA
complemented by Tukey’s test, chi-square test and logistic
regression. To evaluate the homogeneity of variances, Levene’s
test was used. When there was no homogeneity of variances,
the Kruskal-Wallis test was used to compare the means of three
or more independent samples and Mann-Whitney test was
used for up to two independent samples.

Binary logistic regression was used to evaluate the clinical
outcomes studied. Initially, the variables were evaluated
separately in order to identify which ones were statistically
relevant. Subsequently, they were evaluated together as
covariables. A 95% significance level was considered for
entry in the model and 90% for the removal of variables in
the stepwise method of choice.

Heart failure etiology

The etiologies were classified into five groups: ischemic,
idiopathic, hypertensive, alcoholic and others. The attending
physician at the HF service was in charge of defining the
etiology according to previously established criteria.'®

Clinical, laboratory and echocardiographic parameters

Skin color was determined by the attending physician
and classified as white, black or other. Functional class was
determined according to the New York Heart Association
(NYHA) at the beginning and at the end of follow-up.
Death registries were taken from the medical records and, if
no records were available, an active search was conducted
on the electronic medical records, by phone call or on death
certificate databases available on the Internet.

The most recent laboratory tests were considered for
statistical analysis.

Allindividuals had their electrocardiograms (ECG) analyzed
for QRS duration, presence of left bundle branch block and
atrial fibrillation.

Echocardiographic variables

The parameters evaluated were: LV systolic diameter,
LV diastolic diameter and LV ejection fraction. Two tests
were used: one at the beginning and another at the end
of follow-up.

Genotyping

Genotyping was performed using polymerase chain
reaction and restriction fragment length polymorphism
(PCR-RFLP) for the RB1 gene: 49Ser>Cly polymorphism.
The details of these procedures followed specific literature.™

All'individuals were tested for the presence of Ser (wild
and most common) and Gly (recessive) alleles. Based on the
presence of these alleles, the individuals were classified into
Ser-Ser, Ser-Gly and Gly-Cly.
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Gene and haplotype frequencies were tested for the
Hardy-Weinberg equilibrium,? using the software ARLEQUIN
version 2000.

The project was approved by the Research Ethics
Committee of Hospital Universitario Pedro Ernesto on
12/16/2009. An Informed Consent Form (ICF) was signed
by all patients.

This study was partially funded by FAPERJ (Fundacao
Carlos Chagas Filho de Amparo a Pesquisa do Estado do Rio
de Janeiro).

Results

Characteristics of the sample population and GP-RB1

Table 1 shows the general characteristics of the study
population. Mean age of 64.4 = 12.8 years (variation:
24-93 years), a higher prevalence of males, white skin color
and ischemic etiology were observed.

The mean follow-up time at the HF clinic was
6.7 = 4.4 years.

As for the genetic profile, the Ser allele occurred 295 times
(82.8%) whereas the Gly allele occurred 61 times (17.2%).
In relation to the genotypes, 122 (68.5%) were classified as
Ser-Ser, 51 (28.7%) as Ser-Gly and only 5 (2.8%) as Gly-Gly.

A significant difference (p = 0.003) was found between
GP-RB1 and skin color: there was a higher prevalence of
whites among those with Ser-Ser genotype and virtually an
equilibrium between Ser-Gly individuals with white skin and
others, as shown in Table 1.

The population was in genetic equilibrium, according to
the Hardy-Weinberg theorem.?

There were no significant differences between the genotypes
regarding clinical characteristics, baseline NYHA functional
class, electrocardiographic, echocardiographic and laboratory
characteristics or medical treatment, as shown in Table 1.

Clinical outcome
Clinical outcome data are shown in Table 2.

The RB1 genotype showed a significant association with
the final NYHA functional class (p = 0.014), with Ser-Ser
being associated with the most advanced functional class.
Of the eighteen NYHA IV patients, Ser-Ser was found in 88.9%
of the cases. The Ser-Gly GP was responsible for the other
two cases. All five patients with Gly-Gly genotype progressed
with NYHA | or Il at the end of the follow-up.

Mean NYHA functional class was lower than baseline
(2.15 £ 0.9 — 2.02 = 1.0). As for outcomes, 24.9% showed
improved functional class, 38.4% remained stable and 36.7%
showed NYHA worsening. There was no significant difference
between GP-RBT and NYHA mean values or change in
functional class during clinical follow-up.

Outcomes: Deaths and hospital admissions due to HF

The clinical outcomes of hospital admission due to HF and
death were investigated both separately and in association.

Combined outcome of admission due to HF+Death
occurred in 100 patients (56.2%). It was more frequent in
the Ser-Ser group (60.7%) with no significant difference when
comparing Ser-Gly (47.1%) with Gly-Cly (40.0%) cases.

In relation to the number of hospitalizations alone,
182 events were observed in 74 patients, with no significant
difference between GP-RB1 types.

Finally, deaths only were analyzed: 67 events — an overall
mortality rate of 37.6%. The Ser-Ser genotype accounted for
80.5% of these deaths and only 1.5% of patients who died
had the Cly-Cly genotype. In the comparative analysis of the
distribution of deaths by GP, there was a significant difference
(p = 0.026) between the genotypes Ser-Ser, Ser-Gly and
Gly-Cly, with mortality rates of 44.3%, 23.5% and 20.0%,
respectively. Table 2 and Figure 1 depict these findings.

The impact of GP-RB1 on the mortality of these patients
was shown through multivariate analysis: the Gly allele had a
protective effect independent of other factors after adjustment
for final NYHA, final LVEF, creatinine, low adherence and final
heart rate. The presence of each copy of the Gly allele was
associated with risk of death reduced by 63% (p = 0.03; Odds
Ratio 0.37 — C1 0.15-0.91). These data are shown in Table 3.

The cause of death was determined in 56% (34) of the
cases: 61.8% were related to HF worsening, 29.4% of sudden
deaths and 8.8% due to other causes. There was no difference
between the genotypes regarding the cause of death.

Discussion

This study describes the association between the Beta-1
Genetic Polymorphism Ser49CGly genotypes and clinical
outcome in 178 patients with HF, with mean follow-up
of 6.7 years. Of all the studies published on Ser49Cly
genotyping in the context of HF, this one has the longest
follow-up time. Its main finding was the association of
Gly-Gly GP-RB1 with a protective effect for clinical outcomes,
with better clinical outcome evaluated by NYHA functional
class and lower risk of death.

When we compared with other Brazilian populations, we found
a relatively similar allelic distribution: the Gly allele was present in
13 to 17% of the HF cases.'®'® In relation to the genotypes, it was
largely similar to a study including 201 patients from the state of
Rio Crande do Sul' but different from the cohort of 146 patients
from the municipality of Niterdi, in the state of Rio de Janeiro.'

Due to the intense miscegenation of the Brazilian
population, skin color is probably not a good determinant of
the genetic profile, as despite the similarity in the percentage
of whites between this study and that of Pereira et al.,'® there
is a difference in their genetic profile. Thus, ethnicity assessed
by skin color alone could not explain the high percentage of
the Gly-Cly genotype found by Pereira et al.'® Stressing this
point, international studies have shown a strong similarity with
this cohort, as to the genotypic distribution of GP-Rp1:7917
63 to 73% of Ser-Ser, 27 to 35% of Ser-Gly and 0 to 3%
of Gly-Cly individuals, although the studies included other
ethnicities. It may be worth conducting other national studies
in order to evaluate the genotypic distribution of this genetic
polymorphism in our population.

Arq Bras Cardiol. 2020; 114(4):613-615

618



Albuquerque et al.
Ser49Gly Polymorphism in heart failure

Original Article

Table 1 — Baseline characteristics of the population according to the genetic polymorphisms of Ser49Gly B1-adrenergic receptor

Ser49Gly g1 Genetic Polymorphism

Clinical Variable* Total
Ser-Ser (n =122) Ser-Gly (n =51) Gly-Gly (n=5) p
Menn % 113 (63.5%) 79 (64.8%) 31(60.8%) 3(60.0%) 0.873
Follow-up (years) 6.7+44
Duration of HF (months) 89+6.1
Age (years) 64.4+128
White 98 (55.1%) 76 (62.3%) 22 (43.1%) 0(0.0%)
Skin Color Black 28 (15.7%) 20 (16.4%) 6 (11.8%) 2(40.0%) 0.003
Other 52 (29.2%) 26 (24.3%) 23 (45.1%) 3(60.0%)
CAD 56 (31.5%) 43 (35.2%) 12 (23.5%) 1(20.0%)
Idiopathic 42 (23.6%) 27 (22.1%) 13 (25.5%) 2 (40.0%)
Etiology Hypert 28 (15.7%) 13 (10.7%) 13 (25.5%) 2 (40.0%) 0.093
Alcohol 19(10.7%) 12 (9.8%) 7(13.7%) 0(0.0%)
Other 33 (18.5%) 27 (22.1%) 6 (11.8%) 0(0.0%)
| 47 (26.6%) 36 (29.8%) 9(17.6%) 2 (40.0%)
I 70 (39.5%) 50 (41.3%) 19 (37.3%) 1(20.0%) 0334
Baseline NYHAT Il 47 (26.6%) 28 (23.1%) 17 (33.3%) 2(40.0%)
% 13 (7.3%) 7(5.8%) 6 (11.8%) 0(0.0%)
Mean 215+09 205+09 239+09 20+£10 0.068
Baseline LVEF (%) 348+10.7 353+ 11.2 33.5+8.1 374 +21 0.54
Hypert n % 134 (75.7%) 88 (72.7%) 42 (82.4%) 4(80.0%) 0.395
DM n % 60 (33.7%) 39(32.0%) 19 (37.3%) 2 (40.0%) 0.763
AF n % 41 (24.0%) 29 (24.8%) 12 (24.5%) 0(0.0%) 0.492
Hemoglobin (mg/dL) 13.2+19 13.2+20 13117 13.8+22 0.734
Lab Sodium (mEg/L) 139.8£34 139.9+34 139.8 £33 139.0£4.6 0.843
Potassium (mEg/L) 44707 44607 45206 438+05 0.836
Creatinine (mg/dL) 14110 150+ 1.1 1.23+05 1.06+0.2 0.199
BBn % 173 (97.2%) 118 (96.7%) 50 (98.0%) 5(100.0%) 0.828
ACEIn % 79 (44.4%) 52 (42.6%) 23 (45.1%) 4 (80.0%) 0.255
ARB n % 54 (30.3%) 37 (30.3%) 16 (31.4%) 1(20.0%) 0.87
Treatment Spiro n % 83 (46.6%) 52 (42.6%) 27 (52.9%) 4 (80.0%) 0.147
Digox n % 47 (26.4%) 30 (24.6%) 15 (29.4%) 2 (40.0%) 0.631
Low adherence n % 81(46.0%) 52 (43.0%) 27 (54.0%) 2 (40.0%) 0.405
Furosemide (dose-mg) 90.8 £64.3 97.3+66.8 81.0+£59.8 55.0 +£30.0 0.22

*Numerical variables are expressed as mean + standard deviation; categorical variables expressed as [n e (%)]. Follow-up: follow-up time (in years); duration of
HF: duration of disease course since the date of diagnosis (in years); CAD: Coronary Artery Disease; Hypert: Systemic Arterial Hypertension; NYHA: New York Heart
Association Functional Class; LVEF: Left Ventricular Ejection Fraction; DM: Diabetes Mellitus; AF: Atrial Fibrillation; LBBB: Left Bundle Branch Block; Hb: Hemoglobin
(in mg/dL); BB: Betablocker; ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; Spiro: Spironolactone; Digox: Digoxin. 'Baseline NYHA
class data were not available for 1 patient from the Ser-Ser group.
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Table 2 - Clinical outcomes according to the genetic polymorphisms of Ser49Gly f1-adrenergic receptor

Ser49Gly B1 Genetic Polymorphism

Clinical Variable’ Total
Ser-Ser (n =122) Ser-Gly (n =51) Gly-Gly (n=5) p
68 42 24 2 0.014
38.2% 34.4% 47.1% 40.0%
| 57 45 9 3
32.0% 36.9% 17.6% 60.0%
Final NYHA " 35 19 16 0
19.7% 15.6% 31.4% 0.0%
18 16 2 0
v
10.1% 13.1% 3.9% 0.0%
Mean 2.02+1.0 20710 1.92+1.0 16+£05 0.420
Final LVEF (%) 354+13.3 351+13.2 35.8+134 39.6+16.2 0.751
n 74 54 18 2 0.55
Hospital admission
% 41.6% 44.3% 35.3% 40.0%
n 67 54 12 1 0.026
Death
% 37.6% 44.3% 23.5% 20.0%
Hospital admission n 100 74 24 2 0.197
+ Death % 56.2% 60.7% 47.1% 40.0%

*Numerical variables are expressed as mean + standard deviation; categorical variables expressed as [n e (%)]. NYHA: New York Heart Association Functional Class;

54*
60 (44,3%)
50
40
30
12*
2 (23,5%)
10 "
(20,0%)
0
Ser-Ser Ser-Gly Gly-Gly
(n=122) (n=52) (n=5)

Figure 1 - Distribution of number of deaths according to Ser49GlyB1 genetic polymorphism. Data were expressed in absolute and relative frequencies. In the comparison

of Ser-Ser x Ser-Gly x Gly-Gly genotypes: *p = 0.026, chi-square test.

Table 3 — Multivariate Analysis: Predictors of death

Variable p QOdds ratio

Copy of Gly allele 0.030 0.37 (0.15-0.91)
Final NYHA 0.002 2.14 (1.32-3.45)
Final LVEF 0.002 0.94 (0.91-0.98)
Creatinine 0.051 1.52 (1.00-2.31)
Low adherence 0.346 1.50 (0.65-3.46))
Final HR 0.124 1.03 (0.99-1.07)

NYHA: New York Heart Association Functional Class; LVEF: left ventricular ejection fraction; HR: heart rate.
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Another even more relevant aspect is the clinical
interpretation of this GP. In this case, it was possible to
demonstrate that Gly-Gly had a significant association
with a surrogate clinical marker: final NYHA (p = 0.014).
Individuals with this genotype had a better clinical outcome:
no patient in this group showed advanced functional class
at the end of the follow-up. Although it is a relatively small
number of patients (five individuals), the longer follow-up
time compared with other studies allowed the distinction of
clinical behaviors among the genotypes.

Considering that there were no baseline clinical differences
among the three GPs, including treatment, the difference
in the final NYHA found in this study suggests that genetic
variations could influence the pathophysiology of heart
disease. Therefore, genotyping could identify a subgroup of
patients with HF with worse clinical outcome.

This finding is an original one in the literature, as
there are no publications on patients with HF correlating
GPRB1-Ser49Cly to clinical outcomes, such as NYHA
functional class. Because of that, it is not possible to compare
this result with other populations, which would be appropriate
to validate this finding.

Despite its recognized prognostic value, NYHA functional
class is an inaccurate marker of HF severity. The lack of
inter-examiner reproducibility has been described and may limit
its accuracy.”" It also translates only one clinical aspect of the
syndrome. In the future, it may be more appropriate to study
the association of the genotype with more complete clinical
scores, such as MAGCIC,?* in which there is a combination of
clinical, laboratory and echocardiographic variables.

The high mortality rate found in this study — 37.6% — is
probably due to the long follow-up time. For comparison
purposes, Biolo et al.”” found a mortality rate of 27.9% in
Rio Grande do Sul and Pereira et al."® found 12.3% in Rio de
Janeiro. Despite the disparity between these rates, there are
similarities in the baseline characteristics of these populations:
LVEF of approximately 30-35%, the majority (65-75%) of
patients in NYHA | or Il and an optimized therapy adopted.
The most significant difference between the three studies is their
follow-up time: 80.4 months in this study, and 39.8 months'
and 23 months'® in the abovementioned studies, respectively.

Assessment of the association of GP-RB1 with mortality
showed that the wild Ser-Ser allele concentrated most of
these events and the Cly allele was consistently associated
with a protective effect. The presence of each copy of the
Cly allele was associated with a 63% reduction in the risk
of death. This protective effect was maintained even after
strict adjustment for the main variables used to stratify HF
prognosis. Accordingly, in a hybrid model that incorporated
genetic, clinical, laboratory, echocardiographic, treatment and
physical examination variables, Gly-Gly remained with a high
predictive value for the lower occurrence of deaths.

In the literature review, the results are diverse, but mostly
consistent with the current one. Those include studies that
have found no association between GPRB1-Ser49Cly and
clinical outcomes,'®'®2* studies with the same protective
pattern as the Gly allele”'7** and even a paper paradoxically
associating Gly with poor prognosis in HE'

Arq Bras Cardiol. 2020; 114(4):613-615

In line with our findings, the first studies of Borjesson et al.”
(the first description of this GPRB1-Ser49Cly), Forleo et al.*
and Magnusson et al."” describe the protective profile of the
Gly allele: significantly fewer deaths were observed with
the genotypes Ser-Gly or Gly-Cly, even after adjusting for
other variables.

However, there is a study describing the opposite, i.e.,
the Cly allele associated with poor prognosis. Wang et al."
described GPR1-Ser49Cly in a Chinese population of
430 patients with HF and baseline characteristics similar to
those of this study. The authors associated the Cly allele to
worse echocardiographic outcomes and higher mortality.

The contrast between these findings may be related to
a different genetic impact on the ethnicities. Two pieces of
evidence underlie this theory. Firstly, Pereira et al."® identified
Ser-Ser as a factor of poor prognosis in a multi-ethnic
population from the city of Niteréi, state of Rio de Janeiro.
Nevertheless, this pattern was only found in patients with black
skin. This finding was also reproduced in the meta-analysis
of Liu et al.? The analysis of 2,979 patients genotyped for
Ar389Gly and Ser49Cly GP-RB1 identified a specific pattern
of the Gly389 allele for each ethnicity: association with higher
risk of HF in Asian patients, while in whites, it was associated
with a reduction of this risk.

Along the same lines, the A-HEFT study described better
response to nitrate and hydralazine combination for African-
American patients.?> Subsequently, McNamara et al. associated
this benefit to a particular GP of Nitric Oxide Synthase, more
frequent in African Americans compared to whites.?®

Likewise, the meta-analysis of Liu et al.® and the study by
McNamara et al.? describe the variety of clinical effects among
different ethnicities in the context of HF. This reinforces the
need for specific studies targeted at Brazilian patients, as the
behavior of these GPs for a population that is recognized as
miscegenated is unpredictable.

These examples reaffirm the genetic influence on the
natural history of HF. Generally speaking, we acknowledge
the pathophysiological response of the syndrome as a result of
the activation of hormonal systems. However, at the molecular
level, beta-adrenergic receptors and enzymes, such as nitric
oxide synthase, are some of the important factors implicated in
cardiac remodeling. The functional modification of these and
other agents due to genetic polymorphisms may explain these
multiple clinical outcomes in phenotypically similar patients.

The process of neurohumoral response involves a multitude of
elements, each potentially sensitive to diverse genetic mutations.
In view of that, a genetic panel including the main systems
(sympathetic nervous system, renin-angiotensin-aldosterone
system and atrial natriuretic peptide) is likely to be more
appropriate than a specific isolated polymorphism. The first step is
to identify the main genetic markers for each system. In relation to
the sympathetic nervous system and the beta-adrenergic receptor,
this study stresses the prominent role of the Ser49Gly GP

In the future, the construction of a multisystemic genetic
score may prove to be a powerful prognostic predictor.
Possibly, a score capable of identifying high-risk individuals,
even at the onset of disease, when clinical findings and
complementary tests are not yet significantly abnormal.
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The relatively small number of patients (178) is a limitation
in this study and may have influenced the results, especially
due to the low number of patients with the Gly-Gly genotype.
However, the genotypic distribution pattern observed was the
same in most studies and this is the study with the longest
follow-up time with GP-RB1 in the context of HF. It is also
worth noting that, despite this reduced number, it was possible
to find results with statistical significance.

Another limitation refers to the collection of data from
medical records. However, since all individuals are followed
at a HF clinic, standardization of care routines and information
records, as well as the care provided by the doctors involved
with the treatment and follow-up of this syndrome, ensured
higher quality of the information obtained. Nevertheless, if
hospitalization occurred in another institution, there was no
access to information and even the number of hospitalizations
may be underestimated. This may have determined the
absence of statistical differences between the genotypes and
limited the evaluation of this clinical outcome.

Conclusions

In patients with HF with reduced ejection fraction, the
presence of Gly-Gly GP-RB1 was associated with better
clinical outcome assessed by NYHA functional class and was
a predictor of lower risk of mortality, regardless of other factors
in 6.7 years of follow-up.
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Short Editorial: Ser49Cly BetaT-adrenergic Receptor Genetic Polymorphism as a Death Predictor in Brazilian Patients with Heart Failure

Heart failure (HF) is a disease that develops into high
morbidity/mortality. However, not all patients have a bad
evolution. Symptomatic patients and those who require
hospitalization for treatment comprise the group with the
worst prognosis. Symptom intensity has shown to be a good
predictor of prognosis. However, in less symptomatic patients,
we have a much more limited capacity to identify those who
will have a worse evolution.’

In the article “Ser49Cly Betal-adrenergic Receptor Genetic
Polymorphism as a Death Predictor in Brazilian Patients with
Heart Failure”, published in this issue, the authors discuss a
current topic, in which they show that patient evolution is, at
least in part, related to their genetic profile, and that this profile
determines the intensity of HF and symptom development.?

Neurohormonal stimulation has an important
pathophysiological role in HF, and multicentric clinical trials
have fully documented that the blockade of the overactivated
renin-angiotensin-aldosterone and sympathetic systems
modifies the disease evolution. And in this context, the role
of the sympathetic nervous system is well established and
possibly has the role of the greatest villain in the history of
HF. The response to neurohormonal stimulation is not the
same in all patients and the genetic polymorphism influences
this response.

The sympathetic activity is mediated by type 1 and type 2
beta-adrenergic receptors.’ The genetic polymorphism of
these receptors has been evaluated and the sympathetic
activity differs according to the polymorphism. For the beta-
1 receptor, two polymorphisms have been more frequently
studied: Ser19Cly and Arg389Cly and for the beta-2receptor,
also two polymorphisms: Gly16Arg and GIn27Glu.?

The beta-1 receptor polymorphism has been shown to
play a role in the incidence of HF, response to beta-blockers,
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echocardiographic outcomes, functional capacity, incidence
of cardiac arrhythmia and the clinical evolution of patients.??
However, most studies were carried out with small
populations and the outcomes have not shown homogeneous
results, although it has been possible to verify that the
genetic constitution determines patient evolution, including
treatment response.

One can verify this fact, in relation to the beta-2 receptor
polymorphism, in the FAST-Carvedilol study. When assessing
survival, one can document that by analyzing patients
considering the polymorphism, evaluating the DD-ID and
Il genotypes, the carriers of the polymorphism Il had higher
mortality than the DD and ID variants. However, the most
interesting result was that patients Il, when they received
an optimized dose of carvedilol (> 50% of the target dose),
showed a significant reduction in mortality, while in patients
with the DD and ID variants, the dose did not change the
evolution.* As the study result, we observed that group Il
treated with a low dose of carvedilol had a 6-fold greater
chance of dying than the group that received an optimized
dose of carvedilol.*

In the same line of research, in the MERIT-HF study, when
analyzing the Beta-1 receptor polymorphism, it was observed
that there were patients receiving high doses of beta-blockers
who did not respond to treatment, whereas others showed
significant improvement.® In the BEST study, the genetic
polymorphism was associated to the lack of response to the
beta-blocker bucindolol. This was one of the few multicenter
studies with a significant number of patients that prospectively
analyzed the role of the polymorphism in the therapeutic
response to a beta-blocker. The polymorphism was analyzed
in this multicenter trial with more than 1,000 patients and
showed that patients with the wild beta-1 receptor Gly389
polymorphism did not respond to treatment with bucindolol.
On the other hand, those without this polymorphism had
reduced mortality with bucindolol.? The researchers consider
that the data on the polymorphism are not always consistent
and that at the moment it is better not to use this tool to
guide treatment.?

However, its role in the evolution of HF patients continues
to supply us with information, allowing a better understanding
of this complex syndrome. The studies have shown that
the adrenergic system response mediated by the genetic
variants of central or peripheral adrenoceptors has a role in
the physiology of HF. As already shown, this inter-individual
variability even changes the prognosis of HF, with some
patients showing more cardiac events despite the moderate
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clinical stability of ventricular dysfunction and preserved
exercise capacity. Conversely, others, clinically classified as
having advanced HF, evolve with a prolonged and unexpected
survival. Moreover, the data showed that part of the perceived
differences in the effectiveness of beta-blockers, as well as
the variability of responses to the latter can be attributed to
some genetic variations that affect beta receptors and their
signaling pathways.*?

In Brazil, the beta-1 receptor polymorphism has been
studied in Rio de Janeiro and Rio Grande do Sul.?*

In the study discussed in this short editorial, the authors
emphasize that the cardiac beta-1 adrenergic receptor
(RB1) is the main structure responsible for mediating the
effects of adrenaline and that the sustained stimulation of
this system results in multiple deleterious effects, especially
cardiotoxicity. Genetic variants are associated with
different activities of this receptor. The authors studied
the genetic polymorphism identified at position 145 of
the nucleotide, in which serine is replaced by glycine at
position 49 (RB1-Ser49Cly).>?

This study describes, in a Brazilian population, the
association between the genotypes of the Ser49Cly Betal-
adrenergic Receptor Genetic Polymorphism and the clinical
evolution in 178 patients with HF, with a mean follow-up
of 6.7 years.? This is a study with Ser49Cly genotyping in
the context of HF with the longest follow-up time ever
published. Its main finding was the association of the
Gly-Gly genetic polymorphism with a protective effect for
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clinical outcomes, with better clinical evolution assessed by
NYHA functional class and lower risk of death. The longer
follow-up allowed us to better assess the HF evolution
aspects and to verify that the Gly allele is associated with
better clinical evolution; however, there was a potential
influence of ethnicity on these genotypes, reversing this
benign behavior in some populations. An important
point was to allow the assessment of prognosis in little
symptomatic patients, increasing the accuracy of the
prognostic evaluation for these patients, as well.

As for the prognosis, the results of this study were similar to
those obtained in the study carried out in Rio Grande do Sul,®
adding an important contribution by identifying that patients
with the Gly-Gly profile, which is less frequent, remained
little symptomatic throughout the follow-up, thus identifying
a group of patients with lower evolution potential .*

However, it should be noted that the assessed sample is
small and confirmatory studies are necessary to verify this
hypothesis, aiming to show whether the genetic variants of
beta-adrenergic receptors can help to identify patients with
HF who will have a lower disease progression and whether
they will be more responsive to beta-blockers and, as a
consequence, have a better clinical evolution.

The results allow us to suppose that, in the future,
before starting a treatment with neurohormonal blockers
or beta-blockers, the genetic profile will be identified,
and medications will be prescribed only to those who are
responsive to them.
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Hospital Universitdrio Antonio Pedro,” Niterdi, R] — Brazil

Abstract

Background: Atrial fibrillation (AF) is known to induce atrial remodeling, which promotes fibrosis related to
arrhythmogenesis. Accordingly, since scars induced by catheter ablation (CA) can reduce unablated fibrotic areas,
greater extent of left atrial (LA) scarring may be associated with less AF recurrence after CA.

Objectives: This study aims to investigate, through systematic review and meta-analysis, whether the amount of LA scarring,
seen on late gadolinium enhancement magnetic resonance imaging, is associated with less AF recurrence after CA.

Methods: The recommendations of the MOOSE guideline were followed. Database search was conducted in PubMed
and Cochrane Central Register of Controlled Trials (comentario 1) until January 2019 (comentério 2). Two authors
performed screening, data extraction, and quality evaluation. All studies were graded as good quality. A funnel plot was
generated, showing no publication bias. Statistical significance was defined as p value < 0.05.

Results: Eight observational studies were included in the systematic review, four of which were included in the
meta-analysis. Six of the eight studies included in the systematic review showed that greater extension of LA scarring
is associated with less AF recurrence after CA. Meta-analysis showed that greater extension of LA scarring is associated
with less AF recurrence (SMD = 0.52; 95% CI 0.27 — 0.76; p < 0.0001).

Conclusion: Greater extension of LA scarring is possibly associated with less AF recurrence after CA. Randomized studies
that explore ablation methods based on this association are fundamental. (Arq Bras Cardiol. 2020; 114(4):627-635)

Keywords: Atrial Fibrillation; Catheter Ablation; Heart Atria/injuries; Meta-Analysis as Topic; Databases,Bibliographic.

Accordingly, this systematic review and meta-analysis
aims to investigate if the amount of LA scarring, visualized
by late gadolinium-enhanced magnetic resonance imaging
(LGE-MRI), could be associated with less AF recurrence after
CA, which can provide a solid background for designing new
ablation strategies that improve patient outcomes.

Introduction

Radiofrequency catheter ablation (RFCA) is a standard
procedure for correction of atrial fibrillation (AF) in patients who
have not responded to previous antiarrhythmic drug therapies."
However, this procedure is related to high AF recurrence rates,
even in the best hands.? Accordingly, electrophysiologists and
interventional cardiologists are seeking techniques that aim to

reduce AF recurrence.

AF is known to induce atrial remodelling, increasing the
amount of fibrotic tissue in the myocardium, which can promote
atrial arrhythmogenesis, reinforcing the vicious cycle of AF**
In this manner, since the scars induced by catheter ablation
(CA) can reduce unablated fibrotic areas, the extent of the left
atrial (LA) scars could be associated with less AF recurrence
after CA. However, there are currently no systematic reviews or
meta-analyses that have investigated this relationship, although
they are the highest quality of evidence available.
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Methods

A systematic review was performed according to the criteria
established by the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) Group.®

Search strategies

Two investigators (ETOC and ETM) searched the
PubMed and Cochrane Central Register of Controlled
Trials, until January 2019. The search strategy comprised
a combination of English terms and Medical Subject
Headings (MeSH) descriptors, consisting of nine keywords
[(left atrial OR left atrium) AND (scar OR scarring OR
remodelling OR fibrosis OR enhancement) AND (ablation
OR pulmonary vein isolation)]. A manual search of references
was also used to identify possible studies for inclusion.
Each title and abstract were independently analyzed
by both investigators, who selected the articles which
were relevant to the review. Subsequently, the full texts
of the remaining articles were reviewed to select which
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would be included for qualitative or quantitative analysis.
In the event of disagreement, the authors reached a decision
through discussion and consensus.

Inclusion criteria for qualitative analysis

We included observational studies (with prospective or
retrospective design) in humans, whose objective was to
study the association between post-ablation LA scarring and
AF recurrence after CA.

Studies that met the following criteria were included:
1) The study evaluated AF or total arrhythmia recurrence after
CA in human subjects; 2) The publication was an original
study; 3) The mean follow-up period was equal to or longer
than 3 months; 4) The study included more than 20 subjects;
5) The study evaluated LA scarring by LGE-MRI after CA.

Inclusion criteria for quantitative analysis

Meta-analysis included studies that met the previous
qualitative analysis criteria and reported means and 95%
confidence intervals (Cl) of total LA scarring in patients with
and without AF recurrence after CA.

Quality assessment

Risk of bias in the studies was evaluated by the National
Heart, Lung and Blood Institute Quality Assessment Tool
for Case Series Studies.” Evaluation was independently
conducted by two raters (ETOC and LMSB), and, in the event
of disagreement, the raters reached a decision by consensus.
The following characteristics were assessed: 1) Was the study
question or objective clearly stated? 2) Was the study population
clearly and fully described, including a case definition? 3) Were
the cases consecutive? 4) Were the subjects comparable?
5) Was the intervention clearly described? 6) Were the outcome
measures clearly defined, valid, reliable, and implemented
consistently across all study participants? 7) Was the length
of follow-up adequate? 8) Were the statistical methods
well-described? 9) Were the results well described?

Following assessment of those characteristics, the authors
assigned a quality rating (good, fair, or poor) to each of the
studies. Studies were rated as ‘poor” if they met fewer than three
criteria; ‘fair” if they met three to five criteria; and ‘good’ if they
met more than five criteria. All studies selected met almost all of
the criteria and received a good quality rating from both raters.
Quality assessment of the included studies is reported in Table 1.

Data extraction

Using a standard data extraction form, two researchers
(ETOC and LMSB) performed data extraction, which was cross-
verified by a third researcher (ETM). Extracted data included
the following: 1) First author’s last name and publication year;
2) Characteristics of included studies: number of patients,
study region, study design, ablation strategy, measurement
method of LA scarring, method of AF detection, length of
follow-up period, and main findings; 3) Outcome results:
means and 95% Cl of total LA scarring in patients with and
without AF recurrence after CA.

Statistical analysis

The association between AF recurrence and total LA
scarring following RFCA was measured by standardized mean
difference (SMD) with 95% CI, and standard errors were
determined using the corresponding 95% Cl. The inverse
variance method was used to weigh studies for combined
statistical analysis. Statistical significance was defined as
p value < 0.05. Heterogeneity between studies was assessed
using Cochran’s Q test and 12 statistics and subsequently
evaluated by 12 values. 12 values below 30% were defined
as low heterogeneity; values between 30% and 60% were
considered moderate heterogeneity; and values above 60%
were considered high heterogeneity.? The fixed-effects model
was chosen due to the small number of studies included and
the low heterogeneity. Meta-regression was not carried out
due to the small number of studies included. The results are
reported in a forest plot with 95% CI. Publication bias was
verified using a funnel plot. All analyses were conducted
using Review Manager 5.3 software.

Results

Study selection

Initially, a total of 790 studies were identified by the
database search, 695 in PubMed and 95 in the Cochrane
Central Register of Controlled Trials. Duplicate analysis
revealed 28 duplicates, which were subsequently eliminated.
After careful reading of the title and abstract, 742 of the
762 studies were excluded, because they were not related
to the present review. Twenty studies were analyzed in full
text, twelve of which were excluded, because they were not
related to the present review. Finally, eight studies®'® were
included in the qualitative analysis, and four were included
in the meta-analysis.”""""* The study selection flow diagram
is shown in Figure 1.

Characteristics of the included studies

Eight studies were included in this review,”'® comprising
six prospective single center observational studies and two
prospective multicenter studies (Table 1). The systematic
review included a total of 703 patients, and meta-analysis
included 295. The follow-up period ranged from 3 to
12 months. All studies used LGE-MRI to identify post-CA
LA scarring. Pulmonary vein isolation (PVI) was the ablation
strategy in all of the studies. The studies by Akoum et al.™
and Hunter et al.”® used both catheter and cryoballoon
ablation. Table 1 and Table 2 summarize the characteristics
of all included studies.

Total LA scarring post-ablation and AF recurrence
Six of the eight included studies®'?'* found that the extent
of LA scarring was associated with less AF recurrence after CA.

In the study by Hunter et al.,'® there was no significant
association between identification of ablation lesions and
freedom from AF (53% with ablation lesions identified
remained free from AF vs. 65% in those with no lesions
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628



629

Correia et al.
CA lesions and AF recurrence - a meta-analysis

Original Article

790 records identified
database search:

695 in PubMed

95 in Cochrane Central Register of Controlled Trials

762 records after duplicates removed

720 records excluded
because they were unrelated to

762 records screened

20 full-text articles

this meta-analysis or were
review articles

12 studies excluded:

assessed for eligibility

8 studies included in the

Because were unrelated to this
systematic review and
meta-analysis

4 studies excluded in the meta-analysis
because they did not report
mean and standard deviation

qualitative analysis

4 studies included in the
meta-analysis

of the volume of the
left atrial scars

Figure 1 - Study selection flow diagram.

identified, p = 0.560). The study also performed binary logistic
regression, which confirmed that there was no significant
association between identification of ablation lesions and
freedom from AFR'®

The 2015 study by Akoum et al."* found that ablation-induced
scarring was not a statistically significant predictor of less AF
recurrence (hazard ratio = 0.95; p = 0.097). However, according
to this same study, when performing scar homogenization,
inducing ablation lesions in prior fibrotic tissue leads to a
lower recurrence rate, because less heterogeneous fibrotic
tissue remains.™

Meta-analysis

The present meta-analysis shows that total LA scarring
post-ablation is associated with less AF recurrence after CA
(SMD = 0.52, 95% Cl1 0.27 — 0.76, p < 0.0001), as shown
in Figure 2. The heterogeneity test showed that there were
no significant differences between studies (p = 0.4, 12 = 0%).
A funnel plot (Figure 3) was used to verify the existence of
publication bias. There was no obvious asymmetry, suggesting
that there was no publication bias.

Arq Bras Cardiol. 2020; 114(4):627-635

Discussion

The importance of CA for AF correction has grown since its
introduction. A recent meta-analysis by Kheiri et al. that included
seven randomized controlled trials showed that CA was associated
with better outcomes in patients with AF and heart failure, in
comparison with medical treatment.'” Therefore, interventional
cardiologists should seek ablation strategies that reduce AF
recurrence and procedural risks. This systematic review and
meta-analysis shows that the extent of LA scarring after ablation
is possibly associated with less AF recurrence after CA, paving the
way for future research on ablation methods with lower chances
of post-procedural recurrence.

Substrate modification

Previous studies in animal models have established the
concept that “AF begets AF” by atrial remodeling.’® In this
manner, AF stimulates atrial fibrotic alterations that maintain
and increase the AF burden, leading to a vicious cycle."
Furthermore, in spite of some limitations, studies in humans
have shown that patients with paroxysmal AF have increased
LA stiffness, possibly due to an increase in LA fibrosis.20*'
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Table 1 - Characteristics of the included studies and quality evaluation

. Paroxys . . p thresh
Study, year Region Type of Study N mal, N (%) AF detection method Follow up Quality old
Single center, . .
glllc(;gggget North America prospective, 46 22 (48%) EI2};2?trgiﬁﬁsrsihgvzgzné?god?tgY 3 months Good 0.05
h observational ' :
Single center, . )
aPlett;Bso(;EO North America prospective, 35 19 (54%) 7-day even}nrpeorvn:?sr at multiple 6.7 £ 3.6 months Good 0.05
v observational
Single center, . 1023 +£5.14
Sladzgg 1r ;E North America prospective, 144 57 (40%) :{gan};;?:::r én ;’;m'gg;zdfigr months (range, Good 0.05
v observational ' ’ Y 6 to 20 months)
12-lead ECG and 8-day Holter
Akoum et Single center, monitor at 3 months after ablation
al. 20112 North America prospective, 120 50 (42%) and in 3-month intervals thereafter. 283 + 167 days Good 0.05
N observational Additional ECG were obtained
when patients reported symptoms.
Single center,
gﬂchzgr;?: t North America prospective, 37 NR NR 1 year Good 0.05
v observational
Multicenter,
:Ilunzt(e)r1 gfs Europe prospective, 50 50 (100%) mlgﬁz;:gf :tmsbzl:éogymiiis 6 months Good 0.05
h observational
North America, Multicenter,
';\lkoggl g E . Europe, and prospective, 177 116 (66%) il%ﬁit?)rr Erlglgl::;;orsy Atleast 1 year Good 0.05
v Oceania observational 9
12-lead ECG and 30-day event
Single center, monitor at 3 and 6 months and
Parmar et . L 1 year, and every 6 months Mean follow ui
al 2015 1 North America pbrospetitlve,I 94 45 (48%) tyhereafter Patri)c/e nts who of 336 days P Good 0.05
’ observationa )

experienced symptoms were given
additional ECG and Holter monitors

AF: atrial fibrillation; ECG: electrocardiogram; LA: left atrium; LGE-MRI: Late gadolinium enhanced magnetic resonance imaging; NR: not reported.

In addition to that, animal studies have demonstrated that
80% of AF triggers are located in the posterior wall, including
the pulmonary vein (PV) region.?> A previous meta-analysis
has shown that isolation of a part of the posterior LA reduces
the recurrence of AF after CA.?> Therefore, an increase in
the extent of LA ablation may promote greater substrate
modification, decreasing the amount of viable LA tissue
capable of harboring AF by overlapping PV and non-PV triggers
with ablation lesions.

PV scarring

The clinical application of real-time MRl may make it
possible to visualize LA scarring during the procedure, making
it easier to induce scarring.?* However, as real-time MRl is still
a new and expensive imaging method, alternatives such as
driver-guided CA by electroanatomic mapping to visualize LA
scars might be an option for optimizing outcomes. A recent
meta-analysis by Ramirez et al.* reported an association
between driver-guided CA for AF and increased freedom from
AF, in comparison with conventional strategies. However, this
meta-analysis included primarily nonrandomized studies of
moderate quality. Future observational studies can help build
evidence to prove whether electroanatomic mapping can assist
in creating contiguous scar lesions around the PV.

Risks of targeting more LA scarring

Even though this meta-analysis shows that more extensive
ablation reduces the risk of AF recurrence, this strategy is
not risk free, given that the procedure may decrease LA
compliance, LA volume, and LA systolic function, which
may induce the development of the stiff left atrial syndrome
(SLAS).2® SLAS, which was described in 1988 by Pilote et
al.,”” is characterized by a decline in LA diastolic function
and pulmonary hypertension.? Although this may represent
a severe consequence of RFCA, in a case series study by
Gibson et al., the condition was reported in only 1.4% of
patients who underwent RFCA.%

Furthermore, previous studies found that LA scar volume
after CA was associated with depressed LA systolic function.2**
Ablation scars in the posterior LA wall, however, had less effect
on LA systolic function.

Another risk of CA that extensive ablation may increase
is the possibility of esophageal injury due to the anatomical
relationship between the esophagus and the posterior
LA wall.?® The esophagus is separated from the posterior
LA by a thin layer of fat, being prone to injury during AF
ablation.’® Possible esophageal injuries include perforation,
atrio-esophageal fistula formation, and peri-esophageal
nerve injury.’® To minimize the potential risks of esophageal

Arq Bras Cardiol. 2020; 114(4):627-635
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Table 2 - Characteristics of the included studies and main findings

Study, year  Ablation method Ablation strategy Catheter used Time of LGE-MRI Main Findings
) - Patients with scar ratios > 13% are
McGann et RFCA PVIin a.ddltlon LA Externally irrigated ablation . 18.5 times more likely to have a
A posterior wall and 3 months after ablation
al., 2008 sental debulkin catheter favorable outcome and freedom from
P 9- AF at 3 months
PVI without routine 8‘"‘;“ §tandard tip: N =29 AF recurrence during the first year is
Peters et " . (83%); 3.5-mm externally ' : .
10 RFCA addition of empiric - : ) . 46 + 28 days after ablation associated with a lesser degree of PV
al., 2009 o irrigated tip ablation catheter: . )
ablation lines in the LA. N=6(17%) and LA scarring after ablation
Patients with successful AF
Badger et PVA |sp|at|on with 3 5.-mm Thermocool ifigated . termination had higher average
al. 2010 RFCA posterior wall gnd fip ablation catheter 3 months after ablation total LA wall scar after ablation of
v septal debulking 16.4 + 9.8% (p = 0.004) and percent
PVA scar of 66.2 + 25.4 (p = 0.01)
PVIin a circular fashion 10-pole circular mapping ) .
Akoum et inthe PVA and additional catheter: N = NR; 3.5 mm . Over al postlablatlon LA Wal.l
T RFCA L ) ) . 3 months after ablation scarring predicts recurrence in
al.,, 2011 debulking in LA posterior ~ Thermocool ablation catheter: :
wall and septum N=NR moderate fibrosis stages
At 1-year follow-up, patients with
PV in addition to moderate scar formation 3 months
McGann et RFCA osterior wall and 3.5-mm Thermocool Immediately following ablation after ablation had no AF recurrence.
al., 201" pse tal debulkin ablation catheter and 3 months after ablation In comparison, all recurrences occurred
P 9 in patients with mild scar formation 3
months after ablation (p = 0.02).
RFCAand PVI by WACA catheter: N =NR lesions could be id}e/)ntiﬁed onimaging:
Hunter et crvoballoon or ostial For cryoballoon ablation Pre-ablation and 3 months 16 of 30 patients (53%) with abla%ior?.
al., 2013 ryovd ablation with a an 11F FlexCath sheath after ablation Dot patl *
ablation ' lesions identified remained free from AF
cryoballoon delivered a 23- or 28-mm ) 0
cryoablation balloon: N = NR cgmpared .to 13. of 29 patients (65%)
' with no lesions identified (p = 0.560).
) . Cryo-balloon: N =12 (6.7 %);
P\{.I with (;TAE atlJ_Iatlon, Multi-electrode duty-cycled
RFCAand inear ablation fines phased radiofrequency . I
Akoum et of the CTI, and other N o, . The more scarring overlaps fibrosis,
al., 2015 cryoballoon ablations in the LA (roof ablation: N =8 (4.5 %); 3 months after ablation the better the arrhythmia-free survival
N ablation line. mitral isthmus line Nonirrigated and open- Y
' osterior wall ' irrigation radiofrequency
P catheters: N = 157 (88.7 %)
Parmar et PVI and additional Poor scar formation on LGE-MRI
al. 2015 RFCA debulking of the LA 3.5-mm ablation catheter 3 months after ablation was associated with higher rates of
v posterior wall AF recurrence

AF: atrial fibrillation; CFAE: complex fractionated atrial electrogram; CTI: cavotricuspid isthmus; LA: left atrium; LGE-MRI: Late gadolinium enhanced magnetic
resonance imaging; NR: not reported; PV: pulmonary vein; PVA: pulmonary vein antrum; PVI: pulmonary vein isolation; RFCA: radiofrequency catheter ablation;
WACA: wide area circumferential radiofrequency ablation
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injuries, strategies, such as reducing power in the posterior
LA wall, monitoring temperature in the esophagus, irrigating
the esophagus with cold water, and pre-procedural imaging,
should be adopted.'-

Reproducibility

A previous study by Chubb et al.,** which investigated
post-ablation atrial scar, using LGE-MRI, in 40 subjects
undergoing first time ablation for AF, showed that post-ablation
visualization of induced scars in the LA is reproducible.
Moreover, they concluded that imaging should be performed
at least 20 minutes after administration of gadolinium-based
contrast for better reproducibility.** However, the study by
Hunter et al. analyzed in the present review, which included

Arq Bras Cardiol. 2020; 114(4):627-635

50 patients, concluded that LGE imaging of atrial scar is not yet
sufficiently accurate to identify ablation lesions or determine
lesion distribution reliably. A published consensus by the
European Heart Rhythm Association stated that there is still
neither recommendation nor expert consensus on the role
of LGE-MRI to assist AF ablation procedures. The consensus,
nevertheless, states that the available data are intriguing
enough to warrant further research.®

STAR AF Il and DECAAF II

Although previous studies have demonstrated the positive
impact of targeting ablation strategies beyond circumferential
pulmonary vein isolation (CPVI), the STAR AF Il trial showed
a different scenario.?**® The STAR AF Il was a randomized
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Std. Mean Difference

Std. Mean Difference

Test for overall effect: Z = 4.15 (p < 0.0001)

Study or Subgroup Std. Mean Difference SE  Weight IV, Fixed, 95% ClI  Year IV, Fixed, 95% CI

McGann et al. 2008 1.0455  0.364  11.8% 1.05[0.33,1.76] 2008

Peters et al. 2009 0.3028 0.3519 12.7% 0.30[-0.39,0.99] 2009 —_—

Badger et al. 2010 054 01837  46.4% 0.54[0.18,0.90] 2010 —a—

Parmar et al. 2015 0.365 0.2321 29.1% 0.36 [-0.09,0.82] 2015 —a—

Total (95% CI) 100.0% 0.520.27, 0.76] <o

Heterogeneity: Chi2 = 2.92, df = 3 (p = 0.40); 2= 0% _‘2 _‘1 0 1 2

AF recurrence  No recurrence

Figure 2 - Forest plot showing that the extent of left atrial scarring is associated with less atrial fibrillation recurrence after catheter ablation. Cl: confidence interval;

IV: inverse variance

0 SE (SMD)

02+

03—+

05— f

SMD

-2 -1

Figure 3 - Funnel plot showing no publication bias.

multicenter study, which, in patients with persistent AF,
compared CPVI alone, CPVI plus linear ablation across the
LA roof and mitral valve isthmus, and CPVI plus ablation of
complex fractionated electrograms. No reduction was found
in the recurrence of AF when additional strategies beyond
CPVI were performed.*

The DECAAF study showed that LA fibrosis visualized by
LGE-MRI was a strong predictor of ablation outcome, and the
more ablation-induced scarring overlapped fibrotic tissue,
the better the outcome.?” Accordingly, the DECAAF I study
will randomize patients with persistent AF to receive either
conventional PVI ablation or PVI guided by LGE-MRI.3

Future studies

The increased use of CA for AF correction in clinical
practice requires better strategies to reduce post procedural
failures. It is necessary to conduct randomized controlled trials
that compare driver-guided CA by electroanatomic mapping

with traditional ablation methods. Moreover, it is important to
standardize LGE-MRI to detect LA scars in order to guarantee
its reproducibility. In addition to that, developing real-time MRI
on a larger scale might reduce its costs, making it possible to
use in the future.

Limitations

Although the present systematic review and meta-analysis
provides a significant increase in the number of patients
analyzed, the number of patients included is limited. Moreover,
only four studies were included in the quantitative analysis,
and all of them were observational studies. Although LGE-MRI
is feasible to detect post-ablation atrial scar, its reproducibility
needs to be further studied.

Conclusion

The present review shows that the extent of post-ablation
LA scars is possibly associated with less AF recurrence after

Arq Bras Cardiol. 2020; 114(4):627-635
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CA (SMD = 0.52; 95% C1 0.27 — 0.76; p < 0.0001), which
paves the way for scar-guided ablation strategies. However, the
reproducibility of this imaging method needs to be further
studied and improved. It is necessary to conduct randomized
controlled trials, such as the DECAAF Il trial, that investigate
ablation methods based on this association in order to provide
patients with the best treatment option, with minimal risk of
AF recurrence and complications.
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Is Magnetic Resonance Imaging Already an Appropriate Method for
Evaluating Patients after Atrial Fibrillation Catheter Ablation?

Cristiano F. Pisani* and Mauricio Scanavacca

Unidade Clinica de Arritmia do Instituto do Coragao (InCor) do Hospital das Clinicas da FM USP (HC-FMUSP), Sao Paulo, SP - Brazil
Short Editorial related to the article: Extent of Left Atrial Ablation Lesions and Atrial Fibrillation Recurrence after Catheter Ablation — A

Systematic Review and Meta-Analysis

For a long time, lack of knowledge regarding the
physiopathology of atrial fibrillation (AF) limited
the development of interventional techniques for treating it.
Demonstrations that paroxysmal AF was triggered by
extrasystoles and tachycardias mainly originating from inside
the pulmonary veins ushered in a new era for treatment of
AF. Since then, electrical isolation of the pulmonary veins
has been the standard treatment for A" Among specialists,
achieving lasting electrical isolation of the pulmonary veins
has been the main technical challenge, which has gradually
been overcome in recent years with the implementation
of new technology for more effective ablation, given that
reconnections or previously isolated veins are the main cause
of recurrences observed in these patients.?

The challenge has been greater in patients with persistent
AF, owing to its more complex physiopathology, which involves
additional mechanisms that are little known, in addition to the
pulmonary venous foci. It is known that metabolic alterations
induced by excessive atrial work during repeated episodes of
AF initially induce atrial electrical remodeling, characterized
by functional and transient changes in ion channels of cell
membranes that modulate atrial electrical activity, thus
facilitating the appearance of trigger foci in other regions of
the atria and conditions that favor increased persistence of AF.3

Repetition and prolonged duration of AF evolves to atrial
anatomical remodeling, characterized by ultra-structural cellular
changes that culminate in cellular death and substitution with
fibrosis, creating definitive conditions for the development of
more complex mechanisms that sustain AF#° In parallel, there
are changes in the activity of the atrial autonomic nervous
system (autonomic remodeling), which are another factor for
the occurrence of AF. Taken together, these effects predispose
to the maintenance of AF, and they generate a condition where
it is more difficult to recover stable permanent sinus rhythm.®

Based on this information, diverse strategies have been
investigated in addition to the isolation of pulmonary veins,
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such as isolation of the superior vena cava, the posterior
wall of the left atrium, the coronary sinus, and the left atrial
appendage, as well as the creation of block lines in order to
prevent macro-reentrant tachycardias; attempts have also
been made to homogenize areas of diseased atrial tissue
and to modulate the atrial autonomic nervous system.” All of
these strategies end up creating scars that will create potential
substrates for the appearance of new tachycardias if they are
not homogenous.®

As with the evaluation of pulmonary vein isolation,
the main limitation when evaluating the effectiveness
of these procedures has been the absence of effective
non-invasive methods for evaluating the quality of scars
induced during the ablation procedure. Thus far, invasive
electrophysiological examination has been the only method
capable of demonstrating that the tissue submitted to ablation
has been transformed into electrically inactive tissue (scar),
which is effective in isolating or blocking electrical conduction
in the area of interest.

Magnetic resonance imaging (MRI) of the left atrium
with gadolinium contrast and analysis of areas of fibrosis by
late enhancement has been considered the most promising
non-invasive method for assessing the atrial scar burden in
patients before ablation, by identifying patients with normal
atria and higher likelihood of having effective procedures, in
relation to those who already have a higher fibrotic burden
and a high likelihood of post-procedural recurrence of atrial
tachycardias.” Another interesting point is that patients who
present greater extent of atrial fibrosis are at a higher risk of
embolic events.

When MRI is used after ablation, it is capable of evaluating
whether thermal lesions caused by ablation resulted in definitive
scarring, and it can also identify gaps in scar formation, which
are primarily responsible for recurrences after ablation. "

In this edition of Arquivos Brasileiros de Cardiologia,
Correia et al.” present a systematic review and meta-analysis
of studies that have evaluated the extent of atrial fibrosis
with MRI after catheter ablation in patients with AF.
The systematic review includes eight observational studies
(six with radiofrequency and two with patients also submitted
to balloon cryoablation). Six of these studies showed an
association between extent of left atrial scarring and lower
recurrence of AF after ablation, and the meta-analysis, which
included four studies with 319 patients, also confirmed that
greater extent of atrial fibrosis after ablation is associated
with lower rate of recurrence of atrial arrhythmias (standard
mean difference = 0.52; 95% Cl: 0.27 - 0.76; p < 0.0001).

These data are compatible with the expectation that patients
with higher rates of isolation in areas of interest will present
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greater extent of fibrosis after ablation. However, the study does
not make it clear whether this beneficial effect was due to a
lower occurrence of gaps in the induced scars or whether it was
due to greater extent of ablation, for example, in other areas
such as the posterior wall of the left atrium or the atrial septum.
Current evidence has shown that extensive scars controlled by
new technology that produces more effective and more lasting
scars, with fewer reconnections, either by radiofrequency'® or by
cryoablation, ' are currently improving the results of AF ablation.

For this reason, these results should be interpreted
cautiously, given that the creation of extensive atrial
scarring that is not homogeneous may even lead to greater
recurrence of atrial arrhythmias, especially in cases of
scar-related atrial tachycardias, which, in some situations,
may even be more symptomatic and complex to manage
than AF itself.?
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Abstract

Background: The practice of screening for complications has provided high survival rates among heart transplantation
(HTx) recipients.

Objectives: Our aim was to assess whether changes in left ventricular (LV) and right ventricular (RV) global longitudinal
strain (GLS) are associated with cellular rejection.

Methods: Patients who underwent HTx in a single center (2015 - 2016; n = 19) were included in this retrospective analysis.
A total of 170 biopsies and corresponding echocardiograms were evaluated. Comparisons were made among biopsy/
echocardiogram pairs with no or mild (OR/1R) evidence of cellular rejection (n = 130 and n = 25, respectively) and those
with moderate (2R) rejection episodes (n=15). P-values < 0.05 were considered statistically significant

Results: Most patients were women (58%) with 48 + 12.4 years of age. Compared with echocardiograms from patients
with OR/1R rejection, those of patients with 2R biopsies showed greater LV posterior wall thickness, E/e’ ratio, and E/A
ratio compared to the other group. LV systolic function did not differ between groups. On the other hand, RV systolic
function was more reduced in the 2R group than in the other group, when evaluated by TAPSE, S wave, and RV fractional
area change (all p < 0.05). Furthermore, RV GLS (—23.0 % 4.4% in the OR/1R group vs. —20.6 = 4.9% in the 2R group,
p = 0.038) was more reduced in the 2R group than in the OR/1R group.

Conclusion: In HTx recipients, moderate acute cellular rejection is associated with RV systolic dysfunction as evaluated
by RV strain, as well as by conventional echocardiographic parameters. Several echocardiographic parameters may be
used to screen for cellular rejection. (Arq Bras Cardiol. 2020; 114(4):638-644)

Keywords: Ventricular Dysfunction, Right; Heart Transplantation; Graft Rejection; Echocardiography/methods; Strain;
Speckle Tracking.

Introduction A few studies on novel echocardiographic techniques, such
as two-dimensional speckle-tracking echocardiography (2D
STE), have shown that reduction of left ventricular (LV) global
longitudinal strain (GLS) is associated with graft rejection, and it
can be used to detect early subclinical myocardial dysfunction.
However, there is no consensus in the literature in relation to
the clinical applicability of GLS assessment in this scenario.?*'
Furthermore, little is known about right ventricular (RV) GLS
and its potential role in rejection, highlighting the research
gaps in this area.’""

Over the last five decades, heart transplantation (HTx) has
become an established therapeutic option for patients with
end-stage heart failure."? Improvements in surgical techniques,
patient selection, immunosuppressive drugs, and post-HTx
protocols have contributed to the success of this therapy and
increased patient survival.>

Post-HTx follow-up is focused on active screening for
complications. Periodic endomyocardial biopsies can diagnose
most cases of acute cellular rejection (ACR), in which patients
are mostly asymptomatic, and left ventricular ejection fraction
(LVEF) remains normal.>® However, endomyocardial biopsy
is an invasive and costly procedure with potentially serious
complications.?” The search for other methods that can
screen for rejection is thus becoming increasingly important.

Seeking to expand current knowledge about early
myocardial dysfunction and graft rejection, the present study
was designed to evaluate whether changes in myocardial strain
by speckle tracking are associated with ACR. Specifically, we
aimed to evaluate whether reduced LV GLS and RV GLS are
associated with cardiac graft rejection.

Methods

Mailing Address: Angela Barreto Santiago Santos ¢
Hospital de Clinicas de Porto Alegre — Cardiologia - Rua Ramiro Barcelos,
2350, Sala 2061. Postal Code 90035-903, Porto Alegre, RS — Brazil Study Population

E-mail: abssantos@hcpa.edu.br -
Manuscript received January 24, 2019, revised manuscript May 03, 2019, All adult F_)aUents (a/ge. > T8 years) who unde'_'went HTx
accepted June 05, 2019 at the Hospital de Clinicas in Porto Alegre, Rio Grande

do Sul, Brazil, between 2015 and 2016 were included in
this analysis. During this period, patients received routine
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monitoring per hospital protocol, and their data were
analyzed during the first 18 months of follow-up after HTx.
Of the 20 patients who received transplants (all via the
bicaval technique), 19 were included in this analysis, and
one patient who died before the first endomyocardial biopsy
due to hyperacute graft rejection was excluded. The standard
institutional follow-up protocol, which served as a guide for
this study, consisted of weekly biopsies in the first month
post-HTx; biopsies every other week during the second and
third months post-HTx; monthly biopsies from the fourth to
the sixth month post-HTx; and subsequent biopsies every
three to four months until 18 months of follow-up had been
completed. Each biopsy was followed by echocardiography,
seeking to detect post-biopsy complications.

Of the 257 biopsies performed up to July 2017, 170 had
corresponding echocardiograms with images suitable for
strain analysis by the speckle-tracking method and were thus
included in this study (Figure 1). Comparisons were made
among biopsy/echocardiogram pairs with no (OR) or mild
(1R) evidence of rejection (n = 130 and n = 25, respectively)
and those with moderate (2R) rejection episodes (n = 15).
This study was conducted in accordance with the standards
set out in the Declaration of Helsinki, and its protocol was
approved by the institutional Research Ethics Committee.

Echocardiographic Analysis

All echocardiograms were recorded and analyzed
offline on a TOMTEC workstation (TomTec Imaging
Systems, Unterschleilheim, Germany) by an experienced
echocardiographer (LJBMC) blinded to clinical data and to
the corresponding biopsies. Measurements were obtained
according to American Society of Echocardiography (ASE)
standards, including septal and posterior wall thicknesses;
diameters of the LV, RV, aorta, and left atrium; transmitral
flow; mitral and tricuspid annular relaxation velocities; and
tricuspid annular excursion.

Echocardiographic measures of RV function were performed
using the apical 4-chamber view. Tricuspid annular plane systolic
excursion (TAPSE) was measured as the vertical displacement
of the tricuspid annulus from end-diastole to end-systole using
M-mode. The tissue Doppler-derived tricuspid lateral annular
systolic velocity wave (S wave) was obtained aligning the basal
segment and the tricuspid annulus with the Doppler cursor.
RV fractional area change (FAC) was evaluated by manual
tracing of RV areas as follows: (RV end-diastolic area — RV
end-systolic area) / RV end-diastolic area x 100.

Analysis of myocardial deformation (GLS) was performed
using specific B-mode speckle-tracking software for the LV
and the RV (2D CPA TTA2.20.01, TomTec). This software
circumvents angle dependency and identifies cardiac
motion by tracking multiple reference points over time.
At end-systole, as defined by ECG, three landmarks were
established at the endocardial edge (two basal and one apical),
with automatic detection of speckles along the endocardial
edge of the specified cavity (LV or RV). Manual adjustments
were made when necessary. In the LV, peak-systolic strain
for each 2D apical view (two-, three-, and four-chamber)
was automatically obtained from the mean of the 6 traced

Arq Bras Cardiol. 2020; 114(4):638-644

segments, while LV GLS was obtained by averaging the
peak-systolic strain of apical views. In the RV, RV GLS was
defined as the peak-systolic strain that combined the free wall
and the septum (Figure 2). All patients were in sinus rhythm,
and a single cardiac cycle was analyzed. Images in which poor
quality precluded speckle analysis in two or more consecutive
segments, images covering less than one complete cardiac
cycle, or excessively tangential views were excluded. LV and
RV end-systolic and end-diastolic volumes were used to derive
other measures of myocardial function, such as LVEF (by the
modified Simpson method) and RV FAC.

Intraobserver variability for LV GLS and RV GLS was
assessed in a sample of 20 randomly selected echocardiograms.
The coefficient of variation was 3.8% and 6.7% for LV GLS and
RV GLS, respectively. Intraclass correlation coefficients were
0.96 for LV GLS (95% confidence interval: 0.91 —1.0) and 0.80
for RV GLS (95% confidence interval: 0.59 — 1.0).

Endomyocardial Biopsy

Endomyocardial biopsies were scheduled as required
by the standard institutional protocol. All were performed
through an internal jugular vein access, at the catheterization
laboratory. During the procedure, a sheath was advanced to
the interventricular septum through the tricuspid valve, and
3 — 6 small fragments were retrieved with a cardiac bioptome
for histological analysis. Tissue samples were evaluated by a
single experienced pathologist who was blinded to the results
of the echocardiographic studies. Biopsies were examined
for ACR, graded on a scale from OR to 3R, according to the
International Society for Heart and Lung Transplantation
(ISHLT) classification." All patients with biopsies classified as
= 2R were treated with a standard regimen for rejection, while
those with biopsies classified as TR were monitored closely
and remained on maintenance immunosuppression therapy,
following institutional protocols.

Statistical Analysis

Normally distributed continuous data were expressed as
means and standard deviations, and categorical data were
shown as absolute and relative frequencies. Echocardiography
variables were compared using ANOVA adjusted for each HTx
patient accounting for repeated measurements. All statistical
analyses were performed in the SPSS software package.
All tests were two-sided, and p-values < 0.05 were considered
statistically significant.

Results

Most HTx recipients (n = 19) followed in this study were
women (n = 11; 58%), with a mean age of 48 = 12.4 years.
In general, few had other comorbidities, and the main etiology
of heart failure was of non-ischemic origin. Donors were
mostly young men, with a mean age of 29 years (Table 1).

Of the 257 biopsies performed in this period, the results
of 66% (n = 170) correlated with echocardiography. Of the
biopsies excluded from analysis (87 without corresponding
echocardiograms), 24 showed 1R rejection; two showed 2R
rejection; and one showed 3R rejection. Of the 170 biopsies
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Figure 1 - Feasibility of strain evaluation by speckle-tracking analysis.
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Figure 2 — Two-dimensional speckle tracking imaging for right ventricular analysis in a heart transplant recipient at the time of biopsy-proven 2R rejection (Panel 2A) and
the same patient at the time of biopsy without rejection (Panel 2B). Curves represent longitudinal strain curves and the white dot represents peak-systolic strain, which

were used to measure right ventricular systolic function.

analyzed in this study, 15 biopsies from 12 HTx recipients
showed 2R rejection, and 155 biopsies showed either no
evidence of cellular rejection or 1R rejection (n = 130 and
n = 25, respectively).

Heart Structure and Function

Compared to exams from patients without rejection or
1R rejection, echocardiograms from corresponding biopsies
with 2R rejection episodes revealed greater LV posterior wall
thickness, which did not reflect in an increase in LV mass or
relative wall thickness. In exams from patients with 2R rejection,

measures of diastolic function showed an increase in the medial
and lateral E/e’ ratio and the E/A ratio (Table 2).

LV systolic function did not differ between groups when
evaluated by the traditional method (LVEF) or by LV GLS
(=20.2 = 3.3% in the OR/1R group vs. —=19.5 = 3.3% in
the 2R group, p = 0.351). On the other hand, RV systolic
function was reduced in the 2R group, in comparison with the
other group, when evaluated by TAPSE, S wave and RV FAC.
Additionally, RV GLS (=22.97 = 4.4% in the OR/1R group vs.
—20.6 = 4.9% in the 2R group, p = 0.038) was reduced in
the 2R group, in comparison with the OR/1R group (Figure 3).
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Table 1 - Baseline characteristics of the study population

Variable Value
HTx recipientes (n =19)
Male sex, n (%) 8 (42%)
Age at transplantation (years) 47.7+124
Comorbidities
Diabetes, n (%) 5 (25%)
Hypertension, n (%) 4(20%)
Obesity, n (%) 4(20%)
Stroke, n (%) 5 (25%)
Dyslipidemia, n (%) 1(5%)
Peripheral vascular disease, n (%) 3(15%)
Current smoker, n (%) 7 (35%)
Time to HTx (days) 80 £ 105
Ischemic time before HTx (min) 225+ 57
Heart failure etiology
Ischemic heart disease, n (%) 2 (10%)
Non-ischemic cardiomyopathy, n (%) 17 (89%)
Donor
Men, n (%) 13 (65%)
Age (years) 29+76
Body surface area (m?) 1.78+14
Current smoker, n (%) 0(0%)
Data shown as mean + SD or n (%). Number of patients = 19. HTx: heart transplantation.
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Figure 3 - Distribution of rejection on cardiac biopsies over RV GLS strain results after heart transplantation.

Discussion

In this retrospective analysis of 170 matched
echocardiograms and endomyocardial biopsies of post-HTx
patients, our main finding was that moderate (2R) cellular
rejection was associated with RV contractile dysfunction
when assessed by RV GLS, as well as by conventional

Arq Bras Cardiol. 2020; 114(4):638-644

echocardiographic parameters such as TAPSE, S wave, and
FAC. Conversely, LV systolic function was unchanged in this
group. In addition, moderate rejection was associated with
increased LV posterior wall thickness, E/e’ ratio, and E/A ratio.

In the search for noninvasive methods to aid in screening for
cellular rejection, a few studies evaluated strain and strain rate
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Table 2 - Cardiovascular structure and function

Variables OR/MR N =155 2RN=15 p-value
Aortic diameter (mm) 33.0+4.1 32457 0.575
Left atrial diameter (mm) 40.8+5.6 42577 0.372
IS thickness (mm) 1M2+14 115+£16 0.439
PW thickness (mm) 104+14 113+£15 0.013
Relative wall thickness 0.49+0.08 0.53 +0.08 0.115
LV end-diastolic diameter (mm) 424+ 4.1 430+27 0.550
LV end-systolic diameter (mm) 282+44 283+37 0.936
LV end-diastolic volume (mL) 88.2+24.3 84.6+18.0 0.593
LV end-systolic volume (mL) 357129 37.2+129 0.618
RV basal diameter (mm) 402+44 40929 0.550
RV end-diastolic area (cm?) 202+43 214+38 0.302
RV end-systolic area (cm?) 109+ 3.1 12.8+3.8 0.024
LV mass (g) 157.2£33.9 17394337 0.057
LV ejection fraction, Teichholz (%) 623+79 632+84 0.714
LV ejection fraction, Simpson (%) 596+79 56.5+ 8.6 0.122
TAPSE (mm) 13.8+34 109+22 0.009
RV fractional area change (cm/s) 462+ 8.6 40.8£10.2 0.016
E/A 1.56 +0.55 2.07+0.82 0.017
Deceleration time (ms) 183.0+41.8 158.2+20.8 0.157
Medial €' (cm/s) 7+2 7£2 0.653
Lateral &' (cm/s) 12+£3 9+2 0.100
Medial E/e' 11.9+44 206+44 0.001
Lateral E/e' 76+35 13.3+£52 0.006
S wave (cm/s) 10.0 £ 2.1 83+18 0.035
LV global longitudinal strain (%) -202+33 -195+33 0.351

Data are shown as mean + SD. P-value calculated by ANOVA adjusted for heart transplantation patients. E/A: early to late mitral inflow velocity ratio; e’: mitral relaxation
velocity; E/e’: mitral inflow to mitral relaxation velocity ratio; IS: interventricular septal; LV: left ventricular; PW: posterior wall; RV: right ventricular; S wave: tricuspid

lateral systolic velocity; TAPSE: tricuspid annular plane systolic excursion.

by tissue Doppler imaging (TDI). Marciniak et al.,"® studying a
group of 31 patients with 106 biopsy/echocardiogram pairs,
demonstrated a decrease in strain and strain rate on TDI in
basal and apical segments of the RV free wall and in basal
and middle segments of the LV lateral wall in the group with
= 1B rejection, suggesting that these findings could be an
additional tool for detecting acute rejection. The same authors
also observed that, when histopathological involvement was
mild (< 2B), these alterations took on a pattern of segmental
involvement, with little or no impact on GLS, revealing
a low sensitivity of the latter for low-grade rejection.™
More recently, the advent of evaluation of regional or global
myocardial function by speckle tracking has provided a more
robust technique for the detection of subclinical myocardial
dysfunction, overcoming the limitations of TDI-measured
strain, especially the dependence on prospective acquisition
and the angle of acquisition.’'" At least three studies,
published almost concomitantly, showed a rejection-related
decrease in LV GLS,'*' while another group, as in our study,
found no such differences in LV GLS when comparing exams

from patients with no rejection or mild rejection to patients
with moderate rejection.'” It bears stressing that, even in the
OR group of our study, LV GLS values exceeded the range
reported as normal after HTx in the literature.'®"

Evaluation of RV parameters as potential markers of
subclinical rejection was relatively less explored in previous
studies. Clemmensen et al. studied a group of 36 HTx
recipients and found that TAPSE was reduced in the group with
cellular rejection.’® Another group, which studied a similar
number of patients (n = 34), found a reduction in RV free
wall strain associated with = 2R rejection.’ These findings
were observed as a similar trend in our study, where the
decrease in RV function was shown by TAPSE, S wave,
FAC, and RV peak GLS in moderate rejection. Eleid et al.
demonstrated a decline in LV GLS in the early post-HTx period,
and the association of non-improvement in GLS throughout
follow-up was an independent predictor of worse prognosis
for these patients, regardless of the histopathological results
of endomyocardial biopsies.?

Arq Bras Cardiol. 2020; 114(4):638-644

642



643

Carrion et al.
Right ventricular dysfunction and heart transplant

Original Article

In addition, the early post-Htx period is a time of
adaptation of the new heart to the thoracic space, in a
different position in the chest compared to the native heart,
with expected structural alterations like increase of LV mass
and in wall thickness due to inflammatory cell infiltration and
graft edema, which are part of the physiological process of
Htx. These abnormalities improve gradually within the first
6 months after transplant, but they can be a confounders of
some signs of graft rejection.

Furthermore, in agreement with the findings of our study,
LV hypertrophy and changes in diastolic function, especially in
LV filling pressure, have been associated with cellular rejection,
despite the lower sensitivity of these findings, which may be
confused with usual post-HTx alterations.''®

Some limitations of this analysis should be noted.
As most echocardiographies for which corresponding
biopsies were available had been performed to detect
complications of endomyocardial biopsy, such as pericardial
effusion and tricuspid valve injury, many failed to include
a detailed evaluation of cardiac function and dynamics.
As a consequence, we had to exclude 34% of biopsies.
The single-center design of this study is also a limitation,
especially because it was performed at a facility that is still
expanding its HTx program, which accounts for the small
sample size. Information on antibody-mediated rejection
was not included in this study; therefore, echocardiographic
findings cannot be extrapolated for that situation. Overall, the
study comprised a low immunological risk population.

Conclusions

In conclusion, we found evidence of RV systolic
dysfunction in post-HTx patients with moderate rejection
by 2D STE assessment of strain, as well as by conventional
echocardiographic methods, in comparison with patients
with no significant signs of rejection on histopathology.
LV systolic function remained unchanged, suggesting that
subclinical LV dysfunction may arise later than RV dysfunction.
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Heart Transplantation and the “The Secret Chamber”: How
Echocardiographic Assessment of the Right Ventricle Can Reveal

Acute Cell Rejection

Henrique Turin Moreira’

and Minna Moreira Dias Romano'
Faculdade de Medicina de Ribeirdo Preto USP Ribeirdo Preto,” SP — Brazil

Short Editorial related to the article: Impaired Right Ventricular Function in Heart Transplant Rejection

Although heart transplantation (Tx) has achieved great
technical and scientific evolution in recent decades, acute
cell rejection (ACR) still represents an important threat to
patients submitted to this procedure. Acute rejection screening
protocols associated with early immunosuppressive therapy
are essential for Tx success. However, endomyocardial biopsy,
although expensive and invasive, is still a reference method
for the screening of ACR.

ACR is related to incipient damage in myocardial function,’
which may not be detected by conventional echocardiographic
techniques for myocardial function analysis. Myocardial
deformation, analyzed by the speckle tracking technique,
is able to detect incipient myocardial dysfunction in several
pathologies, among them, ACR after cardiac Tx.?

In a recent meta-analysis of 10 studies with
methodological similarities, Elkaryone et al.® analyzed 511
patients and 1,267 endomyocardial biopsies. The sensitivity
of the global longitudinal deformation of the left ventricle
(LV), expressed by the GLS, to detect ACR diagnosed by
endomyocardial biopsy was 78%, with a specificity of 68%.°
Moreover, changes in LV myocardial deformation have
already been demonstrated as independent predictors of
clinical outcomes after heart Tx.* It is important to note that
echocardiographic images do not always allow the analysis
of myocardial deformation in this population, since the
transplanted heart may be in more medial position in the
thoracic cavity, making it difficult to obtain good quality
images, as previously demonstrated.? However, despite
studies of LV changes in this scenario, less knowledge
has been accumulated to date about the correlations
between changes in the right ventricle (RV) and ACR after
heart Tx. The increase in the dimensions of this chamber
associated with the slight reduction of its systolic function
in the natural evolution of patients after cardiac Tx has
been established.>”

The work by Carrion et al.? demonstrate that patients
with signs of significant ACR by endomyocardial biopsy
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have reduced left ventricular diastolic function parameters,
in addition to signs of increased LV posterior wall thickness,
when compared to those without significant rejection.
Unlike other studies, there was no significant difference in
the LV longitudinal deformation between this group and
the one that did not show signs of significant rejection. It is
worth mentioning that most of the previous studies used, for
the analysis of myocardial deformation, vendor-dedicated
software, while Carrion et al.® used vendor-independent
software to analyze the images,® which could explain the
aforementioned differences, at least in part, since there is still
no standardization between software from different vendors.®

Another possible source of divergence between the present
study and previous investigations is the methodology used to
measure myocardial deformation. Carrion et al.? performed the
measurement at the systolic peak of myocardial deformation,
as recommended by the most recent international guidelines,®
while other studies used the peak myocardial deformation
of the entire cardiac cycle.” Also, the software used for the
analysis by Carrion etal. is based on the analysis of endocardial
deformation, while other software available, and historically
more often used, analyzed the myocardial deformation of
the entire wall thickness, including all its layers, also called
transmural deformation.' In this study, the conventional
echocardiographic parameters for the analysis of the RV
function, as well as the RV myocardial deformation, were
significantly reduced in the group of patients with signs of
ACR, when compared to those without significant rejection."
Moreover, the group with moderate ACR also showed changes
suggestive of worse LV diastolic function, when compared to
the group without significant rejection.

Thus, the question remains whether the involvement of RV
systolic function is a primary one, due to ACR, or secondary
to the retrograde increase in LV filling pressures. Additionally,
not only the myocardial deformation of the RV, but also the
conventional parameters for the functional evaluation of this
cardiac chamber have shown be significantly different between
the two groups studied by Carrion et al.? Previous studies have
shown that RV systolic deformation, especially of its free wall,
has a greater correlation with RV systolic function, assessed
by reference methods, in comparison with conventional
echocardiographic parameters, both in ischemic and non-
ischemic heart diseases.''* Although the comparison of the
diagnostic accuracy of the RV functional parameters for ACR
diagnosis has not been addressed by Carrion et al. ®this issue is
arelevant point to be clarified in future studies, aiming to guide
the use of these techniques in the post-heart Tx clinical routine.

Thus, for a science that recently managed to recognize
and “point” to the “chamber of secrets”, i.e., the RV, the
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work of Carrion et al.® reinforces the importance of its
echocardiographic evaluation for the non-invasive detection
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Hydrotherapy Reduces Arterial Stiffness in Pregnant Women With
Chronic Hypertension

Giovana Macédo Linhares,” Antonio Vieira Machado,” Marcus Vinicius Bolivar Malachias’
Faculdade de Ciéncias Médicas de Minas Gerais, Instituto de Pesquisas e Pés-Graduagdo,’ Belo Horizonte, MG — Brazil

Abstract

Background: Chronic hypertension (CH) and high arterial stiffness (AS) increase the risk of complications during
pregnancy, such as superimposed preeclampsia and low fetal growth.

Objective: To evaluate the impact of hydrotherapy, a non-pharmacological treatment strategy, on AS in pregnant
women with CH.

Methods: Cross-sectional study evaluating the effect of a standardized hydrotherapy session on AS in pregnant women
with CH and controls. We used the device Mobil-O-Graph® NG to measure blood pressure (BP), heart rate (HR), and
AS before and after a hydrotherapy session involving stretching, warming up, strengthening, and relaxation. The level of
significance adopted in the statistical analyses was 5%.

Results: We evaluated 36 pregnant women, including 12 with hypertension (HG) and 24 controls (CG), aged
30.4 * 4.8 years and at 29.2 + 3.3 gestational weeks. Hydrotherapy promoted in both groups a significant reduction
in AS assessed by the augmentation index at a HR of 75 bpm (AIx@75) (HG: 28.8 = 7.3%, before; 22.4 + 6.9%,
after; p = 0.024; and CG: 29.1 + 7.4%, before; 22.9 + 6.6%, after; p = 0.001), as well as a reduction in HR (HG:
93.4 + 11.8 bpm, before; 82.4 + 10.0 bpm, after; p < 0.001; and CG: 91.4 + 13.4 bpm, before; 81.5 + 12.6 bpm, after;
p < 0.001), but a nonsignificant reduction in BP.

Conclusion: We demonstrated that a hydrotherapy session acutely reduces AS assessed by AIx@75, and may
represent a potential non-pharmacological strategy to prevent maternal and fetal complications in pregnant women
with CH. (Arq Bras Cardiol. 2020; 114(4):647-654)

Keywords: Hypertension; Hydrotherapy; Pregnancy, High-Risk Ris/complications; Vascular Stiffness; Pre-Eclampsia.

than elevated peripheral blood pressure (BP) measured at the
brachial artery (bBP).**

A portion of the pulse wave directed to the periphery is
reflected back from peripheral impedance points. In healthy

Introduction

Hypertensive syndromes in pregnancy are associated with
a higher risk of maternal and fetal complications. The various
forms of hypertension during pregnancy cause about 14%

of maternal deaths and are associated with dysfunctions
affecting the newborn, such as low birth weight."?
Several hypertensive syndromes occur during pregnancy,
including preeclampsia, eclampsia, chronic hypertension,
chronic hypertension with superimposed preeclampsia, and
gestational hypertension.? Chronic hypertension (CH) causes
1 to 5% of all complications in pregnancy.?

In women with normotension or hypertension and in
individuals in the general population, increased arterial
stiffness (AS) has been recognized as a marker of higher risk
for cardiovascular outcomes with even more significance
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individuals, the reflected wave returns to the aorta during
diastole. Due to aging or conditions that compromise arterial
compliance, stiffer arteries reduce the transit time of incident and
reflected waves. Consequently, reflected waves reach the aorta
earlier, increasing central arterial pressures. The increased central
pressure can be quantified by the augmentation index (Alx),
defined as the percentage of central pulse pressure attributed to
the reflected wave.” Evidence points out to Alx as a hallmark of
the pathophysiology of hypertensive syndromes of pregnancy.”
Increased Alx is recognized as a cardiovascular risk marker®’
and has been correlated with pregnancy complications, such as
superimposed preeclampsia and fetal growth restriction, and a
potentially additional future cardiovascular risk in women.&""

Evidence shows a beneficial effect of regular physical activity
in pregnant women with hypertension.’®"" Aquatic physical
therapy, better known as hydrotherapy, is a non-pharmacological
intervention used in various clinical contexts that utilizes the
properties of immersion in warm water associated with the
practice of combined aerobic and resistance exercises.'*"
However, no studies have evaluated the impact of this physical
activity on AS in pregnant women with hypertension.
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In this study, we evaluated the acute effects of a
standardized hydrotherapy session on AS parameters, such as
Alx, in pregnant women with CH compared with a group of
women with normal pregnancy. The analysis also included the
heart rate (HR), systolic (SBP) and diastolic (DBP) BPs, mean
BP (MBP), and peripheral (brachial artery) and central (aorta)
pulse pressures (PPs).

Methods

Cross-sectional, controlled study conducted at the Aquatic
Physical Therapy Clinic in Belo Horizonte (Minas Gerais,
Brazil) from July 2015 to July 2016. The evaluation included
36 pregnant women, of whom 12 had chronic hypertension
(thus considered to be at high risk) who were included in a
hypertensive group (HG) and 24 normal-risk pregnant women
who were included in a control group (CC). The diagnosis
of hypertension during pregnancy was confirmed according
to the 7™ Brazilian Hypertension Guideline.” The study
included high-risk and normal-risk pregnant women receiving
prenatal care at Santa Casa de Belo Horizonte (MG), aged
between 18 and 40 years, with a gestational age of 24 to
34 weeks, and with medical approval to perform aquatic
activities, who were consecutively invited to participate in the
research. Cases of multiple-gestation pregnancies, pregnant
women who presented bleeding in the first and second
pregnancy trimesters, smokers, and those with skin lesions
or any condition that could be aggravated by immersion in
heated water were excluded. The study was approved by the
Research Ethics Committee of Faculdade Ciéncias Médicas de
Minas Gerais, Brasil, (CEPCM-MG), under the opinion number
35487814.1.0000.5134. All pregnant women enrolled agreed
to participate in the study and signed a free and informed
consent form. For participation in the study, the group of
pregnant women with hypertension should not interrupt or
modify their pharmacological treatment, when previously
prescribed, and during the research, these participants were
encouraged to follow their health care recommendations.

Evaluation protocol

Initially, general data of the participants were collected,
including age, gestational age, anthropometric measurements,
personal medical history (clinical history of hypertension, diabetes
mellitus, heart disease, chronic kidney disease, allergies, epilepsy),
as well as information about exercise practice during pregnancy
and medications in use. Vital signs of each participant were
measured with the device Mobil-O-Graph® NG (IEM, Stolberg,
Germany) before the participant was referred to the hydrotherapy
session. After the session, clinical and hemodynamic parameters
were measured once again.

Evaluation of blood pressure and arterial stiffness

Measurements of bBP, central blood pressure (cBP), and
AS parameters were performed noninvasively using the
Mobil-O-Graph® NG device (IEM, Stolberg, Germany) with
the inbuilt ARC Solver algorithm (the ARC Solver Method,
Austrian Institute of Technology). This device is an oscillometric
monitor for ambulatory bBP measurement approved by
the US Food and Drug Administration and the European
Conformité Européenne, whose BP and AS detection unit has

been validated by the British Hypertension Society and the
American Heart Association’s Council on Hypertension.'*-?2
After measuring the upper limb perimeter and choosing
the right cuff, measurements were carried out according
to recommendations of the 7™ Brazilian Guideline on
Hypertension.? Three consecutive automated measurements
were obtained, and the results were expressed as the average
of the obtained values. AS was estimated by the variables Alx
adjusted to a HR of 75 bpm (Alx@75) and pulse wave velocity
(PWV). The equipment also provided measurements of HR,
SBP, DBP, MBP, and peripheral and central PP

Hydrotherapy session

Pregnant women from both groups, HG and CG,
underwent standardized hydrotherapy sessions in a heated
indoor pool with temperature between 32 and 34°C and
duration of 40 minutes, with their bodies immersed up to the
level of the xiphoid process.** Each session was divided into
four 10-minute phases: stretching, warming up, strengthening,
and relaxation. The first phase included three series of
30 seconds of stretching exercises of the anterior, posterior,
and lateral trunk muscles. The second phase included a
warm-up exercise consisting of walking at a comfortable speed
based on self-assessment. The third phase consisted of upper
and lower limb strengthening exercises. In the fourth phase,
relaxation movements were performed.*

Statistical analysis

The analysis comprised the average of the three BP and AS
measurements indicated by the device. Qualitative variables
were presented as numbers and percentages, and quantitative
variables as mean = standard deviation. All continuous
variables were subjected to the Shapiro-Wilk normality
test. The comparison of means between two samples was
performed by Student's t test; for differences in measurements
before and after the intervention, the paired version was
used, and for differences between groups, the version for
independent samples was used. The analyses were performed
using the software R, version 3.2.2 (R Foundation for Statistical
Computing, Vienna, Austria). In the sample size calculated a
priori, the significance level was set at 5% and the power at
90%, using a standard deviation of the differences in BP equal
to 5.19 based on a similar previous study.? The detection of
a difference of 5 required a total of 12 pregnant women with
hypertension and 24 pregnant women in the control group,
yielding a 2 to 1 ratio, the exact ratio used in our study.

Results

The sample of this study consisted of 36 pregnant women,
of whom 24 (66.7%) were in the CG and 12 (33.3%) were
in the HG group. The mean age was 30.4 + 4.8 years, and
the mean body mass index (BMI) was 31.7 % 7.3 kg/m2.
At the time of the intervention, the participants’ gestational
age was 29.2 = 3.3 weeks. Among the women participating
in the study, 63.9% were black, 80.6% used some type of
medication, and 22.2% practiced regular physical activities.
There was no difference between the HG and CG in relation
to race, physical activity, age, or gestational age. The HG had
a higher mean BMI (p < 0.001) (Table 1).
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Table 1 - Characteristics of the control (CG) and hypertensive (HG) groups

Entire sample Control

Variables Hypertensive (n = 12) p
(n=236) (n=24)

Age (years) 304+4.8 305+5.1 30+43 0.7417
BMI (kg/m?) 31773 281+47 389+6 <0.0017
Race 0.719°7
White 13 (36.1%) 8(33.3%) 5 (41.7%)
Black 23 (63.9%) 16 (66%) 7(58.3%)
Practice physical activity 8 (22.2%) 7(29.2%) 1(8.3%) 0.2247
Use of medications 29 (80.6%) 17 (70.8%) 12 (100%) 0.070%
Methyldopa 12 (41.4%) 12 (100%) -
Multivitamin 11 (37.9%) 9 (52.9%) 2 (16.7%) 0.064°
Iron sulfate 6 (20.7%) 5 (29.4%) 1(8.3%) 0.354°
Folic acid 4(13.8%) 3(17.6%) 1(8.3%) 0.6227
Gestational age (weeks) 292+33 293+33 29+35 0.8407

Note: The p values refer to Student's t test 7 for independent samples and Fisher's exact test . BMI: body mass index.

Hydrotherapy promoted a significant reduction in AIx@75
in both groups, with percentage differences of 22.2% in the
HG (p = 0.024) and 21.3% in the CG (p = 0.001), as shown
in Figure 1. There was also a significant reduction in HR, with
differences of 11 bpm (p < 0.001) in the HG and 9.9 bpm
(p < 0.001) in the CG (Figure 2a). There was a trend toward
a decrease in SBP after the hydrotherapy session, which was
not significant (p = 0.050) (Figure 2b). There was no significant
difference between the measurements obtained before and
after the intervention for the other variables evaluated (Table 2).

In a comparison between the groups, higher values were
observed in the HG compared with the CG regarding SBP,
DBP. MAP, PP, central SBP. and PWV, both before and after
the intervention (Table 2). However, there were no differences
between groups in Alx@75 and HR values, which were
variables that decreased significantly with the intervention.

No adverse events or discomforts associated with the
hydrotherapy sessions were reported by the pregnant
women evaluated.

Discussion

This study evaluated the impact of a hydrotherapy session
on AS in high-risk pregnant women with CH compared
with normal-risk pregnant women, yielding evidence
unprecedented in the literature. Despite concerns about the
safety of aquatic exercises during pregnancy, the procedure
in our study proved to be safe for pregnant women with
hypertension and controls in the third trimester of pregnancy.
Barakat et al.?® also demonstrated the safety of exercise
practice among pregnant women. These authors compared
the effects of exercise on pregnant women, concluding
that while land exercises were more effective at preventing
maternal weight gain, aquatic or combined programs involving
land and water were more effective at preventing gestational
diabetes.?* Bacchi et al.,?” evaluating 100 healthy pregnant
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women, concluded that three weekly sessions of aquatic
activities during pregnancy prevent maternal overweight and
preserve birth weight.

A meta-analysis concluded that a single isolated aerobic
exercise session lasting 10 to 50 minutes at different intensities
could reduce SBP by 5 to 7 mmHg, an effect that is maintained
for up to 24 hours after training.?® The magnitude of this
reduction in SBP is comparable to the effect of most preferred
antihypertensive drugs,?® which presupposes a reduction in
cardiovascular risk of 20 to 30%,*® according to the conclusion
of the position stand of the American College of Sports
Medicine on exercise and hypertension.>' In our study, we
observed that hydrotherapy promoted a 6% reduction in SBP
(139.6 £ 12.1 mmHg/130.1 = 12.6 mmHg, p = 0.050) in the
HG, a percentage similar to that described for other aerobic
modalities but without a significant difference, probably due
to the small sample size.

The BP variation in a liquid medium is considered to be
predominantly affected by three components: temperature,
immersion depth, and exercises during hydrotherapy.3*333

Small changes in water temperature have significant effects
on heat loss or retention in the immersed patient because
water has a thermal conductivity 25 times higher than air.*
Additionally, the vasodilating effects of contact with heated
water are well established.*® The temperature of the water has
a significant influence on maternal and fetal hemodynamics,
and temperatures above 38.9°C have even been shown to
cause potential embryonic or fetal deleterious effects.’”

Despite using different parameters regarding the
temperature of the water, duration, and level of immersion,
there are reports of decreased BP induced by immersion.3-4
Immersion causes reflex cardiovascular adjustments, such as
redistribution of body fluids due to hydrostatic pressure, which
leads to increased central blood volume, decreased HR, and
increased systolic volume, cardiac output and natriuresis.*
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Figure 1 - Reduction in the augmentation index adjusted for a heart rate of 75 bpm (Alx@75) (%) before and after a hydrotherapy session in the control (CG) and

hypertensive (HG) groups.

Table 2 - Longitudinal and intergroup comparison of the measures evaluated

Variables Group Before After P
Control 112+7.6 110.8 £10.3 0.404
Systolic blood pressure
Hypertensive 139.6 £12.1 130.1£12.6 0.050
(mmHg) P <0.001 <0.001
Control 69.9+6.9 70.1+59 0.912
Diastolic blood pressure
Hypertensive 85.6+9.9 82+55 0.160
(mmHg) P <0.001 <0.001
Control 89.3+6.5 88.7+75 0.625
Mean blood pressure
Hypertensive 1M11.2+96 103.5+8.7 0.103
(mmHg) P <0.001 <0.001
Control 416+6.9 402+7 0.320
Pulse pressure
Hypertensive 53+94 47.9+10.2 0.190
(mmHg) P 0.002 0.033
Control 1029+ 7.1 101.3+9.3 0.276
Central systolic blood pressure
Hypertensive 126 £9.9 119.7£89 0.161
(mmHg) P <0.001 <0.001
Control 914 +134 81.5+12.6 <0.001
Heart rate
Hypertensive 934118 82.4+10.0 <0.001
(bpm) P 0.650 0.819
Control 51+0.3 51+04 0.469
PWv
Hypertensive 6+04 58+05 0.151
P <0.001 0.001
Control 29.1+£74 229+6.6 0.001
Alx@75 (%)
Hypertensive 288+7.3 224+69 0.024
P 0.903 0.852

Note: The p values refer to Student's t test for paired samples in the columns and independent samples in the rows. PWV: pulse wave velocity (m/s);
Alx@75: augmentation index adjusted for the heart rate of 75 bpm in %.
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Figure 2 - Variations in heart rate (A) and brachial (peripheral) systolic blood pressure (B) before and after a hydrotherapy session in the control (CG) and hypertensive

(HG) groups.

Finkelstein et al.*' found a significant reduction in HR and
BP among pregnant women immersed up to the level of the
xiphoid process, as done in our study. The authors suggest that
this decrease may be related to decreased plasma renin activity
and increased atrial natriuretic peptide concentration in
response to blood volume expansion in water. Elvan-Tagpinar
et al.** compared the effect on central and peripheral
hemodynamics of simple immersion in water at 35°C for
3 hours in a small sample divided into 3 groups: normal-risk
pregnant women, pregnant women with preeclampsia, and
nonpregnant women. The authors observed a transient
reduction in HR, DBP, and total peripheral resistance.*

Still, there is evidence that exercise produces a significant
additional cardiovascular impact during pregnancy and in other
clinical conditions.**#*#* In a study by Ward et al.* evaluating
the impact of aquatic physical therapy in normotensive pregnant
women, no significant changes in post-immersion BP compared
with pre-immersion BP were observed; however, a significant
reduction in MBP in the post-exercise phase was noted.
Coelho et al.* demonstrated a significant reduction in SBP,
DBP, and MBP among pregnant women without hypertension
45 and 60 minutes after an aquatic exercise session.

We conclude that there is sufficient evidence showing
that aquatic physical therapy promotes an impact on BP
components through an interaction of the effects of its three
fundamental elements: temperature, immersion, and exercise.
Although still an area with limited research, these studies
demonstrated the effects of hydrotherapy on BP in normal
individuals, pregnant or not, opening up to possibilities of
intervention in hypertensive pregnant women. However, there
is no previous evidence in the literature about the impact of
hydrotherapy on AS in pregnant women with CH, a parameter
evaluated in our study.
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Measurements of AS, such as the ones expressed by
Alx@75, as well as central SBP (cSBP), have been shown
to be more sensitive independent predictors of future
cardiovascular events compared with conventional bBP
in various clinical conditions***° and in pregnancy.***'
The Alx@75 has been shown to be independent of bBP during
pregnancy, indicating that the AIx@75 measurement may
reflect arterial compliance during pregnancy.*® A close inverse
association between the newborn's birth weight and AS of
normotensive pregnant women has also been demonstrated,
indicating that abnormal pressure-wave reflection may
affect fetal growth even in the absence of hypertension.”’
Additionally, increased Alx@75 and cSBP have been observed
in women with newly diagnosed preeclampsia.®? Khalil et al.’
demonstrated a change in pressure-wave reflection after
the first trimester of pregnancy in women developing
preeclampsia. Yinon et al." demonstrated increased
Alx@75 percentages up to 6 to 24 months after delivery
in pregnant women with a history of intrauterine growth
restriction and/or early-onset preeclampsia. Tomimatsu et al.>3
showed that abnormal pressure-wave reflection during
the 26 to 32 gestational weeks correlated more strongly
with birth weight than conventional bBP to the extent that
Alx@75 was the only hemodynamic parameter significantly
elevated in pregnant women who developed fetal growth
restriction. Such evidence corroborates our findings of
decreased Alx@75 without significant bSBP reduction with
hydrotherapy. We demonstrated in our study that a single
hydrotherapy session was able to decrease AIx@75 acutely
by 22.2% and 21.3% in pregnant women with CH and
controls, respectively. The intervention proved to be safe and
may represent a potential non-pharmacological therapeutic
strategy for pregnant women with CH in preventing maternal
and fetal complications.
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Conclusion

In a pioneering study, we demonstrated that a hydrotherapy
session is able to promote a reduction in AS assessed by
Alx@75 in high-risk pregnant women with CH in the third
trimester of pregnancy.

Limitations

Our study has potential limitations. The number of patients
evaluated was relatively small, even though it respected the
sample size calculated a priori for a proper evaluation of the
hypothesis. Also, we recognize that the study was conducted ata
single center and, for greater sample homogeneity, was restricted
to the gestational period of 24 to 34 weeks; therefore, it may
not represent the entire universe of pregnant women with CH.
We only evaluated the acute effect of a single hydrotherapy session;
however, being safe and potentially beneficial, there is a promising
possibility of amplification of these initial results if the intervention
is performed more continuously in this patient population.
We hope that similar research can be conducted in a larger number
of patients of different ethnic and social characteristics and in other
locations to replicate and broaden our findings.
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Short Editorial

Short Editorial: Hydrotherapy Reduces Arterial Stiffness in Pregnant

Women with Chronic Hypertension

Celso Amodeo
Universidade Federal de Sao Paulo (UNIFESP), Sao Paulo, SP — Brazil

Increased pulse pressure is associated with aging. This
is mainly caused by increased systolic pressure, but also by
decreased diastolic pressure. Diastolic blood pressure below
50 mmHg has been related to increased cardiovascular risk.

With the development of devices that allow the indirect
estimation of central pressure from the aortic root and analysis
of arterial stiffness (another marker of cardiovascular risk),
many studies have shown that changes in vascular dynamics
are detected earlier using central measurements compared
with peripheral blood pressure measurements.

Assessment of pulse wave velocity allows the analysis
of arterial stiffness and determination of the augmentation
index, which corrected by the heart rate of 75 bpm (AIx@75),
is associated with greater arterial stiffness and higher
cardiovascular risk.

The study by Linhares et al." reports the results of central
pressure measurements in pregnant women with and without
hypertension undergoing hydrotherapy. This is an interesting
study considering that the pathophysiology of preeclampsia
and eclampsia is still on debate. Some authors have reported
different behaviors of these central blood pressure parameters in
normal pregnancy and in women with eclampsia/preeclampsia.

In the discussion section, the authors cited the study by
Yinon et al.?who observed an increased AIx@75 in women
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with previous early-onset preeclampsia and intrauterine
growth restriction. Tomimatsu et al.? also reported that
an Alx@75 measured during 26-32 weeks of gestation
showed a stronger correlation with birth weight than
brachial blood pressure, indicating that the AIx@75 is a
relevant hemodynamic parameter in pregnant women with
intrauterine growth restriction.

From this information, Linhares et al. investigated
the effects of hydrotherapy on central blood pressure
parameters, central systolic and diastolic blood pressure,
Alx@75 and pulse wave velocity in pregnant women.
The authors observed the behavior of arterial stiffness in
response to hydrotherapy. The acute effect of the therapy
was a reduction in Alx@75 in both hypertensive and
normotensive pregnant women, but no changes were
seen in pulse wave velocity or brachial blood pressure.
The authors did not evaluate, however, the duration of
Alx@75 reduction, and whether this effect would have
an impact on preventing hypertensive complications in
pregnancy. This opens the possibility for future studies on
the pathophysiological mechanisms of preeclampsia and
eclampsia. Also, the results indicate the use of hydrotherapy
as an instrument for early detection of pregnant women at
risk for development of hypertensive complications.

3. Tomimatsu T, Fujime M, Kanayama T, Mimura K, Koyama S, Kanagawa T,
etal. Abnormal pressure-wave reflection in pregnant women with chronic
hypertension: association with maternal and fetal outcomes. Hypertens Res.
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Abstract

Background: Inspiratory muscle weakness contributes to exercise intolerance and decreased quality of life in patients
with heart failure. Studies with inspiratory muscle training show improvement in inspiratory muscle strength,
functional capacity and quality of life. However, little is known about the central hemodynamic response (CHR)
during inspiratory exercise (IE).

Objective: To evaluate CHR in a single IE session with different loads (placebo, 30% and 60%) in heart failure.

Methods: Randomized placebo-controlled clinical trial in patients with heart failure with reduced ejection fraction,
functional class Il and IIl. Twenty patients aged 65 *= 11 years completed a single session of inspiratory exercise,
in 3 cycles of 15 minutes, with a 1-hour washout, involving loads of 30% (C30), 60% (C60) and placebo, using a
linear load resistor (PowerBreathe Light). The noninvasive hemodynamic study was performed by cardiothoracic
bioimpedance (Niccomo™ CardioScreen®). Statistical analysis was performed with Student’s t-test and Pearson’s
correlation, and P<0.05 was considered significant.

Results: An increase in heart rate (HR) was observed with C30 (64 + 15 vs 69 + 15 bpm; p = 0.005) and C60 (67 = 14 vs
73 = 14 bpm, p = 0.002). A decrease was observed in systolic volume (SV) with C30 (73 * 26 vs 64 = 20 ml; p = 0.004).
Cardiac output (CO), on its turn, increased only with C60 (4.6 + 1.5 vs 5.3 * 1.7 [/min; p = -0.001).

Conclusion: When using the 60% load, in a single IE session, changes in CHR were observed. HR and CD increased,
as did the Borg scales and subjective sensation of dyspnea. The 30% load reduced the SV. (Arq Bras Cardiol. 2020;
114(4):656-663)

Keywords: Heart Failure; Muscle Weaknerss; Breathing Exercises; Hemodynamics; Fatigue Syndrome, Chronic;
Fatigue Syndrome, Chronic; Quality of Life; Exercise Therapy; Exercise Movement Techniques.

Introduction
Most patients with heart failure (HF) have exercise

with heart failure with reduced ejection fraction (HFREF),
has been identified as a factor that can contribute to exercise

intolerance, mainly due to symptoms such as dyspnea and
fatigue. This low tolerance to physical efforts generates a
cycle of physical inactivity and a consequent decrease in
quality of life.

In addition to other mechanisms previously described such
as excessive ventilatory need, exacerbated muscle ergoreflex
and increased sympathetic activity, inspiratory muscle
weakness, present in approximately 30 to 50% of patients
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intolerance®* and has an independent prognostic value.*>

Previous studies have shown that inspiratory muscle training
(IMT) results in significant improvements in inspiratory muscle
strength, functional capacity, dyspnea and ventilatory response
during exercise, besides contributing to the improvement in
quality of life of patients with HE®” However, the ideal training
intensity to optimize these results is still unclear. A recent
systematic review with meta-analysis suggested that high-
intensity IMT is superior to lower loads and does not appear
to have any adverse effects.?

Most studies have focused on demonstrating the systemic
benefits of IMT, but little is known about the central
hemodynamic response (CHR) of these patients during
inspiratory exercise (IE).” The hypothesis of the present study
is that, with higher loads, greater hemodynamic repercussions
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would be observed. Therefore, this study aimed to assess CHR
in a single session of inspiratory exercise with different loads
(placebo, 30 and 60%) in HFREF.

Methods

Randomized, placebo-controlled clinical trial. The load was
placed on the linear load resistor, in a way that participants
could not see at which level the marker was positioned and
were also not informed about the load used.

Inclusion and exclusion criteria

To meet the objective of this study, 29 patients with HFREF
from the Heart Failure Clinic (CLIC) of Centro Universitario
Serra dos Orgaos (UNIFESO) were selected. They all met
the following inclusion criteria: clinical diagnosis of heart
failure, age over 21 years, Doppler echocardiogram with
left ventricular ejection fraction (LVEF) <45% (Simpson
method), class Il and Ill by the New York Heart Association
(NYHA), stable disease for at least three months, never
having undergone or not being treated with IMT. None
of the following exclusion criteria were present: clinical
(medical) diagnosis of chronic obstructive pulmonary
disease, unstable angina, major cardiac arrhythmias, acute
myocardial infarction in the last three months, inability to
perform the IE session. And yet none of the exclusion criteria
for cardiothoracic bioimpedance: massive pleural effusion,
anasarca, moderate or severe aortic insufficiency, use of
intra-aortic balloon, mean arterial pressure >130mmHg,
height <1.20m or >2.30m, weight <30kg or >155kg, and
use of pacemakers with sensors to adjust heart rate according
to respiratory rate.

Assessment methods

Collection instruments used were: an analogue
manovacuometer (Critical Med®, Brazil), a linear load
resistor (PowerBreathe Light®, United States), and a
cardiothoracic bioimpedance (CTB) device (Niccomo™
CardioScreen®, Germany).

The inspiratory muscle exercise (IME) sessions were
performed according to the randomization made by the
Randomizer website, using the linear load resistor for
15 minutes with the following loads: 0 (placebo), 30%
and 60% of the maximum inspiratory pressure (MIP) value
measured previously by manovacuometry, with a 1-hour
washout. To monitor the hemodynamic repercussions, the
CTB device was used.

Inspiratory exercise

As this was the first time participants used the linear load
resistor, after the initial evaluation they were instructed on how
to perform the IE and then remained at rest for 15 minutes
before beginning hemodynamic monitoring.

Following the load randomization done previously
(placebo, 30% or 60%), the IE was performed for 15 minutes,
with the patient in supine position on a reclining chair,
at 452 of elevation. All participants used the same linear load

Arq Bras Cardiol. 2020; 114(4):656-663

resistor, but an individual filter from the same manufacturer
was used and discarded after the experiment.

Throughout the IE, the patient was instructed to perform
inspiration and expiration according to the sound signal
emitted by a software (Paced Breathing), so all participants
performed 15 breaths per minute.? The sessions with the other
loads were carried out after a one-hour interval between each.
For the IE with placebo, the device's spring was removed, only
the unidirectional valve was left, therefore no resistance was
present to the patient's inspiration.

Statistical analysis

The appropriate number of participants to be studied
was calculated based on previous publications that showed
which intervention, such as the effects of exercise, caused
significant changes, such as increased heart rate, among
others. For this magnitude of effects and to set statistical
power at 0.8 and alpha error at 0.05, the sample should be
comprised of 20 individuals.

All data were subjected to Kolmogorov-Smirnov analysis
to determine whether or not there was a normal distribution
of the sample and data. Hemodynamic variables during
IE, in Placebo, 30% or 60% groups, were compared using
the Student's t test for paired variables. For the association
of independent variables, Pearson's correlation was used.
When p values were significant, paired comparisons were
made using the Bonferroni test (post-hoc).

The data were transferred to a systematic spreadsheet
in Prism GraphPad 5.0 software (GraphPad Software,
San Diego, CA). Categorical variables were expressed
as absolute numbers. All results were expressed as
mean=standard deviation and p values <0.05 were
considered statistically significant.

Ethical considerations

All participants in this study received detailed information
about the purpose of the research and the procedures to be
performed. The protocol was sent to UNIFESO's Research
Ethics Committee and approved under opinion number
420.737, registered at Plataforma Brasil.

Before taking part in the study, all participants signed the
informed consent form, according to resolution 466/2012 of
the National Health Council.

Results

Among the 29 participants selected for the study,
20 completed the experiment (9 patients refused to
participate) (Figure 1). Table 1 describes the demographic,
clinical and pharmacological treatment characteristics
of the sample.

Responses of central hemodynamic variables to IE

The central hemodynamic response had a different behavior
according to different IE loads in our sample. HR increased with
loads of 30% (C30) (64 = 15 vs 69 = 15 bpm; p=0.005) and
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60% (C60) (67 + 14 vs 73 = 14 bpm, p=0.002), but did not
change in the placebo mode (P) (Figure 2). There was a decrease
in SV when the IE was performed with C30 (73 = 26 vs 64 =
20 ml; p=0.004) and there were no changes with placebo and
C60 (Figure 3). The DO increased when the IE was performed
on C60 (4.6 = 1.5 vs 5.3 * 1.7 |/min; p=-0.001) and did not
change with placebo and C30 (Figure 4).

Responses of other hemodynamic variables to IE

In addition to CHR, other hemodynamic variables also
changed along the IE on the load C60. Placebo and C30 did
not cause any changes in the variables presented.

When the IE was performed on C60, there was an
increase in systolic blood pressure (SBP) (124.1 = 27.4 vs
130.6 = 25.9 mmHg; p=0.001) (Figure 5), mean arterial
pressure (MAP) (85.7 = 17.9 vs 89.2 = 17.3 mmHg,
p=0.004) (Figure 6), as well as an increase in Borg scale of
perceived exertion (0.3£0.9vs 1.1£1.9, p=0.01) (Figure
7) and the subjective dyspnea scale (0.2+0.7 vs 0.8=1.5,
p=0.02) (Figure 8).

Correlation

There was a moderate correlation between baseline CO
and inspiratory muscle strength (r=0.45; p=0.04) (Figure 9).

Discussion

This is a pioneer study in describing changes in CHR with
different IE loads in outpatients with HFREF, using a non-
invasive method of hemodynamic monitoring. Different IMT
strategies are used in clinical practice, but it is not clear which
training intensity is the most efficient.

There were different hemodynamic behaviors when comparing
placebo, 30% and 60% loads. Only the HR showed a similar
response to IE with both loads of 30% and 60%, being increases.
SV, on the other hand, had a significant drop only when the 30%
load was used, and the CO increased only with the highest load,
60%. The control group (placebo) showed no significant change.

In this study, the hypothesis that different IE loads could
produce different central hemodynamic responses was
tested. Although both HR' variability and the effects of
respiratory muscle fatigue'" after IMT have already been

| Evaluated for eligibility (n = 29)

Excluded (n =9)

+ Refused to participate (n = 9)

| Randomized (n = 20) |

-

Allocated for intervention (n = 20)

Placebo intervention (n = 20)
30% load intervention (n = 20)
60% load intervention (n = 20)

l_

Loss to follow-up (n = 0)

Discontinued intervention (n = 0)

-

Analyzed (n = 20)

+ Excluded from the analysis (n = 0)

Figure 1 - CONSORT flowchart.
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Table 1 - Sample characteristics

n=20
Gender 13M\7F
Age (years) 65+ 11
Weight (kg) 72+14
Height (cm) 164 + 11
BMI (kg/m2) 26.7+44
conc Coser () S
NYHA Class Il (14). Class Ill (6)
LVEF (%) 37.2+63
MIP (cm\H20) -101£-43
MEP (cm\H20) 95 +42
30% load IMT (cm\H20) 31+ 11
60% load IMT (cm\H20) 6125
Pharmacological therapy
ACE inhibitor, % 55
Diuretics, % 75
B-blocker, % 80

M: male; F: female; kg: kilogram; cm: centimeters; BMI: body mass
index; kg/m? kilograms per square meter; LVEF: left ventricular ejection
fraction; MIP: maximum inspiratory pressure; MEP: maximal expiratory
pressure; IMT: inspiratory muscle training; cm/H,Q: centimeters of water,
ACE: angiotensin-converting enzyme.

tested, this study, until then, is the only one to verify the
central hemodynamic response of different IE loads in
patients with HFREF.

To assess hemodynamic response, a cardiothoracic
bioimpedance device was used, which is a noninvasive
hemodynamic assessment method that, when compared
to thermodilution methods, showed high correlation.
Even when used to assess cardiac patients, as shown in the
study by Villacorta et al.,”> CTB showed accuracy in the
calculation of CO, cardiac index and SV when compared
to cardiac magnetic resonance. Therefore, in our study, a
method of hemodynamic evaluation capable of reliably
recording the changes occurred during IE was used.

Inspiratory muscle weakness, present in about 30 to 50%
of patients with HFREF, has been acknowledged as a factor
that contributes to exercise limitation, in addition to having
an independent prognostic value.**

One of the main studies with IMT in HF was carried out
by Dall'ago etal.,? in which 32 patients were randomized into
two groups (IMT-placebo and IMT 30%). After 12 weeks of
sessions (7 times a week, for 30 minutes), the patients in the
intervention group showed a significant increase of 115% in
MIP, 17% increase in peak oxygen uptake, and 19% increase
in the distance covered in six minutes, in addition to an
improvement in quality of life.

Arq Bras Cardiol. 2020; 114(4):656-663

Baseline 15 min. Baseline 15 min. Baseline 15 min.
Plac. 30% 60%

Statistical analysis: Student's t test

Figure 2 - HR behavior before and at 15 min. of IE with the different loads.
HR: heart rate; IE: inspiratory exercise; bpm: beats per minute; plac: placebo;
min: minutes. (Source: The author)
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go{ ——
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Baseline 15 min. Baseline 15 min. Baseline 15 min.
Plac. 30% 60%

Statistical analysis: Student's t test

Figure 3 - Behavior of the SV before and at 15 min. of IE with the different loads.
SV: systolic volume; IE: inspiratory exercise; ml: milliliter; plac: placebo; min:
minutes. (Source: The author)

p =0.001
6. P=02

p=026

[/min

Baseline 15 min. Baseline 15 min. Baseline 15 min.
Plac. 30% 60%

Statistical analysis: Student's t test

Figure 4 - Behavior of CO before and at 15 min. of IE with the different loads.
CO: cardiac output; IE: inspiratory exercise; ml: milliliter; plac: placebo; min:
minutes. (Source: The author)
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Plac. 30% 60%

Statistical analysis: Student's t test

Baseline 15 min. Baseline 15 min.Baseline 15 min.
Plac. 30% 60%

Statistical analysis: Student's t test

Figure 5 - SBP behavior in the IE with the different loads. (Baseline 124.1 +
27.4vs 15min. 130.6 £ 25.9 mmHg, p=0.001). SBP: systolic blood pressure;
IE: inspiratory exercise; mmHg: millimeters of mercury; min.: minutes.
(Source: The author).

Figure 8 — Behavior of the subjective scale of dyspnea in IE with different loads.
(Baseline 0.2 + 0.7 vs 15 min. 0.8 + 1.5, p = 0.02). IE: inspiratory exercise;
min.: minutes. (Source: The author)
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Figure 6 — MAP behavior in the IE with the different loads. (Baseline
85.7 £ 17.9 vs 15 min. 89.2 + 17.3 mmHg, p = 0.004). MAP: mean
arterial pressure; IE: inspiratory exercise; mmHg: millimeters of mercury;
min.: minutes. (Source: The author).

Baseline 15 min. Baseline 15 min. Baseline 15 min.
Plac. 30% 60%

Statistical analysis: Student's t test

Figure 7 - Borg results in the IE with different loads. (Basal 0.3 = 0.9 vs 15 min.
1.1£1.9, p=0.01). IE: inspiratory exercise, min.: minutes.(Source: The author)

Figure 9 - Correlation between baseline CO and inspiratory muscle strength,
r=10.45; p = 0.04. CO: cardiac output; I/min: liters per minute; MIP: maximum
inspiratory pressure; cm/H,0: centimeters of water.

Studies with inspiratory muscle training, performed since
1995 in HF, have focused on demonstrating the improvement
in muscle strength and endurance, improvement in functional
capacity and quality of life.>” However, the hemodynamic
repercussions of the IE remain unclear.

Hemodynamic variables

When a healthy individual is subjected to a resistive
load to exercise, the tendency of the hemodynamic
response is to increase SBP, at the same time that the CO
will increase and, independently, the components of the
formula of this variable. Regarding the intensity of the
exercise, there is evidence that the greater the intensity for
the same number of repetitions, the greater the increase
in HR and blood pressure.™ In fact, this occurred in the
present study because, over the 15 minutes of IE, the
highest intensity was responsible for the most significant
increases in HR and SBP.
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Furthermore, the CO for the different resistive loads
increased by 15% with the 60% load and decreased by 3%
with the 30% load.

It is known that the increase in CO can occur due to an
increase in HR alone, only in SV, or both. In our study, the
increase in CO in IE with a 60% load occurred mainly due
to the significant increase in HR, with a small participation
of SV, since this variable also increased, but on a smaller,
non-significant scale. On the other hand, when the 30%
load is used, the CO had an inverse behavior and presented
a small decrease, even with an increase in HR. In this case,
what seems to have been decisive for the non-increase in
output was the 12.5% drop in SV.

Some researchers report that, during exercise in
patients with HF, a small increase in SV occurs. Others
demonstrate that there is no increase in this variable.™
In this study, the response to a load of 60% was a small
increase of 4.5% and a decrease in IE with a 30% load.

The decrease in SV and the increase in HR with a 30%
load reported in this study are similar to the hemodynamic
repercussions of the Muller maneuver, which also causes
negative intrathoracic pressure. Orban et al." studied the
hemodynamic effects of the Muller maneuver sustained for
12 seconds in 20 healthy young adults and, among other
results, found a decrease in SV and an increase in HR.
Hall et al."® evaluated the effect of the Muller maneuver
sustained for 15 seconds in 8 patients with congestive heart
failure and concluded that, during the maneuver, there is
an increase in left ventricular afterload and a decrease in
systolic volume, but HR did not show significant changes.

However, the pressure required to perform the Muller
maneuver is around -40 mmHg (-54 cm/H,O), and the average
load used during IE sessions was -31 cm/H,O with 30% load
and -61 cm/H,O with 60% load. Thus, the load that came
closest to the value for performing the Muller maneuver was
not the one with a behavior similar to the maneuver, except
for the increase in HR.

McConnell and Giriffiths'” assessed the acute response
of HR, BP and MAP to different loads of inspiratory
muscle training (50%, 60%, 70%, 80%, and 90%) in 8
athletes. All loads caused an increase in HR, but only a
60% load caused a sustained increase in MAP, SBP and
diastolic blood pressure (DBP). In conclusion, the authors
suggest an evidence of a response to the activation of the
metaborreflex in this load.

The results found by the authors cited above are similar
to the findings in this study, where both loads increased HR,
but only the load of 60% caused a significant increase in SBP
and MAP, which may have occurred due to the activation of
the inspiratory metaborreflex.

This hypothesis is in agreement with other studies, in
which the authors state that the activation of the inspiratory
metaborreflex is manifested by the increase in HR and MAPR'81

The activation of the metaborreflex by inspiratory muscle
work is a factor that contributes to exercise intolerance in
patients with HE. During the increase in the respiratory work,
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there is a redistribution of blood flow from the peripheral
muscles to the diaphragm, about 14 to 16% of flow theft of
CO, causing an exacerbation of fatigue in peripheral muscles.?

Corroborating the findings of the present study, Moreno
et al." evaluated the effect of respiratory muscle fatigue
on oxygenation and perfusion of the intercostal and
forearm muscles in patients with HFREF. After inspiratory
exercise with a 60% load until fatigue, the authors reported
decreased perfusion and oxygenation in both the intercostal
muscle and forearm, and suggested that this leads to a
reduction in the muscle perfusion reflex of peripheral
muscles, activting the inspiratory metaborreflex.

However, in the long run, Chiappa et al.?’ demonstrated
that 4 weeks of IMT with a 60% load is able to attenuate the
inspiratory metaborreflex in patients with HF and muscle
weakness. The authors also reported a significant increase
in the Borg score, which did not occur in the control group,
whose exercise was performed with only 2% of MIP.

This result is similar to that of our study, where only the
highest load significantly increased Borg's score, in addition to
raising the score on the subjective dyspnea scale; however, this
last scale was not evaluated in the study by Chiappa et al.*'

High IMT loads (60-70%) are recommended to
promote a better effect in patients with HF, while lower
loads (20-40%) are indicated for patients with a higher
functional class.’ The present study demonstrated a higher
degree of fatigue and dyspnea, as well as greater effects
on CHR, during a single session of IE with a 60% load,
which corroborates this recommendation and highlights a
potential risk for individuals with ischemia and with recent
decompensation of HF.

Crisafulli et al.?? were the first to assess the acute
hemodynamic response to the activation of the metaborreflex
in humans with HF and to compare it to the response of
healthy individuals. For this, nine patients with HFREF and
nine healthy volunteers were selected. All were submitted
to post-exercise ischemia. The hemodynamic response, as in
the present study, was assessed by cardiographic impedance.
As a result, the authors reported that the increase in SBP was
similar in both groups, but the control group obtained an
increase in SBP due to the increase in CO; in the group of
patients with HF, this increase occurred due to the increase in
systemic vascular resistance (SVR). There was also an increase
in SV in the group of healthy individuals and a decrease in
this variable in patients with HE. The authors suggest that the
increase in SVR occurs due to the inability of patients with
HF to improve cardiac performance and SV.

Correlation between CO and MIP

In our study, a moderate correlation between CO and
MIP was found.

A similar result was found by Nishimura et al.? after
evaluating 23 patients with HFE. However, the correlation
found was between cardiac index and MIP. At that time, the
authors already suggested that the inspiratory muscles could
be dependent on cardiac function.
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More recently, Filusch et al.** evaluated 532 patients
with congestive heart failure using right heart
catheterization and also found a moderate correlation
between CO and MIP. The authors state that, as MIP
is easily measured in clinical practice, it can become
an additional parameter in noninvasive hemodynamic
monitoring of disease severity.

Meyer et al.* were the first to demonstrate that
inspiratory muscle strength has an independent prognostic
value. They followed up 244 patients with HFREF for
23 months, and the 57 patients (23%) who died over
that period had MIP even more reduced than the rest of
the sample.

Corroborating the findings of Meyer, Frankenstein et
al.,” in a prospective study with 686 patients, showed that
MIP can be considered a prognostic value even in patients
using B-blockers.

Study limitations

The sample size made it impossible to assess only the group
with inspiratory muscle weakness and, given that the present
study had an acute effect, we do not know whether these
effects are maintained or attenuated. Further investigations
are needed to assess chronic IMT-related CHR.

Clinical applicability

These data indicate that the hemodynamic response of
the IE in its different proposals of resistive load with the linear
load resistor could have a potential for safe applicability in
non-drug treatment of patients with HF (NYHA Il and IlI),
without adverse effects.
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Short Editorial related to the article: Controlled Study of Central Hemodynamic Changes in Inspiratory Exercise with Different Loads

in Heart Failure

Heart failure (HF) is a complex entity and usually has
a poor prognosis, identified as an extremely relevant
cardiovascular disease due to its increasing incidence,
prevalence and high associated morbidity and mortality."
It is estimated that its prevalence varies from 1% to 2% in
developed countries, reaching >10% in people over 70
years of age; ? moreover, it is considered the main cause
of cardiovascular hospitalization in individuals older than
60 years.?

Among the main symptoms characteristic of HF, dyspnea
and fatigue stand out, which are closely associated with
impaired functional capacity and, consequently, with
these individuals’ quality of life.* Physical training, in turn,
has gained a prominent place in recent decades, aiming
at improving this scenario, based on increasing evidence;
therefore, it has the ability to favorably impact the gain
in functional capacity and quality of life of HF patients.>®
Among the several types of physical training targeted at
this population, inspiratory muscle training (IMT) is known
for being easy to apply and showing potential benefits in
this scenario.

Inspiratory muscle training in heart failure

There is robust evidence suggesting that the weakness of
inspiratory muscles is one of the main factors that lead to low
exercise tolerance in patients with HE”# In fact, randomized
clinical trials have shown several benefits of IMT in patients
with this syndrome, namely: significant improvement in
oxygen uptake efficiency,’ functional capacity and quality of
life scores.'® These results were confirmed by meta-analyses,
such as that carried out by Smart et al."" When compared
to the control group, patients undergoing IMT achieved an
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important improvement in maximum oxygen consumption
(VO,max): 1.83 mL.kg".min" (95%Cl, 1.33 for 2.32 mL.kg".
min”', p <0.00001), as well as in the 6-minute walking
test: 34.35 m (95%Cl, 22.45 to 46.24 m, p <0.00001). In
turn, inspiratory muscle strength seems to have a significant
correlation with VO,max, which is an independent predictor
of survival in individuals with HE'? IMT should therefore be
an integral part of these patients’ care whenever possible.

In this issue of the Arquivos Brasileiros de Cardiologia,
a randomized, placebo-controlled trial'® evaluated the
implications of an acute session of different intensities of IMT
on the central hemodynamic response (CHR) of individuals
with HF, using a non-invasive monitoring method. For this
purpose, 20 patients with reduced ejection fraction (37.2%
+ 6.3%), a mean age of 65 years, and the vast majority
in New York Heart Association (NYHA) functional class Il
were included in the study. The IMT protocol consisted of 3
sessions lasting 15 minutes each. All participants underwent
the training with an intensity of 30% and 60% of maximum
inspiratory pressure (MIP), in addition to sham intervention
(placebo), with a 1-hour washout between them. It was
observed that CHR behaved in a heterogeneous way
between intensities. For instance, there was an increase in
heart rate with intensities of 30% and 60% of MIP (64 +
15 to 69 = 15 beats per minute; and 67 = 14 to 73 = 14
beats per minute, respectively). Regarding stroke volume,
there was a tendency to decrease with a 30% load of MIP
(73 £ 26 mL to 64 = 20 mL). The cardiac output increased
only in the group with the highest intensity (4.6 = 1.5 L/
min to 5.3 = 1.7 L / min), a behavior that was similar in
relation to the systolic blood pressure response. In fact, the
increase in cardiac output observed at the highest applied
intensity can be partially explained by the increase in heart
rate in this group. These findings should not be ignored,
since patients with HF tend to have impaired blood flow
to the active muscles, secondary to reductions in cardiac
output and peripheral vasodilator capacity. These changes
are harmful, causing important intolerance to effort, being
associated with reduced vasodilator capacity and increased
sympathetic stimulation, common in these individuals.™

Recently, in a systematic review with meta-analysis, our
group showed that high-intensity IMT (= 60% of MIP) can
be an efficient strategy to improve functional capacity and
inspiratory muscle strength in this same class of patients
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(that is: HF and reduced ejection fraction).” In turn, we
believe that the referred study' adds important knowledge
to the literature, showing differences in the hemodynamic
repercussions observed in the IMT at different intensities,
an area little explored so far. These findings may open new
horizons and perspectives, influencing further research
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Abstract

Background: Plasma levels of brain natriuretic peptides have better diagnostic accuracy compared to clinical-radiologic
judgment for acute heart failure. In acute coronary syndromes (ACS), the prognostic value of acute heart failure is
incorporated into predictive models through Killip classification. It is not established whether NT-proBNP could
increment prognostic prediction.

Objective: To evaluate whether NT-proBNP, as a measure of left ventricular dysfunction, improves the in-hospital
prognostic value of the GRACE score in ACS.

Methods: Patients admitted due to acute chest pain, with electrocardiogram and/or troponin criteria for ACS were
included in the study. The plasma level of NT-proBNP was measured at hospital admission and the primary endpoint
was defined as cardiovascular death during hospitalization. P-value < 0.05 was considered as significant.

Results: Among 352 patients studied, cardiovascular mortality was 4.8%. The predictive value of NT-proBNP for
cardiovascular death was shown by a C-statistic of 0.78 (95% CI = 0.65-0.90). After adjustment for the GRACE model
subtracted by Killip variable, NT-proBNP remained independently associated with cardiovascular death (p = 0.015).
However, discrimination by the GRACE-BNP logistic model (C-statistics = 0.83; 95%Cl = 0.69-0.97) was not superior to
the traditional GRACE Score with Killip (C-statistic = 0.82; 95%Cl = 0.68-0.97). The GRACE-BNP model did not provide
improvement in the classification of patients to high risk by the GRACE Score (net reclassification index = —0.15; p = 0.14).

Conclusion: Despite the statistical association with cardiovascular death, there was no evidence that NT-proBNP
increments the prognostic value of GRACE score in ACS. (Arq Bras Cardiol. 2020; 114(4):666-672)

Keywords: Acute Coronary Syndrome; Heart Failure; Natriuretic Peptide, Brain; Mortality; Ventricular Dysfunction,
Left; Biomarkers.

syndromes (ACS). In this context, multivariate predictive
models** take into account the presence of clinically
manifested left ventricular dysfunction, well represented by
the classification of Killip and Kimball.> Two reasons support
the hypothesis that the use of plasma biomarkers may
increase the prognostic value of these models: the capacity to
numerically quantify the degree of cardiac decompensation
and the higher sensitivity for subclinical changes, without
impairing specificity.?

In the context of ACS, the concentration of NT-proBNP
has a well-documented prognostic accuracy.® However, from
a predictive point of view, whether NT-proBNP has an
incremental value in relation to probabilistic models that
already contain Killip as a predictor variable is a controversial
matter.”” Among the models validated for risk prediction,

Introduction

Brain natriuretic peptide is a prohormone, biologically
measured by its active fragment or its inactive terminal
portion (NT-proBNP). These molecules are biomarkers of
left ventricular dysfunction, released to the bloodstream
by myocytes undergoing wall tension due to volumetric or
pressure overload." In the detection of heart failure, these
peptides present better accuracy than clinical-radiological
evaluation, being able to identify sub-clinical levels
of decompensation.?

The presence of left ventricular dysfunction is an important
determinant of prognosis in patients with acute coronary
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GRACE score is the one with the best prognostic accuracy,
containing Killip class as the marker of heart failure.’0-"2
In this cohort, we tested the hypothesis that NT-proBNP
incorporation increases the prognostic value of the GRACE
score in patients with ACS. NT-proBNP was measured
at admission and the primary outcome was defined as
cardiovascular death during hospitalization.
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Methods

Sample selection

Patients consecutively admitted to the coronary care unit
(CCU) of a tertiary-care hospital, between September 2007
and October 2013, due to suspected ACS (unstable angina
and myocardial infarction) were prospectively included in the
study. Inclusion criteria was chest discomfort in addition to at
least one of the three objective criteria:

1) positive biological marker of myocardial necrosis, defined
as troponin T = 0.07 ug/L or troponin | > 0.034 g/L,
corresponding to values above the 99" percentile;'

2) ischemic electrocardiographic alteration, consisting of
T wave inversion (= 0.1 mV) or ST segment changes
(= 0.05 mV); and

3) previously documented coronary artery disease,
defined as a history of myocardial infarction with Q
wave or previous angiography demonstrating coronary
obstruction = 70%.

Patients without NT-proBNP dosage or who did not agree
to participate in the study were excluded. The protocol was
in compliance with the Declaration of Helsinki, was approved
by the Research Ethics Committee of the Institution, and all
participants provided written informed consent.

NT-proBNP Measurement

NT-proBNP measurement was performed on a blood
sample collected at patient’s arrival at the hospital, aiming
for a minimum delay between the onset of symptoms and
the collection of material. Plasma was frozen at =70 °C for
simultaneous dosing of the samples. The immunoassay method
(Biomérieux) was used, considering the following definitions
of high NT-proBNP:

1) Values above 450 pg/ml in patients under 50 years of age;
2) Values above 900 pg/ml in patients over 50 years of age.?

GRACE score

The GRACE score calculation was based on clinical data
at admission, electrocardiogram performed within 6 hours
of admission, troponin T or troponin | dosages in the first
12 hours, and the first plasmatic creatinine. Elevation of
myocardial necrosis markers (as a component of the scores)
was defined as troponin above the 99" percentile. The GRACE
score includes eight variables: five semi-quantitative,
meaning different weight for each age stratum (systolic blood
pressure, heart rate, plasma creatinine and Killip class), and
three dichotomic ones (ST segment depression, elevation of
myocardial necrosis marker, and cardiac arrest at admission).
The final score can range from 0 to 372.3

Clinical end-point

The clinical end-point was cardiovascular death during
hospitalization, defined by one of the following mechanisms:
cardiac failure, arrhythmia or due to complications from
treatments related to ACS.
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Statistical Analyses

Numerical variables were expressed as mean and standard
deviation as they presented normal distribution or small
deviation from normality, while median and interquartile
range were preferred in case of significant deviation from
normality. Categorical variables were expressed in proportions.
Preliminary results were accompanied by a 95% confidence
interval as a measure of uncertainty. Initially, predictive values
of NT-proBNP and Killip class were evaluated by the area
under the ROC curve (C-statistic), considering cardiovascular
death as an outcome. These two curves were statistically
compared by the Hanley-McNeil paired test.'* In addition,
Kappa Test was used to assess concordance between high
NT-proBNP and Killip > 1 in the definition of heart failure.

Logistic regression was used to assess the incremental
value of NT-proBNP to the GRACE Score. The technique
of modifying the GRACE Score was used, by replacing
Killip for NT-proBNP and then comparing this GRACE-BNP
model to the traditional GRACE. The modification of GRACE
was performed in two ways, one numerical and another
categorical. In the first case, the regression coefficient of
NT-proBNP represented the change in log odds promoted by
each unit of NT-proBNP. In this case, the logistic regression
equation determined the weight of NT-proBNP (numerical
GRACE-BNP). In the second case, a high NT-proBNP added
20 points to the Killip free GRACE, which is the equivalent of
Killip 1 value in the score (categorical GRACE-BNP).

The C-statistics of both models were compared with
the traditional GRACE Score by the Hanley-McNeil test.
Finally, net reclassification index analysis by Pencina' was used
to evaluate the reclassification value of logistic and categorical
GRACE-BNP in relation to the definition of high risk. For this
reclassification, the best cutoff points for these new scores
were used in the ROC curve.

Regarding sample size definition, two criteria were used.
Firstly, aiming to reach a power of 80% to detect a difference of
0.05 between two ROC curves (referring to scores) and predicting
a correlation of 0.80 between the scores, it would be necessary to
enroll 192 patients. Secondly, in order to insert two variables in a
logistic regression model, 10 to 20 events would be necessary.'

All of the tests above were considered statistically significant
if p-value < 0.05. The SPSS Version 21 was the software used
for the analysis.

Results

Sample characteristics

The sample consisted of 352 patients, mean age
63 = 14 years, 60% male, 26% presenting with ST-segment
elevation myocardial infarction. The GRACE score had a median
of 104 (I1Q 82 - 131), which corresponds to intermediate risk.
The median of NT-proBNP was 340 pg/ml (11Q 86-1212),
elevated in 29% of patients. The median time between symptom
onset and NT-pro-BNP dosage was 15.5 hours (11Q 8.2 - 32.5).
The incidence of cardiovascular death in the hospital phase was
4.8%. Sample characteristics are described in Table 1.



Souza et al.
NT-proBNP in acute coronary syndromes

Original Article

Table 1 - Clinical and laboratorial characteristics of the
selected sample

Variable N
Sample Size 352
Age (years) 63+ 14
Male Gender 210 (60%)
ACS
Unstable angina 102 (29%)
NSTEMI 90 (26%)
STEMI 160 (45%)
Triarterial disease or LMCA 170 (48%)
Ischemic ECG 223 (63%)
Positive Troponin 250 (71%)
Creatinine 1.0£0.62
Killip Classification
Killip | 308 (88%)
Killip I 18 (5%)
Killip 11 25 (7%)
Killip IV 1(0.3%)
NT-proBNP (pg/ml) 340 (86 — 1212)
GRACE score 104 (82 - 131)
Mortality 17 (4.8%)

*ACS: acute coronary syndrome; NSTEMI: Non ST elevation myocardial
infarction; STEMI: ST elevation myocardial infarction; LMCA: left main
coronary artery; ECG: electrocardiogram; BNP: brain natriuretic peptide.

NT-proBNP and Killip: Univariate Predictor Value

NT-proBNP demonstrated a moderate predictive capacity
for cardiovascular death, according to C-statistic of 0.78
(95% Cl = 0.65-0.90, p < 0.001), while the Killip score
presented C-statistic of 0.69 (95% Cl = 0.54-0.84, p = 0.008),
with no statistical difference between the two curves (p = 0.29)
(Figure 1). The two markers agreed in the definition of heart
failure in 75% of the cases (8% with heart failure and 67%
without hear failure), meaning low level of agreement according
to the Kappa test (k = 0.26; 95% Cl = 0.54-0.84; p < 0.001).

Independent and Incremental NT-pro-BNP Value

In the logistic regression analysis, numerical NT-proBNP
did not maintain statistical significance after adjustment for
the traditional GRACE score (p = 0.11). On the other hand,
numerical NT-proBNP remained an independent predictor
when adjusted for GRACE score without Killip (p = 0.015;
for each 500 pg/ml increase in NT-proBNP, a Beta of 0.029
was observed, OR = 1.03; 95% CI = 1.006 - 1.05) (Table 2).
Categorical NT-proBNP was not an independent predictor
after adjustment for the GRACE score (p = 0.91) or for the
GRACE score without Killip (p = 0.36).

For analysis of the incremental value of NT-proBNP
to GRACE, we compared the C-statistics of the logistic
GRACE-BNP categorical GRACE-BNP and traditional GRACE

score. The results of the analysis were, respectively, 0.83
(95% CI = 0.69-0.97), 0.82 (95% CI = 0.68-0.96), and 0.82
(95% Cl = 0.68-0.97). Therefore, no incremental value of the
new approaches was identified (Figure 2).

Reclassification of GRACE Score by NT-pro-BNP

Regarding the net reclassification analysis, of the 17 patients
who died, 3 were correctly reclassified by logistic GRACE-BNP
from low to high risk, with no incorrect reclassification,
resulting in a positive net reclassification index (+ 0.18%).
Among the 335 patients who survived, 9 were erroneously
reclassified from low to high risk, while there was no correct
reclassification. This resulted in a negative net reclassification
ratio (-0.02%). In the final analysis, considering all patients, the
total net reclassification index (NRI) was - 0.15% (p = 0.14)
(Table 03). Reclassification based on categorical GRACE-BNP
showed similar results (NRI = 0.08; p = 0.44). (Table 3)

Discussion

The present study demonstrates the independent prognostic
value of numeric NT-proBNP after adjustment to the GRACE
score. However, the NT-proBNP did not improve discrimination
of the GRACE Score, nor its reclassification ability. Its findings are
in line with the notions that not every independent predictor
offers incremental value to traditional models."”

In an explanatory point of view, our findings reinforce
that the status of cardiac decompensation increases the
risk of patients with ACS. On the other hand, from the
predictive point of view, refining the prognostic evaluation
with a biomarker of heart failure that is more accurate than
clinical evaluation was not enough to increase the accuracy
of multivariate models. This discussion is intended to debate
the potential explanations for the absence of an incremental
value, to confront this paper’s results with external evidence,
to recognize methodological limitations and to address the
relevance of the present results.

Different hypotheses may explain the absence of
NT-proBNP incremental value. Three possibilities will be
pointed out, which comprises the generic properties of
predictors and the specificities of the clinical context in
question. First, probabilistic models are created with variables
that simultaneously contribute to risk prediction, each with
a predictive weight that is proportional to its independent
strength of association. The improvement of a single predictor
(detection of ventricular dysfunction) among many may
not represent a relevant change. In the present case, the
incorporation of a marker related to a new phenomenon
was not proposed, but rather only the replacement of
the evaluation of the phenomenon of heart failure with a
theoretically better marker. Second, the predictive capacity
of NT-proBNP theoretically lies in its continuous characteristic
(numerical variable) and in its ability to identify subclinical
ventricular dysfunction. Itis possible that the prognostic value
of heart failure is not at initial levels, limiting to more advanced
and clinically manifested degrees. Finally, the prognostic
accuracy of the traditional GRACE Score is already satisfactory,
represented by C-statistic above 0.8, making more difficult to
improve a marker that functions with good predictive capacity.
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Figure 1 - The accuracy of NT-pro-BNP in the prediction of death has a value of 0.78 (95% CI 0.65—- 0.9) in the C statistic and in the Killip classification 0.69 (95% CI 0.54—0.84).

Table 2 - Logistic regression model containing GRACE without Killip and numerical NT-proBNP in predicting deaths

Variables Beta Coefficient Odds ratio (95% IC) p Value
GRACE without Killip 0.043 1.04 (1.02 - 1.06) <0.001
NT-proBNP / 500 pg/ml 0.000 1.03 (1.006 - 1.05) 0.015

Some previous studies have tested the prognostic value
of brain natriuretic peptides in ACS. Although there is a
disagreement between studies, a careful analysis of the results
shows that they all point in the same direction. Three studies
conclude positively regarding the prognostic value of this
type of marker; however, these studies evaluated the
independent predictive value but did not test incremental
value (discrimination or reclassification).'®?? In this context,
our results are not discordant. However, our negative
conclusion resides in a more comprehensive analysis that
was not previously done. In concordance, the two studies
that evaluated the incremental value of multivariate models
presented the same conclusion as ours.”?

Two aspects are original in the present work: it was the first
study to aggregate the analysis of reclassification proposed
by Pencina and the only one to adjust for the GRACE score
after removal of Killip, avoiding eventual collinearity between
Killip and NT-proBNP which could induce type Il error.
These approaches bring more veracity to our negative outcome.

Methodological limitations must be recognized here, which
may have promoted a false negative result. Firstly, it is known
that, ideally, a risk marker should be tested in an environment
where the care team is not aware of its outcome. As this marker
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is already available in our clinical practice, the team became
aware of the NT-proBNP result, predisposing to performance
bias, which could improve the prognosis of patients with high
NT-proBNP. Secondly, although this study had the planned
sample size, it lacked additional power for exploratory analyses.
For example, it was not possible to test the incremental value
of the best NT-proBNP cutoff point. To do so, it would require
a sample to identify the best cutoff point and another one to
test for its incremental value. However, given our sample size,
we chose not to split the sample.

The value of a negative result should be contextualized.
Frequently, improper evaluation of markers modifies clinical
reasoning with no probabilistic basis. That is, after estimating
the risk based on the GRACE score, our evaluation would
become less accurate if we mentally increased the risk after
observing a high NT-proBNP value. It would be an improper
reclassification. Therefore, it must be considered that the
GRACE score has better accuracy than NT-proBNP, which
should not modify the message of the first. On the other
hand, the absence of prognostic value should not discredit
the value of BNP in diagnosing symptoms of dyspnea during
hospitalization or in monitoring the volemic status of patients
who developed acute heart failure.
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Figure 2 — Comparison of the ROC curves between original GRACE (0.82; 95% ClI = 0.68-0.97) and GRACE-BNP logistic (0.83; 95% CI = 0.69-0.97) and categorical

(0.82; 95% CI = 0.68-0.96) shows similar C-statistics among the three scores.

Table 3 - Analysis of net reclassification by the GRACE-BNP numerical score in relation to the GRACE score in the definition of high risk

N Reclassification to high risk Reclassification to low risk NRI p Value
Outcome 17 3 0 +0.18%
Without outcome 335 9 0 -0.02%
Total 352 12 0 -0.15% 0.14
Conclusion Correia L; Critical revision of the manuscript for intellectual

Despite its association with risk in a univariate approach, it
has not been proven that the use of NT-proBNP as a measure
of left ventricular dysfunction increases the in-hospital
prognostic value of GRACE score in ACS.
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Is Grace Risk Score the Holy Grail in Risk Stratification or Can We
Improve it Even Further with Additional Biomarkers?

Ana Teresa Timoteo

Servico de Cardiologia - Hospital Santa Marta - Centro Hospitalar Universitdrio Lisboa Central, Lisboa — Portugal
Short Editorial related to the article: Prognostic Value of NT-proBNP versus Killip Classification in Patients with Acute Coronary Syndromes

B-type natriuretic peptide (BNP) has been recognized as a very
useful marker for the detection of acute and chronic left ventricular
dysfunction, both systolic and diastolic, that can be present in the
context of sudden and prolonged myocardial ischemia."? These
are the first steps in the ischemic cascade, leading to cell necrosis.
For that reason, natriuretic peptides are usually elevated in the
context of acute coronary syndromes.?

Myocardial ischemia, even in the absence of left ventricular
dysfunction, augments cardiac BNP gene expression, increasing
plasma NT-proBNP concentrations.** BNP kinetics usually peaks
at 16 hours of symptom’s onset in ST-elevation myocardial
infarction and a second peak is usually observed by the fifth
day.®> We can speculate that the first peak might be associated
with ischemia and the second peak to left ventricular dysfunction
associated with cell necrosis and early remodelling.

N-terminal-pro-BNP (NT-proBNP) is the amino-terminal
product after cleavage of the precursor peptide of BNP. It has
a longer half-life, allowing greater accumulation and sensitivity
in detecting subtle structural and functional changes.>® NT-
proBNP has been extensively studied in the last two decades,
particularly in the 00’s, and results consistently showed that
early measurements provide important and independent
information for risk stratification across the entire spectrum of
acute coronary syndromes.”"® Prognostic accuracy of early NT-
proBNP measurements is even better when compared to early
cardiac troponin measurements, reflecting the ischemic insult
rather than cell necrosis.’

GRACE risk score is currently the most widely recommended
risk stratification score in the context of acute coronary
syndromes."'? It incorporates clinical, electrocardiogram and
biochemical markers and it is highly predictive for short- and
medium-term mortality. For in-hospital mortality, values of Area
Under Curve > 0.85 are usually obtained.” However, previous
studies did not show any additional benefit with the inclusion of
natriuretic peptides in this risk stratification tool.”

The article by Souza et al."* studied the independent predictive

value of NT-pro-BNP compared to Killip-Kimbal class in patients
with the whole spectrum of acute coronary syndromes and the
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potential incremental value when included in GRACE risk score in
substitution of Killip class. They studied 352 patients with a mean
age of 63 years, 60% males, 26% with ST-elevation myocardial
infarction and in-hospital cardiovascular mortality was 4.8%.
NT-pro-BNP was measured on admission, at a median of 15.5
hours after symptoms onset and 29% showed increased levels.
NT-pro-BNP showed a moderate predictive accuracy with an
AUC of 0.78, better than Killip class. However, it was not superior
compared to the traditional GRACE risk score (AUC 0.82) or when
included in GRACE score (AUC 0.83). There was also no benefit
in terms of reclassification analysis.

The results presented are in line with previous studies,
confirming, in a contemporaneous cohort of patients, the
independent prognostic value of admission NT-proBNP in acute
coronary syndromes and AUC results were also similar. The main
originality of the present paper is the use of this biomarker notas an
add-on but in substitution for Killip class, one of the clinical markers
of GRACE risk score, justified by the collinearity expected between
Killip class and NT-proBNP However, even with this approach,
NT-proBNP didn'timprove the prognostic accuracy of the GRACE
risk score. | believe that the main explanation is that GRACE risk
score is such a potent score, with an AUC usually reported as >
0.85, including already very important prognostic variables, that
is very difficult to improve even further this prognostic accuracy.
Several other markers were tested by other authors and similar
results of no significant improvements were obtained. Could the
results be different in long-term follow-up? This is an important
question that can be answered in subsequent studies.

There are also some additional limitations to the present study.
Inclusion was performed for six years, but only 352 patients
were included. Albeit the sample is adequate according to the
sample size study presented, it suggests that the inclusion was not
consecutive, and several patients were not considered. This is a
potential source of bias. Another important fact is that no data
is presented about important baseline characteristics. For that
reason, we cannot assess if the sample really represents the usual
patient’s characteristics in acute coronary syndromes cohorts. We
also do not know what were the adjustments made in multivariate
analysis. That is if all variables with a possible impact in prognosis
and in NT-proBNP levels were considered in the multivariate
adjustment. The “heart failure” definition used by the authors is
also not clearly explained.

In conclusion, the present study shows that in a
contemporaneous cohort of patients with the whole spectrum
of acute coronary syndromes, although NT-proBNP has
an independent moderate prognostic value for in-hospital
cardiovascular mortality, it does not improve the risk stratification
prognostic accuracy of the GRACE risk score. But do we need
to improve it and add substantial complexity to its use? | do not
believe that this is the case.
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Abstract

Background: Insulin resistance (IR) is an important disorder in obese children because it is closely related to
cardiovascular diseases. Epicardial adipose tissue (EAT) plays a role in the development of IR due to secreted bioactive
molecules, and the inflammatory process of these molecules may cause atrial electromechanical delay (EMD).

Obijective: The objective of our study was to determine the relationship between EAT and EMD with IR in obese children.

Methods: Ninety-four obese patients were included in the study. IR was calculated using the Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) and defined as HOMA-IR greater than the 90" percentile in an age-
and sex-specific percentile curve. Patients were divided into two groups according to their IR. All patients underwent
echocardiographic examinations. Statistical significance was set to a two-sided p-value < 0.05.

Results: EAT was significantly higher in the IR group (p < 0.001). The optimal cut-off value for EAT to predict IR was
found to be > 3.85 mm, with 92.5% specificity and 68.5% sensitivity (p = 0.002). In the multivariate logistic regression
model, EAT (OR = 1.256, 95% Cl: 1.016-1.53, p = 0.035) was also associated with IR after adjustment for variables
found to be statistically significant in univariate analysis. Inter- and intra-atrial EMD was significantly prolonged in the
IR group compared to the group without IR (p < 0.010; p = 0.032 respectively).

Conclusion: In our study, we revealed that EAT was positively correlated with IR and was an independent predictor of
IR. (Arq Bras Cardiol. 2020; 114(4):675-682)

Keywords: Pericardium; Adipose Tissue; Obesity; Child; Insulin Resistance; Echocardiography/methods.

with intra-abdominal fat accumulation being closely linked
to IR."® Additionally, it is already known that subcutaneous
fat tissue is correlated to IR whether or not DM is present."" 2
Recent studies have demonstrated that extra-abdominal
visceral fat deposits like mediastinal and epicardial adipose
tissue (EAT) are also related to IR.%"' The association
between obesity-dependent insulin resistance and EAT has
not been fully explained.

Introduction

Obesity is a major health problem worldwide due to
its growing prevalence and early development in life.'
The number of overweight people tends to progressively
increase in both developed and developing countries, and
the proportion of obese people is around one third of the
normal adolescents population.*® As a result, complications of
obesity, such as metabolic syndrome, type 2 diabetes mellitus

(DM), cardiovascular disorders, respiratory disorders, and Childhood obesity is an important risk factor for atrial

psychosocial problems tend to increase.”?

Obesity is typically associated with insulin resistance (IR)
and glucose metabolism disorders. Adipose tissue stored in
subcutaneous and visceral tissues plays an important role in
the development of IR via the active proteins it secretes.’
The distribution of this adipose tissue is equally important,

Mailing Address: Hakan Gunes ¢

Sutcu Imam University, Faculty of Medicine, Department of
Cardiology. Avsar Mah, Bati Cevreyolu Blv 251/A. Postal Code: 46000,
Kahramanmaras — Turkey

E-mail: drhakangunes83@hotmail.com

Manuscript received March 26, 2019, revised manuscript June 12, 2019,
accepted June 23, 2019

DOI: https://doi.org/10.36660/abc.20190197

fibrillation whereas structural remodeling is very important.'
In many studies, this close relationship was investigated
with electromechanical delay (EMD), which is one of these
echocardiographic markers defined as the temporal delay
between the detected onset of electrical activity and the
realization of force in the myocardium. EMD is an indicator of
atrial conduction heterogeneity and can also be obtained easily
by tissue Doppler imaging (TDI).'® In addition, it has been
demonstrated that EMD is prolonged in diseases associated
with insulin resistance."”'® However, the relationship between
electromechanical delay and insulin resistance in obese
patients has not been studied.

The aim of our study was to determine the relationship
between EAT and insulin resistance. In addition, the
relationship between insulin resistance and electromechanical
delay was investigated.
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Methods

Study Population

For this prospective and cross-sectional study, 94 obese
patients aged 8-18 years admitted to the Kahramanmarag
Sttgimam University Pediatric Endocrinology outpatient
clinic between August 2018 and February 2019 were included.
An outpatient clinic nurse performed all anthropometric
measurements, including weight and height with the
patients wearing underwear only. Body mass index (BMI)
was calculated by dividing body weight into kilograms by
the square of height in meter. Obesity was defined as BMI
greater than the 95" percentile in an age- and sex-specific
percentile curve. A value above the 99" percentile was defined
as morbid obesity."

All patients’ insulin resistance was calculated, and they
were categorized on the basis of insulin resistance. Insulin
resistance was calculated using the Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) (fasting plasma
glucose (mmol/L) X fasting plasma insulin (mU/L)/22.5) and
defined as HOMA-IR greater than the 90" percentile in an
age- and sex-specific percentile curve.?

Patients with DM, Cushing Syndrome, known insulin
resistance; those using drugs for insulin resistance; those having
hypoglycemia; those with known metabolic cardiovascular
and hepatic disorders; and those with poor acoustic windows
for echocardiography were excluded. Demographic and
laboratory data of the patients were recorded. All patients
underwent standard transthoracic echocardiography
including tissue Doppler examination and echocardiographic
examinations were performed by an expert cardiologist.
The same cardiologist evaluated pre-discharge TTE results of
20 randomly selected patients to assess the reproducibility
of EAT thickness and tissue Doppler parameters for atrial
electromechanical delay. Using the Bland-Altman method,
the mean difference in terms of intra-observation was 3.8%
(0.23 = 0.54%), indicating good reproducibility.

Echocardiography

Transthoracic echocardiographic examinations were
performed by expert echocardiographers who were blind to
the patients’ clinical information with the Vivid 7® cardiac
ultrasonography system (GE VingMed Ultrasound AS; Horten,
Norway) using 2.5- to 5-MHz probes. The echocardiographic
images were taken in left lateral and supine positions and 2D,
M-mode, pulsed, and color flow Doppler echocardiography
examinations were performed in every patient. Parasternal long
and short axes, apical and subcostal windows were used
to obtain Doppler tracings and two-dimensional images.
Left and right atrial diameters left ventricular end-systolic and
end-diastolic diameters, as well as the posterior and septal wall
thicknesses of the left ventricle at diastole, were quantified.
Left atrial volumes were quantified with the disc method LV
ejection fraction (EF) with the Simpson’s rule. LV diastolic
function was quantified using mitral inflow velocities, i.e.
peak E (early diastolic), peak A (late diastolic), E/A ratio
as well as E-wave (DT) deceleration time and isovolumic
relaxation time (IVRT).

Echocardiographic assessment and quantification of
epicardial fat were done by identifying the echo-free space
between the outer lining of the myocardium and the visceral
layer of pericardium. Its measurement was made perpendicular
to the free wall of the right ventricle in the parasternal long-axis
window. The measurement level was at the mid ventricle and
the timing was set to end-diastole, with an average of 3 cardiac
cycles being taken. To align the ultrasound beam perpendicular
to the right ventricular free wall, aortic annulus was accepted
as the anatomic landmark.?'

Tissue Doppler Echocardiography (TDE)

The pulsed Doppler sample volume was placed at the level
of LV lateral mitral annulus, septal mitral annulus, and RV
tricuspid annulus from an apical four-chamber view. The time
interval from the onset of the P-wave on surface ECG to the
beginning of the late diastolic wave (Am), which is called
PA, was taken from the lateral mitral annulus (lateral PA),
septal mitral annulus (septal PA), and RV tricuspid annulus
(tricuspid PA). The difference between septal PA and tricuspid
PA (septal PA — tricuspid PA) was identified as an intra-atrial
electromechanical delay while the difference between lateral
PA and tricuspid PA (lateral PA — tricuspid PA) was identified
as inter-atrial electromechanical delay."

Statistical Analysis

All statistical analyses were performed using the SPSS
version 14 (SPSS Inc., Chicago, IL, USA) software package.
Statistical significance was set to a two-sided p-value < 0.05.
Categorical variables were expressed as number and percentage
while continuous variables as mean=standard deviation (SD)
or median and interquartile ranges (IQR), depending on their
normality of distribution. The normality assumption of the
data was determined using the Kolmogorov Smirnov test.
The independent sample t-test and Mann-Whitney U test
were used to compare the groups’ means. The Chi-square
test was used to compare categorical data. Correlation
analyses were performed using the Pearson correlation test for
normally distributed variables and Spearman correlation test for
non-normally distributed variables. An optimal cut-off point was
determined for EAT to predict IR using the receiver operator
characteristic (ROC) curve analysis MedCalc (v12.7.8). This was
accomplished by determining the area under the curve (AUC)
with 95% confidence interval. The best cutoff value for EAT
was determined by calculating the highest sum of sensitivity
and specificity-1. The IR and available variables were analyzed
for correlation using the univariate analysis. Variables with
significant correlation in the univariate analysis were entered
in the multivariate logjstic regression model using the backward
stepwise method along with other potential confounders to
determine independent predictors of IR.

Results

Enrolled patients were divided into two groups based on
the presence of insulin resistance. Forty patients had insulin
resistance and 54 patients did not. Both groups had similar age
and gender distribution. (p = 0.102, p = 0.069, respectively).
Among the anthropometric measurements, weight, height, and
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BMI were significantly greater in patients with insulin resistance.
Additionally, diastolic and systolic blood pressure measurements
were significantly greater in the IR group. A comparison of
laboratory parameters revealed that the IR group had significantly
higher serum insulin and glucose levels (p < 0.001, p = 0.002,
respectively). The other laboratory parameters were similar
between the groups (Table 1). Among standard echocardiographic
measurements, EAT thickness was significantly increased in the
group with IR (p = 0.004). Other standard echocardiographic
and laboratory parameters were similar between the two
groups. Atrial electromechanical delays recorded from different
annular segments are given in Table 2. Lateral and septal PA was
significantly higher in the IR group (62.2 + 8.3 vs. 56.6 + 8.4,
p = 0.002; 46.1 = 6.1 vs. 42.7 = 5.9, p = 0.019 respectively).
Tricuspid PA was similar between the groups. Inter- and intra-atrial
EMD was significantly prolonged in the IR group compared to the
group without insulin resistance (23 (18-30) vs. 19.5 (15-23.5),
p < 0.010; 9.5 (6.2-10.0) vs. 6 (4-9.2), p = 0.032, respectively)

The echocardiographic parameters that showed correlations
with HOMA-IR are summarized in Table 3. EAT thickness,
inter- and intra-atrial EMD, lateral and septal PA were positively
correlated to HOMA-IR.

The best cut-off value for EAT for the prediction of insulin
resistance was >3.85 mm, with 92.5% specificity and 68.5%
sensitivity (AUC = 0.672; 95% Cl, 0.563-0.781; p = 0.002
(Figure 1).

In the multivariate logistic regression model using the
backward stepwise method, EAT thickness (OR = 1.256,
95% Cl: 1.016-1.53, p=0.035) and SBP (OR = 1.039,
95% Cl: 1.007-1.072, p = 0.015) still remained significant
predictors of IR after adjusting for the confounding variables,
which were both found to be statistically significant in the
univariate analysis (Table 4).

Discussion

This study investigated the relationship between epicardial
adipose tissue and insulin resistance among obese children.
It has been shown that epicardial adipose tissue is positively
correlated to IR and an independent predictor of IR.

IR denotes a condition of relative insensitivity of peripheral
tissues (e.g. muscle, liver, and adipose tissue) to the effects
of the hormone. IR plays a pivotal role in the development
and progression of cardio-metabolic risk factors that, in
association with obesity, due to lipolytic effects of adipocytes,
leading to large amounts of free fatty acids and impaired
secretion of adipokines, both involved in the modulation
of insulin sensitivity.?>2> Although the prevalence of IR is
variable among obese patients, Gabato et al. reported it to
be 29.1% in their study.?® In many other studies, this rate
has been shown to be over 50%.2*%” In our study, the rate
of IR was found to be 43%. The reason for this difference
can be explained by the use of constant HOMA-IR value in
other studies, but, in our study, we used HOMA-IR percentile
values according to age and gender.

The HOMA-IR is a proxy estimate of IR based upon the
relationship between fasting glucose and insulin levels, with higher
values of HOMA-IR representing more severe IR."® Increased IR
and HOMA-IR values increase cardio-metabolic risk. There is no

Arq Bras Cardiol. 2020; 114(4):675-682

evidence of an association between IR measures and incident
AF2® Many studies have shown that IR is closely related to atrial
functions.?3° In our study, it was observed that HOMA-IR values
were positively correlated with atrial tissue Doppler parameters
which are indicative of atrial function in obese children and tissue
atrial conduction was increased in the IR group.

Obesity causes prolongation of electromechanical
conduction time by many mechanisms such as fat inflammation
on the atrial wall, increase in sympathetic nervous system
activity, increased inflammatory process, adipokinin
dysregulation and activation of pro-fibrotic signaling pathways.
Electromechanical conduction prolongation has been shown
to be prone to atrial fibrillation.?" IR, which is frequently
associated with obesity, has an effect on atrial functions due to
existing subclinical inflammation. In our study, both intra- and
inter-atrial conduction time was found to be higher in obese
children with insulin resistance, according to the literature,
compared to the non-IR group. This may be explained by the
inflammatory process associated with insulin resistance and
by the delayed transmission of this inflammatory process on
the atrial tissue. In the light of this information, it can be said
that obese children who have insulin resistance may be more
prone to atrial fibrillation.

Epicardial fat is a visceral fat accumulation that has most
of the pathophysiological properties of other visceral adipose
tissues, like lipid deposition and release of hormones, cytokines,
and chemokines; and it also causes local inflammation.3?-3>
It has been shown that body fat distribution, particularly
abdominal fat distribution, is correlated with epicardial
adipose tissue.** Hence, the relationship between epicardial
adipose tissue thickness obtained from echocardiography
and a number of pathological conditions such as metabolic
syndrome, coronary artery disease, hyperlipidemia, blood
pressure elevation, and IR has been studied in obese adult
and pediatric patients. Epicardial adipose tissue causes the
development and/or worsening of IR by increasing free fatty
acids, TNF, IL1, IL6, and resistin release and decreasing
adiponectin levels.>® Several studies that examined the
relationship between epicardial adipose tissue and IR
demonstrated a correlation between epicardial adipose tissue
and BMl in obese adults.?”3? Abaci et al. showed a significant
correlation with epicardial fatty tissue among obese children.*
In line with the literature available, our study demonstrated a
correlation between BMI and epicardial fatty tissue. Ishorbagy
etal. reported that epicardial fatty tissue was larger in amount
in obese patients than in healthy controls, although it did not
predict metabolic syndrome.*' Similarly, Abacr et al. suggested
that epicardial fatty tissue failed to predict IR among obese
children.*® On the other hand, we found that epicardial fatty
tissue was an independent predictor of IR. The cause of
this discrepancy is that our study was a nested case-control
study that only included patients instead of healthy controls.
Another important reason was that in our study, IR was taken
using determined percentiles according to age and gender.

The relationship between arterial blood pressure and IR
has been shown in many studies #*** In our study, we found
that systolic blood pressure is an independent predictor of IR.
This may be due to increased fat tissue in the body that plays
an important role in IR and subclinical inflammation caused
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Table 1 - Baseline characteristics of study patients

Obese patients with insulin

Obese patients without insulin

resistance (n = 40) resistance (n = 54) P
Age, median (IQR), years 13 (11-16) 12 (9-15) 0.102
Height, median (IQR), m 1.65 (1.55-1.70) 1.60 (1.43-1.65) 0.009
Weight, mean + SD, kg 83.47+21.22 64.13 + 18.24 <0.001
BMI, median (IQR) 31.8(28.1-36.9) 29.7 (25-32.3) 0.019
Female/male (n) 20/20 3717 0.069
SBP, median (IQR), mmHg 110 (100-130) 100 (80-130) 0.003
DBP, median (IQR), mmHg 80 (70-90) 70 (60-80) 0.016
Heart rate, mean + SD, beats/min 72+6 727 0.945
Laboratory findings
Blood glucose, mean + SD, mg/dL 92+8 87+6 0.002
Insulin, median (IQR), plU/L 32.5 (24.6-42.7) 13.6 (10.4-16.8) <0.001
HbA1C, median (IQR), % 5.5 (5.2-5.6) 5.4 (5.1-5.6) 0.590
Urea, mean + SD, mg/dL 9.9+32 95+19 0.606
ALT median (IQR), U/L 25 (16-34) 22 (17-28) 0.167
AST mean + SD, UL 249+87 253+75 0.807
Total Protein, median (IQR), g/dL 76(7.3-1.9) 7.6(7.2-8.0) 0.672
Albumin, mean + SD, 47+02 48+04 0.577
Triglycerides, median (IQR), mg/dL 131 (112-155) 118 (90-154) 0.289
Total cholesterol, mean + SD, mg/dL 1712 +323 160.6 £ 21.5 0.079
HDL cholesterol, mean + SD, mg/dL 418+9.0 41087 0.686
LDL cholesterol, median (IQR), mg/ dL 89.5 (73.2-113.7) 86.5 (73-104.5) 0.491
TSH, median (IQR), mIU/L 2.55(1.15-3.16) 2.79 (2.06-3.87) 0.061
T4, median (IQR), ng/dL 1.21(1.13-1.33) 1.17 (1.06-1.30) 0.172
Cortisol, mean * SD, ug/DI 104+64 10.0+4.8 0.760
WBC, median (IQR), x10%/mm? 8330 (7232-10150) 8385 (7365-9900) 0.921
Hemoglobin, mean + SD, g/dL 13.8+09 135+1.0 0.171
Platelet count, mean + SD, 103 /mm?, 333+77 340+ 72 0.595
RDW, median (IQR), % 136 (13.1-14.2) 13.4 (12.8-14.0) 0.147
Echocardiographic parameters
EF, median (IQR), % 70 (70-72) 72 (70-72) 0.667
LVDD, mean + SD, mm 43+05 41+04 0.059
LVSD, mean + SD, mm 33+06 32+05 0.329
LA diameter, median (IQR), cm 3.0(3.0-3.4) 3.1(3.0-3.3) 0.792
RA diameter, mean + SD, mm 33+05 32+05 0.165
RV thickness, median (IQR), cm 0.50 (0.42-0.60) 0.50 (0.40-0.55) 0.121
RV diameter, median (IQR), mm 2.7 (2.4-3.0) 25(2.2-28) 0.176
Posterior wall thickness, median (IQR), mm 0.80 (0.70-0.90) 0.70 (0.70-0.80) 0.111
Septal thickness, median (IQR), mm 0.80 (0.70-0.90) 0.70 (0.70-0.90) 0.664
Epicardial adipose tissue, median (IQR), mm 7.15(5.5-8.8) 55(3.3-7.7) 0.004

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HbA1c: hemoglobin Afc; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TSH: thyroid stimulating hormone; RDW: red cell distribution width; EF: ejection fraction;
LVDD: left ventricle end diastolic dimension; LVSD: left ventricle end systolic dimension; LA: LEFT atrium; RA: right atrium;, RV: right ventricle; WBC: white blood cell. Data
are presented as meanzstandard deviation (SD), number and percentage, or median and interquartile ranges (IQR). p < 0.05 was considered statistically significant.

Arq Bras Cardiol. 2020; 114(4):675-682

678



679

Giines et al.
Epicardial adipose tissue and insulin resistance

Original Article

Table 2 — Comparison of atrial electromechanical delay parameters measured by tissue Doppler imaging

Obese patients with insulin

Obese patients without insulin

resistance (n = 40) resistance (n = 54) P
Lateral PA, mean+SD, ms 62283 56.6 + 8.4 0.002
Septal PA, mean + SD, ms 46.1+6.1 427+59 0.019
Tricuspid PA, mean + SD, ms 38.0+5.8 36.1+£4.7 0.088
Inter-atrial EMD, median (IQR), ms 23 (18-30) 19.5 (15-23.5) 0.010
Intra-atrial EMD, median (IQR), ms 9.5 (6.2-10.0) 6(4-9.2) 0.032

PA: Time interval from the onset of P-wave on surface ECG to the beginning of Am wave interval with tissue Doppler echocardiography; EMD: Electromechanical

delay, IQR: Interquartile ranges.

Table 3 - Echocardiographic parameters that correlate with HOMA-IR

Variables Correlating with HOMA-IR

P
Epicardial adipose tissue 0.422 <0.001
Inter-atrial EMD 0.360 <0.001
Intra-atrial EMD 0.345 0.001
Lateral PA 0.451 <0.001
Septal PA 0.305 0.001

HOMA-IR: homeostatic model assessment for insulin resistance; PA: time interval from the onset of P-wave on surface ECG to the beginning of Am wave interval with

tissue Doppler echocardiography; EMD: electromechanical delay.
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Figure 1 - Receiver operator characteristic (ROC) curve of EAT to predict insulin resistance.

by inflammatory cytokines, such as IL-6, IL-1 and TFN-alpha
secreted from this adipose tissue. Subclinical inflammation can
both impair endothelial function and increase blood pressure
by decreasing NO release. Another possible mechanism is:
there may be sympathetic activation of both the obesity and
the obesity-related inflammatory process.>¢#+47

Our study had some limitations: its main limitation was the
relatively small sample size. Echocardiographic EAT is a linear
measurement. Thus, it may not assess the total epicardial fat
volume that varies at several myocardial locations. As a result
of EAT, metabolically active tissue, inflammatory cytokines
and inflammatory markers could be investigated in future

Arq Bras Cardiol. 2020; 114(4):675-682

studies. The absence of waist circumference measurement
was another limitation, precluding the determination of a
relationship between waist circumference and epicardial fat.

Conclusion

In conclusion, epicardial adipose tissue is a cheap, easily
accessible parameter that can be easily measured with
echocardiography and used to identify insulin resistance
among children. Since atrial electromechanical delay
increased in obese children with insulin resistance, it should
be followed closely for atrial fibrillation.
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Table 4 - Univariate and multivariate analysis for predicting insulin resistance

Univariate Analysis

Multivariate Analysis

B SE.  Wald P OR %95 Cl B S.E. Wald P OR %95 Cl

Epicardial adipose tissue 0275 0098 70886 0005 1317 1,087-1,596 0228 0108 4423 003 1,256 1,016-1.553
Systolic blood pressure 0,044 0015 8384 0004 1,045 1,014-1,077 0038 0016 58%6 0015 1039 1,007-1.072
Diastolic blood pressure 0,049 0,019 6,959 0,008 1,050 1,013-1,089

PA Lateral 0078 0027 8661 0003 1,081 1,026-1,139

PA Septum 0,095 0038 638 0012 1,100 1,022-1,184

Inter-atrial EMD 0,066 0029 5123 0024 1,068 1,009-1,130

Intra-atrial EMD 0,149 0,065 5352 0,021 1,161 1,023-1,318

Height 3845 1,671 5292 0,021 46,737 1,767-1236,369

Weight 0032 0011 884 0003 1,033 1,011-1,055

All the variables from Table 1 and Table 2 were examined and only those significant at p < 0.05 level are shown in univariate analysis. Multivariate logistic regression
analyses including all the variables in univariate analysis with the enter method. p < 0.05 was considered statistically significant. Non-significant variables in the multivariate
logistic regression analysis were not included in table. B: Beta coefficients; Cl: Confidence interval; EMD: Electromechanical delay. OR: odds ratio; PA: time interval from

the onset of P-wave on surface ECG to the beginning of Am wave interval with tissue Doppler echocardiography; S.E.: standard error; Wald: Wald test.

Author contributions

Conception and design of the research: Gines H;
Acquisition of data and Statistical analysis: Giines, H,
Temiz F; Analysis and interpretation of the data, Writing of
the manuscript and Critical revision of the manuscript for
intellectual content: Giines H, Giines, H, Temiz F.

Potential Conflict of Interest

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

Sources of Funding
There were no external funding sources for this study.

References

1. World Health Organization. (WHO). “Clobal and regional trends by UN
Regions, 1990-2025; Overweight:1 990-2015". Genrva;2016. [Cited in
2018 Jan 10] Available from: http://apps.who.int/gho/data/node.main.
NUTUNREGIONS?

2. LobsteinT, Jackson-Leach R, Moodie ML, Hall KD, Gortmaker SL, Swinburn
BA etal. Child, and adolescent obesity: part of a bigger picture. Lancet.
2015;385(9986):2510-20.

3. deOnisM, Blossner M, Borghi E. Global prevalence and trends of overweight
and obesity among preschool children. AmJ Clin Nutr. 2010;92(5):1257-64.

4. Ogden CL, CarrollMD, Kit BK, Flegal KM. Prevalence of childhood and adult
obesity in the United States, 2011-2012. JAMA. 2014;311(8):806-14.

5. Strauss RS, Bradley L), Brolin RE. Gastric bypass surgery in adolescents with
morbid obesity. | Pediatr. 2001;138(4): 499-504.

6. Roberto CA, Swinburn B, Hawkes C, Huang TT, Costa SA, Ashe M, et al.
Patchy progress on obesity prevention: emerging examples, entrenched
barriers, and new thinking. Lancet. 2015;385(9985):2400-9.

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

Ethics approval and consent to participate

This study was approved by the Ethics Committee of the
Kahramanmarag Siitci imam University under the protocol
number 349/2019. All the procedures in this study were in
accordance with the 1975 Helsinki Declaration, updated
in 2013. Informed consent was obtained from all patients
participants included in the study.

7. HanJC, Lawlor DA, KimmSY. Childhood obesity. Lancet.2010;375(9727):1737-48.

8. Kelly AS, Barlow SE, Rao G, Inge TH, Hayman LL, Steinberger J, et al.
American Heart Association Atherosclerosis, Hypertension, and Obesity
in the Young Committee of the Council on Cardiovascular Disease in
the Young, Council on Nutrition, Physical Activity and Metabolism, and
Council on Clinical Cardiology. Severe obesity in children and adolescents:
identification, associated health risks, and treatment approaches: a
scientific statement from the American Heart Association. Circulation. 2013
8;128(15):1689-712.

9. lacobellis G, Leonetti F. Epicardial adipose tissue and insulin resistance in
obese subjects. J Clin Endocrinol Metab. 2005 ;90(11):6300-2.

10. Mazur A, Ostariski M, Telega G, Malecka-Tendera E. Is epicardial fat tissue
a marker of metabolic syndrome in obese children? Atherosclerosis.
2010;211(2):596-600.

11. AbateN, GargA, Peshock RM, Stray-Gundersen ], Grundy SM. Relationships
of generalized and regional adiposity to insulin sensitivity in men. J Clin
Invest.1995;96(1):88-98.

Arq Bras Cardiol. 2020; 114(4):675-682

680



681

Giines et al.
Epicardial adipose tissue and insulin resistance

Original Article

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Abate N, Garg A, Peshock RM, Stray-Gundersen J, Adams-Huet B, Grundy

SM. Relationship of generalized and regional adiposity to insulin sensitivity
in men with NIDDM. Diabetes. 1996;45(12):1684-93.

ChandaliaM, Abate N, GargA, Stray-Gundersen J, Grundy SM. Relationship
between generalized and upper body obesity to insulin resistance in Asian
Indian men. ] Clin Endocrinol Metab.1999;84(7):2329-35.

Sharma AM. Mediastinal fat, insulin resistance, and hypertension.
Hypertension. 2004;44(2):117-8.

El-Assaad I, Al-Kindi SG, Saarel EV, Aziz PF. Lone pediatric atrial fibrillation
in the United States: analysis of over 1500 cases. PediatrCardiol.
2017;38(5):1004-9.

Gunes H, Sokmen A, Kaya H, Gungor O, Kerkutluoglu M, Guzel FB, et al.
Evaluation of Atrial Electromechanical Delay to Predict Atrial Fibrillation in
Hemodialysis Patients. Medicina (Kaunas). 2018; 54(4): E58.

Kurt M, Tanboga IH, Karakag MF, Biiytikkaya E, Akcay AB, Sen N, et al. The
relationship between atrial electromechanical delay and P-wave dispersion
with the presence and severity of metabolic syndrome. Turk Kardiyol Dern
Ars. 2012;40(8):663-70.

. Zehir R, Karabay CY, Kocabay G, Kalayci A, Kaymaz O, Aykan AC, et al.

Assessment of atrial conduction time in patients with polycystic ovary
syndrome. J Interv Card Electrophysiol.2014;41(2):137-43.

Barlow SE. Expert Committee recommendations re—garding the prevention,
assessment, and treatment of child and adolescent overweight and obesity:
summary report. Pediatrics. 2007;120(suppl 4); p164-92.

Shashaj B, Luciano R, Contoli B, Morino GS, Spreghini MR, Rustico C,
et al. Reference ranges of HOMA-IR in normal-weight and obese young
Caucasians. Acta Diabetol. 2016;53(2):251-60.

lacobellis G., Lonn E., Lamy A. Epicardial fat thickness and coronary artery
disease correlate independently of obesity. IntJ Cardiol. 2011;146(3):452-4.

Castro AV, Kolka CM, Kim SP, Bergman RN. Obesity, insulin resistance,
and comorbidities? Mechanisms of association. Arq Bras Endocrinol
Metabol.2014;58(6):600-9.

Gobato AO, Vasques AC, Zambon MP, Barros Filho A, Hessel G. Metabolic
syndrome and insulin resistance in obese adolescents. Rev Paul Pediatr.
2014;32(1):55-62.

Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C. Homeostasis
model assessment is more reliable than the fasting glucose/insulin ratio and
quantitative insulin sensitivity check index for assessing insulin resistance
among obese children and adolescents. Pediatrics. 2005;115:e500-3.

Souza MS, Leme RB, Franco RR, Romaldini CC, Tumas R, Cardoso AL, et al.
Metabolic syndrome in obese and overweight adolescents. Rev Paul Pediatr.
2007;25:214-20.

Judrez-Lopez C, Kliinder-Klinder M, Medina-Bravo P Madrigal-Azcarate
A, Mass-Diaz E, Flores-Huerta S. Insulin resistance and its association with
the components of the metabolic syndrome among obese children and
adolescents. BMC Public Health. 2010 Jun 07;10:318

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetologia.
1985;28(7):412-9.

Cho ME, Craven TE, Cheung AK, Glasser SP, Rahman M, Soliman EZ,
et al. SPRINT Study Research Group. The association between insulin
resistance and atrial fibrillation: A cross-sectional analysis from SPRINT

Arq Bras Cardiol. 2020; 114(4):675-682

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(Systolic Blood Pressure Intervention Trial). ] Clin Hypertens (Greenwich).
2017;19(11):1152-61.

Nyman K, Granér M, Pentikdinen MO, Lundbom J, Hakkarainen A, Sirén R,
etal. Metabolic syndrome associates with left atrial dysfunction. Nutr Metab
Cardiovasc Dis. 2018;28(7):727-34.

De Sensi F, Costantino S, Limbruno U, Paneni F. Atrial fibrillation in the
cardiometabolic patient. Minerva Med. 2019;110(2):157-67.

Temiz F, Gunes H, Gunes H. Evaluation of atrial electromechanical delay in
children with obesity Medicina (Kaunas). 2019; 55(6): E228.

Gastaldelli A, Basta G. Ectopic fat and cardiovascular disease: what is the
link? Nutr Metab Cardiovasc Dis. 2010; 20(7):481-90.

lacobellis G, Corradi D, Sharma AM. Epicardial adipose tissue: anatomic,
biomolecular and clinical relationships with the heart. Nat Clin Pract
Cardiovasc Med. 2005;2(10):536-43.

Schejbal V. Epicardial fatty tissue of the right ventricle F morphology,
morphometry, and functional significance. Pneumologie. 1989;43(9):490-9.

Marchington JM, Mattacks CA, Pond CM. Adipose tissue in the mammalian
heart and pericardium: structure, foetal development and biochemical
properties. Comp Biochem Physiol B.1989;94(2):225-32.

lacobellis G, Ribaudo MC, Assael F, Vecci E, Tiberti C, Zappaterreno A et al.
Echocardiographic epicardial adipose tissue is related to anthropometric and
clinical parameters of metabolic syndrome: a new indicator of cardiovascular
risk. ] Clin Endocrinol Metab. 2003;88(11):5163-8.

lacobellis G, Leonetti F. Epicardial adipose tissue and insulin resistance in
obese subjects. ] Clin Endocrinol Metab. 2005;90(11):6300-2.

Cikim AS, Topal E, Harputluoglu M, Keskin L, Zengin Z, Cikim K, et al.
Epicardial adipose tissue, hepatic steatosis and obesity. ] Endocrinol Invest.
2007; 30(6):459-64.

Okyay K, Balcioglu AS, Tavil Y, Tacoy G, Turkoglu S, Abaci A. A relationship
between echocardiographic subepicardial adipose tissue and metabolic
syndrome. Int ] Cardiovasc Imaging. 2008;24(6):577-83.

Abaci A, Tascilar ME, Saritas T, Yozgat Y, Yesilkaya E, Kilic A, et al. Threshold
value of subepicardial adipose tissue to detect insulin resistance in obese
children. IntJ Obes (Lond). 2009;33(4):440-6.

Elshorbagy HH, Fouda ER, Kamal NM, Bassiouny MM, Fathi WM. Evaluation
of Epicardial Fat and Carotid Intima-Media Thickness in Obese Children.
Iran J Pediatr. 2016;26(1):e2968.

Wu X, Han T, Gao J, Zhang Y, Zhao S, Sun R, et al. Association of Serum
Calcium and Insulin Resistance With Hypertension Risk: A Prospective
Population-Based Study. ) Am Heart Assoc.2019;8(1):e009585.

Bamaiyi AJ, Woodiwiss AJ, Peterson V, Gomes M, Libhaber CD, Sareli
Pet al. Insulin resistance influences the impact of hypertension on
left ventricular diastolic dysfunction in a community sample. Clin
Cardiol.2019;42(2):305-11.

Gastaldelli A, Morales MA, Marraccini P, Sicari R. The role of cardiac fat in
insulin resistance. Curr Opin Clin Nutr Metab Care. 2012;15(6):523-8.

Solak, Afsar B, Vaziri ND, Aslan G, Yalcin CE, CovicA, etal. Hypertension asan
autoimmune and inflammatory disease. Hypertens Res. 2016;39(8).567-73.

Jansen van Vuren E, Malan L, von Kanel R, Lammertyn L, Cockeran M, Malan
NT. Longitudinal changes of cardiac troponin and inflammation reflect
progressive myocyte stretch and likelihood for hypertension in a Black male
cohort: The SABPA study. Hypertens Res. 2019 ;42(5):708-16.



Giines et al.
Epicardial adipose tissue and insulin resistance

Original Article

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

Arq Bras Cardiol. 2020; 114(4):675-682 682



683

Original Article 1 N 2

Os . w°

Galectin-3 Levels in Patients with Chronic Constrictive Pericarditis

Fabio Fernandes,”*" Dirceu Thiago Pessoa de Melo," Felix José Alvarez Ramires,"? Ester Cerdeira Sabino,?
Carlos Henrique Valente Moreira,*” Luiz Alberto Benvenutti,"* Viviane Tiemi Hotta,"*” Ana Luiza Carrari
Sayegh,*” Francis Ribeiro de Souza,? Ricardo Ribeiro Dias,"? Charles Mady'

Instituto do Coragdo HC-FMUSP - Unidade Clinica de Miocardiopatias e Doencas da Aorta,” Sdo Paulo, SP — Brazil

Universidade de Sao Paulo Faculdade de Medicina Hospital das Clinicas Instituto do Coragdo,” Sao Paulo, SP — Brazil

Universidade de Sao Paulo - Instituto de Medicina Tropical de Sao Paulo Sdo Paulo,’ Sdo Paulo, SP — Brazil

Emilio Ribas Institute for Infectious Diseases,* Sao Paulo, SP — Brazil

Abstract

Background: Galectin-3 (Gal-3) is a proinflammatory, profibrotic molecule implicated in the pathogenesis of heart
failure. The role of Gal-3 in patients with chronic constrictive pericarditis (CCP) is not clear.

Objective: The aim of this study was to assess plasma Gal-3 in patients with CCP and correlate it with clinical, functional
and histologic parameters.

Methods: We prospectively evaluated 25 symptomatic patients with CCP referred for pericardiectomy and 21 healthy controls.
Patients underwent clinical assessment, Gal-3 and B-type natriuretic peptide (BNP) measurements, echocardiography, cardiac
magnetic resonance imaging and cardiopulmonary exercise test (CPET) at baseline. Six months after pericardiectomy CPET
was repeated. An alpha error < 5% was considered statistically significant, with a confidence interval of 95%.

Results: Twenty-five patients with a median age of 45 years were included. Etiology was mainly idiopathic (n = 19,
76%); and 14 (56%) patients had NYHA functional class III/IV. Median BNP and Gal-3 were 143 (89-209) pg/dL and
14.8 (9.7-17.2) ng/mL, respectively. Gal-3 levels were not significantly higher in CCP patients than in control (p = 0.22).
There were no significant correlations of Gal-3 with BNP, echocardiographic and cardiac magnetic resonance measures
and histological findings. After pericardiectomy, it was found a statistically significant correlation between Gal-3 and the
CPTE measures test duration (r = -0.79; p < 0.001) and exercise time (r = -0.79; p < 0.001).

Conclusions: Patients with CCP had normal levels of Gal-3 as compared to the controls. Gal-3 did not correlate with
morphological and functional measures before pericardiectomy. However, the associations between Gal-3 and exercise
intolerance after pericardiectomy may suggest a role of Gal-3 in prognosis prediction after pericardiectomy. (Arq Bras
Cardiol. 2020; 114(4):683-689)

Keywords: Pericardite Constrictive/surgery; Galectin 3; Cell Diferentiation; Pericardiectomy/methods; Fibrosis.

exudate, resulting in a thickened and inelastic pericardium.?
However, the mechanisms underlying pericardial fibrosis and
calcification in CCP remain poorly understood.

Introduction

Patients with chronic constrictive pericarditis (CCP) have
pericardial thickness that leads to restriction of diastolic
filling of the ventricles. Clinical presentation of CCP is usually
indolent and nonspecific in the early stages. Symptoms are
attributable to biventricular diastolic dysfunction and include

Galectin-3 (Gal-3), a beta-galactosidase binding
lectin, is secreted by activated macrophages and is
involved in the fibrogenesis process. Gal-3 is also a strong

fatigue and decreased exercise tolerance."

The progression of pericardial inflammation is a continuous
event. Pericardial constriction after acute pericarditis
seems to be related to fibroblast proliferation and fibrinous
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proinflammatory mediator.>*

Limited data are available on galectin levels in patients
with pericardial disease. In a pilot study, Ntsekhe et al.’
studied patients with normal pericardium and patients with
tuberculous pericarditis to define the levels of endogenous
Ac-SDKP (N-acetyl-seryl-aspartyl-lysyl-proline) and Cal-3
in normal pericardial fluid. They found that AcSDKP, a
tetrapeptide with antifibrotic properties, and Gal-3 are
detectable in normal pericardial fluid, and that tuberculous
pericarditis was associated with low levels of pericardial
AcSDKP and normal Gal-3 levels. Nevertheless, the role of
Gal-3 in patients with CPP is not clear.

Given the role of pericardial inflammation and fibrosis in
the pathogenesis of CCP we hypothesized that Gal-3 may
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serve as a biomarker or modulator of severity in patients with
constrictive pericarditis. The aim of this study was to assess
plasma Gal-3 levels in patients with CCP and correlate these
levels with functional and histologic parameters.

Methods

Study population

In this prospective study, 33 patients with surgically
proven constrictive pericarditis were included. Twenty-nine
patients underwent radical pericardiectomy from February
2011 through November 2015 in a tertiary hospital in Sao
Paulo, Brazil. Four patients were excluded from the study by
the following exclusion criteria: patients older than 70 years
old, severe pulmonary disease according to a lung test, and
moderate/severe valvular heart disease. Twenty-five patients
were compared with 21 healthy, physically inactive individuals
without heart disease (control group). The sample size was
defined by convenience. The presumptive diagnosis of CCP
was based on clinical, echocardiographic, and cardiac magnetic
resonance (CMR) imaging criteria according to European Society
of Cardiology guidelines and proven by surgery.! The following
procedures were performed during hospitalization for surgery:
measurement of serum B-type natriuretic peptide (BNP)
levels, transthoracic echocardiography, cardiopulmonary
exercise test (CPET) and CMR imaging test (Figure 1 depicts
the screening process).

Tuberculosis constriction was defined by pericardial
biopsy, when caseating granuloma was demonstrated or
polymerase chain reaction was positive for Mycobacterium
sp. Postsurgical constriction was defined as constrictive
pericarditis after cardiac surgery. Constriction secondary to
systemic inflammatory disease was defined in two patients
with lupus erythematosus. Idiopathic constriction was defined
when patients did not qualify for any of the previous groups.

Study design

This was a case control study with controls (healthy subjects)
paired by age and sex.

Procedures

Pericardiectomy procedure

Median sternotomy was performed in all cases without
cardiopulmonary bypass. Total pericardiectomy was performed
with excision of the pericardium anteriorly, extending to both
phrenic nerves and diaphragmatic pericardium. When this
procedure was technically impossible, removal of parietal and
visceral pericardium was attempted.

Cardiopulmonary exercise test

Functional capacity was evaluated using the CPET, according
to American Heart Association guidelines.® The evaluation
was performed on a treadmill (Ergoline - Via Sprint 150 P) with
modified Balke protocol with velocity varying from 2 to 3.4 mph
and a ramp increment of 2% per minute. After placement on
the treadmill, patients were connected to a volume transducer,
with nose clipped, electrocardiographic monitoring (Micromed
- Cardio PC 13) was performed. The oxygen (O,) and carbon
dioxide (CO,) fractions were measured at each respiratory
cycle. This evaluation was performed using a computerized
system (Sensormedics, Vmax Analyzer Assembly, Encore 295S).
Blood pressure was assessed by the auscultatory method, and
measurements were taken every two minutes of exercise.
In the recovery period, blood pressure was measured in the
first, second, fourth, and sixth minutes. The cardiopulmonary
exercise test was considered maximum when the individual
reached at least one of the following parameters: respiratory
exchange ratio > 1.10, heart rate > 95% of predicted for age,
and extreme tiredness.

BNP assays were performed using the ADVIA Centaur®
Kit (Siemens Medical Solutions Diagnostic, Los Angeles,
California, USA) and processed in automated equipment of
the same brand. Samples were processed within two hours
as recommended by the manufacturer.

Plasma Cal-3 levels were determined using an Enzyme-Linked
Fluorescent Assay (ELFA) and measured on Biomerieux Vidas 30
(Biomerieux, Marcy I'Etoile, LY-France). Calibration of the assay was
performed according to the manufacturer’s recommendations.

Patients underwent pericardiectomy
between February 2011
and November 2015 (n = 29)

01 age > 70 years
01 severe pulmonary disease

Patients enrolled (n = 25)

01 severe valvular heart disease
01 death before inclusion

Figure 1 - Screening process.
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Echocardiography

The echocardiographic study was performed on a Sequoia
512 ultrasound device (Acuson, Mountain View, California, USA)
with a 2.5 MHz transducer. All measurements were performed
according to the American Society of Echocardiography
Guidelines.” A nasal respirometer was used for simultaneous
recording of respiration, which was performed by an
observer blinded to the other assessments of the protocol.
Two-dimensional imaging was performed from parasternal,
apical, and subcostal windows. The parasternal, apical views
and M-mode recordings were used to detect the presence
of respiratory ventricular septal motion. Apical views were
also used to detect distortion of ventricular contours caused
by constrictive pericardium. The subcostal view was used to
identify diameters of the inferior vena cava. Doppler information
was obtained from apical, subcostal, right supraclavicular,
and parasternal imaging windows. From the apical window,
pulsed-wave Doppler recordings at the level of the mitral
leaflet tips were used to measure early (E) and atrial (A) diastolic
velocities, deceleration time of the E wave, and respiratory
variation in the E velocity. Tissue Doppler assessment of mitral
annular motion was used to record and compare diastolic early
(E) velocities at both the septal and lateral mitral annulus.

Statistical analysis

Descriptive analysis was performed; for quantitative data,
central tendency and dispersion measurements are reported
as median and interquartile ranges.

Qualitative data was reported as frequencies and percentages.
Gal-3 levels were compared between controls and case groups
using Wilcoxon rank-sum test, and the chi-square test or Fisher's
exact test was used for categorical data. Spearman correlation
coefficient was used to analyze the association between Gal-3
levels, parameters of echocardiography, CMR and ergometric
test. An alpha error < 5% was considered statistically significant,
with a confidence interval of 95%.

Graphics and statistical analyses were performed with
Microsoft Excel 2013 and Stata (version 13.0, Stata Corp.,
College Station, TX), with a 2-tailed p < 0.05 considered to
be significant.

Ethical issues

The institutional review board approved this study that is in
compliance with the Declaration of Helsinki. The local ethics
committee approved the protocol, and all participants signed
a written informed consent.

Results

Baseline characteristics

Twenty-five patients with constrictive pericarditis underwent
pericardiectomy.

Median age was 45 years (33-57) with a predominance
of men (n = 19, 76%), and median body mass index (BMI)
was 25.6 kg/m?. Comorbidities were hypertension, tobacco
use, type 2 diabetes, and chronic arterial disease. All baseline
characteristics are listed in Table 1. In the control group,
median age was 44 (33-53) years, and 19 were men.

Arq Bras Cardiol. 2020; 114(4):683-689

Regarding clinical characteristics, the median length of
symptoms before admission was 24 (12-36) months. Median
length of hospital and intensive care unit (ICU) stay was eight
and two days, respectively. The main clinical signs in the patients
were related to right heart failure — jugular vein distention
(n = 22, 88%), edema (n = 22, 88%), ascites (n = 18, 72%)
—and 16 (64%) had hepatomegaly (n = 16, 64%) at physical
examination (Table 1).

Table 1 - Clinical and laboratory measures

Characteristic Measure
Male sex, n (%) 19 (76)
Age years, median (IQR) 45 (33-57)
BMI, kg/m?, median (IQR) 25.6 (22-27)
Time of symptoms, months median (IQR) 24 (12-36)
Time of hospitalization, median (IQR) 8 (7-16)
Time of ICU after procedure, median (IQR) 2(2-3)
Comorbidities, n (%)

Hypertension 4(16)
Type 2 diabetes 2(8)
Chronic arterial disease 3(12)
Tabagism 5 (20)
Atrial fibrillation 10 (40)
Low voltage ECG 6 (24)
Calcification X-ray 11 (44)
Pleural effusion X-ray 5(20)
NYHA functional class, n (%)

| 4 (16)

[ 7(28)

I 11 (44)

IV 3(12)
Clinical signs, n (%)

Jugular stasis 22 (88)
Edema 22 (88)
Ascites 18 (72)
Hepatomegaly 16 (64)
Pericardial knock 12 (48)
Kussmaul sign 6 (24)
Paradoxal pulse 5(20)
Laboratory measurements — median (IQR)

Galectin-3, ng/mL* 14.8[9.7-17.2]
Hemoglobin, g/dL, 13.4[12.8-14.3]
Creatinine, mg/dL, 1.02[0.99-1.26]
CRP, mg/dL (range) 5.4[3.2-9.4]
BNP, pg/mL (range) 143 [89-209]

Continuous variables are presented as median and interquartile
range [IQR]. Categorical data are presented as percentage. *risk of
postoperative death calculated by EuroSCORE (%). BMI: body mass index;
ECG: electrocardiogram; ICU: intensive care unit; NYHA: New York Heart
Association; BNP: B-type natriuretic peptide; CRP: C-reactive protein.
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Fourteen (56%) patients presented with New York Heart
Association (NYHA) functional class Ill/IV on admission.
Analyzing the clinical signs, patients with ascites had higher
Gal-3 levels (16.2 ng/mL [11.6-17.5]) compared with those
without ascites, (8.2 ng/mL [6.6-14.8]), with no statistically
significant difference though (p = 0.06; Cl 95% 0.98-1.72).
No association was found of Gal-3 levels with any of the
other signs described.

The most frequent etiologic diagnosis was idiopathic
(n =19, 76%), tuberculosis (n = 3, 12%), followed by
collagenases (n = 2, 8%), and post-surgery (n = 1, 4%).
There were no deaths after pericardiectomy.

Laboratory and complementary tests

The median values of hemoglobin, creatinine, C-reactive
protein, BNP and Gal-3 are presented in Table 1. Gal-3 levels
were not significantly higher in CCP patients compared
with control patients. The median level of Gal-3 was
14.8 [9.7-17.2] ng/mL and 11.8 [10.6-14.2] ng/mL for
CCP and controls respectively (p = 0.22). In addition, no
significant association was observed between Gal-3 levels
and echocardiographic measures (left ventricular diastolic
diameter, LVDD; left ventricular systolic diameter, LVSD,
left atrial diameter, left ventricular ejection fraction), or
with CMR measures (pulmonary artery systolic pressure,

Table 2 - Echocardiography and cardiac magnetic resonance variables

PASP > 55 mmHg; left atrial diameter; abnormal septal motion
(septal bouncing); vena cava dilatation and myocardial and
pericardial late enhancement).

Imaging examinations

All subjects underwent echocardiography and CMR
examinations. The median ejection fraction measured by
echocardiography and CMR was 60% and 57%, respectively.
Analyzing the echocardiographic parameters, only 13 (52%)
of the results suggested constrictive pericarditis as a
diagnosis. In addition, pericardial thickening was observed
in 17 (68%) subjects and inspiratory variation in mitral and
tricuspid flow was observed in 13 (52%), suggesting diastolic
restriction (Table 2).

The CMR images suggested a CCP diagnosis in 23 (92%)
subjects. Pericardial thickness (> 4 mm) was found in 21
(84%) subjects, and the most frequent abnormalities observed
were septal bouncing and aortic and vena cava dilatation,
both observed in 23 (92%) patients, followed by increased
left atrium in 22 (88%) (Table 3).

Cardiopulmonary exercise test

In all subjects, the CPET proved to be safe, without
serious complications. The tests were considered effective
once median respiratory exchange ratio was 1.1 at both time

Echocardiography variables N %
Echo suggests CCP 13 52
Aortic sinus (mm) 30 (29-34)
Left atrium Diastolic diameter (mm) 43.5 (40-47)
Interventricular septum (mm) 8 (8-9)
Posterior wall (mm) 8 (8-9)
RVDD basal (mm) 28 (26-32)
LVDD (mm) 45 (41-46)
LVSD (mm) 29 (27-32)
LVEF (%) 60 (59-66)
Pericardial thickness (>4 mm) 17 68
Respiratory flow variations (%) 13 52
Cardiac magnetic resonance (CMR)

CMR suggests CCP 23 92
Pericardial enhancement 6 24
Miocardial enhancement 2 8
Septal bouncing 23 92
Increased Left atrium 22 88
Vena cava dilatation 23 92
LVEF (%) 57 (54-62)
Pericardial thickness (mm) 6 (5-8)
Pericardial thickness (> 4 mm) 21 84

Continuous variables are presented as median and interquartile range [IQR], categorical data are presented as percentage. CCP: chronic constrictive pericarditis;
RVDD: right ventricular diastolic diameter; LVDD: left ventricular diastolic diameter; LVSD: left ventricular systolic diameter; LVEF: left ventricular ejection fraction.
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points of the study. Overall, after surgical intervention, patients
experienced improvement in cardiopulmonary capacity
(Table 3) in treadmill speed, peak heart rate, peak oxygen
consumption (peak VO,) at anaerobic threshold (AT), AT, VO,
and V/VCO, slope.

BNP values had no correlation with CPET parameters
either before or after the pericardiectomy procedure.
However, although the Gal-3 marker did not correlate with
CPET parameters before the procedure, we observed a
moderate inverse correlation with test duration (r = -0.79;
p < 0.001), exercise time (r = -0.79; p < 0.001), and heart
rate at AT (r = 0.60; p = 0.01) in the postoperative period.

Histopathological study

Histological study was performed of 21 samples. Severe
fibrosis and calcification were a common finding, observed
in 19 (90.5%) and 12 (57.1%) of the specimens, respectively.
Histopathological examination revealed mild inflammation in
16 cases (76.2%). No statistically significant association was
found between Gal-3 and these findings (Table 4).

Discussion

Our study showed that patients diagnosed with CCP had
normal levels of Gal-3 preoperatively, comparable with the
control group. Also, we observed no significant correlation of
Gal-3 with echocardiographic and CMR measures and BNP.
After pericardiectomy, we observed an improvement in peak
VO, and V/VCO, slope, which are makers of poor prognostic.
However, we observed negative associations between Gal-3
and CPET parameters after pericardiectomy, such as test
duration and exercise time.

Gal-3 has long been known to be a mediator of fibrosis in
multiple organs, including the heart, kidney, pancreas, liver,
and lung.® Nevertheless, no studies have been performed on
clinical data of CCP patients, associating levels of Gal-3 with
pericardial structure, function, and functional status.

Ntsekhe et al.* studied AcSDKP and galectin levels in
normal pericardial fluid and tuberculous pericardial effusion.®
AcSDKP exerts part of its antifibrotic effect by inhibiting Gal-3,

Table 3 - Effect of pericardiectomy on functional capacity

which is inactivated by angiotensin-converting enzyme (ACE).
The authors concluded that depressed levels of AcSDKP
in conjunction with normal or low Gal-3 levels within the
pericardium may explain the high incidence of constrictive
pericarditis associated with tuberculous pericarditis.

Constrictive pericarditis is a heterogeneous disorder and
the risk of constriction after an acute episode is correlated with
the etiology. Imazio et al.” found a incidence of constrictive
pericarditis < 0.5% in idiopathic or viral acute pericarditis;
2.8% for connective tissue disease, 4.0% for neoplastic
pericarditis; 20% for tuberculous pericarditis, and 33% for
purulent pericarditis. In our cohort, most patients (76%)
had an idiopathic etiology, and we cannot extrapolate our
results to other etiologies. Only a study with more patients
and different etiologies may elucidate whether galectin can
modulate constriction.

Inflammation is a physiological process that acts as a
trigger for fibrosis and tissue regeneration following injury.
The pericardium is a poorly vascularized structure with
fibers composed of collagen that generally do not show the
delayed enhancement observed with gadolinium injection.
In cases where there is hyperemia and inflammation in the
pericardium, there is increased vascularization resulting in an
increase in late pericardial enhancement on CMR.™ Zurik et
al.? also observed that pericardial delayed hyperenhancement
on CMR is common in patients with CCP and is associated with
histological markers of chronic inflammation and increased
neovascularization, which is indicative of an ongoing, dynamic
active inflammatory reaction.? Patients with CCP without
pericardial delayed hyperenhancement had more pericardial
fibrosis and calcification and a less pericardial thickening.
We also did not observe any significant association of
Gal-3 levels with pericardial thickness and pericardial late
enhancement evaluated by CMR.

One explanation as to why some patients with CCP do not
improve after surgery is myocardial atrophy after prolonged
constriction, residual constriction, or a concomitant myocardial
process that leads to prolonged cardiac failure in spite of
successful pericardiectomy.”'? Another possibility is myocardial
fibrosis. Probably, the Gal-3-induced fibrosis is restricted to
the myocardium and not the pericardium. We also did not

Variables Pre Post p
Velocity (mph) 25[2-2.5] 3[2.5-3.3] 0.001
Exercise time (min) 9.5[6.9-11.7] 9.9 [4.5-14] 0.397
Peak HR (bpm) 139 [114-160] 159 [138-178] 0.020
VO, at AT (mL/kg/min) 13.5[11.2-14.6] 16.4 [13.8-20.75] 0.002

AT (%)* 73 [60-81] 69.5 [62.5-78.5] 0.856
peak VO, (mL/kg/min) 18.5[14.6-22.9] 25.4[22.3-28.6] <0.001
peak VO, (%)* 63 [49.5-70.5] 82 [69.5-95] <0.001
Peak V (L/min) 48 [41.3-57.6] 61.7 [44.5-79.9] <0.001
V/VCO, slope RER 35.5[30-40] 1.1 29[28-31.5] 1.1 <0.001>0.05

* Percentage in relation to predicted for age and sex. Continuous variables are presented as median and interquartile range [IQR)], categorical data are presented as
percentage. VO, oxygen consumption; AT: anaerobic threshold; HR: heart rate; VO, oxygen consumption; VE: pulmonary ventilation; RER: respiratory exchange ratio.
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Table 4 - Histopathologic analysis and galectin-3

Mild Severe
Fibrosis
n (%) 2(9.5) 19 (90.5)
Gal-3 19.7 [14.2-25.2] 14.8[9.4-17.2]
Calcification
n (%) 9(42.9) 12 (57.1)
Gal-3 16.1[11.9-20.3] 14.1[9.5-16.2]
Inflammation
n (%) 16 (76.2) 5(23.8)
Gal-3 14.5[10.5-16.9] 16.1[9.3-25.2]

Continuous variables are presented as median and interquartile range [IQR], categorical data are presented as percentage. No statistically significant difference was

found between the groups.

observe an increase in galectin levels and myocardial delayed
enhancement evaluated by CMR and histological analysis.

Cardiopulmonary testing is the most useful tool to objectively
assess the exercise capacity of patients with systolic and
diastolic heart failure.® The test allows assessment of prognosis,
efficacy of treatment, and selection for heart transplantation.
Moreover, cardiopulmonary testing plays an important role in
the prescription of exercises and rehabilitation programs.

Our patients improved peak VO, and V/VCO, slope
which are two independent predictors of mortality in heart
failure patients with systolic or diastolic dysfunction."
Also, an increase in peak VO, is associated with lower hospital
readmissions in heart failure patients, demonstrating the
importance of pericardiectomy for these patients.'

On the other hand, although numerous studies have
evaluated the impact of pericardiectomy on the functional
class of patients with CCP, most of them were retrospective
case series.'®'? Moreover, clinical assessment based on NYHA
classification is imprecise and subjective. Some patients do not
experience recovery in their functional capacity and NYHA
functional class.

The associations between Gal-3 levels and exercise
intolerance after pericardiectomy suggest the possible role
of Gal-3 in the pathophysiology of constrictive pericarditis.
This hypothesis should be tested in longer follow-up
studies. The finding of Gal-3 as a predictor of improvement
in functional capacity is relevant, because it suggests that
benefits of pericardiectomy appear to be lower in patients
with higher levels of Gal-3.

Conclusion

Gal-3 levels were normal in patients with CCP and did
not correlate with morphological and functional measures.
The associations between Gal-3 levels and exercise intolerance
after pericardiectomy suggest the possible role of Gal-3 in the
prognostic prediction after pericardiectomy.

Limitations

The sample consisted of young patients with a predominance
of idiopathic etiology in a tertiary cardiology center, which may

represent selection bias and limit the external validity of the
results. We had only a single time point measure of Gal-3,
and therefore we did not assess dynamic changes in this
biomarker over time.
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Short Editorial related to the article: Galectin-3 Levels in Patients with Chronic Constrictive Pericarditis

Galectin-3 (Gal-3), which is now known as a new
biomarker, has traveled the rigorous scientific pathway
from discovery to validation. Experimental and clinical
studies described its elevation in several situations, such as
tumors, renal failure and heart failure." Its administration
caused myocardial fibrosis and heart failure (HF). Its genetic
suppression or inhibition prevented fibrosis and remodeling,
that is, the cause-and-effect relationship had been proven.?
Elevated levels of Gal-3 show a worse prognosis, as they predict
sudden death. Galectin-3 was an independent predictor in the
short and medium term of hospitalizations and of mortality
in patients with HF, especially those with heart failure with
preserved ejection fraction (HFpEF).?

The biomarker can assist the clinician in their diagnostic
dilemmas, in assessing the prognosis and even guiding the
therapy. The HFpEF is an example of condition where all help
is welcome. Multiple comorbidities, less typical conditions,
especially in the elderly and obese, can be confusing. HFpEF
is one of the situations where Gal-3 can greatly assist in
diagnostic confirmation.*

Fernandes et al.® present a case-control study in which they
compared 33 patients with chronic constrictive pericarditis
(CCP), predominantly idiopathic, with healthy volunteers. The
rationale was that the fibrosis present in the CCP raised the
levels of Gal-3, and this was related to the morphological and
functional changes typical of CCP. There was confirmation of
the diagnosis of CCP by imaging methods, echocardiography
and cardiac resonance, as well as surgical ones. It was a difficult
study to carry out and only possible in a reference center.
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The results were negative and there is a plethora of possible
explanations. A selective sample of patients with idiopathic
CCP is indicated by the authors. We know that tuberculous
pericarditis, which is of paramount importance in areas where
tuberculosis is endemic, has a more severe clinical course,
with a common evolution to fibrosis and constriction. Gal-3
itself has limitations due to its non-specificity. It is found in
inflammatory and fibrotic processes in the lungs, kidneys, liver,
pancreas, and in cancer patients, among others.

Historically, we sought to attain the differential
diagnosis between constrictive pericarditis and restrictive
cardiomyopathies through clinical and laboratory parameters.
It is plausible to assume that Gal-3 should be higher in the
second clinical situation, due to the magnitude of myocardial
and interstitial involvement. Theoretically, Gal-3 could
also provide us with how much the clinical picture is due
to myocardial dysfunction in cardiomyopathies or diastolic
restriction in constrictive pericarditis. That is, there are still
countless questions without answers based on evidence.®

Considering a patient with a clinical picture of right
ventricular failure or during the investigation of ascites and
“normal” Gal-3 values, the publication by Fernandes et al.®
allows us to infer points in favor of the diagnosis of CCP to the
detriment of restrictive cardiomyopathies or other diseases.

The study of Fernandes et al.® brought us the novelty of Gal-
3 measurement in a very specific situation such as the CCP. It
clearly showed that there was no significant increase in Gal-3
or an association with morphological or functional parameters.
The quality of the research of Fernandes et al., herein
published in Arq Bras Cardiol., lies not only on its originality,
but also on its methodological criteria and rigor regarding its
conclusions. The present study raises new questions. Would
there be a difference between the CCP etiologies? Would
there be any applicability of Gal-3 in differentiation with
restrictive cardiomyopathies? What about the usefulness of
serial measurements of Gal-3?

To paraphrase Dr. Alan Maisel, a renowned resercher
of biomarkers in cardiology, “the biomarker will make the
bad doctor worse and the good doctor better”.” Therefore,
the information now incorporated into the literature by the
authors will be very useful to us, provided it is used within a
critical clinical sense.
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Abstract

Background: Coronary failure is the leading cause of death worldwide and identifying patients at higher risk for coronary artery
disease (CAD) is a challenge.

Objectives: To test the biomarkers interleukin 18 (IL-18) and thrombus precursor protein (TpP), involved in atherogenesis,
to aid in the early assessment of CAD.

Methods: This was a cross-sectional cohort of 119 patients, stratified into three groups: Group I - acute coronary syndrome
(39); Group II - chronic CAD (40) and Group III - control, without coronary lesion, but who might have risk factors for CAD
(40). Statistical analysis was performed using the statistical program SPSS (Statistical Package for the Social Sciences) for
Windows ,version 17.0 of 2008. The significance level was set at 0.05 or 5% (p <0.05), with a 95% confidence interval. Chi-
square test (x2), Analysis of variance (ANOVA), and Tukey’s test were used.

Results: The mean age was 60.36 + 9.64 years; there was a prevalence of females in Group 11l (65.0% p = 0.002), but without
statistical significance for the means of IL-18 and TpP. The means of 1L-18 and TpP were increased in Group | when compared
to the other groups; IL-18 = 1325.44 = 1860.13 ng/dL, p = 0.002; TpP = 35.86 = 28.36 ug/mL, p <0.001). When compared
two-by-two, it was observed that Group | had higher mean IL-18 and TpP values than Group Il (IL-18 = 353.81 * 273.65 ng/
dL; TpP = 25.66 + 12, 17 ug/ mL) and Group Il (IL-18 = 633.25 = 993.93 ng/ dL; TpP = 18.00 * 8.45 ug/ mL).

Conclusion: There was an increase in these biomarkers in acute CAD, suggesting a relationship with the atherosclerotic
plaque instability process, but not with the chronic phase. (Arq Bras Cardiol. 2020; 114(4):692-698)

Keywords: Cardiovascular Diseases/mortality; Coronary Artery Diseases; Interleukin 18; Biomarkers; Acute Coronary
Syndrome/prevention and control

Introduction of the most challenging tasks for doctors and researchers
worldwide. Several biomarkers have been studied in
recent years in the diagnosis, prognosis, prediction of
adverse events and therapeutic monitoring.? However,
the first initiative towards prevention is to apply strategies
to identify the individual likely to have atherosclerotic
events. In this sense, in addition to the widely known risk
factors contributing to the process of identifying vulnerable
individuals, the use of biomarkers involved in atherogenesis

can be a key factor in the risk assessment of coronary artery
Therefore, early detection associated with the immediate  {isease (CAD).3*

treatment of cardiovascular disease (CVD) has become one

Coronary artery disease is one of the main manifestations of
cardiovascular disease in the 21 century, and its importance
lies in its high morbidity and mortality. The identification of
patients at higher risk becomes necessary to contribute to the
improvement of this condition and rationalize costs.” Modern
medicine has developed rapidly in the field of prevention,
early detection and screening of diseases, not being restricted
to treatment.

Atherosclerosis is a chronic, multifactorial, slow
and progressive inflammatory disease, resulting from
several specific cell and molecular responses that lead to
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of the intima and adventitia, intra-plaque hemorrhage,
exposure of thrombogenic material to the bloodstream,
triggering platelet accumulation, coagulation cascade
activation and fibrin deposition.’

The inflammatory response in atherogenesis consists of
functional alterations in endothelial cells, T-lymphocytes,
monocyte-derived macrophages, smooth muscle cells
and, in the early stages, it is caused by the accumulation
of lipids in the arterial walls.® The activation of these cells
triggers the formation and interaction of several cytokines,
adhesion molecules, growth factors, accumulation of lipids
and proliferation of smooth muscle cells. In addition to
these factors, the inflammatory response can be induced by
oxidative stress (oxidation of low-density lipoprotein - LDL).”

Currently, new biomarkers are being studied in
association with acute or chronic coronary syndrome and
correlated with the prognostic value, which is the objective
of this study.

Two of them were evaluated in this study: the thrombus
precursor protein (TpP) and interleukin 18 (IL-18) in
individuals with acute myocardial infarction with and
without ST-elevation, unstable angina (UA), chronic
coronary artery disease and individuals who had no
evidence of obstructive coronary atherosclerotic disease,
but in the presence of risk factors for CAD. The choice
of biomarkers was based on their involvement with the
inflammatory (IL-18) and thrombotic (TpP) processes,
within the context of atherosclerosis and aggravation of
atherosclerotic disease.

TpP is a biomarker used to estimate soluble fibrin
polymers. Elevated levels of TpP indicate a pro-thrombotic
status and active thrombogenesis. In patients with ACS,
increased levels of this biomarker are associated with a
higher risk of death and ischemic complications; therefore,
TpP has been shown to be an independent marker for
adverse cardiovascular outcomes.” The 1L-18 biomarker
is a pro-inflammatory cytokine, closely associated with
atherosclerotic plaque instability, and is therefore a
good predictor of undesirable events in ACS."" In an
observational study, it was also shown to be a good predictor
of adverse cardiovascular events in chronic coronary disease
over two years."

Studying patients vulnerable to atherosclerotic disease
and even being able to have severity parameters in those
with the disease already present through new markers
has been a challenge for current medical research. In this
context, the new biomarkers occupy an important space,
considering the morbidity and mortality aspect of coronary
disease, which may become predictors of cardiovascular
events and thus contribute to the prevention, early
detection and screening of CAD.

Methods

Primary endpoint

To evaluate the serum levels of biomarkers: interleukin
18 (IL-18) and thrombus precursor protein (TpP) in patients

Arq Bras Cardiol. 2020; 114(4):692-698

with acute or chronic coronary syndrome in relation to the
control group.

Secondary endpoints

To verify the association of serum levels of biomarkers
interleukin 18 (IL-18) and thrombus precursor protein (TpP)
with disease chronicity, worsening of coronary artery disease
or absence of obstructive coronary atherosclerotic process.
To evaluate the association between epidemiological,
anthropometric data and risk factors of the studied population
with the biomarkers interleukin 18 (IL-18) and thrombus
precursor protein (TpP).

In this cross-sectional cohort, 119 patients, of both genders,
older than 30 years of age, were stratified into three groups:
acute (Group | - n = 39), chronic (Croup Il - n = 40) and
control (Group Ill - n = 40), according to the inclusion and
exclusion criteria established for the study and compared with
the quantitative analysis of two biomarkers: IL-18 and TpP.

Patients belonging to Group | (acute) were recruited based
on the typical clinical history of acute coronary syndrome
(NSTEMI, STEMI, and UA), plus electrocardiographic data and
cardiac enzymes at admission. Once identified, blood was
collected within 48 hours of symptom onset, for subsequent
biomarker measurement. The selection was made sequentially,
according to the inclusion criteria, as these patients were
admitted to the hospital. Patients belonging to Group I
were selected sequentially based on the clinical history of
chronic CAD confirmed by some imaging method (cardiac
catheterization - CAT or coronary angiotomography - Angio-
CT) or clinical report of previous AMI (with complementary
exams demonstrating the condition - electrocardiogram -
ECG and myocardial markers). Group Il (control) consisted
of patients who had risk factors for CAD in the absence of
obstructive coronary lesion at the time of admission to the
database. The absence of atherosclerotic obstructive coronary
lesion was ruled out through cardiac catheterization or
coronary angiotomography.

Inclusion criteria

* Group I (acute) - ACS (NSTEMI, STEMI and UA) a) AMI
with or without ST-elevation demonstrated by the positive
curve of myocardial necrosis markers (troponin), associated
with ECG. b) UA based on the classically described clinical
picture and complementary exams (electrocardiogram -
ECG and cardiac catheterization - CAT). c) Measurement
of biomarkers performed within the first 48 hours of
symptom onset.

* Group Il (chronic) - chronic CAD a) confirmation
by imaging method (cardiac catheterization or coronary
angiotomography) or with a clinical history of previous
coronary disease - previous AMI (diagnosis over six months
before, confirmed by ECG and necrosis markers).

* Group Ill (control) a) Presence or not of one or more risk
factors for CAD: SAH, dyslipidemia (DLP), diabetes mellitus (DM),
physical inactivity, smoking, ex-smoker, chronic renal failure,
obesity. b) Cardiac imaging examination that proved the absence
of obstructive coronary lesion: CAT or angio-CT, performed in
the last six months prior to admission to the database.
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The following exclusion criteria were adopted:

Group I (acute): a) coronary artery bypass grafting surgery
performed less than six months before. b) Chronic renal
failure undergoing dialysis or clearance <30 mL / min. ¢)
Terminal illnesses. d) Ejection fraction prior to ACS <40%
(Simpson); e) Not signing the Free and Informed Consent
(FIC) form.

Group Il (chronic): the same as group | plus, a)
decompensated DM. b) AMI that occurred less than six
months before. c¢) Unstable angina. d) Class IV stable
angina according to the Canadian Cardiovascular Society. d)
Functional class Ill and 1V according to the New York Heart
Association (NYHA).

Group Il (control): a) presence of any obstructive
coronary lesion, even if incipient. b) Chronic renal failure
undergoing dialysis or clearance <30 mL / min. ¢) Terminal
illnesses. d) Ejection fraction <40% (using the Simpson
method). e) Stable angina. f) Unstable angina. g) AMI. h)
Decompensated DM. i) NYHA functional class Il and IV. j)
Not signing the FIC form.

Storage and laboratory methods

For the measurement of TpP, 4 mL of venous blood
were collected, placed in a tube with sodium citrate and
centrifuged. After centrifugation, two 1-mL aliquots of plasma
were removed to be frozen at -80 °C. The analysis was carried
out later using the ELISA method. For the measurement of
IL-18, 8 mL of venous blood were collected and placed
in a serum gel tube. After collection, we waited 30 min
for clot retraction and subsequent centrifugation. After
centrifugation, two 1-mL aliquots of serum were removed
to be frozen at -80 °C. The analysis was also performed later
using the ELISA method.

Statistical analysis

The data obtained were analyzed using the statistical
program SPSS (Statistical Package for the Social Sciences for
Windows), version 17.0 of 2008. The level of significance
was set at 0.05 or 5% (p <0.05) and the confidence interval
at 95%. The following statistical methods were used: Analysis
of variance (One-way ANOVA F): used to compare the
means of variables that showed normal distribution and had
homogeneity of variances by the Levene test. Tukey’s test:
used as a complement to the analysis of variance, to compare
the means of variables 2 by 2. Chi-square test (x2): used
to compare the frequency distributions of the categorical
variables from independent samples. This study sample
size was determined by a convenience sample; however, it
followed the order of recruitment, that is, the first 39 patients
in the acute phase of the two participating institutions, the
first 40 chronic patients and the 40 controls.

This study was approved by the Ethical Committees
of HUPE and INC, where patients were recruited, under
numbers 2667/2010 CAAE: 0115.0.228.000-10 and
141.432/2012 CAAE: 09086412.9.1001.5272, respectively.
The participants signed the Free and Informed Consent
(FIC) form before any procedure related to the study was
performed.

Results

The mean age was 59.5 = 9.7 years (range: 35-83
years), with no statistically significant difference between
the groups. In groups | and Il there was a predominance of
males and in Group lll, of females (p = 0.002).

Regarding the risk factors of the overall sample, it is
noteworthy the high incidence of sedentary lifestyle,
overweight / obesity and arterial hypertension in all groups.

Table 1 shows the risk factors for CAD between the
studied groups. It was observed that only dyslipidemia,
being an ex-smoker and physical inactivity showed a
statistically significant difference. Group Il had a higher
prevalence of dyslipidemic individuals when compared to
the other groups; Group Il had a higher prevalence of non-
smoking individuals than the other groups; and Group | had
a higher prevalence of sedentary individuals compared to
the others. There was no association between risk factors,
ethnicity or gender with the results obtained of the markers
in all analyzed groups.

Mean of intergroup and intragroup IL-18 and TpP
markers in table 2

Regarding the differences in the means of 1L-18 levels
between the groups, it was observed that Group | had
higher values than the other groups (1325.44 = 1860.13
pg / mL), with statistical significance. In the two-by-two
comparison, Group | had a higher mean than Groups Il
(353.81 + 273.65 pg/ mL) and 11l (633.25 = 993.93 pg /
mL), but Groups Il and Ill showed statistically equal means.
Those with instability of atherosclerotic disease had higher
levels of IL-18 when compared to patients who had stable
coronary lesion or those who had risk factors for CAD in the
absence of a coronary atherosclerotic process, allowing us
to infer that the increase in IL-18 levels is associated with
atherosclerotic plaque instability.

Regarding the TpP biomarker between the groups, higher
values were observed in Group | (35.86 = 28.36 ug/ mL),
respectively, p <0.001) when compared with the other
groups. In the two-by-two comparison, Group | also had a
higher mean than Groups Il (25.66 = 12.17 ug/ mL) and
[ (18.0 = 8.45 ug / mL); however, when Groups Il and
[Il were compared, it was observed that the means were
statistically equal (Table 2).

Discussion

The identification of asymptomatic individuals with
atherosclerosis is essential to implement secondary
treatment and prevention measures, as well as those with
a possibly more unfavorable evolution.

Mallat et al.”® showed that plasma concentrations
of IL-18 are increased in patients with ACS with or
without myocardial necrosis, also pointing out that the
concentrations correlate with the myocardial dysfunction
severity. They studied a sample of 53 patients, admitted
to a cardio-intensive unit with chest pain and alteration
of the ST-segment in a sequential manner; after troponin
analysis, they were selected for the UA or AMI group. The
patients belonging to the UA group had a mean IL-18 level
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Table 1 - Risk factors for CAD in the study groups

Risk factors
Group | Group Il Group Il
Statistic test p
n % n % n %
SAH
Yes 31 79.5 28 70.0 32 80.0 X=14 0.495
No 8 205 12 30.0 8 20.0
DLP
Yes 16 41.0 32 80.0 18 455 X=14.8 0.001
No 23 59.0 8 20.0 22 55.0
DM
Yes 12 30.8 10 25.0 8 20.0 X=1.2 0.544
No 27 69.2 30 75.0 32 80.0
SMOKER
Yes 3 .7 5 125 0 0.0 X?=5 0.079
No 36 923 35 87.5 40 100.0
EX-SMOKER
Yes 15 38.5 22 55.0 7 175 x=12.1 0.002
No 24 615 18 45.0 33 82.5
SEDENT
Yes 38 974 31 775 31 775 X=1.7 0.021
No 1 26 9 225 13 225
OVER/OBES
Yes 30 76.9 K 715 27 67.5 x=1.3 0.521
No 9 231 9 22.5 13 32.5
CRF
Yes 2 5.1 2 5.0 0 0.0 X=2.0 0.351
No 37 94.9 38 95.0 40 100.0

Grupo I: pacientes agudos (SCA); Grupo II: pacientes crénicos (DAC); Grupo Ill: grupo-controle (com Risk factors para DAC, mas sem lesdo coronariana); DAC:
doenca arterial coronariana; HAS: hipertenséo arterial sistémica; DLP: dislipidemia; DM: diabetes melito; TAB: tabagismo; Ex-TAB: ex-tabagismo; SEDENT:
sedentarismo; SOB/OBES: sobrepeso/obesidade; IRC: insuficiéncia renal crénica. Corrigido pelo teste exato de Fisher.

Table 2 — Means of the IL-18 and TpP biomarkers of the study groups

Biomarkers Group | Group I Group lll Statistic test p Comp. 2 by 2
IL-18 (pg/ml) 1325.44 353.81 633.25 F=6.61 0.002 GI>GlI
(+1860.13) (£273.65) (£993.93) GlI=GlIl
GI>Glll
TpT (ug/mL) 35.86+28.36 25.66+12.17 18.0+8.45 F=9.31 0.000 GI>GlI
GlI=GlIl
GI>Glll
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of 214.7 (116.6-297.0) pg / mL, and those belonging to
the AMI group had a mean of 164.6 (53.6-602.5) pg/ mL.
These patients were compared to two more groups: one
with stable coronary artery disease (n = 9) and another
group (n = 11) without coronary lesions (control group).
It was observed that the mean IL-18 levels in the control
group (46.8 (34.2-68.2) pg/ mL) were significantly different
from those with stable angina (85.7 (56.0- 157.7) pg/ mL,
p <0.01), suggesting that IL-18 concentrations in patients
with stable coronary artery disease may be associated with
the presence of advanced coronary artery disease. In the
group of patients with unstable angina, the mean IL-18
levels were significantly higher than in the control group (p
<0.001) or in the group with stable angina (p = 0.001). In
the group of patients with AMI, the mean IL-18 levels were
also significantly higher than in the control group (p <0.001)
or the group with stable angina (p <0.01). IL-18 levels did
not significantly differ between the group with unstable
angina and the group with AML™ In this same study, it
was observed that serum IL-18 levels were significantly
correlated with myocardial dysfunction severity, assessed by
determining the ventricular ejection fraction (EF); the mean
EF between the groups was 55% and mean IL-18 values
were 46.8 pg/ mL for non-coronary patients, 85.7 pg/ mL
for patients with stable angina, 214 pg/ mL for those with
unstable angina and 164.6 pg/ mL for patients with acute
myocardial infarction. Comparing with the results found
in this study, it was observed that the mean EF between
the groups was 65.09% and the mean levels of IL-18 were
higher in Group | when compared to Group Il and Group
[1I; however, in this population (n = 119), systolic function
distribution within normality was obtained for all groups,
and Group | showed a slight reduction in the prevalence of
individuals with normal EF, without statistical significance.
It was also observed that the levels of IL-18 in patients with
chronic CAD and without coronary lesions were statistically
equivalent, not replicating the previous results.

Blankenberg et al."* showed in their prospective study
carried out with a cohort of 1229 patients with documented
coronary heart disease and followed for an average of 3.9
years, that 95 patients died from cardiovascular causes and
the mean IL-18 serum concentrations were significantly
higher in patients with a fatal cardiovascular event than
the ones without it (68.4 pg / mL vs. 58.7 pg / mL, p
<0.001). This study included patients with stable angina
(n = 855) and patients with unstable angina (n = 373) and
the predictive value of IL-18 in relation to cardiovascular
death was evaluated. It was observed that both groups
showed an evident increase in the risk of fatal cardiovascular
events according to the mean value of IL-18; however, the
group of patients with unstable angina showed a higher
value of this marker. The authors draw attention to this
last analysis, since the group with unstable angina had a
smaller sample size than the group of patients with stable
angina; thus, the serum level of IL-18 can be identified as a
strong independent predictor of death from cardiovascular
causes in patients with CAD, regardless of the clinical status
at admission. This result strongly supports the experimental
evidence of IL-18-mediated inflammation, allowing the
acceleration and vulnerability of atherosclerosis.'

Studies have shown that the increase in serum IL-18
levels is also associated with some risk factors, such as
type 2 DM and metabolic syndrome, in addition to the
atherosclerosis severity.'

Suchanek et al.'® analyzed the increase in serum IL-18
levels in patients with CAD and type 2 DM. The authors
evaluated a group of 130 patients with advanced CAD
(at least two coronary lesions, one with stenosis >70%),
and 43 were selected, with a previous diagnosis of DM
undergoing treatment and another group with 31 healthy
patients (control group). The groups were similarly
matched for age, BMI, DLP, smoking; a higher level of IL-
18 was observed in patients with CAD (463.48 += 111.7
pg / mL) when compared to the control group (248.99 =
103.69 pg/ mL), but patients with CAD and DM showed
a higher level of IL-18 when compared to CAD patients
without DM (500 pg/ mL vs. 430 pg/ mL, p = 0.04). The
mechanisms responsible for the increase in IL-18 levels
in diabetic patients are yet to be fully clarified; however,
it is believed that deficient glycemic control, diabetic
nephropathy, obesity and inflammation are considered
possible causes to justify the increase in serum IL-18 levels
in this patient profile.” In the present study, there was no
statistically significant difference when the risk factor DM
was compared between the groups of patients associated
with the serum level of IL-18, showing that samples from
patients with ACS, chronic CAD and healthy patients were
similar to each other.

In an observational study similar to this, albeit with a
prospective analysis, 194 patients, 75 of which were acute
and 119 chronic, were compared with 68 controls. The
analysis of smooth muscle cells from the aorta showed
higher values in patients with coronary disease than in
controls and that IL-18 may be an independent risk factor
for CAD. "

In another study with 118 patients with coronary disease
undergoing an angiographic study, consisting of 67 in the
acute phase and 51 with stable angina, the levels of IL-18
were significantly higher in the acute ones compared to
the chronic ones, which is in accordance with the results
presented herein.'®

Regarding thrombus formation, Goetze emphasizes
the importance of the increase in TpP levels in patients
with CAD, highlighting the relevance of having an active
thrombosis marker to provide important information in the
ongoing ACS."

Following the same concept, Mega et al.?** emphasized
the prognostic value of TpP in patients with ACS, showing
that increased TpP levels are associated with a higher risk
of death and ischemic complications, making it clear that
the inclusion of an activated coagulation marker, such as
TpP, in patients with established cardiovascular disease and
risk factors for CAD can offer a valuable complementary
analysis in the risk assessment of ACS. Carried out with 284
healthy patients and 2349 patients with ACS, this study
found that the mean level of TpP was higher in patients
with ACS (8.9 ug/ mL vs. 3.6 ug / mL, p <0.001), which
is correlated a worse prognosis.?’ In the present study, it
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was observed that TpP levels were significantly higher in
patients diagnosed with ACS than in patients with chronic
CAD and in the control group (p <0.001). However, as
this is an observational study, there was no prognostic
evaluation of these patients, preventing a better analysis of
the clinical outcomes that could be correlated; however,
the evaluation of these data is planned.

Laurino et al.?' studied a cohort of 115 patients with
symptoms suggestive of AMI with less than six hours
duration of pain onset. Blood samples from patients
were measured at 0, 1, 2, 4, 8, 16 and 24 hours after
presentation for some biomarkers: total creatine kinase
(total CK), CK-MB, myoglobin, troponin | and TpP. The
authors observed a significant increase in serum TpP levels
in 15 of the 17 patients with AMI diagnosed within six
hours after symptom onset (p <0.001); 2 of the 8 patients
who had AMI diagnosed six hours after symptom onset (
<0.008); 22 of the 35 patients with unstable angina (
<0.001) and 15 of the 30 patients with stable angina (
<0.001) and 3 of the 5 patients with atrial fibrillation (
<0.001); 6 of 9 patients with congestive heart failure (p
<0.001); and 6 of 11 patients with non-cardiac chest pain
(p <0.001). Maximum TpP concentrations in patients with
AMI preceded those of the other markers by two to four
hours.?" Therefore, acute thrombosis is associated with
significant clinical alterations, including AMI. An accurate,
fast and reliable test for the detection of thrombus would be
an invaluable tool for doctors in the diagnosis, monitoring
and treatment of patients with acute chest pain.?

p
p
p
p

Studies have demonstrated the importance of TpP in the
assessment of the acute thrombotic process, highlighting
the ACS, while others associate the increased values of this
biomarker to the presence of some risk factors for CAD,
such as SAH and DM in patients without evidence of ACS.
As these risk factors favor a state of hypercoagulability,
they may be related to a pro-thrombotic effect and may
trigger an active thrombogenic process. The presence of
type 2 DM may be associated with increased serum TpP
values due to the predisposition of this patient profile
to have markedly increased endothelial dysfunction, in
addition to greater systemic coagulation activation, which
caused transient alterations and favors acute cardiac
events.?>232* The presence of SAH can also result in a
hypercoagulable and prothrombotic environment and favor
acute decompensation of coronary artery disease.?*** The
present study showed that DM and SAH did not result in
a statistically significant difference between the studied
groups, having not influenced the final result of the TpP
measurement in relation to the different stages of coronary
disease (presence of risk factor, chronic CAD and ACS).
Therefore, the result obtained was not influenced by these
risk factors.

Study limitations

The sample size is small, representing a convenience
sample, which can be attributed to two factors: the
selection of patients carried out in hospitals that did
not have an open emergency unit, making it difficult to
constitute the group of acute patients. The analysis of
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the means found for IL-18 and TpP showed an equality
between the group of chronic patients and the control
group. Making a critical assessment of this observation, it
can be noted that no complementary exams (e.g., carotid
and vertebral Doppler) or intravascular ultrasound were
performed to rule out an atherosclerotic process in other
sites, which may have influenced this result, not allowing a
better evaluation of biomarkers with chronicity or absence
of atherosclerosis. A normal ejection fraction in all groups
excluded more severe patients, which may have influenced
the results. Although the present study showed that the
mean serum levels of IL-18 and TpT were higher in the
group of acute patients when compared to the group with
stable angina or the one without coronary lesions, it is
not possible to make a prognostic evaluation, as it aims to
encourage the continuity of the research to confirm the
hypothesis and intends to do an annual monitoring of the
subjects in this sample.

Conclusions

The mean IL-18 and TpP levels are elevated in the acute
phase of coronary artery disease, suggesting the correlation
of this biomarker with the worsening and the instability of
acute coronary syndrome.

The mean levels of IL18 and TpP were lower in the
chronic phase of coronary disease and in the patients of the
Control Group; however, in this study it was observed that
the Chronic Group and the Control Group had statistically
equivalent means.

The results were not influenced by differences in gender
or ethnicity in the groups.
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Short Editorial

Atherosclerosis and Inflammation: Still a Long Way to Go

Ricardo Wang'*3*, Bruno Ramos Nascimento,"* Fernando Carvalho Neuenschwander?
Universidade Federal de Minas Gerais, Departamento de Cardiologia Intervencionista,” Belo Horizonte, MG — Brazil
Hospital Vera Cruz, Departamento de Cardiologia Intervencionista,” Belo Horizonte, MG — Brazil

Hospital da UNIMEDBH,? Belo Horizonte, MG - Brazil

Short Editorial related to the article: Role of Interleukin-18
and the Thrombus Precursor Protein in Coronary Artery Disease.

Ever since the initial works by Russell Ross' on the
importance of inflammation in the development, instability
and rupture of the atherosclerotic plaque, which can result in
acute coronary syndrome (ACS) or stroke, there has been an
increase in publications on the activation pathways, expansion
and perpetuation of the inflammatory process, which goes
beyond the simple pathophysiological understanding, but
mainly in finding specific treatment opportunities, aiming to
reduce the so-called “residual risk” (cardiovascular events that
occur in patients even when LDL cholesterol levels are within
the therapeutic goals).? It is estimated that approximately
100,000 new cases of acute myocardial infarction occur each
year in Brazil * according to data from DATASUS. If we consider
mortality rates of 5-10%, it is expected that approximately
90,000 patients per year will go to secondary prevention. If all
patients receive a maximum statin dose, even so, approximately
40%2 will still have a residual risk of events, i.e., 36,000 patients
will be at high risk for new cardiovascular events.

This issue brings a study* on the role of Interleukin-18 (IL-18)
and thrombin precursor protein (TpP) in ACS. TpP is a marker of
the coagulation system activation and, in this study, the authors
observed an increase in this protein in patients with ACS, a fact
that corroborates the importance of the coagulation system in
this scenario.>® Anatomopathological studies of plaques have
shown that the fibrotic layer rupture is not always accompanied
by ACS,® as for a “perfect storm” to occur, it is necessary to
associate a “vulnerable plaque” with “vulnerable blood”
(hypercoagulable state).® This study corroborates that TpP can
be a useful biomarker for the diagnosis of ACS.

Interleukins are signaling molecules among cells of
the inflammatory system, which can induce, proliferate and
perpetuate inflammation, but they can also modulate and reduce
inflammation. IL-18 is produced by macrophages, in response to
the phagocytosis process and it is produced via the caspase system,
acts on Th1 cells by stimulating the production of interferon-y
(INF-y) and Interleukin1B,” and its elevation in atherosclerosis is
associated with plaque rupture.® Plaques considered vulnerable
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have a necrotic nucleus with a large number of inflammatory cells,
mainly macrophages. Inflammation acts by inhibiting smooth
muscle cells, which leads to the formation of a thinner fibrous
cap, therefore more prone to rupture.

As this is a cross-sectional study, there is a limitation in
establishing a causal association; did IL-18 cause ACS or did
ACS cause IL-18 elevation? In this context, the elevation of IL-
18 may be secondary to myocardial necrosis as suggested by
Seta et al.,” because during the process of myocardial necrosis
and repair, the activation of the inflammatory system occurs,
including macrophages. Another limitation of this study is
related to the sample, which in addition to being small, was
obtained by convenience, which in itself can be a source of
bias. The control group can be a problem, as it was selected
from patients submitted to coronary angiography, who had no
evidence of obstructive angiographic lesion (we recall that, for
some reason, they were submitted to an invasive procedure).
The coronary angiography has limitations in diagnosing
atherosclerosis,'® because in its initial phase, there is a positive
remodeling effect (Glagov effect); plaques with 70% of the total
area of the vessel, may present on the angiography as a lesion
smaller than 30%."" Therefore, the coronary angiography should
not be used as the gold standard to rule out atherosclerosis.
Moreover, it is known that the plaques that most often result
in ACS are mild and inflamed plaques.® These limitations could
explain the higher levels (although not statistically significant)
of IL-18 in the control group, when compared to patients with
stable coronary disease in this study (663.25 pg/mL + 993.93
versus 353.81 pg/mL = 273.65, respectively, p = NS).

Should IL-18 be blocked for primary prevention? Or should
post-infarction ventricular remodeling be improved? Given
the complexity of the immune system, and its importance in
containing infectious processes and in the cell damage-repair
system, its blocking might have consequences. In the case of IL-
18, which is part of the caspase system, responsible for fighting
intracellular infections, we could observe an increase in infections
such as tuberculosis. In the Cantos (Antiinflammatory Therapy
with Canakinumab for Atherosclerosis Disease) study; interleukin
1-B blocking was associated with a slight increase in infection
rates (not significant), arthritis and fatal cancer (statistically
significant).’? Regarding remodeling, the results are conflicting;
interleukin 1B blocking with anakinra was promising,'* but the
blocking of tumor necrosis factor gamma increased mortality. In
experimental models, blocking IL-18 has shown to be promising
in improving post-infarction remodeling.™

Despite the initial enthusiasm for the results of using
colchicine and canakinumab, the net benefits are still
limited.”" Therefore, it is necessary to investigate other
inflammatory pathways. We still have more questions than
answers: Which pathway should be blocked? When (primary or
secondary prevention)? And at what intensity and for how long?
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Dynamic Balance and Mobility Explain Quality of Life in HFpEF,
Outperforming All the Other Physical Fithess Components
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Abstract

Background: Physical fitness is an important determinant of quality of life (QoL) in heart failure with preserved ejection
fraction (HFpEF) patients. However, how the different physical fitness components correlate with the specific dimensions
of QoL in HFpEF patients remains unknown.

Objective: To evaluate the association between different physical fitness components and QoL dimensions in HFpEF
patients, and, assess which physical fitness components were independently associated to QolL.

Methods: Patients with HFpEF were assessed for physical fitness [dynamic balance and mobility (8-foot-up-and go test),
upper body strength (handgrip), cardiorespiratory fitness (CRF) (6-minute-walking test) and body composition (body
mass index)] and for QoL (Minnesota Living With Heart Failure Questionnaire). Partial correlation was used to verify the
association between physical fitness components and QoL dimensions. The determination of independent predictors in
Qol dimensions was assessed through stepwise multivariate linear regression analysis. Statistical significance was set
at p<0.05.

Results: Both CRF and dynamic balance and mobility are significantly associated with the total score and physical
dimensions of QoL (p<0.05), but only dynamic balance and mobility were concomitantly associated with the emotional
dimension (r=0.597; p=0.004). Dynamic balance and mobility were independently associated with total score (3=0.651;
1?=0.424; p=0.001), physical (3=0.570; r*=0.324; p=0.04) and emotional (3=0.611; r2=0.373 p=0.002) dimensions
of Qol.

Conclusion: Our data suggests that dynamic balance and mobility better assess QoL than CRF, which is commonly
measured in clinical practice. Whether interventions specifically targeting dynamic balance and mobility have different
impacts on QoL remains unknown. (Arq Bras Cardiol. 2020; 114(4):701-707)

Keywords: Heart Failure/physiopathology; Work-Life Balance/methods; Physical Fitness; Quality of Life; Breathing
Exercises; Body Composition.

Introduction for the treatment of these patients highlight the importance to

focus on effective therapies capable of alleviating symptoms

Heart failure with preserved ejection fraction (HFpEF)
accounts for half of all HF cases in the developed world’s
population.” The most common manifestation of the disease
is exercise intolerance, which impacts on patients’ ability to
cope with activities of daily life and reduces their quality of
life (QoL).? Furthermore, QoL is related with poor outcomes,
such as higher frequency of hospital readmission and higher
mortality rates.’ Despite its high prevalence and poor
prognosis, HFpEF remains a disease with no approved therapy
that improves survival.* Therefore, current recommendations

and meaningfully improve QolL.

Reduced levels of physical fitness are associated with poor
Qol in patients with HFpEE®” Importantly, exercise training
has shown to improve physical fitness, together with symptom
and QoL improvement.®” Because physical fitness and QoL
are mutually related, targeting physical fitness with exercise
training programs may be an effective strategy to accomplish
the management recommendations of patients with HFpEF.?
However, physical fitness is a multicomponent (e.g. dynamic
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balance and mobility, muscular fitness, cardiorespiratory
fitness (CRF) and body composition)® and, in parallel, QoL
is a multidimensional construct (e.g. general, emotional and
physical).” Until now, it remains unknown how the different
components of physical fitness correlate with the specific
dimensions of QoL in HFpEF patients. To date, it has only been
demonstrated that a higher CRF is associated with a better
Qol, mainly regarding the physical dimension.”'® However,
the influence of other physical fitness components on QoL
dimensions is relatively unknown. Therefore, the clarification
of this issue might have important clinical implications in the
design of specific interventional programs for HFpEF patients
targeting the physical fitness component, which most impacts
on Qol, whether overall or one of its depressed dimensions.

Therefore, the aims of the present study are twofold:
i) to evaluate the association between different physical
fitness components (CRP, upper body strength, dynamic
balance and mobility, and body composition) and the QoL
dimensions (total, physical and emotional) in HFpEF patients,
and ii) to assess which of the physical fithess components are
independently associated to different dimensions of QoL in
this specific population.

Methods

Study design

This is a cross-sectional study conducted in a Portuguese
public hospital (Centro Hospitalar do Porto - Hospital de
Santo Antonio, Porto) with a convenience sample of HFpEF.
Inclusion criteria was diagnosis of HFpEF according to the
European Society of Cardiology guidelines.” Patients were
excluded if they presented with unstable angina, acute
coronary syndrome as primary diagnosis, symptomatic severe
aortic stenosis, acute pulmonary embolism, acute myocarditis,
decompensated heart failure, uncontrolled hypertension,
complex ventricular arrhythmias, severe renal dysfunction,
severe chronic obstructive pulmonary disease, medical or
orthopedic conditions that precluded independent ambulation
and exercise testing.

Patients who were potentially eligible to participate in the
study were identified from the clinical files of the hospital
cardiology department. A total of 30 patients were invited
through phone calls by a cardiologist. Of those, 24 patients (17
women and 7 men) accepted to take part in the study. The study
was approved by the Ethics Committee of Centro Hospitalar do
Porto - Hospital de Santo Antonio (N/S: 2015.125) and met the
ethical standards of the Declaration of Helsinki.

Data were collected from November 2016 to September
2017 during a single day in the hospital.

Data collection

Blood pressure

Atrained researcher performed blood pressure measurements
after a T0minute-rest in the sitting position. Blood pressure was
assessed (Colin, BP 8800; Critikron, Inc., USA) in both arms,
and the arm showing the highest BP was used. SBP and DBP

were computed as the average of 3 readings, with a 2-minute
interval between them. Additional readings were performed
when differences between readings exceeded 5 mmHg."

Blood collection and biochemical determinations

Peripheral venous blood (15 mL) was collected into
an EDTA tube. The EDTA tubes were immediately
placed on ice and allowed to clot for 30 minutes before
centrifugation for 15 minutes at 1000xg. The plasma was
aliquoted and stored at -802C for biochemical analysis.
Brain Natriuretic Peptide (BNP) was quantified in a
certified laboratory using chemiluminescent microparticle
immunoassay (ARCHITECT BNP).

Anthropometric and body composition measures

Body height (cm) was measured in the upright position
using a stadiometer (Holtain Ltd., Crymmych, UK)."* Weight
(kg), body mass index (BMI; kg:m?), fat mass (%) and free
fat mass (kg) were measured with patients wearing light
clothes, using an electronic segmental body composition
analyzer (Tanita, BC-418, Tokyo, Japan). Fat mass and free
fat mass were measured using bioelectrical impedance.
Patients were asked to fast for 10-12 hours, avoid vigorous
physical exercise and alcohol intake before being measured.
Waist circumference (cm) was measured at the midpoint
between the lowest rib and the iliac crest at the end of
normal expiration.™ Obesity was determined as BMI equal
or higher than 30 kg/m?.">

Functional classification

Patients were classified by the physician into subgroups
based on their symptoms using the New York Heart Association
(NYHA) functional class. Patients” symptoms are based on how
much they were limited during physical activity (class I to IV)."®

Echocardiography Evaluation

Supine transthoracic echocardiography was performed
using a cardiovascular ultrasound model Vivid E95® (GE
Healthcare). All quantitative echocardiographic measurements
were performed by a single reader blinded to the results of
the other evaluations, using a computerized off-line analysis
station. Peak early diastolic tissue velocity was measured at
the septal and lateral mitral annulus. Mitral inflow velocity was
assessed by pulsed wave Doppler at the apical 4-chamber view,
positioning the sample volume at the tip of the mitral leaflets.
E/e’ ratio was calculated as E wave divided by e’ velocities.
LV mass was estimated based on LV linear dimensions and
indexed to body surface area, as recommended by ESC
guidelines.17 LV hypertrophy was defined as LV mass indexed
to body surface area (LV mass index) >115 g'-m? in men or
>95 g'm? in women. LV volumes were estimated by the
modified Simpson method using the apical 4- and 2-chamber
views, and LVEF was derived from volumes in the standard
manner. LA volume was estimated by the method of disks
using apical 4- and 2-chamber views at an end-systolic frame
preceding mitral valve opening and was indexed to body
surface area to derive LA volume index.

Arq Bras Cardiol. 2020; 114(4):701-707
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Physical Fitness

Dynamic balance and mobility. It was assessed with
the 8-foot up and go (8FUG) test.’ The patient starts the
evaluation in the sitting position. After a signal, the patient must
stand up, walk 8 feet (2.44m), make a turn around a cone,
and return back to the initial position as fast as possible.’® The
patients tried to perform the test twice. Time (in seconds) to
complete each trial was measured with a stopwatch and the
result considered was the shorter time."

Upper body strength. Crip strength (kg) was isometrically
measured using a Lafayette Instrument Hand dynamometer
(Model 78010, 78011, Indiana, USA). Both arms were
measured 3 times while patients were seated, with shoulder
adducted and neutrally rotated, the elbow flexed at 90°,
and the forearm and wrist in a neutral position. The average
between attempts was used as final score for each arm."

Cardiorespiratory fitness with pulmonary gas exchange
assessment. It was assessed by the 6-minute walk test
(6MWT) in a 25-m-long unobstructed corridor. Participants
were instructed to walk the maximal distance in 6 minutes
time. Resting stops were allowed when patients felt it to be
necessary. The 6MWT was performed wearing a portable gas
analyzer (K4b2, Cosmed, Rome, Italy) and a heart rate monitor
(Polar Electro Oy, Kempele, Finland). Oxygen uptake (VO2;
mL-min-1-kg-1) and heart rate (HR; bpm) were measured
directly and continuously. Respiratory and HR measurements
were collected in a breath-by-breath and beat-to-beat basis,
respectively, and then, data were averaged over 5-s intervals.
Data was calculated as the average of measures taken during
the test total duration (6 minutes).

Health-related quality of life

Health-related QoL was measured through an interview
using the Minnesota Living With Heart Failure Questionnaire
(MLWHFQ). The MLHFQ encompasses 21 questions, whose
purpose is to determine how disease affects the physical,
psychological and socioeconomic conditions of the patients
during the previous month.?’ The questions include symptoms
and signs relevant to disease, levels of physical activity,
work, social interaction, sexual activity, and emotions. The
MLHFQ total score range from 0 to 105 (no impairment to
maximum impairment). Two other scores can be determined:
the physical dimension (8 items, 0-40), and the emotional
dimension (5 items, 0-25). A higher MLHFQ score means a
worse QolL. Answers options ranges from 0 (none) to 5 (very
much), where 0 represents no limitation and 105 represents
maximal limitation.

Statistical analyses

Data normality was verified by Shapiro-Wilk test. Non-
normally distributed variables were transformed into a natural
logarithm (weight, fat mass, free fat mass, 8FUG, MLHFQ
total score, MLHFQ physical and MLHFQ emotional) for
subsequent analysis and then transformed back to the original
scale for the purpose of clarity. Data are expressed as mean +
standard deviation. Categorical data are reported as absolute
values and percentages. Pearson’s correlation was used to
analyze the association between physical fitness components

Arq Bras Cardiol. 2020; 114(4):701-707

(dynamic balance and mobility, upper body strength, CRF and
BMI) aiming to verify collinearity between variables (r>0.75).
Partial correlation (adjusted for age, gender and NYHA class)
was used to assess the association between physical fitness
components and QoL dimensions. A multivariate linear
regression analysis, with stepwise selection of variables,
was performed to determine the association between QoL
dimensions and age, gender, NYHA functional class and
physical fitness components, which were identified as potential
independent predictors of QoL. The statistical analysis was
performed using the IBM SPSS 24 software (SPSS, USA), and
the statistical significance was set at p<0.05.

Results

Patients’ characteristics

The demographic and clinical characteristics of patients
are shown in Table 1. The patients’ mean age was 76%6
years old, ranging from 59 to 85 years, and 71% (n=17) were
females. Hypertension was the most prevalent comorbidity
(n=22, 92%), followed by dyslipidemia (n=17, 71%) and
obesity (n=14, 58%). Regarding the NYHA functional class,
79% (n=19) of all patients were classified as class Il. The
average BNP level was 288.9+191.5 pg-mL-1. Regarding
cardiac function, the mean ejection fraction was 60+=6%, 23%
(n=6) of patients had E/e* >15, while 90% (n=22) had LAVI
>34 mL-m?. All patients had left ventricular hypertrophy.

Quality of life

The score of total MLHFQ scale was 26+24, whereas
the physical and emotional MLHFQ subscales’ scores were
12+13, and 5+7, respectively.

Physical fitness

Overall, the 6MWT distance, 8FUG and handgrip results
were 312£90 meters, 10.9+£3.6 seconds, and 18.67.1kg,
respectively. The mean VO, during the test was 11.2+
2.3 mL-min-1-kg-1. A bivariate correlation between physical
fitness components showed that the 8FUG test was inversely
correlated with handgrip (r=-0.47; p=0.01) and 6MWT
distance (r=-0.81; p>0.001) (Table 2).

Association between physical fithess and quality of life

A partial correlation between QoL dimensions and physical
fitness components are shown in Table 3. A better MLHFQ total
score was directly correlated with 8FUG (r=0.563; p=0.008)
and inversely correlated with 6MWT (r=-0.539; p=0.012) test
results. Regarding MLHFQ physical, it was directly correlated
with 8FUG (r=0.529; p=0.014) and inversely correlated with
6MWT (r=-0.478 p=0.028). Finally, MLHFQ emotional was
directly correlated with 8FUG (r=0.597; p=0.004).

Table 4 shows the multivariate regression analysis for
QoL dimensions. All models were adjusted for age, gender
and NHYA functional class as potential confounders. For
MLHFQ total score, the 8FUG was the only physical fitness
parameter that remained an independent predictor (3=0.651;
p=0.001). Similarly, for MLHFQ physical dimension, the
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Table 1 - General patients’ characteristics

All (n=24)
Sociodemographic characteristics
Age (years) 76 £6.1
Female (n) (%) 17 (T1%)
Anthropometrics
Weight (Kg) 71.8+15.9
Waist circumference (cm) 1009 £12.6
Body fat (%) 36.14£6.5
Free fat mass (kg) 45.4+9.7
Risk factors, n (%)
Obesity (BMI = 30 kg/m2) 14 (58%)
Ex-smoker 4(17%)
Hypertension 22 (92%)
Dyslipidemia 17 (711%)
Type 2 diabetes 2 (8%)
Pre-diabetic 9 (38%)
Atrial fibrillation 12 (50%)
Atrial fibrillation (paroxysmal) 4(17%)
COPD 2 (8%)
Obstructive sleep apnea 6 (25%)
Clinical signs
Resting HR (bpm) 72+16
SBP (mmHg) 136 19
DBP (mmHg) 70+ 14
BNP (pg/mL) 289 192
NYHA class Il 19 (79%)
NYHA class Il 4 (17%)
Medication (%)
ACE-/ARB 17 (71%)
[3-Blocker 20 (83%)
Loop diuretics 18 (75%)
Statin 16 (67%)
Digoxin 4 (17%)
MRAs 2 (8%)
Cardiac Function
LVEF (%) 60+6.3
Ele’ 12.2+3.1
E/A 1.0+05
LVMI (gm/m?) 2313+ 945
LAVI (mL/m?) 442+ 17

COPD: chronic obstructive pulmonary disease; HR: heart rate; SBP:
systolic blood pressure; DBP: diastolic blood pressure; BNP: brain
natriuretic peptide; NYHA: New York Heart Association;, ACEi/ARB:
angiotensin-converting enzyme inhibitor and angiotensin receptor blocker;
MRASs: mineralocorticoid receptor antagonists; LVEF: left ventricle ejection
fraction; E/e”: ratio of early mitral inflow velocity and mitral annular early
diastolic velocity; E/A: mitral ratio of peak early to late diastolic filing
velocity; LVMI: left ventricle mass index; LAVI: left atrium volume index.

8FUG was the single physical fitness component that remained
an independent predictor (3=0.570; p=0.04). Finally,
for MLHFQ emotional, the 8FUG was the single physical
fitness component that remained an independent predictor
(B=0.611; p=0.002).

Discussion

The data provided by our study indicates that physical
fitness is positively correlated with QoL in HFpEF patients. In
addition, dynamic balance and mobility was the only physical
fitness component that was independently associated with
Qol total score, and physical and emotional dimensions.
These findings suggest that this specific component of physical
fitness outperforms CRF in assessing HFpEF patients’ QoL.
In addition, it highlights the need to study interventions
specifically targeting these fitness components to enhance
Qol gains.

Despite the high prevalence and poor prognosis of
HFpEF, evidence-based therapies aimed at effectively
reducing morbidity or mortality remains to be developed.*
These patients are often characterized by poor QoL?' and
current treatment guidelines highlight the importance of
aiming to improve patients” well-being.” Physical fitness is a
multicomponent construct® and several studies show it is a
major determinant of QoL in HFpEFE*” Our results corroborate
this finding, as we observed that QoL total score strongly
correlated with physical fitness (e.g. dynamic balance and
mobility, and CRF) in HFpEF patients.

Because physical fitness might influence QolL, strategies
targeting physical fitness might potentially improve QolL,
independent of further health benefits.?> A recent meta-
analysis showed that the combination of endurance exercise
training together with cardiovascular drugs provide a
clinically relevant improvement in both exercise capacity
and QoL in HFpEF patients.”? However, physical fitness and
QoL are multicomponent and multidimensional constructs,
respectively, and it is crucial to ascertain which dimension/
component is better related to each other to maximize possible
QoL improvements.

Previous studies have shown that CRF is mainly associated
with the physical dimension, but not necessarily with the
total score or emotional dimension of QoL.”'® We observed
that CRF (assessed by the 6MWT) and dynamic balance and
mobility (assessed by 8FUC) were both associated with the
physical dimensions of QoL. Moreover, dynamic balance and
mobility were the only physical fithess components associated
with the QoL emotional dimension, while upper body
strength (assessed by handgrip) and body composition were
not associated with any dimension. In addition, multivariate
analysis revealed that the dynamic balance and mobility was
the only physical fithess component independently associated
with all QoL dimensions, explaining 42% of variance in the
total score QolL, 32% of the physical dimension and 37% of
the emotional dimension of QoL. Thus, of all physical fitness
components, dynamic balance and mobility seems to be the
one that better assess QoL in HFpEF patients.

Collectively, our data suggest that improving the specific
physical fitness component of dynamic balance and mobility
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Table 2 - Bivariate correlation between physical fithess parameters

Mdmobliy g s Body composition
8FUG Handgrip BMWT BMI % FM FFM

8FUG -0.478 (0.018) -0.816 (<0.00) -0.030 (0.888) 0.184 (0.389) -0.221(0.299)
Handgrip -0.478 (0.018) 0.390 (0.060) 0.017 (0.939) -0.362 (0.082) 0.284 (0.179)
BMWT -0.816 (<0.00) 0.390 (0.060) -0.074 (0.733) -0.161(0.453) 0.010 (0.964)
BMI -0.030 (0.888) 0.017 (0.939) -0.074 (0.733) 0.566 (0.004) 0.533 (0.007)
Fat Mass 0.184 (0.389) -0.362 (0.082) -0.161 (0.453) 0.566 (0.004) -0.258 (0.224)
FFM -0.221(0.299) 0.284 (0.179) 0.010 (0.964) 0.533 (0.007) -0.258 (0.224)

8FUG: 8-foot up and go test; 6BMWT: six-minute walk test; BMI: body mass index; FM: fat mass; FFM: free fat mass. Data are r (p).

will eventually result in the greatest QoL improvement. The
8FUG reflects the specific demands of activities, such as
standing up from a sitting position, walking short distances,
turning, stopping and sitting down.** This might be explained
by the wide range of physical abilities, including lower
body strength, dynamic balance, walking ability, agility and
gait speed® involved in the 8FUC. These abilities are also
required during the normal daily tasks of an independent
and autonomous life, especially among the elderly.?> Future
studies (e.g. longitudinal training programs) should assess if an
exercise training program focused on enhancing motor abilities
(e.g. dynamic balance and mobility) can improve the physical
and emotional components of QoL in HFpEF in comparison
to current standard ones.

Study limitations

The small sample size, cross-sectional and convenience
sampling design of our study limits the generalization of our
results. Despite that, our sample assembles the usual clinical
features of HFpEF population reported in large studies® with a
higher prevalence of elderly women and a higher prevalence
of comorbidities. Further prospective cohort studies with a
larger sample size are needed to strengthen or refute our
conclusions that dynamic balance and mobility are more
efficient in assessing HFpEF patients” QoL.

Conclusion

Overall, our findings indicate that both CRF and dynamic
balance and mobility are directly associated with the QoL
total score and physical dimensions in patients with HFpEF,
but only dynamic balance and mobility were concomitantly
associated with the emotional dimension. Multivariate
analyses revealed that dynamic balance and mobility
outperforms CRF in assessing HFpEF patients” QolL. In
addition, our data suggests that specifically targeting motor
agility and balance may be an important strategy to enhance
QoL gains in all dimensions.
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Table 3 - Partial correlation between quality of life dimensions and physical fitness components

o Uyttt
8FUG Handgrip BMWT BMI % FM FFM
MLHFQ total 0.563 (0.008) -0.118 (0.611) -0.539 (0.012) 0.208 (0.366) -0.012 (0.957) 0.372 (0.097)
MLHFQ physical 0.529 (0.014) -0.261(0.254) -0.478 (0.028) 0.260 (0.255) -0.027 (0.909) 0.353 (0.116)
MLHFQ emotional 0.597 (0.004) -0.023 (0.919) -0.394 (0.077) 0.199 (0.388) 0.002 (0.993) 0.297 (0.191)

Adjusted for age, gender and NYHA functional class. 8FUG, 8-foot up and go test. 6MWT, six-minute walk test. BMI, body mass index. FM, fat mass. FFM,
free fat mass. MLHFQ, Minnesota Living with Heart Failure Questionnaire. Data are r (p).

Table 4 - Stepwise regression analysis assessing which physical fitness components were independently associated with specific quality of
life dimensions

B B R2 p
MLHFQ total
Ln 8FUG 0.651 5.015 0.424 0.001
MLHFQ physical
Ln 8FUG 0.570 3.788 0.324 0.040
MLHFQ emotional
Ln 8FUG 0.611 3.003 0.373 0.002

Ln 8FUG: natural logarithm of 8-foot up and go test; MLHFQ: Minnesota Living with Heart Failure Questionnaire; B: standardized regression coefficient; B:
non-standardized regression coefficient; R%: adjusted coefficient of determination.

trainingin older patients with heart failure and preserved ejection fraction: a
randomized, controlled, single-blind trial. Circ Heart Fail. 2010;3(6):659-67.
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Short Editorial

Time to Include Balance Training in the Cardiac Rehabilitation Programs
of Patients with Heart Failure with Preserved Ejection Fraction

Fernando Ribeiro’

Instituto de Biomedicina (iBIMED) - Escola Superior de Satide - Universidade de Aveiro," Aveiro — Portugal
Short editorial related to the article: Dynamic Balance and Mobility Explain Quality of Life in HFpEF, Outperforming All the Other Physical

Fitness Components

The burden of heart failure exerts a significant personal,
social and economic impact not only on patients and their
families but also on society (including health care systems).
Heart failure is a chronic, progressive condition affecting a
huge amount of individuals worldwide (>37.7 million cases
estimated in 2010)." It is characterized by typical symptoms
(e.g. breathlessness and fatigue) that may be accompanied by
signs (e.g. peripheral edema) caused by cardiac abnormalities
— structural and/or functional —, resulting in reduced cardiac
output and/or elevated intracardiac pressures at rest or during
stress.? Heart failure has been categorized in heart failure
with preserved (HFpEF), mid-range (HFmrEF) and reduced
ejection fraction (HFrEF) according to the left ventricular
ejection fraction.?

Heart failure with preserved ejection fraction has
become an increasingly recognized phenotype; despite
being primarily considered a condition that affects old-age
individuals, it represents approximately half of all cases of
heart failure.># Despite the available pharmacological and
device therapies, heart failure patients’ prognosis, quality
of life, and 5-year survival remain poor® and similar across
all heart failure categories.**

Heart failure is a frequent cause of hospitalization, especially
in older adults.” Older adults with heart failure hospitalized
for cardiovascular causes, namely acute decompensated
heart failure, are usually frail and have a poor quality of life
and severe impairments in several components of physical
fitness including exercise capacity, muscle strength, balance
and mobility.® These impairments may help explain why the
hospitalizations of patients with HFpEF are often related to
non-cardiovascular causes.” Lower physical fitness, namely
balance and functional mobility impairments, and the use of
some medications (e.g. digoxin) increases the risk of falling
in old age patients with heart failure. It was reported not only
an association between heart failure and increased fall risk
but also a much higher fall rate (43%) in heart failure patients
compared to patients with coronary artery disease (34%) or
diabetes mellitus (28%)."%""
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Physical fitness is a construct of health-related (body
composition, cardiorespiratory endurance, flexibility, muscular
endurance, power) and skill-related attributes (balance,
agility, coordination, speed, reaction time) that refers to
the ability of our body systems to work together efficiently.
In this issue of the journal, Schmidt et al.’> explores this
issue in an elderly (mean age 76 = 6 years old) cohort of
patients with HFpEF. The authors assessed the association
between different components of physical fitness — exercise
capacity, handgrip strength, dynamic balance and mobility,
and body composition — and dimensions of quality of life of
HFpEF patients. They also examined which physical fitness
components were independently related to health-related
quality of life. The authors carried out a cross-sectional study
with a convenience sample of 24 patients (17 women and
7 men), 79% of them with a New York Heart Association
(NYHA) functional class Il (n=19) and only four patients (21%)
with functional class Ill. They found a significant association
between the 6-minute walk test (6MWT) distance (exercise
capacity) and the score in the 8-foot up and go test (dynamic
balance and mobility) with the total score and physical
dimension score of the Minnesota Living With Heart Failure
Questionnaire (health-related quality of life), but only dynamic
balance and mobility was concomitantly associated with the
emotional dimension. Interestingly, only the performance in
the 8-foot up and go test (dynamic balance and mobility)
was associated with quality of life — total score, physical and
emotional dimensions — after adjusting for age, gender and
NYHA functional class. Those patients with better balance also
reported enhanced quality of life. In this study, peak oxygen
consumption during cardiopulmonary exercise test was not
assessed, and it is therefore not possible to determine whether
there is an association between a maximal or symptom-limited
measure of exercise capacity and quality of life, as well as
whether balance is still associated with quality of life when also
controlling for peak oxygen consumption. Despite the small
sample size predominantly composed by women (71%) with
mild functional impairment and the convenience sampling,
this study generated interesting data that can be used to inform
future and larger studies in this area. A secondary analysis of the
RELAX and NEAT-HFpEF Trials recently published,™ assessed
sex differences in exercise capacity (6MWT) and quality of life
(Minnesota Living with Heart Failure Questionnaire) in 323
patients with HFpEF (158 men and 165 women) and found
different determinants of quality of life between women and
men. Interestingly, quality of life was associated with diastolic
dysfunction, ischemic heart disease, and exercise capacity in
men, while in women-only body mass index and age predicted
quality of life. Could dynamic balance and mobility be one
of the determinants of quality of life in women with HFpEF?
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The study of Schmidt et al.”? shed some light on this issue, as
they recruited a sample composed predominantly by women
(71%), used the same tools to assess the quality of life and
exercise capacity, and concluded that dynamic balance and
mobility outperforms exercise capacity in capturing HFpEF
patients’ quality of life. Collectively, these findings reinforce
the importance of carrying out studies in women with HFpEF
to identify determinants of their quality of life.

The high mortality, morbidity, cardiovascular and heart
failure readmission rates, and health care use and costs
associated with the increase in heart failure prevalence clearly
signal the need to improve treatment strategies. The study of
Schmidt et al'? certainly leaves the reader with the feeling
that there is an important aspect of HFpEF care that could
be missing in old age patients. As an independent predictor
of quality of life, should all old age patients be tested for
dynamic balance and mobility? Balance deficits are potentially
treatable, and identifying and treating such deficits may
improve patients’ quality of life. Further investigation with
larger sample size is needed to strengthen or refute Schmidt
et al.’? conclusions and help clinicians decide whether to test
or not balance daily.

The study of Schmidt et al.’> by suggesting dynamic balance
and mobility as the most important determinant of quality
of life (both physical and emotional dimensions), raises also
another pertinent question: is it time to include balance
training in the cardiac rehabilitation programs of patients
with HFpEF? Exercise-based cardiac rehabilitation is a class
1A recommendation for heart failure patients;? in patients
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with HFpEF the benefits are multi-dimensional, for instance,
an exercise-based cardiac rehabilitation program improves
exercise capacity, diastolic function, and quality of life.’*'®
Nonetheless, traditional cardiac rehabilitation programs do
not fully address the multi-domain functional impairments
common in older patients with HFpEF, particularly balance
and functional mobility impairments. The response to
the above-mentioned question could be given in studies
assessing the impact of multi-domain cardiac rehabilitation
programs designed to also improve balance and functional
mobility (in addition to other goals such as improve exercise
capacity) administered by a multi-disciplinary team; and,
assessing whether a program encompassing specific balance
and functional mobility exercises in addition to aerobic and
resistance exercise is more effective to improve balance and
quality of life, decrease the risk and rate of fall, and to reduce
cardiovascular and non-cardiovascular hospitalizations.

In summary, the current contribution by Schmidt et al.’?in
this issue of ABC raises awareness and provides evidence to
advocate assessing dynamic balance and mobility in old age
patients with HFpEF. However, before this is implemented
in clinical routine, their findings need to be strengthened in
future studies.
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Absence of Nocturnal Fall in Blood Pressure Detected by Ambulatory
Blood Pressure Monitoring in Acute Chagas Disease Patients with
Oral Infection

Dilma do S. M. de Souza," Céres Larissa Barbosa de Oliveira,” Brenda Goncalves Maciel,"” Maria Tereza
Figueiredo,” Henrique Tria Bianco,?™ Francisco A. H. Fonseca,”” Maria Cristina Izar,*” Rui M. S. Pévoa?
Universidade Federal do Pard,” Belém, PA - Brazil

Universidade Federal de Sao Paulo — Escola Paulista de Medicina,? Sao Paulo, SP - Brazil

Abstract

Background: The involvement of the autonomic nervous system is one of the mechanisms proposed to explain the
progression of myocardial lesion in Chagas disease. Evidences have shown changes in sympathetic and parasympathetic
nervous system since the acute phase of the disease, and studies to clarify the pathophysiological and prognostic value
of these changes are needed.

Objetives: To assess blood pressure profile by ambulatory blood pressure monitoring (ABPM) in normotensive patients
with acute Chagas disease (ACD) without apparent cardiac damage, and the influence of the infection on nocturnal
blood pressure fall.

Methods: ABPM was performed with 54 patients with ACD and a control group composed of 54 age- and sex-matched
normotensive individuals. The alpha level of significance (type I error rate) was set at 5%.

Results: In the total of 54 patients, 74.0% did not show nocturnal fall in systolic blood pressure, 53.7% did not show
nocturnal fall in diastolic blood pressure, and lack of both nocturnal fall in SBP and DBP was observed in 51.8%
(*p<0.05). In 12.9% of patients, there was an increase in SBP and in 18.5% increase in DBP (p<0.05).

Conclusions: In patients with acute Chagas disease, a significant absence of the physiological fall in both systolic and
diastolic blood pressure was observed during sleep, and some of the patients showed nocturnal increase in these
parameters. These findings suggest autonomic changes in the acute phase of Chagas disease. (Arq Bras Cardiol. 2020;
114(4):711-715)

Keywords: Chagas Disease/physiopathology; Blood Pressure/physiology; Autonomic Nervous System/physiology; Blood
Pressure Monitoring, Ambulatory/methods; Hypertension.

The most common clinical presentation in the
acute phase of the orally transmitted disease includes

Introduction

Chagas disease is a zoonosis caused by the flagellate

protozoan Trypanosoma cruzi (T. cruzi) that feeds primarily on
blood. The disease is endemicin 21 countries in Latin America,
with an important social impact due to its high morbidity and
mortality. According to the World Health Organization (WHO),
it is estimated that 6-7 million people are infected, most of them
in Latin America.! The classical form of transmission — vector
transmission — has been decreasing in endemic areas in Latin
America thanks to infection control initiatives. However, intense
deforestation in the Amazon region, in addition to migration
of people, has changed the epidemiological scenario, with an
expressive increase in oral transmission.?
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prolonged fever syndrome, usually associated with
familial microepidemics, and several unspecific symptoms
characteristic of vector transmission of Chagas disease, but
with higher morbidity and mortality.>* In the chronic form
of the disease, important changes in the autonomic system
are observed, with increased sympathetic activity and
decreased parasympathetic activity. However, autonomic
changes in the acute phase of the disease are not known
so far. Many patients have altered blood pressure (BP) and
abnormal ambulatory blood pressure monitoring (ABPM)
measures, mainly related to nocturnal BP fall. In non-
chagasic patients, such event has been regarded as a sign
of dysautonomia and possible predictor of cardiovascular
risk.® In light of the physiological decline in nocturnal BP, an
ABPM in acute Chagas disease (ACD) is advisable, aiming
at a better understanding of BP behavior, especially during
sleep. Therefore, the aim of the present study was to assess
BP behavior in patients with ACD using ABPM.
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Methods

This was a single-center study conducted in a university
hospital. ABPM was performed in 54 patients (convenience
sample) with orally transmitted ACD, seen in an outpatient
clinic of infectious and parasitic diseases and 54 age- and
sex- matched healthy controls. This control group was used
aiming at evaluating the prevalence of lack of nocturnal BP
fall in individuals without comorbidities, since this variable
has not been investigated in the Brazilian population. The
healthy controls had no complaints or history of any disease,
had a normal clinical examination and were not taking
any medication at baseline. All participants or their legal
representatives signed an informed consent form.

The ABPM was carried out using a Dyna-MAPA® device.
Inclusion criteria were patients attending the outpatient
clinic with a diagnosis of ACD confirmed by a positive
parasitological and/or serological test, in addition to meeting
the epidemiological criteria established by the Brazilian
Ministry of Health’s protocol, available at: http://portalms.
saude.gov.br/saude-de-a-z/doenca-de-chagas. Exclusion
criteria were presence of diabetes mellitus, neurological
diseases, arterial hypertension, cardiovascular disease, ongoing
infection, hematological disease such as anemia, conditions
that may affect renal function, thyroid disease or other
important systemic changes, use of illicit drugs, pregnancy
and alcoholism.

In the control group, ABPM was performed with
normotensive individuals. The test was ordered as a routine
test (health check-up) rather than for suspected hypertension.
Individuals with any type of cardiac disease were not included.

The following ABPM parameters were assessed: 24-hour
systolic (SBP) and diastolic BP (SBP), BP during sleep and
awake states, and BP fall during sleep. Physiological fall in SBP
and DBP was considered as a reduction = 10% in mean BP
registered during sleep. The awake period was considered the
period from 8 to 20 o'clock, whereas the sleep-period time from
20 to 8 o’clock on the day after, following the 2011 Brazilian
Guidelines on ABPM and home blood pressure monitoring.”

The study was approved by the ethics committee of
the Hospital Universitdrio Jodo de Barros Barreto (CAAE
01278918.4.00000017).

Statistical analysis

The chi-square test was used to compare individuals that
did not show a nocturnal BP fall between patients and control
group. A p<0.05 was set as statistically significant. Categorical
variables were presented as frequency, absolute numbers and
percentage. Normally distributed variables were presented as
mean and standard deviation. The Kolmogorov-Smirnov test
and the histogram-normality test were used, and measurement
of asymmetry and kurtosis was performed. The SPSS 23.0
software for Windows (IBM SPSS Statistics para Windows
version 23.0, launched in 2015, Armonk, NY: IBM Corp).

Results

In the total of 54 patients with acute infection with T. cruzi,
mean age was 36.2 =10.4 years, 30 were women (mean age
34.7 £ 19.0 years) and 24 men (mean age 38.3 = 19.7 years).

The ABPM showed that 40 patients (74.0%) did not show
nocturnal fall in SBP. and 29 (53.7%) did not show nocturnal
fallin DBP. This occurred concomitantly in 29 (53.7%) patients;
seven (12.9%) showed nocturnal increase in SBP and 10
(18.5%) in DBP.

No statistically significant difference was found in the mean
24-hour SBP and mean 24-hour DBP duringsleep and awake
states between patients with ACD and control group (Table
1). Significant differences were found between the groups for
nocturnal fall in SBP and DBP in both sexes.

Discussion

Discussion Changes in autonomic nervous system are
well characterized in chronic Chagas disease, with neuron
loss and lesion in the parasympathetic pathway and
increased sympathetic activity. Studies on patients with
the indeterminate form of Chagas disease have shown a
predominance of parasympathetic activity in these patients,
which was correlated with autonomic dysfunction.? Results
of an interesting study indicated a relationship between
changes in autonomic modulation and endothelial function
in patients with ACD." Lesions in the central nervous
system were found in anatomopathological studies in ACD
patients, described as distant systemic lesions caused by

Table 1 — Mean values of 24-hour blood pressure during sleep and awake states in 54 normotensive patients with acute Chagas disease and

54 normotensive individuals without Chagas disease (controls)

Controls Acute Chagas disease
24h awake state 24h awake state sleep
Mean 114.1£10.3 117.3+£10.4 100.9+10.0 111.0£10.6 112.7£10.5 105.1+11.7
SBP
mmHg
Mean 68.9£7.6 71.3£8.1 59.2+7.5 66.9+7.0 68.3+7.2 62.2+8.1
DBP
mmHg

Data expressed as mean and standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure; ACD: acute Chagas disease
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Table 2 - Number of patients with changes in ambulatory blood pressure monitoring (ABPM) in patients with acute Chagas disease and

controls
Controls Acute Chagas disease

Women Men Total Women Men Total

(n=30) (n=24) (n=54) (n=30) (n=24) (n=54)
Absence of nocturnal fall in SBP 5 4 9 (16.6%) 20 20 40 (74.0%)*
Absence of nocturnal fall in DBP 4 3 7(12.9%) 9 20 29 (53.7%)*
Absence of nocturnal fall in SBP and DBP 4 3 7 (12.9%) 16 12 28 (51.8%)*
Nocturnal increase in SBP 0 1 1(1.8%) 5 2 7(12.9%)*
Nocturnal increase in DBP 0 1 1(1.8%) 5 5 10 (18.5%)*

Data expressed as absolute and relative numbers. Chi-square test for comparisons between acute Chagas disease and control groups; p<0.05.

ganglion cells."'? Impairment of the nervous system can be
demonstrated in all stages of Chagas disease, and changes
in the parasympathetic autonomic nervous system control
have not been correlated with cardiovascular symptoms by
functional tests on humans." The loss of autonomic control
in chronic Chagas disease was described in a case-control
study that evaluated the correlation between sympathetic
innervation, changes in perfusion and abnormalities in the
ventricular wall, showing that cardiac sympathetic dysfunction
occurs in early stages of the disease and is associated with
the worsening of autonomic dysfunction.™ However, studies
on autonomic function in the acute phase of Chagas disease
are scarce. Evidences have shown the involvement of the
autonomic nervous system, especially the parasympathetic
system, soon after initial infection, i.e., in the undetermined
phase of Chagas disease.'

Physiological variations in BP have a circadian rhythm,
with fluctuations over 24 hours and BP drop during sleep.
This fall, detected by ABPM, normally exceeds 10% of BP in
the awake state, and is observed in approximately 95% of the
normotensive individuals.'® During sleep, there are specific
changes in autonomic and endocrine functions, with reduced
sympathetic activity and predominance of parasympathetic
activity, leading to physiological BP fall.'”'® The observations
in clinical practice indicating that many patients with ACD
that underwent ABPM for any reason did not show nocturnal
fall of BP motivated the development of a systematic study
to analyze the behavior of BP in ABPM. In the control group,
we included only individuals with good cardiovascular health,
with no history of hypertension, diabetes or cardiovascular
disease. All individuals had normal office BP (mean of the
last two measures <140/90 mmHg). The only drug taken
by the patients with ACD was benznidazole, an antiparasitic
medication used in the treatment of T. cruzi infection, the
causative agent of Chagas disease. Lack of BP fall during sleep
was seen in a large proportion (more than half) of patients with
ACD, and nocturnal increase of BP occurred in a significant
proportion of patients (12.9% in SBP and 18.5% in DPB).

Arq Bras Cardiol. 2020; 114(4):711-715

The neurohumoral features of the acute phase of Chagas
disease are not well known, mainly due to epidemiological
characteristics and difficult diagnosis. However, due to changes
in the disease profile and the increase in the number of cases of
oral contamination, with greater parasite load, we have found
more obvious clinical manifestations.' This lack of nocturnal
fall in BP in the acute phase of Chagas disease may be the
result of a disturbance in the autonomic nervous system. One
limitation of this study is that we did not perform an analysis
of heart rate variability, since our objective was to evaluate
BP behavior over 24 hours.

Conclusions

The results of this study suggest that the ABPM can be a
useful tool for early detection of autonomic changes in the
acute phase of Chagas disease. Since this was a descriptive study
of patients with ACD, it is not possible to understand the real
meaning of these changes, since there is no consensus about the
reproducibility of this result and clinical outcomes at long term.
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Short Editorial

Nocturnal Blood Pressure Dipping and the Autonomic Nervous System

Fernando Antonio de Almeida
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Short Editorial related to the article: Absence of Nocturnal Fall in Blood Pressure Detected by Ambulatory Blood Pressure Monitoring in

Acute Chagas Disease Patients with Oral Infection

Blood Pressure (BP) is continuously controlled by
complex mechanisms involving the structural characteristics
of the arterial system, the autonomic nervous system
(sympathetic and parasympathetic) integrated with the
baroreceptor and chemoreceptor systems, the circulating
volume and several vasoconstrictor and vasodilator hormone
systems with systemic and local actions.! The integration of
these systems ensures that the blood pressure undergoes
minimal variations in small intervals, but if we consider the
whole day, there are times, such as during sleep and when
getting up in the morning, when there are more intense
variations in blood pressure, always around mean values.
Ambulatory blood pressure monitoring (ABPM) allows this
phenomenon to be recorded in clinical practice.

Figure 1 shows the ABPM graphical record of a
person with arterial hypertension, indicating the main
parameters evaluated in this exam. One of the most
important phenomena that can be assessed by ABPM is the
physiological BP dipping during sleep. This physiological
behavior of BP during sleep occurs because many
vasoconstrictor mechanisms are “disarmed” in this
condition; among them, the autonomic nervous system is
one of the most important.? A direct consequence of this
modaulatory effect of the autonomic nervous system is that,
in diseases or clinical conditions in which the system is
affected, the absence of this modulatory effect is expressed
by the absence of BP dipping during sleep. In some cases,
there may even be an increase in BP during sleep. This is
the classic example of individuals with diabetes mellitus
with autonomic neuropathy.** These individuals frequently
have postural hypotension, elevated BP at bedtime and
absence of BP dipping during sleep.***” The absence of BP
dipping during sleep implies a higher pressure load on the
circulatory system and increases the risk of cardiovascular
events in the long-term.?® There are other clinical
conditions associated with the absence of BP dipping during
sleep, but this is not the case of this discussion.

In the original article published in this issue of Arquivos
Brasileiros de Cardiologia,® using the case-control study as a
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Figure 1 - Graphical record of an ambulatorial blood pressure
monitoring of a person with hypertension. Observe nocturnal dipping
and morning surge.

methodological strategy, the authors documented by ABPM
that 54 adults (30 women, mean age 36 years) with acute
Chagas disease transmitted orally have a higher prevalence
of the absence of BP dipping during sleep (74%) and higher
prevalence of BP increase duringsleep (18.5%). The frequency
with which these changes occur in the study participants with
acute Chagas’ disease was significantly higher when compared
to participants in the control group, respectively 16.6% and
1.8%. The increase in BP during sleep is also a characteristic
of patients with diabetes mellitus.”

The authors identified that these alterations occur
early in acute Chagas’ disease and interpreted that such
alterations in ABPM may result from dysautonomia,
a characteristic of chronic Chagas’ disease, which is
already present in the acute phase of the disease. The
study is an important contribution to the knowledge in
the area, as it produces a remarkable documentation of
functional alterations in the autonomic nervous system
in the early stages of Chagas’ disease.’® A question that
immediately arises is whether the treatment of Chagas’
disease in the acute phase can prevent the progression
of or recover the already established neurological lesions.
The latest Brazilian guideline on Chagas’ disease mentions
the absence of parasitemia and the reduction in antibody
titers over 5 to 10 years as the cure criteria but does not
address this aspect of the disease."" The authors of the
present study have the opportunity to monitor these
patients for prolonged periods of time to assess whether
the treatment of acute Chagas’ disease can modify the
evolution of the autonomic nervous system lesions.

716


https://orcid.org/0000-0002-9404-9707

717

Almeida
Nocturnal Blood Pressure Dipping and the Autonomic Nervous System

Short Editorial

References

1. Almeida FA, Rodrigues CIS. Hipertensdo arterial primdria. In: Riella MC, 7.
Principios de nefrologia e distdrbios hidroeletroliticos. 6. ed. Rio de Janeiro:
Guanabara Koogan; 2018. p. 605-37.

2. Mancia G. Autonomic Modulation of the Cardiovascular System during 8.
Sleep. N Engl) Med. 1993;328(5):347-9.

3. CardosoCRL, Leite NC, Freitas L, Dias SB, Muxfeld ES, Salles GF. Pattern of 24-hour
ambulatory blood pressure monitoringin type 2 diabetic patients with cardiovascular
dysautonomy. Hypertens Res. 2008; 31(5):865-72. DOI:10.1291/hypres.31.865 9.

4. Hijortkjeer HQ, Jensen T, Kofoed KF etal. Nocturnal antihypertensive treatment
in patients with type 1 diabetes with autonomic neuropathy and non-dipping:

arandomised, placebo-controlled, double-blind cross-over trial. BMJ Open. 10.

2016; 6(12):012307. DOI:10.1136/bmjopen-2016-012307

5. Najafi MT, Khaloo P, Alemi H, Jaafarinia M, Mirboulok M, Mansournia
MA, et al. et al. Ambulatory blood pressure monitoring and diabetes

complications: Targeting morning blood pressure surge and nocturnal 11.

dipping. Medicine (Baltimore). 2018;97(38):e1218

6. Vinik Al, Ziegler D. Diabetic Cardiovascular Autonomic Neuropathy.
Circulation.2007;115(3):387-97.

Sun L, Yan B, Gao Y,Su D, Peng L, Jiao Y, et al. Relationship between blood
pressure reverse dipping and type 2 diabetes in hypertensive patients. Sci
Rep. 2016 Apr 25;6:25053.

Ohkubo T, Hozawa A, Yamaguchi J,Kikuya M, Ohmori K, Michimata M,
et al. Prognostic significance of the nocturnal decline in blood pressure in
individuals with and without high 24-h blood pressure: the Ohasama study.
J Hypertens. 2002;20(11):2183-9.

Cuspidi C, Giudici V, Negri F, Sala C. et al. Nocturnal nondipping and left
ventricular hypertrophy in hypertension: an updated review. Expert Rev
Cardiovasc Ther. 2010;8(6):781-92.

Souza DSM, Oliveira CB, Maciel BG, Figueiredo MT, Bianco HT, Fonseca
FAH, et al. Absence of Nocturnal Fall in Blood Pressure Detected by
Ambulatory Blood Pressure Monitoring in Acute Chagas Disease Patients
with Oral Infection. Arq Bras Cardiol. 2020; 114(4):711-715.

Dias JCP, Ramos Jr NA, Gontijo ED, Luquetti A, Shikanai-Yasuda MA, Coura
JR, etal. Il Consenso Brasileiro em Doenga de Chagas, 2015. Epidemiol Serv
Saude. 2016;25(n.especial):7-86.

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

Arq Bras Cardiol. 2020; 114(4):716-717



/ (¢
Sos L w®

Review Article

Artificial Intelligence in Cardiology: Concepts, Tools and Challenges -
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Abstract

The recent advances at hardware level and the increasing
requirement of personalization of care associated with the
urgent needs of value creation for the patients has helped
Artificial Intelligence (Al) to promote a significant paradigm shift
in the most diverse areas of medical knowledge, particularly
in Cardiology, for its ability to support decision-making and
improve diagnostic and prognostic performance. In this
context, the present work does a non-systematic review of
the main papers published on Al in Cardiology, focusing on
its main applications, potential impacts and challenges.

Introduction

A person’s everyday life necessitates a huge amount of
knowledge about the world and the volume of data in health
grows exponentially throughout the world." On the other
hand, biomedical knowledge is always expanding in an active
and dynamic way and cannot be processed or stored by a
single human brain. This situation makes it very difficult for
the contemporary physician to keep up-to-date with such a
broad spectrum of new data and findings, as well as to use
such information easily and in a timely manner.? Adding to
this framework are the significant burnout rates among health
professionals®* and the important impact of medical errors -
which in the United States represent the third leading cause of
death.® This panorama brings with it the need to reorganize the
productive structure of health services, associated with various
challenges and new perspectives. Given that the current health
system is generally unproductive and/or expensive, it is imperative
to develop alternative and innovative strategies. The central
focus for achieving this goal should be to increase the value for
the patient — outcomes reached per dollar spent — so that good
outcomes, efficiently obtained, are a target to be pursued.®

Besides, the recent advances at hardware level related to
parallel processing, the existence of several machine-learning
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methods and the huge amount of annotated data contributed for
artificial intelligence (Al) to promote a significant paradigm shift
in the most diverse areas of medical knowledge and, particularly
in Cardiology, for its ability to support decision-making that can
improve diagnostic and prognostic performance. These impacts
ought to be evaluated from the perspective of patient safety,
personalization of care, value creation for the patients, within a
scope of technological surveillance — that gradually consolidates
Al as fundamental for a medical practice of excellence.”"

This scenario makes Al, given its importance, be considered
by many as the new electricity. The main journals in cardiology
have published reviews in this area and the number of articles
on the subject follows a growing trend, as shown in Figure 1
— this behavior is also seen in other medical specialties,
such as Neurology. Therefore, the present work performs a
non-systematic review of the main papers published on Al in
Cardiology, focusing on its main applications, potential impacts
and challenges. The next section presents the conceptual
fundamentals on the topic, followed by a discussion on why
cardiology needs Al and its main tools. Finally, the main
challenges, perspectives and conclusions are presented.

What is artificial intelligence?

The term Al was used for the first time at the Dartmouth
Conference in 1956."* Nevertheless, the possibility of machines
being able to simulate human behavior and actually think was
raised earlier by Alan Turing in 1950, who developed a test in order
to differentiate humans from machines — thus named Turing test."

Basically, Al'is the product of the combination of sophisticated
mathematical models and computation, which allows the
development of complex algorithms capable of emulating
human intelligence. All this process starts with the construction
of a database representative of the problem that one wishes
to study — adequately collected and processed- called healthy
data. This step is of fundamental importance, as the algorithms
will probably not perform well if this prerequisite is not
obtained: "garbage in, garbage out".

The nature of these data is quite varied, ranging from socio-
environmental, clinical-laboratory, omic-data (e.g., metabolome,
proteome, epigenome, lipidome) to information on red, green
and blue intensities (RGB system) of each pixel that composes
an image, for example. Equally diversified sources of such
data include those obtained from electronic medical records
or even wearable devices. In this context, the term Big Data is
used to describe a huge collection of data for which traditional
methods of analysis are unsuccessful in analyzing, searching,
interpreting and storing.’

We highlight the use of these tools in problems of
classification, regression, and clusterization. After obtaining

718


https://orcid.org/0000-0002-0381-3344
https://orcid.org/0000-0002-1466-9413
mailto:mederitomarques@gmail.com
https://doi.org/10.36660/abc.20180431

719

Marques et al.
Artificial Intelligence in Cardiology

Review Article

160

140

y = 1.5442 ¢ 0115
R?=0.8217

120

100

80

60

40

20

1991
1993
1995
1997
1999
2001

2003
2005
2007
2009
2011
2013
2015
2017

Figure 1 - Evolution of the number of works relating (Artificial Intelligence or Machine Learning) and Cardiology. Source: Pubmed. Accessed on 12/15/2018. Mesh Words:

Cardiology and Machine Learning.

healthy data and building the database, it is important to
evaluate which mathematical models of Al are most appropriate
for the problem that one wishes to solve. Then, the chosen
models must be implemented using some programming
language. A combination of models can also be useful.
The results obtained by the algorithm should be analyzed in
terms of both the coherence and suitability. These steps are
summarized in Figure 2.

Why does cardiology need artificial intelligence?

The development of Al algorithms has the advantage
of not requiring many assumptions in relation to
underlying data.® Another point is that the nature of these
mathematical-computational models allows, from observational
data, a high level of evidence due to its high performance,
which certainly represents a significant paradigm shift in
evidence-based medicine. It should be noted that traditional
clinical trials are generally slow, expensive, time-consuming,
and limited in size.™ In addition, when the database is fed with
more (healthy) data, in general, there is an improvement in the
performance of the algorithms — which allows the studies to
have a continuous character over time.

This new archetype can guide the allocation of scarce
resources in the health area and facilitate the efficient
and accurate identification of decisions that favor the
individualization of care based on the flow of information
that emerge from an integrated and complex ecosystem:
it is a precision medicine.’'® Therefore, it can be inferred
that the practice of the cardiovascular sciences will have
significant impacts, which will translate into a personalized
approach and improved outcomes.

Basic concepts in artificial intelligence

A generic database can be arranged in a matrix of
rows and columns. Each line denotes an element from

Arq Bras Cardiol. 2020; 114(4):718-725

a set of objects to be evaluated according to the same
features. Each column, in turn, expresses the values of
a given attribute for the various rows in the database
and each line represents a lesson to be learned by the
mathematical-computational model. In this way, the
term Machine Learning (ML) brings with it a possibility of
"learning" from a set of lessons. The term Al is often used
interchangeably with the term ML. However, ML is a subset
of Al algorithms related the ability of learn from a large
amount of data. Al is wider and encompass performing
tasks that are normally related to human intelligence such
as pattern recognition, problem solving, understanding
language or recognizing objects and sounds."”

It is often said that the types of learning can be:

a) Supervised: when the algorithm receives information
about each lesson as well as the labels associated with it, having
an important role in relation to the prediction. For example, if
it is desired to predict whether a patient is more susceptible to
cough with the use of angiotensin-converting enzyme inhibitors,
analysis should be performed based on a healthy database
containing a group of patients that showed such a reaction and
another group in which this fact was not observed.

b) Unsupervised: when the lesson labels are not provided
a priori, it is up to the algorithm to find hidden structures in
the database. A hypothetical example is the clusterization
of a database of patients with hypertrophic cardiomyopathy
according to imaging findings.

) Reinforcement: inspired by behavioral biology, it is a
kind of reward-based learning."®'°

Another important concept is that of cognitive computing.
It can be understood as a set of self-learning systems intended
to imitate the human thought process based on the use of ML
tools, pattern recognition and natural language processing.’
IBM Watson is an example of cognitive computing in the
medical field.?>?'
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Some artificial intelligence tools and applications

Currently, there is a multiplicity of models of ML each of
them with diverse particularities, varied uses and limitations.
The applications of some of these models in Cardiology are
explained in the following paragraphs, while a brief description
of each of them and their type is shown in Table 1.

a) Support Vector Machine (SVM): used by Samad et al.,*
to predict with success the deterioration of ventricular function
in patients with repaired tetralogy of Fallot from a database of
153 patients with clinical, electrocardiographic and cardiac
magnetic resonance imaging data. In relation to predicting any
deterioration (minor or major) vs. no deterioration, the mean
area under the curve (AUC) was 0.82 + 0.06.* Berikol et al.”
used clinical, laboratory (troponin | and CK-MB levels), ECG,
and echocardiographic data from 228 patients who presented
at the emergency department with chest pain for classification
regarding the presence or absence of Acute Coronary Syndrome.
Accuracy, sensitivity and specificity were, respectively, 99.19,
98.22 and 100%.% Betancur et al.** also used SVM to more
precisely define mitral valve plane (VP) positioning during left
ventricular segmentation in Single-Photon Emission Computed
Tomography (SPECT) exams. Images of 392 patients were
analyzed and the good results obtained were compatible with

Table 1 - Brief description and classification of the main ML tools

the opinion of experts in the area — AUC: 0.82 [0.74-0.9] for
regional detection of obstructive stenosis and ischemic total
perfusion deficit areas.

b) Naive Bayes (NB): Paredes et al.,* used an NB fusion
and genetic algorithm to predict the risk of occurrence of
cardiovascular events (e.g., hospitalization or death) based on
data from 559 Acute Coronary Syndrome-Non-ST Segment
Myocardial Infarction (ACS-NSTEMI) patients. Sensitivity and
specificity were, respectively, 79.8, 83.8.%

c) K-nearest neighbors (KNN): Al-Mallah et al.? compared
the prediction of all-cause mortality in 10 years between the
classical logistic regression model and the KNN, considering
a database of 34,212 patients with clinical information and
information obtained after the treadmill test using the standard
protocol of Bruce.? The results obtained by this ML tool showed
a sensitivity of 87.4% and specificity of 97.2%, better than
the predictive performance of the traditional Atherosclerosis
Cardiovascular Disease Risk Score (ASCVD).

d) Genetic algorithms (GA): Smisek et al.?” developed a
wearable device to detect arrhythmias from the information
record of a single-lead electrocardiogram. The data were
analyzed from a combination of the (SVM), decision tree and

Tool Description

Learning

Itis useful for two-group classification problems. The idea is to find a function called hyperplane from the resolution of a linear

SVM system built from the various lessons of the training subset.** This hyperplane is used to cluster the lessons of the test subset

Supervised

into two disjoint groups.

NB

It was inspired in the studies of the reverend Bayes on conditional probability.*' These probabilities are used to identify the
category (out of a total n possible) that a particular lesson belongs to.?

Supervised

Itis said that a vector norm is a mathematical function, which satisfies specific properties, and associates a vector with a value

KNN

greater than or equal to zero.** The norm of the difference between two vectors is the distance between them. The KNN uses a norm
to calculate the distance between all the vectors (lessons) that make up the database. Then, for each vector of the database, the k

Supervised

vectors closest to it are determined. The inclusion in a given group is obtained from a majority voting system among the neighbors. 4

Algorithms inspired by the biological evolution of species, in which each possible candidate to solve the problem is modeled as

AG

a chromosome consisting of a set of genes, which during the execution of the algorithm undergoes operations of crossing-over
and mutation in order to obtain better solutions than the current ones.* This way, they allow a database to be separated, for

Supervised

example, into two distinct groups — which have or do not have a particular characteristic.

This method is based on the construction of several decision trees. The first step is to get several random samples (with
reposition) of lessons to build other databases, a process that is called bootstrapping. Each of these new databases will give

RF rise to a decision tree, which is obtained iteratively, from a subset of variables (features). After the construction of all trees,

Supervised

a new lesson in the database should be allocated to the group that has the largest number of decision trees, showing that it
belongs to this group (majority of votes)."4

It allows partitioning a database into k groups with similar characteristics. To do so, it is necessary to update, in an iterative way,

K-means

a set of vectors, called reference centroids of each group and to calculate the distance of each lesson to each one. Alesson is
always allocated to the centroid for which it has the shortest distance. The elbow chart is generally used to determine the ideal

Unsupervised

number of groups to separate from the database.*®

Inspired in biological nerve systems, a structure called a graph - a set of nodes and edges - is used in which nodes are
layered and connected by valued edges, which represent a weight assigned to a given connection. The idea is that from
a set of inputs, these weights are used properly to produce an output. Several architectures have been proposed for

ANN

neural networks, from simpler ones such as the perceptron, to more sophisticated ones, such as the radial basis function,
convolutional networks and deep learning. In deep learning, in addition to the input and output layers, there are hidden

Unsupervised or
Supervised

layers that increase significantly the number of weights to be updated and often require huge computational efforts.
Convolutional network is a type of deep leaning inspired in visual cortex of animals that have an important role in image
analysis. Autoencoders and Kohonen neural networks are examples of unsupervised learning.! 7552

Itis a tree-based method that uses gradient, vectors related to the direction of maximum increase in a math function, to produce

GB sequential decision trees to be combined to brush up on the prediction. Variants of this approach include Stochastic Gradient

Supervised

Descent that incorporates a random subsampling to GB.%%
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threshold-based rules. Genetic algorithms were used to select
the most appropriate characteristics to be used in the work.
In relation to the detection of atrial fibrillation, an F1 score
(harmonic mean of positive predictive value and sensitivity)
of 0.81 was obtained.?” Stuckey et al.,?® used the Cardiac
Phase Space Tomography Analysis - a pioneering method that
dispenses with the use of radiation and contrast, as well as
performing exercises or pharmacological stress - combined
with ML models (e.g., genetic algorithms) to analyze the
thoracic phase signals. In this study, the authors used this
tool to evaluate patients with coronary disease and chest
pain who were referred by the physician for angiography.
606 patients were studied, and the results showed sensitivity
of 92%, specificity of 62% and predictive value of 96% for
coronary disease.?®

e) Random Forests (RF): Samad et al.,* analyzed a database
consisting of clinical and electrocardiographic variables to
evaluate survival in 10 different periods of time (ranging from
6 to 60 months), considering a total of 171,510 patients.
RF was used, with excellent results, better than those obtained
through traditional scores such as the Framingham risk score and
ACC/AHA guideline score. The area under the curve (AUC) was
superior to 0.82.2° Ambale-Venkatesh et al.*® used information
from noninvasive tests, questionnaires, biomarkers and imaging
tests from 6,814 patients to construct 739 variables (features)
in order to apply a variant of RF — called survivor random
forests® —for predicting cardiovascular events (all-cause death,
stroke, all cardiovascular disease, coronary heart disease, atrial
fibrillation and heart failure), having performed better than
established risk scores, e.g., MESA-CHD, AHA/ASCVD and
Framingham, with increased prediction accuracy (decreased
Brier score by 10%-25%).°"

f) K-means: Cikes et al.’? used a database consisting of clinical
variables and echocardiographic parameters for which two models
of ML, Kmeans and Multiple Kernel Learning were applied, in
order to categorize the patients into mutually exclusive groups
to evaluate the response to resynchronization therapy cardiac.
A total of 1,106 patients were analyzed and four disjoint groups
were identified, two of them with the best response to therapy.*

g) Artificial Neural Networks (ANN): Kwon et al.,*® in
a multicenter study of 52,131 patients, constructed a deep
learning-based early warning system capable of predicting the
occurrence of cardiacarrest in a hospital. The model showed high
performance when compared to traditional track-and-trigger
systems. The area under the curve was 0.82.% Rubin etal.,** had
promising preliminary results with the use of neural networks
with convolutional architecture to evaluate electrocardiographic
signs and to classify them in atrial fibrillation, sinus rhythm
(normal) or noise — the F1 score achieved was 0.82.>* Zhang
et al.* also used convolutional neural networks to analyze a
database with 14,035 echocardiographic exams to detect the
presence of diseases such as hypertrophic cardiomyopathy,
cardiac amyloidosis and pulmonary arterial hypertension
with a high performance: C statistics were respectively, 0.93,
0.87, and 0.85. Nakajima et al.** used an ANN to evaluate
the presence of coronary disease after performing myocardial
scintigraphy. Results were obtained with high accuracy
and superior performance to the traditional scores used.
For example, the AUC for patients with old myocardial infarction
based on defects in rest stage was 0.97.%
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h) Gradient Boosting (GB): Mortazavi et al.*” used GB
for prediction of risk of bleeding after percutaneous coronary
intervention and demonstrated that these tools can help to
identify patients who would benefit from strategies aiming
to reduce the bleeding risk. A total of 3,316,465 procedures
were analyzed and a C statistic of 0.82 was obtained.?
Hernesniemi et al.,* also proposed a GB to predict mortality
in acute coronary syndrome, analyzing 9,066 consecutive
patients. The AUC was 0.89 and the model performed better
than GRACE traditional score.*®

It is important to note that when using any ML model, one
should keep in mind a major problem that may arise, called
overfitting. It occurs when a model describes the examples
very well (training subset) and performs poorly when applied
to other instances of the same phenomenon.** In addition, it
is worth saying that there is no theoretical result that ensures
that any of the Al algorithms is better than the others in any
application. Thus, this choice depends on several variables,
such as the nature of the problem under analysis, the time and
resources available to solve the problem. The combination of
techniques generating hybrid models can also be of great value.
On the other hand, the use of tools for parallel processing, such
as the Graphic Processing Unit (GPU), has been of great value in
improving the performance of ML models, especially in relation
to computational time needed to run them.

Challenges and future prospects

As previously highlighted, Al applications in cardiology
have increased greatly in recent years and their growth
potential is enormous. However, this scenario brings with it
the need to overcome some challenges, such as: ethical limits
of use (misuse), improvement of mathematical knowledge,
acquisition of healthy data, development of security, need
for collaboration, attention to errors and data-based care.
All of this is discussed below and is summarized in Figure 2.

a) Challenge 1 — ethical limits of use (misuse): like all
disruptive technology, the limits of ethics need to be rethought
and widely discussed. ML algorithms can be misused and
misleading. As an example, a work of great repercussion
was published by Wang and Kosinski (2018). The authors
used deep learning and obtained expressive results in the
prediction of whether an individual is gay or not from a
database of images of the study participants’ faces.*® Similarly,
the same Al algorithms can be used to detect, for example,
whether or not a patient will develop atrial fibrillation or any
future cardiomyopathy. Could this information be used by
companies to increase the amounts of their health plans or
even deny membership to the plan due to a high cost? What
if it is detected that a baby will be born with congenital heart
disease due to the analysis of the genetic, clinical-laboratory
and image (or other) data of its parents? This could open
space for a kind of neoeugenia. This debate has gained an
additional emphasis with the emergence of the CRISP-Cas9
technique, which allows DNA editing.* In this context, by
stimulating a debate with society on the subject, transparency
and regulation are fundamental pillars to be preserved.

b) Challenge 2 — improve math knowledge: the advent
of this new kind of unbelievable human being (Homo
incredibile), which supports its decisions in data, carries with
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Figure 2 — Main lllustration.

it the fundamental role of mathematics and computation in
this currently ongoing revolution. This revolution will bring
unimaginable possibilities in medical practice, such as the
construction of quality phenomappings - ML models developed
with the aim of clustering patients in function of their large
mass of phenotypic characteristics in order to facilitate the
decision-making process.” Thus, it is necessary that these
competencies are stimulated early, mainly with a focus on
solving problems related to the reality for which one wishes to
promote improvements. This will certainly be reflected in a need
to reformulate the cardiovascular contents (and why not say,
medical content in general) of undergraduate and postgraduate
courses in Medicine: a passive or merely expositive education,
with an extensive load and that prioritizes the capacity of the
student's memory seems, more and more, to be inadequate,
as one realizes that Medicine must be a space for creativity
and value generation.

¢) Challenge 3 — get healthy data: the use of healthy data is
of fundamental value for the success of the algorithms. Thus, it
is required that health units encourage their health professionals
regarding the thoroughness at the level of data filling/obtaining
as well as maintaining any data sources, from forms, electronic

medical records, image data or even unconventional data, such
as those obtained by Medina et al.*® - who developed a successful
Online Social Networks Health tool in which the patient
himself anonymously inserts health monitoring information,
including physiological data, daily activities, emotional
states, and interaction with others patients.”® Therefore, data
management becomes as important as other routine behaviors
in evidence-based medicine, such as proper handwashing or
even the use of a defibrillator during cardiac arrest. In this way,
the formation of multidisciplinary data teams and the constant
training of the teams assume a primordial role. It is noteworthy
that much of the slowness and difficulty that some health units
have in using ML models is tied to absent or incipient healthy data.

d) Challenge 4 — get security: the advent of these tools
brings with it a fundamental concern with data security, to
a level never before experienced, as access to such data by
unauthorized persons can lead to catastrophic consequences
for both health institutions and the patients. The creation of
a security team plays an important role in this new process.
The General Data Protection Regulation represents an
advance in this direction. Blockchain and its variants are
important tools that can improve security substantially.

Arq Bras Cardiol. 2020; 114(4):718-725
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e) Challenge 5 - need for collaboration (the African
proverb): there is an African proverb that says, "if you want to
go fast go by yourself, but if you want to go far go with many".
This applies a lot to this data environment: collaboration
between institutions allows the construction of huge healthy
databases (Big Data), which tends to favor the performance
of ML algorithms.

f) Challenge 6 — dealing with errors: one important issue
concerns the errors of Al models. It is inadequate to believe
that such models are error-free. It may, for example, be the
result of overfitting or occurring by using unhealthy data -
which make the results unreliable. However, the practice has
shown high performance in several applications. These models
are probabilistic, and it is always desirable that their errors be
minimal. This scenario has clinical implications, for example,
an Al model that predicts with 99% probability that a patient
has a greater propensity than the general population to have
cardiac myocarditis or amyloidosis. There is a probability,
although small, that this will not occur, and that the procedure
adopted by the cardiologist is inadequate. In that case, the
question is who can be held accountable in these cases?
Is it appropriate? Should the patient sign a consent form in
these cases? Certainly, the solution includes robust regulation
of the use of these tools and strengthening of a new type of
relationship: physician-patient-data.

g) Challenge 7 — data-based care management: while ML's
tools follow an inexorable path, on the other hand, several
healthcare professionals remain fearful about these tools
because of its possible ability to replace physicians in their
tasks. However, when the history of Medicine is remembered,
it is worth mentioning, for example, that the appearance of
automated machines to perform the whole blood count did
not replace the hematologist, but rather resulted in a greater
speed of the work process and allowed the professional to be
able to act in other important issues in the specialty.

The central idea is to provide better support for
decision-making, including better performance. It is data-driven
care management with a high dynamism and constant
updating - which will promote greater personalization of
care*® and a real-time evaluation of the experience of the
health system users, aiming at generating value for the patient.
In this context, the mechanical tasks will be substitutable and
a diversity of new tasks will be included into the routine of
the cardiologist of precision, from the adequate construction
of the databases to the critical reflection on the results
obtained by the mathematical-computational models, as well
as the development of an adequate physician-patient-data
relationship. Therefore, there is a migration of human skills as
well as the expansion of their capabilities from the emergence of
new tools, which should be part of the technical arsenal of the
27+ century cardiologist. This panorama allows us to compare
ML models to a horse and doctors to jockeys: " the horse is the
one who runs , you must be the jockey".

Conclusions

Al, in fact, has been shown to be a fundamental tool for
the clinical practice of current cardiology. Several applications
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have been successfully performed and have allowed significant
improvements from a diagnostic and therapeutic point of view
and in relation to personalized care. To be able to use such
tools, it is imperative that healthy data be used, which certainly
implies a new design in the modus operandi of many health
services. The nature of these data is varied and includes new
sources, such as wearable devices and omic-data. On the other
hand, this new digital ecosystem requires an acquisition of
knowledge not traditionally found in regular medical courses.
Therefore, a curricular redesign is required and ought to be
object of a profound debate and specific actions.

On the other hand, the entire panacea brought by Al is
not free from challenges such as: the ethics limits of its use,
the necessity of improving math knowledge, the building
of an ecosystem that ensure high levels of security and
confidentiality for the patients, the acquisition of healthy
data, the needs of expand the physician-patient-data
association, the necessity of collaboration and the data-based
care management. In this context, the cardiologist-jockey
(or physicians in general) must be a protagonist of changes
and has to replace an eventual fear of the tools by a greater
involvement with the objective of generating value for the
care. It is important to keep in mind possible challenges and
obstacles to be overcome and to maintain an engagement
and critical sense in the search for solutions: "the horse is
the one who runs, you must be the jockey".
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Internet Search Trends and Regional Mortality Tendencies: The Case

of Oral Anticoagulants and Stroke
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Introduction

Multiple studies have found that up to 30% of ischemic
strokes are associated with atrial fibrillation (AF), especially
in the elderly population.'? Although the embolic risk varies
according to clinical characteristics and comorbidities,
anticoagulant therapy has consistently shown to reduce
stroke rates by approximately 70%." However, previous
studies demonstrated that treatment rates with warfarin
were low, even in patients at high risk for embolic events.
Despite evidence from various publications demonstrating the
effectiveness and safety of vitamin K antagonists, their complex
pharmacokinetics and the need for continuous monitoring
and frequent dose adjustments were the main explanations
for low adherence.’

Over the last 10 years, four direct oral anticoagulants
(DOAC) have become available to prevent embolic events
in patients with non-valvular AF: dabigatran, rivaroxaban,
apixaban and edoxaban. In August 2011, dabigatran was
the first DOAC approved in Brazil for stroke prevention,
followed by rivaroxaban four months later. Two years
later, apixaban was also introduced in the Brazilian market
and only in February 2018 edoxaban became available.
When compared to warfarin, multiple trials have suggested
that DOACs are non-inferior in preventing ischemic strokes
and possibly superior in reducing mortality, perhaps due to
fewer intracranial hemorrhages.* In addition to waive the
need for laboratory monitoring, they have more predictable
pharmacokinetics and a lower incidence of drug-to-drug
interactions. Recent studies have demonstrated an increase
in anticoagulation prescription rates among physicians since
DOACs have become clinically available.’

The analysis of Internet search trends is a promising method
for estimating the frequency by which medical interventions
are being applied in clinical practice. More recent publications
have suggested a strong correlation between Internet
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search engine query data, medical decision making and
pharmacological prescription patterns for a given region.®
However, it is not clear whether these search patterns are also
predictive of regional trends associated with clinical events.

Internet search trends in health care

Currently, Google is perhaps the most utilized online
search tool, even among healthcare professionals. The search
patterns created within Google have been available since
2004 and can be accessed from Google Trends (Google Inc.
Mountain View, CA, USA). Briefly, this is an open-access tool
which displays how frequently any given term or topic has
been searched for in the Google search engine. Additionally,
filters can be used to specify a region and time period for
the analysis. The frequency is presented as a number from
0 to 100 which varies over the predefined time interval and
represents a proportion in relation to the highest popularity
point. Accordingly, a value of 100 indicates the moment at
which the term or topic reached the highest search interest,
and a value of zero correlates to less than 1% of the peak
popularity.® Also, up to five terms or topics can be analyzed
simultaneously, and a mean popularity value is automatically
provided for each term during the selected interval.

Internet search engines have the potential to reflect the
general interest of a population in a given topic, within
a specific time interval and region. Google Trends is an
example of such a tool, and the scores provided the website
are a result of many factors that directly influence the
public’s awareness regarding the subject being researched.
These include promotional campaigns, media coverage,
internet access, literacy rates and socioeconomic status.
Nevertheless, when patients and health care professionals
are exposed to information and knowledge, there is a
higher probability of an informed decision regarding the
implementation of medical interventions.

A study by Kritz et al.” demonstrated that physicians
frequently use general search engines to retrieve medical
knowledge in daily practice, chiefly because of lack of time
for a more thorough research.” Furthermore, some countries
use search engines as epidemiological surveillance tools for a
variety of diseases, which could have implications in public
health policies. In France, the Sentinel Network is a public
health monitoring system where general practitioners use
web-based data to follow disease patterns and potentially
identify outbreaks at an early stage.®

Although popularity scores do not necessarily mirror drug
prescription patterns, previous studies with a wide variety of
medications have suggested that an association does in fact
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exist. This association has been shown with statins and several
non-cardiovascular drugs.®'° A previous study by Lippi et al.®
also found an increase in worldwide online search volume
for DOACs, which has been consistent with the escalation
in clinical use.

Internet search trends for oral anticoagulants
and stroke

Despite a progressive increase in the number of publications
in this area, an association between specific patterns of
treatment search and subsequent variations in populational
clinical events has yet to be clearly demonstrated. If a
relationship really exists, search data would have the potential
to function as a surrogate for large-scale effects of a given
drug or intervention regarding specific clinical outcomes.
The influence of oral anticoagulants in the epidemiology of
stroke-related deaths serves as an adequate example in this
scenario, considering that most ischemic cerebrovascular
events are cardioembolic and effectively prevented by oral
anticoagulants. Hernandez et al." have previously correlated
geographic variation in the use of anticoagulation with stroke
rates among Medicare beneficiaries, demonstrating an inverse
relationship between the two variables."

According to the Department of Information Technology
of the Brazilian Unified Health System (DATASUS), the total
number of stroke-related deaths in Brazil declined between
2006 and 2015, although the most significant reduction
was after 2011."2 In addition, ischemic strokes and those
not classified as a specific type (ICD-10 codes 163 and 164)
comprised most of the cerebrovascular events (70,2%), and
presented a similar pattern of decline since 2011 (mean of
49,406.4 = 451 vs. 46,447.2 + 1633 deaths per year before
and after 2011, respectively). Conversely, hemorrhagic stroke
deaths (ICD-10 codes 160, 161 and 162) increased in the same
period, albeit at a much lower proportion (mean of 19,740.4
+ 278 vs 20,933.8 = 446 deaths per year before and after
2011, respectively)."

During the same period, when warfarin, dabigatran and
rivaroxaban were used as search topics (“drug”) and Brazil was
defined as the only search region, there was a clear tendency
for a decline in warfarin’s Google Trends search scores after
2011. In 2015 the popularity value reached approximately the
same level as 2009. Conversely, rivaroxaban’s score increased
considerably after 2011, and surpassed warfarin’s popularity after
2013. Dabigatran’s search score remained consistently below the
other two anticoagulants throughout the analyzed time interval.
It should be noted that when a topic (i.e. “drug”) is used as the
search option, terms that are associated with the corresponding
drug, including commercial names, are also contemplated.

When stroke-related deaths and search scores are
appreciated in combination there appears to be an inverse
correlation with ischemic strokes and a positive association
with hemorrhagic events. Between 2011 and 2015, total and
ischemic stroke deaths decreased (Figure 1) and hemorrhagic
events increased (Figure 2) concurrently to an escalation
in DOAC Google Trends’ search scores. Most importantly,
this relationship seemed to be primarily driven by a rise in
rivaroxaban’s popularity.
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Since there has been a progressive increase in the
prescription of oral anticoagulants in clinical practice, and
also a rise in the internet popularity of DOAC worldwide,
changes in the incidence of both ischemic and hemorrhagic
cerebrovascular events may be anticipated."® In Brazil, such
an impact would also be expected, since in 2015 rivaroxaban
was already the drug with the third highest sales revenue in the
national market, only four years after it became available to the
public." In only two years, rivaroxaban surpassed warfarin in
Internet search volume in most of the country. This finding is
probably related to an increase in the use of DOACs, rather
than a transition between anticoagulant categories. DOACs have
become attractive options when stroke prevention is considered
in AF, mainly because of their predictable pharmacokinetics,
probably safer profile and non-inferior effectiveness when
compared to vitamin K antagonists.

Contrary to what was found with ischemic strokes,
hemorrhagic stroke-related deaths apparently increased since
2011. Although such an escalation occurred at a lower rate,
the trend also appeared to be related to rivaroxaban “s search
patterns. Perhaps this tendency was also a result of a greater
number of previously untreated patients that progressively
received anticoagulants, since DOACs tend to reduce
intracranial bleeding when compared to warfarin.

The greater adoption of the CHA DS,-Vasc Score could
also have contributed in expanding the number of patients on
anticoagulant therapy during the study period." Furthermore,
considering that total stroke deaths decreased significantly, the
epidemiological pattern is comparable to the net benefit of
DOACs that has been found in multiple trials.* The possibility
that other factors, such as public health policies, greater
cardiovascular risk factor control and improvements in
socioeconomic conditions, may have influenced the annual
number of deaths cannot be entirely excluded. However,
a reduction in hemorrhagic stroke-related deaths would
be expected solely from these interventions. Until 2017,
a persistent decline in ischemic deaths was still observed,
whereas hemorrhagic events continued to increase.'

Although search scores may provide an estimate of
prescription patterns, they are not a direct reflection of regional
drug utilization or sales. Internet access in 2014 was available in
approximately 50% of all households in Brazil and the illiteracy
rate in individuals over 65 years of age was still high (26.4%)."
As such, these patterns must be interpreted considering all of
the potential biases, especially because the specific algorithms
that were employed by Google Trends were not disclosed.
Nevertheless, as Internet access expands throughout the World
and new policies are developed to reduce illiteracy rates,
search trends will become increasingly more correlated to daily
behavioral patterns.

Conclusion

The progressive worldwide populational growth has
demanded the development of new mechanisms to monitor
epidemiological changes in both treatment tendencies and
disease patterns. In this context, the Internet has become
a valuable tool for gathering information to aid in daily
decision making, particularly in health care, where the critical
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Figure 1 - Annual ischemic stroke-related deaths and mean Google Trends scores for anticoagulants. After 2011, an increase in the online popularity of rivaroxaban
was accompanied by a decrease in the number of ischemic stroke related-deaths in Brazil.
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Figure 2 - Annual hemorrhagic stroke-related deaths and mean anticoagulant Google Trends scores. After 2011, an increase in rivaroxaban’s online popularity
was accompanied by an escalation in the total number of hemorrhagic stroke related-deaths in Brazil.

appraisal of the collected data is also of upmost importance.
Over the last 10 years, the increasing clinical experience
with DOACs in patients with AF has been accompanied by
a significant global rise in the popularity of these drugs in
Internet search engines. This phenomenon also appears to
be occurring in middle-income countries, such as Brazil.

However, the association between web-based tendencies
and clinical outcomes is still an area that needs further
investigation. There is a possibility that the effectiveness of
large-scale health care policies and interventions, such as
vaccination campaigns, may be monitored by online search
data, especially in regions where most of the population

Arq Bras Cardiol. 2020; 114(4):726-729
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have access to the internet. Specific areas in medicine where
this strategy may be of value are yet to be determined and
should be explored in future studies.
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Evolved Inferior Wall Myocardial Infarction with Left Ventricular
Pseudoaneurysm: A Diagnostic Dilemma
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Introduction

The left ventricular (LV) pseudoaneurysm (PA) is a rare
mechanical complication of acute myocardial infarction (AMI).!
It results from myocardial rupture, in which the hemorrhagic
process is contained by the adherent pericardium. It occurs most
commonly in the inferior and posterior ventricular wall, since the
rupture of the anterior ventricular wall usually leads to cardiac
tamponade and immediate death, while the inferior-posterior face
of the heart rests on the diaphragm, facilitating the ventricular cavity
containment by the pericardium.’ Imaging methods are crucial
to establish the diagnosis. Transthoracic (TTE) and transesophageal
echocardiography (TEE) allow the definitive diagnosis in 26%
and 75% of cases, respectively."” Cardiac magnetic resonance
(CMR) imaging is useful in the differential diagnosis of LV PA and
aneurysm, with a reported sensitivity of 100%.> The presence of
late pericardial enhancement in the CMR is highly suggestive of
LV PA, which may represent the effect of the passage of blood
into the pericardial space at the time of myocardial rupture, with
subsequent pericardial inflammation and fibrosis."**

Case Report

An 87-year-old female patient, with a relevant personal history
of dyslipidemia, multinodular goiter and right renal cyst, came to
the Emergency Department (ED) due to clinical symptoms, with
3 weeks of evolution, characterized by frequent tiredness and
dyspnea at small efforts, mild and persistent precordial pain with
dorsal irradiation, anorexia and nausea. She was hemodynamically
stable, had bilateral rales, and no other significant alterations on
physical examination. The electrocardiogram showed ST-segment
elevation at the DII, DIl and aVF leads. Laboratory tests showed
increased troponin | (551.1 ng/L) and NT-proBNP (12,568 pg/mL)
levels. The patient was admitted with the diagnosis of AMI with
lower ST-segment elevation (STEMI). Taking into account the time
of evolution, the case was considered as having no indication for
fibrinolysis. The TTE showed biventricular dysfunction (LV ejection
fraction of 40% by the Simpson Biplane method), posterolateral
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and lower mid-basal akinesia with aneurysmal formation (Figure
1), moderate mitral regurgitation and moderate pulmonary arterial
hypertension. She was submitted to an ischemia test (myocardial
perfusion scintigraphy) with no evidence of ischemia, but a fixed
defect was documented in the lower wall, thus not being a
candidate for coronary angjography. The patient was discharged
under clinical stability and treated with dual antiplatelet therapy,
statin and beta-blocker (low dose). Two days later, she returned
to the ED with clinical signs suggestive of heart failure. The
patient had tachycardia, polypneia, and required supplemental
oxygen therapy. Radiologically, bilateral pleural effusion was
visualized. The ECG showed no dynamic alterations. The TTE was
repeated, showing moderate pericardial effusion, with no signs of
hemodynamic compromise, and an increase in the aneurysm ssize,
raising the possibility of its being a PA (Figure 2). She underwent
CMR in another institution (Figures 3 and 4), which confirmed
that it was 7x5.4 cm lower ventricular wall PA, with a wide neck
(3.5 cm), and a parietal thrombus. The case was discussed with
the Cardiothoracic Surgery team, which, taking into account
the patient’s advanced age, state of fragility and clinical picture
irreversibility, considered that the patient had high intra- and
perioperative morbidity and mortality, and thus would not benefit
from surgical treatment. The patient developed cardiogenic shock
and died after four days of hospitalization.
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Image

Figure 2 - Transthoracic echocardiography (short axis view) suggestive of a
pseudoaneurysm of the lower left ventricular wall (asterisk).

Figure 1 - Transthoracic echocardiography (apical 2-chamber view) showing
aneurysmal formation (arrow).

Figure 4 - Cardiac magnetic resonance imaging, after gadolinium injection, showing
the presence of late enhancement over the pericardial leaflets (arrowheads), supporting
the dliagnosis of pseudoaneurysm. LA, left atrium; LV, left ventricle.

Figure 3 - Cardiac magnetic resonance imaging (static cine image, short
axis) confirming the presence of a large left ventricular pseudoaneurysm
(dashed arrow). RV, right ventricle; LV, left ventricle.
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Inotropic and Antiarrhythmic Transmural Actions of Ranolazine in a
Cellular Model of Type 3 Long QT Syndrome
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Abstract

Ranolazine (RANO) prevents cardiac arrhythmia by
blocking the late sodium current (I ). A transmural gradient
of Nav1.5 is found in the left ventricular wall of the heart. Thus,
we investigated the effects of RANO in healthy cardiomyocytes
and in a cellular model of type 3 long QT syndrome (LQT3).
We used isolated endocardium (ENDO) and epicardium (EPI)
cells and a video edge detection system and fluorescence
microscopy to monitor calcium transients. RANO (0.1, 1, 10
and 30 uM, at 25°C) at a range of pacing frequencies showed
a minor impact on both cell types, but RANO at 30uM
and 35°C for ENDO cells attenuated sarcomere shortening
by~21%. Next, to mimic LQT3, we exposed ENDO and EPI
cells to anemone toxin Il (ATX-1l), which augments | . Cellular
arrhythmias induced by ATX-Il were abrogated by RANO (30
UM) at 35°C. Based on our results we can conclude that RANO
has a minor impact on sarcomere shortening of healthy ENDO
and EPI cells and it abrogates arrhythmias induced by | to
a similar level in ENDO and EPI cells.

Introduction

Arrhythmia in cardiovascular diseases is one of the leading
causes of death worldwide." The antiarrhythmic action of
RANO is attributed to reduction in the slow inactivating
component of cardiac inward current through Nav1.5, known
as the late sodium current (I ).? Despite major advances in
the understanding of molecular mechanisms underlying RANO
action, whether RANO exhibits a transmural action in heart
muscle cells remains uncertain. Therefore, in the present study
our hypothesis is that RANO has transmural action on healthy
field-stimulated endocardium (ENDO) and epicardium (EPI)
cells and also on arrhythmias and calcium disturbance induced
by anemone toxin Il (ATX-I1),> which increases |, and mimics
several aspects of type 3 long QT syndrome (LQT3), a diseased
linked to increased |, in heart cells.?
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Methods

Animals

Male Wistar rats (160-250 g; 5-7-week old) were used
in the experiments. All experimental procedures were
performed in accordance with institutional guidelines, and the
study was approved by the local ethical review committee.
Cardiomyocytes were isolated as previously described.*

Sarcomere shortening and calcium transient

Experiments were conducted as previously described by
our group.® Cells were perfused with RANO (Alomone, Israel)
at 0.1, 1, 10, or 30 uM from a 10 mM stock solution. Data
were normalized as the function of sarcomere contraction
before RANO exposure. To access the antiarrhythmic effect
of RANO following exposure to 6 nM ATX-I| (Alomone, Israel),
the times to 90% sarcomere relaxation (T90R) and calcium
reuptake (T90Ca?*) were recorded as arrhythmic indexes. In
addition, 10 mM tetrodotoxin (TTX) (Alomone, Israel) was used
to confirm that the observed phenotype was indeed dueto |, .

Statistical analysis

All results are expressed as mean + standard error of the
mean. Significant differences were determined using two-
sample t-test or one-way ANOVA with repeated measures,
followed by Tukey’s post hoc test. P < 0.05 was considered
significant. Cardiomyocytes from at least two distinct hearts
were used in each experiment.

Results and discussion

Previous studies have shown that healthy cardiomyocytes
exhibit 1 _ . Moreover, a gradient of sodium current has
been recorded in the left ventricular wall, and it has been
reported to be larger in ENDO cells than in EPI cells.” Thus,
we hypothesized that ENDO cells present larger 1 than
EPI cells. Since I, modulates [Ca?*]i in cardiomyocytes,®
RANO would be able to attenuate contraction in both cell
groups, although with greater potency in ENDO cells than in
EPI cells. To test this hypothesis, cells were perfused at 25°C
with RANO; however, RANO could not attenuate sarcomere
shortening in ENDO and EPI cardiomyocytes (Figures 1 A and
C). A similar trend was observed when cardiomyocytes were
exposed to 30 UM RANO and paced at 0.2 Hz. When ENDO
and EPI cells were exposed to 30 uM RANO and paced at
0.2 Hz using a superfusion solution at 35°C, cell shortening
was attenuated in ENDO cells by ~21% (p < 0.05) but not in
EPI cells (Figures 1B and D). Thus, corroborating the previous
findings, our results suggest that healthy ENDO cells indeed
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Ranolazine (RANO) prevents cardiac arrhythmia by
blocking the late sodium current (I ). A transmural gradient
of Nav1.5 is found in the left ventricular wall of the heart. Thus,
we investigated the effects of RANO in healthy cardiomyocytes
and in a cellular model of type 3 long QT syndrome (LQT3).
We used isolated endocardium (ENDO) and epicardium (EPI)
cells and a video edge detection system and fluorescence
microscopy to monitor calcium transients. RANO (0.1, 1, 10
and 30 uM, at 25°C) at a range of pacing frequencies showed
a minor impact on both cell types, but RANO at 30uM
and 35°C for ENDO cells attenuated sarcomere shortening
by~21%. Next, to mimic LQT3, we exposed ENDO and EPI
cells to anemone toxin Il (ATX-1l), which augments | . Cellular
arrhythmias induced by ATX-Il were abrogated by RANO (30
UM) at 35°C. Based on our results we can conclude that RANO
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and EPI cells and it abrogates arrhythmias induced by | to
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RANO is attributed to reduction in the slow inactivating
component of cardiac inward current through Nav1.5, known
as the late sodium current (I ).? Despite major advances in
the understanding of molecular mechanisms underlying RANO
action, whether RANO exhibits a transmural action in heart
muscle cells remains uncertain. Therefore, in the present study
our hypothesis is that RANO has transmural action on healthy
field-stimulated endocardium (ENDO) and epicardium (EPI)
cells and also on arrhythmias and calcium disturbance induced
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Methods

Animals

Male Wistar rats (160-250 g; 5-7-week old) were used
in the experiments. All experimental procedures were
performed in accordance with institutional guidelines, and the
study was approved by the local ethical review committee.
Cardiomyocytes were isolated as previously described.*

Sarcomere shortening and calcium transient

Experiments were conducted as previously described by
our group.® Cells were perfused with RANO (Alomone, Israel)
at 0.1, 1, 10, or 30 uM from a 10 mM stock solution. Data
were normalized as the function of sarcomere contraction
before RANO exposure. To access the antiarrhythmic effect
of RANO following exposure to 6 nM ATX-I| (Alomone, Israel),
the times to 90% sarcomere relaxation (T90R) and calcium
reuptake (T90Ca?*) were recorded as arrhythmic indexes. In
addition, 10 mM tetrodotoxin (TTX) (Alomone, Israel) was used
to confirm that the observed phenotype was indeed dueto |, .

Statistical analysis

All results are expressed as mean + standard error of the
mean. Significant differences were determined using two-
sample t-test or one-way ANOVA with repeated measures,
followed by Tukey’s post hoc test. P < 0.05 was considered
significant. Cardiomyocytes from at least two distinct hearts
were used in each experiment.

Results and discussion

Previous studies have shown that healthy cardiomyocytes
exhibit 1 _ . Moreover, a gradient of sodium current has
been recorded in the left ventricular wall, and it has been
reported to be larger in ENDO cells than in EPI cells.” Thus,
we hypothesized that ENDO cells present larger 1 than
EPI cells. Since I, modulates [Ca?*]i in cardiomyocytes,®
RANO would be able to attenuate contraction in both cell
groups, although with greater potency in ENDO cells than in
EPI cells. To test this hypothesis, cells were perfused at 25°C
with RANO; however, RANO could not attenuate sarcomere
shortening in ENDO and EPI cardiomyocytes (Figures 1 A and
C). A similar trend was observed when cardiomyocytes were
exposed to 30 UM RANO and paced at 0.2 Hz. When ENDO
and EPI cells were exposed to 30 uM RANO and paced at
0.2 Hz using a superfusion solution at 35°C, cell shortening
was attenuated in ENDO cells by ~21% (p < 0.05) but not in
EPI cells (Figures 1B and D). Thus, corroborating the previous
findings, our results suggest that healthy ENDO cells indeed

DOI: https://doi.org/10.36660/abc.20190220
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present larger | than EPI cells. However, it is also important
to note that 30 uM RANO could also block L-type calcium
current in cardiomyocytes.’

To better understand the mechanism underlying
sarcomere shortening induced by RANO, subsequent
experiments were performed at 35°C. Cardiomyocytes
were loaded with Fura 2-AM to monitor calcium oscillation
during cell contraction, and cells were exposed to ATX-II to
increase | and induce an LQT3 phenotype3 (Figure 2).
ENDO (Figures 2A, B and C) and EPI (Figures 2D, E and F)
cells exposed to ATX-II showed clear calcium disturbances
and simultaneous mechanical arrhythmias. RANO (30 uM)
strongly attenuated the arrhythmic phenotype induced by
ATX-Il'in both cell groups to a similar extent. To confirm that
the arrhythmic phenotype observed in our experiments was
truly attributed to I, cells were exposed to 6 nM ATX-II
[Figure 2A (iv) and Figure 2D (iv)], following exposure to 10
UM TTX and 6 nM ATX-II [Figure 2A (v) and Fig 2D (v)]. The
results confirmed that the observed arrhythmic phenotype
occurred due to |, augmentation. Despite the fact that
rat ENDO cells present larger sodium currents than EPI

cells,”" the arrhythmic phenotype induced by ATX-1I and
the extent of antiarrhythmic effects of RANO were similar
in both cell groups.

Interestingly, the therapeutic concentration range of RANO
is 1-10 uM."" The apparent discrepancy in RANO potency
may be explained by the fact that ATX-II at doses of 1-10 nM
induces larger | in cardiomyocytes than that observed in
cardiovascular disease.**

Conclusion

RANO exerted a minor impact on sarcomere shortening of
healthy cardiomyocytes and abrogated arrhythmias induced
by I, to a similar extent in ENDO and EPI cells.

Nal
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Figure 1 - Inotropic effect of ranolazine (RANO) on sarcomere shortening of ENDO and EPI cardiomyocytes. Representative sarcomere shortening recordings before
(black (25°C) and blue (35°C)) and after (light gray (25°C) and red (35°C)) exposure of ENDO (left) and EPI (right) cardiomyocyte to RANO ((A) 10 and (B) 30 uM).
Inotropic effect of 0.1, 1, and 10 uM RANO (C) and 30 uM (D) on sarcomere shortening (upper bars); Normalized time to 50% sarcomere contraction (T50C) (middle
bars)) and; normalized time to 50% of sarcomere relaxation (T50R) (bottom bars) Hatched bars represent EPI cells (n = 3-6 cells/concentration). *p < 0.05 comparing

before and after RANO exposure.
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Figure 2 - Action of ranolazine (RANO) in ENDO and EPI cardiomyocytes exposed to ATX-Il and paced at 0.2 Hz. Representative traces of calcium transients (upper
traces) and cardiomyocyte sarcomere shortening (lower traces) following exposure to Tyrode’s solution (i), 6 nM ATX-II (i), 6 nM ATX-Il + 30 uM RANO (iii), 6 nM ATX-II
(iv), and 6 nM ATX-Il + 10 uM TTX (iv) in ENDO (A) and EPI (D) cells. Time to 90% of Ca2+ reuptake in ENDO (n = 8 cells) (B) and EPI (n = 6 cells) (E). Time to 90%
sarcomere relaxation in ENDO (C) and EPI (F) cells. * p < 0.05 compared to the ATX-II group.
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Erratum

In the Brief Communication “Inotropic and Antiarrhythmic Transmural Actions of Ranolazine in a Cellular Model of Type
3 Long QT Syndrome”, with DOI number: https://doi.org/10.36660/abc.20190220, published in the periodical Arquivos
Brasileiros de Cardiologia, 114(4):732-735, on page 732: consider Danilo Roman-Campos as the correct form for the name
of the author Danilo Roman Campos.
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1. Definition, Epidemiology, and
Classification of Hypertensive Emergencies

Hypertensive emergencies (HEs) comprise a wider
nosological condition known as hypertensive crisis (HC).
HC represents clinical situations with acute blood pressure
(BP) elevation, often with levels of systolic BP (SBP) =
180 mmHg and diastolic BP (DBP) = 120 mmHg, which
may or may not result in target-organ damage (TOD)
(heart, brain, kidneys, and arteries).”> HCs may present
in two distinct forms in relation to severity and prognosis:
hypertensive urgency (HU) and HE. Cases of HE have
a marked elevation in BP associated with TOD and
immediate risk of death, a fact that requires a rapid and
gradual reduction in BP levels within minutes to hours, with
intensive monitoring and use of intravenous medications.'
HEs can manifest as cardiovascular, cerebrovascular, or
renal events or as a pregnancy-related event in the form of
preeclampsia or eclampsia. Although the classic definition
of both HC presentations describes this condition with
values above 180/120 mmHg, the largest current consensus
is established on the concept that what distinguishes HEs
from HUs is, more than the BP value, the occurrence of
damage or imminent risk of target-organ involvement.
Thus, HUs are characterized by BP elevations without
TOD or imminent risk of death, a fact that allows for a
slower reduction in BP levels over a period of 24 to 48
hours. Currently, there is a wide discussion about the actual
existence of the diagnosis of “hypertensive urgency.”®
Many advocate that this classification needs to be updated
(if not abandoned) and that, instead of the BP value, the
main diagnostic importance lies in the observation of signs/
symptoms and acute TOD. Others believe that the correct
term should be “BP elevation without evolving TOD.””

As discussed, even though the BP levels are often very high
(= 180/120 mmHg), HEs are defined by TOD and not by BP
levels. Therefore, the numerical pattern that defines HC is
conceptual and serves as a therapeutic parameter, but should
not be used as an absolute criterion.

If the definition of HC is more universally accepted today,
the knowledge about the epidemiology and prevalence of
this condition by the scientific community is still limited. The
literature has only a few studies on the subject, all of which
conducted in a small number of participants. Non-adherence
to treatment is currently hypothesized to be one of the most
prevalent factors in the etiology of HC, without distinction
between HU and HE. The incidence of HC in the largest
serial studies in the US was about 4.8%, with 0.8% attributed
to HEs.®* Other centers have shown that HCs account for a
variable rate of 0.45 to 0.59% of all hospital emergency care
and 1.7% of all clinical emergencies, with HU being more
common than HE.'®"? Ischemic stroke and acute pulmonary
edema (APE) are the most common clinical conditions in
HE."®"" Estimates indicate that about 1% of all hypertensive
individuals will probably develop an episode of HC over their
lifetimes."? The clinical conditions with TOD implicated in
HEs are shown in Table 1. Table 2 shows the main conditions
associated with HUs.

Arq Bras Cardiol. 2020; 114(4)736-751
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Table 1 - Conditions with target-organ damage characterizing
hypertensive emergencies™®

Severe hypertension associated with acute complications

Cerebrovascular events
- Hypertensive encephalopathy
- Intracerebral hemorrhage
- Subarachnoid hemorrhage
- Ischemic stroke
Cardiocirculatory events
- Acute aortic dissection
- Acute pulmonary edema with left ventricular failure
- Acute myocardial infarction
- Unstable angina
Renal disease

- Rapidly progressive renal failure

Severe adrenergic crisis

- Pheochromocytoma crisis

- lllicit drug overdose (cocaine, crack, LSD)

Hypertension in pregnancy

- Eclampsia
- Severe preeclampsia
- "HELLP" syndrome

- Severe hypertension in late pregnancy

HELLP: hemolysis, elevated liver enzymes, and low platelet count; LSD:
lysergic acid diethylamide.

2. Pathophysiological Aspects of
Hypertensive Emergency

The pathophysiology of HE has not been completely
elucidated, and in general, two different mechanisms may
play central roles in this process. The first is an imbalance
in the vascular autoregulation system leading to reduced
perfusion pressure and, consequently, decreased blood flow
and increased vascular resistance, resulting in mechanical
stress and endothelial injury.” The second mechanism
is an activation of the renin-angiotensin system resulting
in greater vasoconstriction and leading to a vicious cycle
of endothelial injury, fibrinoid necrosis of arterioles, and
subsequent ischemia.' Vascular injury leads to platelet and
fibrin deposition, also characterizing a prothrombotic state.'
Subsequent ischemia results in the release of more vasoactive
substances, creating a vicious cycle.

2.1. Autoregulation of Cerebral Blood Flow

Knowledge about the mechanism of autoregulation of
blood flow to target organs (brain, coronary arteries, and
kidneys) is fundamental for improved antihypertensive
treatment in cases of HE. Autoregulation of cerebral blood
flow (CBF) is maintained by the ratio of cerebral perfusion
pressure (CPP) to cerebrovascular resistance (CVR), i.e., CBF =

Arq Bras Cardiol. 2020; 114(4)736-751

Table 2 - Conditions associated with hypertensive urgency®

Severe hypertension associated with:

- Coronary insufficiency
- Cardiac insufficiency
- Aortic aneurysm

- Uncomplicated stroke
- Severe epistaxis

- Extensive burns

- Hypocoagulability states

Systemic vasculitis

- Perioperative
- Preoperative in emergency surgeries

- Intraoperative (cardiac surgery, vascular surgery, neurosurgery,
pheochromocytoma, etc.)

- Postoperative stage Il hypertension (organ transplantation, cardiac surgery,
vascular surgery, neurosurgery, etc.)

Mild/moderate adrenergic crisis

- Rebound syndrome (abrupt discontinuation of adrenergic inhibitors)
- Drug-food interaction (tyramine vs. MAO inhibitors)

- Excessive use of stimulants (amphetamines, tricyclics, etc.)

In pregnancy

- Preeclampsia

- Stage Il hypertension

MAO: monoamine oxidase.

CPP/CVR (CPP = mean BP - mean venous pressure). CPP is the
difference between BP —which helps with tissue blood flow —
and venous pressure. With a normal CPP, venous pressure is
not important, so CPP is equivalent to BP. Reductions in CPP
may be caused by reductions in BP or increased intracranial
pressure (ICP), which increases venous pressure. Elevations in
ICP may occur as a result of arterial or venous occlusive disease
or intracerebral hemorrhage. In normotensive individuals, a
wide variation in BP (between 60 and 150 mmHg) may occur
without CBF changes. An increase in CPP (or BP) leads to an
elevation in CVR, thus protecting the patient against cerebral
edema, while reductions in CPP result in decreased CVR,
thus protecting the patient from tissue ischemia. When CPP
exceeds the upper limit of autoregulation, CBF increases,
causing cerebral edema. In contrast, when CPP falls below
the lower limit of autoregulation, CBF decreases, causing
cerebral ischemia.’®"”

In hypertensive individuals, this relationship is modified
in a way that their lower limit of autoregulation is higher
compared with normotensive individuals. Thus, improper
decrease in CPP can hinder tissue irrigation and, consequently,
aggravate the viable ischemic area. For this reason, it is
advisable to initially reduce the mean BP by 20 to 25% in
relation to the initial values, as this will bring them close to
the lower autoregulation limit."® Attention should be given
to this situation, as most patients with HE have chronic
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hypertension with the pressure/flow (cerebral, coronary, and
renal) autoregulation curve shifted to the right and do not
present acute TOD, which is why a sudden decrease in BP
may be associated with significant morbidity.'®-2°

3. Clinical and Laboratory Assessment

When managing a HE, the practitioner should discriminate
between emergency and urgency, establishing a correct
diagnosis of the various HE situations in order to select
the most appropriate therapy for each TOD. This is very
important since the correct diagnosis and treatment may
prevent worsening of the clinical condition due to the
critical situation. The approach to patients with HE requires
clinical evaluation and complementary tests performed in
clinical emergency centers with hospital support. BP should
be measured in both arms (at least three measurements),
preferably in a quiet environment. Individuals with acute
BP elevations often present metabolic abnormalities
characterized by hyperglycemia, dyslipidemia, lower
potassium levels, and reduced renal function.?' The
sequence of steps in the management of patients with HC
is as follows:'-522:23

1. Seek factors that may have triggered the acute BP elevation.

2. Investigate symptoms or situations that simulate HC
(headache, labyrinthitis, physical trauma, pain, emotional
stress, and family or professional problems).

3. Observe history and duration of hypertension, use of
antihypertensive drugs (doses and pharmacological
adherence).

4. Investigate prior episodes similar to the current situation.

5. Investigate the use of medications that may interfere with
BP control (anti-inflammatory drugs, steroids, analgesics,
antidepressants, appetite suppressants).

6. Evaluate the use or abuse of alcohol and toxic substances
(cocaine, crack, lysergic acid diethylamide [LSD]).

7. Investigate the use of suddenly discontinued adrenergic
inhibitors (clonidine, methyldopa, and beta-blockers).

8. Observe the association with other morbidities and risk
factors (diabetes, cardiac disease, renal disease, smoking,
dyslipidemia).

9. Clinical history and physical examination should be
performed according to the presence of TOD:

* Central nervous system (observe the occurrence
of headache, dizziness, visual and speech disorders,
consciousness level, agitation or apathy, confusion, focal
neurological deficits, neck stiffness, seizure, and coma).

* Cardiovascular system (assess heart rate, symptoms of
palpitations, and presence of carotid murmur; investigate
the occurrence of thoracic, precordial, abdominal,
and back pain and discomfort, in addition to signs and
symptoms of left ventricular failure including gallop
rhythm, dyspnea, jugular venous stasis, peripheral pulses,
and oxygen saturation).

* Renal and genitourinary system (assess changes in urinary
volume, frequency, and characteristics, dehydration, lower

limb edema, hematuria, and dysuria). Note: examination
of the abdomen (for pulsatile abdominal masses and
abdominal murmur) should not be overlooked.

* Fundoscopy (observe the occurrence of vasospasm,
arteriovenous nicking, arteriolar wall thickening and
aspect of copper or silver-wiring, hard and soft exudates,
hemorrhages, and papilledema).

Complementary tests should be performed according to
the involvement of target organs:

* Central nervous system (computed tomography, magnetic
resonance imaging, and lumbar puncture).

 Cardiovascular system (electrocardiography, chest x-ray,
echocardiography, markers of myocardial necrosis,
angiotomography, magnetic resonance imaging).

* Renal system (urinalysis, urea, creatinine, electrolytes, and
blood gases).

4. Treatment of Hypertensive Emergencies:
General Principles, Main Medications and
Dosages

Better diagnostic and therapeutic conditions have led to
a great reduction in 1-year mortality, which improved from
80% in 1928 and 50% in 1955 to only 10% in 1989.2+%
The aim of treating patients with clinical manifestations
of HE is to reduce BP rapidly to prevent the progression
of TOD. Patients should be admitted to an intensive care
unit, undergo intravenous antihypertensive treatment,
and be carefully monitored during parenteral therapy
to prevent the occurrence of hypotension. The general
recommendations for BP reduction suggested by the
Seventh Report of the Joint National Committee (JNC)*
for HEs are summarized as follows:

* | BP < 25% within the first hour.
e | BP160/100 to 110 mmHg in 2 to 6 hours.
e BP 135/85 mmHg at 24 to 48 hours.

However, HEs should be addressed considering the affected
system or target organ. Thus, each type of HE (cardiovascular,
cerebral, renal, and others) should be characterized prior to
starting specific antihypertensive therapy (see “Clinical and
Laboratory Evaluation”).

Several pharmacological therapies are currently available
for HE treatment. The ideal antihypertensive medication for
parenteral use must present the following characteristics:
ability to reverse the involved pathophysiological
abnormalities, rapid onset of action, predictable dose-
response curve, minimal dose adjustment, high selectivity,
no increase in ICP, prompt reversibility, low risk of promoting
hypotension, easy substitution for oral medications, and
satisfactory cost-benefit ratio. Table 3 summarizes the
pharmacokinetic and pharmacodynamic properties of the
main antihypertensive medications used in HE.>?>2¢-28 |n
Brazil, the following medications are available for use in
HEs: sodium nitroprusside, nitroglycerin, labetalol, esmolol,
metoprolol, hydralazine, and enalaprilat.

Arq Bras Cardiol. 2020; 114(4)736-751
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Table 3 — Pharmacokinetic and pharmacodynamic properties of the main antihypertensive medications for parenteral use

Method of administration

Medications Start Duration Advantages Disadvantages
and dosage
Nitroglycerin
(nitric oxide donor with Continuous infusion 2105 min 3105 min Coronary perfusion Headache, variable
arterial and venous 5t0 15 mg/h P efficacy, tachyphylaxis
vasodilation effects)
Sodium nitroprusside . e Intoxication by thiocyanate,
) Continuous infusion ’ ) o .
(arterial and venous ) Immediate 1t0 2 min Titration hypotension, nausea,
. 0.5 to 10 ug/kg/min L
vasodilator) vomiting, muscle spasm
Loading dose: 5 mg IV . I
Metoprolol (repeat every 10 min, 510 10 min 3104 h Reduction m 0, Bradycardia, AVB,
(beta-blocker) ; consumption bronchospasm
up to 20 mg if necessary)
Loading dose: 20 to 80 mg ”
Labetalol every 10 min . Beta-blocker and Nausea, vomiting, AVB’.
. P ) 5t0 10 min 2to6h . bronchospasm, orthostatic
(alpha- and beta-blocker) Continuous infusion 2 mg/min vasodilator hyootension
(maximum 300 mg/24 h) VP
Loading dose: 500 pg/kg
Intermittent infusion:
Esmolol 25 t0 50 pgfkg/min Bradycardia, AVB
(Ultra-fast action, ultra- H9 ) 9 1to 2 min 1t0 20 min Selective beta-blocker Y ' !
. 1 25 pg/kg/min every bronchospasm
selective beta-blocker) ) . .
10 to 20 min. Maximum:
300 pg/kg/min
Tachycardia, headache,
Hydralazine (direct-acting 10t020mgIVor10to40mg  10to 20 min IV or 20 Eclampsia or vor_mtlng. Worsening of
. . 3to12h ) : . angina and AMI. Beware
vasodilator) IMevery 6 h to 30 min IM impending eclampsia X ) .
of increased intracranial
pressure
Enalaprilat Intermittent infusion: . Hypotension, renal
(ACEI) 1.25t0 5 mg every 6 h 15 min 4106h CHF, acute LVF insufficiency
Furosemide Infusion 510 10 min 30 to 90 min CHF, LVF Hypokalemia

(loop diuretic)

AMI: acute myocardial infarction; CHF: congestive heart failure; LVF: left ventricular failure; AVB: atrioventricular block; ACEI: angiotensin-converting enzyme inhibitor;

|V: intravenous; IM: intramuscular.

5. Hypertensive Encephalopathy

Hypertensive encephalopathy is a neurological dysfunction
defined by signs and/or symptoms of cerebral edema
secondary to sudden and/or sustained BP elevation. It occurs in
individuals with chronic hypertension who develop malignant
hypertension or in those previously normotensive who may
present acute BP elevations due to other mechanisms,
progressing with failure in mechanisms of cerebral perfusion
autoregulation. Hypertensive encephalopathy is a diagnosis
of exclusion confirmed retrospectively when the neurological
condition improves after BP control.

5.1. Clinical Manifestations

Hypertensive encephalopathy may present with the
insidious onset of holocranial headache, nausea, or
vomiting. Subsequently, changes in mental status and
visual field, photopsia, blurred vision, visual hallucinations,
generalized seizures, hyperreflexia, and signs of intracranial
hypertension may develop.?° By the time the neurological
manifestations emerge, the DBP is usually above 125
mmHg. The resolution of this condition, from both clinical
and imaging standpoints, occurs on average several weeks
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after BP control. The occurrence of a persistent deficit is a
sign of focal neurological injury.

5.2. Diagnosis

Magnetic resonance imaging is the most valuable diagnostic
test. T2-weighted sequences show hyperintense white matter
lesions with preferential involvement of the parieto-occipital
regions. The territory irrigated by the vertebrobasilar system
can be compromised in more severe cases. Hyperintense
signal in apparent diffusion coefficient allows for the
visualization of vasogenic edema.’' Laboratory tests may
show thrombocytopenia, microangiopathic hemolytic anemia,
proteinuria, and increased plasma creatinine and liver
enzymes. On computed tomography, focal or diffuse
hypodensities in the white matter and cortex are common,
along with signs of edema. Electroencephalography shows
generalized slowing with loss of alpha rhythm, or epileptiform
activity if seizures occur.

5.3. Treatment

The goal is to reduce the average BP by approximately
10 to 15% in the first hour and by no more than 25% at
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the end of the first day of treatment. Greater and faster
decreases may lead to cerebral hypoperfusion and loss
of vascular autoregulation mechanisms.??3* Due to the
need for rapid BP control, intravenous medications are
recommended, of which the most frequently used are
sodium nitroprusside (arterial and venous vasodilator),
nicardipine (dihydropyridine calcium-channel blocker with
arteriolar vasodilation action), clevidipine (short-acting
dihydropyridine calcium-channel blocker), labetalol (alpha-
adrenergic and beta-adrenergic blocker), or fenoldopam
(peripheral dopamine-1 receptor agonist). During
pregnancy, magnesium sulfate, diazoxide, or hydralazine
are recommended. Corticosteroids (dexamethasone),
mannitol (may be used in the absence of renal disease), and
anticonvulsants (in case of seizures) may also be used.?*3°
Within the first 24 to 48 hours, oral medications should
be introduced to improve BP control (renin-angiotensin-
aldosterone system blockers and calcium-channel blockers),
with a gradual DBP reduction to values below 90 mmHg
in the following 2 to 3 months."?*2?

6. Malignant or Accelerated Hypertension

Malignant hypertension is characterized by hypertension
at varying levels, but usually very high BP (stage 3),
retinopathy with papilledema, and rapidly progressive
TOD (kidneys and heart), with a fatal outcome in the
absence of therapeutic intervention (Figure 1). Severe
BP elevation in the presence of retinal hemorrhages and
exudates but no papilledema on fundoscopy is known as
accelerated hypertension (Figure 2). After demonstration
that the clinical findings and prognosis of these two forms
of hypertension are similar,** the terms “malignant” and
“accelerated” became interchangeable, and the World
Health Organization currently uses the term accelerated-
malignant to define this complication. Characteristically,
malignant hypertension presents with systemic vascular
changes affecting particularly the kidneys (known as
malignant nephrosclerosis) and involving basically two
processes: (a) proliferative endarteritis affecting small and

large arterioles with intimal thickening, fragmentation, and
reduplication of the internal elastic lamina and smooth
muscle proliferation; the progression of this lesion, which
resembles an “onion skin,” may lead to occlusion of the
vessel lumen with consequent reduction in renal blood
flow; (b) necrotizing changes in arterioles, especially
in the glomerular hilum, and vessel wall reconstruction
with eosinophilic granular material that exhibits the
characteristics of fibrin (fibrinoid necrosis), causing
destruction of the normal morphology and deep lumen
narrowing. These changes may occur in organs other than
the kidneys and are primarily responsible for the fatal
complications of the disease (Figure 3).3> The prognosis of
malignant hypertension is almost always fatal if not early
recognized or properly treated; in the past, the associated
mortality reached 80% within 2 years.>* However, since
the introduction of antihypertensive treatment, studies
have shown that the survival of individuals with malignant
hypertension has improved substantially.>”* In a publication
including almost 500 patients in Birmingham (United
Kingdom), the authors reported a significant improvement
in 5-year survival from 32% before 1977 to 91% in patients
diagnosed between 1997 and 2006.®* Management of
patients with malignant hypertension usually includes the
use of four classes of drugs, and hypertensive complications
may stabilize and, in some cases, even be reversed.

7. Stroke and Hypertensive Emergency

Stroke may present as a HE. Individuals with chronic
hypertension present a right shift in the autoregulation curve
for CBF causing them to tolerate substantially higher BP values
without developing encephalopathy. Patients with chronic
hypertension who have their BP values aggressively and rapidly
reduced may present symptoms of cerebral hypoperfusion,
even when the values are within the autoregulation range, as
observed in normotensive individuals. Finally, patients with
severe hypertension may lose the ability of autoregulation,
thus presenting an increased risk of cerebral ischemia with
abrupt BP reductions.’®'8

Figure 1 - Normal fundoscopy (A). Fundoscopy of an individual with malignant hypertension and papilledema (B).

Arq Bras Cardiol. 2020; 114(4)736-751

742



743

Luso-Brazilian Position Statement on Hypertensive Emergencies — 2020

Statement

Figure 2 — Fundoscopy showing normal papillae, diffuse arteriolar narrowing, areas with superficial hemorrhage, and microaneurysms (grade IIl hypertensive retinopathy

according to the Keith-Wagener classification).

Fibrinoid necrosis of an
afferent arteriole

Obliterating endarteritis
"Onion skin" lesions)

L4
*4

Figure 3 — Anatomopathological lesions typical of accelerated-malignant hypertension. Fibrinoid necrosis of an afferent arteriole (arrow) (A). Obliterating endarteritis

("onion skin" lesions) (B).

7.1. Ischemic Stroke

In ischemic stroke, careful BP reductions of 10 to 15%
are recommended at the end of the first hour after initiation
of therapy and only if SBP is > 220 mmHg or DBP is
> 120 mmHg.*° If SBP is > 180 to 230 mmHg or DBP is
> 105 to 120 mmHg and the patient is not undergoing
thrombolysis, the following therapy is recommended:
intravenous labetalol 10 mg followed by continuous infusion
at a dose of 2 to 8 mg/min; or nicardipine at the cited doses
until the desired effect is obtained. If uncontrolled BP or DBP
> 140 mmHg persists, intravenous sodium nitroprusside
should be considered.*
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In the case of individuals with elevated BP and indication
for thrombolytic therapy with alteplase, BP should be
carefully reduced until SBP < 185 mmHg and DBP <
110 mmHg before administration of the thrombolytic. If BP
remains above 185/110 mmHg, thrombolytic therapy should
not be administered.® Labetalol is the first medication of
choice, and nicardipine is the alternative therapy. A dose
of intravenous labetalol of 10 to 20 mg is recommended
for 1 to 2 minutes (may be repeated once). Nicardipine
is recommended at the dose of 5 mg/h and administered
intravenously, with dose titration of 2.5 mg/h every 5 to
15 minutes (maximum dose of 15 mg/h). During or after
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thrombolysis or other reperfusion therapy, BP should be
maintained at or below 180/105 mmHg.*°

7.2. Hemorrhagic Stroke

Treatment goals in hemorrhagic stroke are controversial .4+
Elevation in BP is common during acute intracerebral
hemorrhage and is associated with a higher risk of expansion
of the hematoma, increased risk of death, and worse
recovery prognosis. In this case, immediate (within 6 hours)
decrease in BP to values < 140/90 mmHg has shown no
benefit in the primary outcome of disability or death at
3 months, despite reducing the expansion of the hematoma
and improving functional recovery.*' In contrast, another
study has shown that a more intensive reduction in SBP is
not beneficial and is associated with a greater number of
adverse renal events.*? Thus, in individuals with hemorrhagic
stroke, European guidelines recommend against immediate
BP reduction for patients with SBP < 220 mmHg.* In
individuals with SBP = 220 mmHg, careful BP reduction with
intravenous therapy to achieve SBP < 180 mmHg should
be considered*. Labetalol, at the aforementioned doses, is
the first therapeutic choice, and sodium nitroprusside and
nicardipine are the alternative therapies.'*?

8. Acute Coronary Syndromes and
Hypertensive Emergency

Epidemiological data indicate that acute coronary syndrome
(ACS) is the leading cause of death and hospitalization in
patients with HE. Additionally, almost 50% of all patients
with hypertension admitted to the emergency room die of
acute myocardial infarction (AMI) during long-term follow-
up. Notably, no differences have been found when other risk
factors are present, such as smoking or diabetes mellitus.""
Obviously, hypertension is associated with acute coronary
events as a risk, atherogenic, and hemodynamic factor,
imposing profound effects on cardiovascular morbidity and
mortality. During a HE, increased BP causes mechanical
stress and endothelial injury, leading to increased vascular
permeability, activation of the coagulation cascade and
platelets, fibrin deposition, and thrombosis. This process results
in ischemia and release of vasoactive mediators, leading to
a vicious cycle of permanent injury. The activation of the
renin-angiotensin system leads to increased vasoconstriction
and production of proinflammatory cytokines (tumor necrosis
factor [TNF]-alpha, interleukin [IL]-6, etc.). It also increases
NADPH oxidase activity and production of reactive oxygen
species, causing oxidative stress. These mechanisms promote
hypoperfusion, myocardial ischemia, and endothelial
dysfunction, which manifest during the HE."**

Assessment of cardiovascular risk and investigation of
comorbidities are essential in the approach to patients
presenting with HE and ACS. Electrocardiography is the gold
standard for the detection of ischemia or acute coronary
events. Also, vital signs (BF, oxygen saturation, and heart rate)
should be carefully measured during physical examination
in patients with HE. Laboratory analysis includes the
quantification of cardiac enzymes and determination of
troponin 1. In a retrospective study, patients with HC and

increased cardiac troponin | (cTn-I) concentration were
2.7 times more likely to present adverse cardiovascular events
and stroke at 2 years of follow-up compared with those with
normal cTn-I values.*

Treatment of HE associated with ACS should initiate with
nitroglycerin infusion. Nitroglycerin is a venodilator that
reduces preload and cardiac oxygen demand. This agent
is used mainly in ACS and acute edema along with other
antihypertensive regimens.*** An alternative to nitroglycerin
intolerance is the administration of dihydropyridine calcium-
channel blockers (amlodipine, nicardipine), as they are useful
for patients with ACS because of their beneficial effect on
coronary blood flow. Alternatively, clevidipine — a short-acting
calcium-channel blocker — may be administered intravenously,
and since its dosing regimen is not based on weight, it allows
for prolonged infusion and successful transition to oral
therapy.”® If available, especially in ST-segment elevation ACS,
primary angioplasty is the best choice for reperfusion therapy
in patients with HE, as thrombolysis may increase the risk of
cerebral bleeding.#-4951

Beta-blockers like labetalol (a nonselective alpha-1-
adrenergic receptor blocker), which reduces systemic vascular
resistance while maintaining cerebral, renal, and coronary
blood flow, or esmolol (a short-acting cardioselective beta-1
blocker with fast onset of action) are indicated to attenuate the
increase in heart rate, reduce myocardial oxygen consumption
without compromising the left ventricular diastolic filling, and
improve prognosis.?® Additionally, BP reduction decreases the
risk of pulmonary edema and the size of the infarct zone.*?
Tolerance to higher maintenance doses of esmolol is a good
predictor of results with oral beta-blocker therapy.*

The optimal BP value after ACS remains controversial.
Several studies have shown an inverse relationship between
DBP and ischemic adverse cardiac events (i.e., the lower the
DBP the higher the risk of coronary heart disease and adverse
outcomes). This effect is defined as the J-curve phenomenon,
which describes the shape of the relationship between BP and
the risk of cardiovascular morbidity and mortality.>* This profile
seems to be more pronounced in patients with underlying
coronary artery disease.*

9. Acute Left Ventricular Dysfunction in
Hypertensive Emergency

Acute left ventricular dysfunction is best known as APE.
HE, acute mitral regurgitation (papillary muscle dysfunction
secondary to ischemic disease or spontaneous rupture), and
ACS are the most common causal factors of cardiogenic
APE.>%7 About 1/3 of the patients admitted with APE and
HE have preserved left ventricular function. Patients with
HE presenting manifestations of APE should be managed in
an intensive care unit, receive parenteral medications and
monitoring, and undergo gradual BP decrease.*® Nitroglycerin
and sodium nitroprusside are used to reduce preload and
afterload. Administration of loop diuretics also decreases
volume overload and helps reduce BP. The use of noninvasive
continuous positive airway pressure may help reduce
pulmonary edema and venous return.?*>°
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10. Acute Aortic Syndromes

Acute aortic syndrome (AAS), a term currently comprising
aortic dissection (AD), intramural hematoma (IMH), and
penetrating atherosclerotic ulcerations (PAU), has an incidence
that ranges from 3.5 to 6.0 per 100,000 patients/year.*
Given its high mortality rate, AAS should be considered
and promptly diagnosed in patients with acute chest or
back pain, especially if associated with hypertension.
Computed tomography, magnetic resonance imaging, and
transesophageal echocardiography are reliable imaging tests
to diagnose AAS, while measurement of serum D-dimer has
shown 51.7 to 100% sensitivity and 32.8 to 89.2% specificity
in six studies.®’

Of all AAS types, AD is the most common (85 to 95%),
followed by IMH (0 to 25%) and PAU (2 to 7%).*" According
to the Stanford classification, AAS is divided into type A, which
involves the ascending aorta, and type B, which does not
involve this segment. In contrast, the DeBakey classification
divides AAS into type |, which involves at least the ascending
aorta and the aortic arch and often also the descending aorta;
type II, which is confined to the ascending aorta; and type IlI,
which originates in the distal descending aorta and affects the
left subclavian artery.®® AAS may be associated with several
risk factors including the male sex, advanced age, first-degree
relatives with a history of AAS, hypertension, dyslipidemia,
smoking, illicit drug use, history of major vascular arteritis (e.g.,
Takayasu arteritis), collagen vascular disease (like Marfan’s,
Loeys-Dietz, and Ehlers-Danlos syndrome), blunt trauma from
motor vehicle accident or vertical fall, arterial instrumentation
for diagnostic or therapeutic purposes, or hereditary mutations
in genes encoding proteins involved with vascular integrity
(such as mutation in the ACTA2 gene).*

10.1. Treatment

Treatment of AAS requires a multidisciplinary approach
involving clinical, endovascular, and surgical interventions.®
Type A ADs have a poor prognosis and an overall in-hospital
mortality of 30%, with a mortality increase of 1 to 2% per
hour of progression.®* Without intervention, the mortality is
about 58%, compared with 26% with surgical intervention.®
Open surgery is the ideal treatment for type A AAS (ascending
aorta), and thoracic endovascular aortic repair is best suited to
treat type B AAS (descending aorta).***® Endovascular surgery
has been shown to be better than medical treatment (97%
vs. 43%) considering the favorable aortic remodeling, false
lumen thrombosis, and absence of aortic dilation or rupture.®

Initial management of AD involves pain control and
use of antihypertensive agents. Intravenous beta-blockers
(metoprolol, esmolol, or labetalol) should be administered
to reduce wall stress, lowering heart rate and BP and
maintaining adequate cerebral, coronary, and renal perfusion.*
Administration of beta-blockers should be completed before
BP reduction with afterload reducing agents. Guidelines
recommend a SBP reduction to 100 to 120 mmHg and a heart
rate below 60 bpm.® In case of intolerance to beta-blockers,
non-dihydropyridine calcium-channel blockers (verapamil
or diltiazem) should be used.®” After proper beta blockade,
afterload should be reduced. Although angiotensin-converting
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enzyme inhibitors (ACEls) have not shown significant benefits
in terms of mortality, they have been used as adjuvant agents
to reduce BP® Sodium nitroprusside may also be used after
beta blockade since, as monotherapy, this agent may increase
shear stress of the aortic wall resulting in progression of the
dissection.® To date, there is no known indication for early
platelet blockade in AD control.® Several studies have shown
that the use of statins reduces the growth rate of abdominal
aortic aneurysm (AAA) and decreases the likelihood of
recurrent rupture after repair.® Still, the role of statins in AAS
is unclear. Effective pain management with morphine sulfate,
fentanyl, or opiate should be implemented.®

11. Hypertensive Emergencies During
Preghancy

Hypertension is the most common medical problem
in pregnancy, manifesting in up to 10% of all pregnancies
and accounting for about 25% of prenatal hospital
admissions; it is also an important cause of maternal and
fetal morbidity and mortality. Women with hypertension
during pregnancy are at higher risk for future hypertensive
disease, stroke, and coronary artery disease.”®”" The definition
of hypertension in pregnancy follows the same criteria of
the Brazilian Guideline of Arterial Hypertension, i.e., BP =
140/90 mmHg. Hypertension during pregnancy is considered
severe when SBP values are = 160 to 170 mmHg and DBP
are = 110 mmHg.”? Thus, hypertension may precede (in this
case, chronic hypertension) or develop during the course of
pregnancy (preeclampsia/eclampsia/gestational hypertension),
characterizing four different categories of hypertension:7%-72

1. Chronic hypertension begins before pregnancy or is
diagnosed before the 20th week of gestation. Only 20 to
25% of the cases of chronic hypertension in pregnancy
progress to preeclampsia.

2. Gestational hypertension is the most common disorder
(10% of the cases occur in primiparous women; 20 to 25%
of the cases overlap chronic hypertension). It develops
after the 20™ gestational week and is not accompanied
by proteinuria. BP returns to normal values 1 to 2 weeks
after delivery. Progresses with a favorable maternal and
fetal prognosis.

3. Preeclampsia/eclampsia. Preeclampsia (PE), a process
specific of pregnancy, is defined by hypertension that
appears after the 20" gestational week and presents with
proteinuria (> 300 mg/24 hours or protein/creatinine
ratio > 300 mg/g), edema, and sometimes abnormal
coagulation and liver function. Preeclampsia can progress
rapidly to eclampsia, a clinical condition characterized by
tonic-clonic seizures preceded by severe hypertension,
headache, and hyperreflexia. Cerebral hemorrhage is the
most serious complication, with a high rate of maternal
mortality. Proteinuria and elevated BP should return to
normal within 12 weeks after delivery.

4. Chronic hypertension with preeclampsia/overlapping
eclampsia. This condition should be suspected in the
presence of microalbuminuria (30 to 300 mg in 24-hour
urine or 30 to 300 mg/g albumin/creatinine ratio in spot
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urine), increase in preexisting proteinuria, clinical or
laboratory abnormality characteristic of preeclampsia, or
elevation in preexisting BP levels after the 20" gestational
week in a patient with chronic hypertension.

11.1. Treatment

The two main key points in the treatment of HC in
pregnancy are (1) stabilization of the mother, including the use
of antihypertensive medications that are safe and appropriate
for use in pregnancy, and delivery recommendation; and (2)
fetal well-being, which must be confirmed by fetal monitoring
and ultrasound.

Pharmacological treatment should be initiated at BP levels
> 150/100 mmHg, aiming at maintaining the levels at 130
to 150/80 to 100 mmHg (degree of recommendation [DR]:
lla; level of evidence [LE]: B). In patients with preeclampsia
in stable clinical condition without the need for immediate
delivery, oral antihypertensive treatment is indicated.”? In
Brazil, the oral medications that are usually administered are
methyldopa, hydralazine, calcium-channel antagonists (long-
acting nifedipine, amlodipine), and beta-blockers (preferably
pindolol). Pregnant women with chronic hypertension may
continue the use of thiazides, as long as they do not promote
volume depletion.” The use of renin-angiotensin system
blockers is contraindicated in pregnancy (DR: I; LE: B).”

Urgent pharmacological treatment is indicated in severe
hypertension (SBP > 155 to 160 mmHg) and in the presence
of premonitory signs (DR: I; LE: B). Intravenous hydralazine is
recommended (5 mg, repeat 5 to 10 mgevery 30 minutes to a
maximum of 20 mg). Sodium nitroprusside may be considered
for urgent BP control, especially in the presence of APE and
severe and refractory hypertension.”

Magnesium sulfate is the medication of choice for both
treatment and prevention of seizures during eclampsia. The
patient should be monitored in terms of urine output, patellar
reflexes, respiratory rate, and oxygen saturation. Plasma
magnesium should be maintained between 4 and 7 mEq/L and
measured in the occurrence of renal disease. If magnesium
sulfate intoxication is suspected, calcium gluconate should
be administered.”"

12. Adrenergic Emergencies

Neuroendocrine tumors associated with sympathetic
tissue with the potential to secrete catecholamines are rare
and include pheochromocytomas (adrenal medulla) and
paragangliomas (non-adrenal tissue). Diagnosis, location, and
anatomical delineation of these tumors involve measurement
of catecholamines and their metabolites in blood and urine,
computed tomography and/or magnetic resonance imaging,
and metaiodobenzylguanidine (1'23) scintigraphy. Symptoms
may occur at any stage of life, are nonspecific, and depend
on the release of catecholamines into the bloodstream; BP
elevation, palpitations, and headache may occur. Surgical
removal of these tumors is always indicated to cure or prevent
cardiovascular disease secondary to catecholamine excess.”
BP in these patients may be sustained or paroxysmal, and a
marked increase in BP may characterize an impending life-
threatening HE. This occurs by activation of alpha receptors

by catecholamines. The Brazilian Guideline on Hypertension
recommends a diagnostic flowchart for neuroendocrine
tumors (pheochromocytoma and paragangliomas), which is
shown in Table 4.7° Figure 4 shows the imaging methods used
for diagnostic confirmation in the occurrence of an abnormal
biochemical test.

Whole-body scintigraphy is obtained to identify the location
of extra-adrenal neuroendocrine tumors (paragangliomas).
This test is recommended in cases of abnormal biochemical
tests and negative imaging tests. It should always be performed
after verification and discontinuation of medications that
may interfere with their interpretation (sympathomimetics,
calcium-channel blockers, cocaine, antidepressants, and
labetalol), which should be suspended 14 days prior to the
test. Whole-body scintigraphy is contraindicated during
pregnancy.’® After a diagnosis of neuroendocrine tumor,
the proposed treatment is always surgical, preceded by
pharmacological preparation and hydration to prevent or
mitigate the occurrence of HC or hypotension during surgery
(Table 5).7% In this situation, intravenous antihypertensive
medications are administered (initially alpha-blockers and later
beta-blockers). Continuous infusion of sodium nitroprusside
(0.25 to 10 mg/kg/min) or phentolamine (continuous infusion
of 1 to 5 mg with a maximum dose of 15 mg) may be used
with markedly increased BR7>77

13. lllicit Drugs and Hypertensive
Emergency

In the emergency room, patients with HC and sympathetic
hyperactivity should raise suspicion of amphetamine or
cocaine intoxication, as well as abusive use of other drugs like
serotonin reuptake inhibitors, monoamine oxidase inhibitors,
and use of cytotoxic or antiangiogenic medications.*?

Cocaine has multiple cardiovascular and hematological
effects that contribute to BP elevation, development
of myocardial ischemia, and/or AMI due to coronary
vasoconstriction. Cocaine, even in small doses, blocks
norepinephrine and dopamine reuptake in presynaptic
adrenergic terminals, causing catecholamine accumulation
in the postsynaptic receptor, thus acting as a powerful
sympathomimetic agent.”® As a result, cocaine causes a
dose-dependent increase in heart rate and BR” In addition,
cocaine use may reduce left ventricular function associated
with increased parietal stress at the end of systole and
increased oxygen demand. The chronotropic effects of

Table 4 - Flowchart from the 7" Brazilian Guideline of Arterial
Hypertension for clinical and laboratory diagnosis of cases of
pheochromocytoma and paraganglioma

Clinical findings Suspected diagnosis Additional studies

- Free plasma
metanephrines
- Urinary metanephrines
and serum
catecholamines
- Imaging tests

- Paroxysmal
hypertension with
headache, sweating,
and palpitations

- Resistant hypertension

Pheochromocytoma
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- Greater than
magnetic resonance
imaging

- Best chest,

resolution

Imaging Methods

Indication: Abnormal biochemical test

abdominal and pelvis

- Greater than
paraganglioma
tomography

- Other events

Contrast allergy

Limited exposure to
contrast (children,
pregnant women)

Figure 4 - Imaging methods for diagnostic confirmation of pheochromocytoma.

Table 5 - Preoperative care in cases of pheochromocytoma

High-sodium diet and hydration (lacks evidence):

- Saline infusion during surgery (1to 2 L)
- Revert volume contraction

- Prevent hypotension

Pharmacological preparation:

- Alpha-adrenergic blockade
- Beta-blockers
- Calcium-channel blockers

- No evidence regarding target blood pressure

Laparoscopic adrenalectomy (most cases):

- For paragangliomas (minority)

Open adrenalectomy (for paragangliomas):

- For pheochromocytoma (minority)

cocaine use are intensified by alcohol consumption.®
Cocaine-induced vasoconstriction is secondary to stimulation
of alpha-adrenergic receptors in the smooth muscle cells
of the coronary circulation. This drug also increases the
release of endothelin-1%" and decreases the bioavailability
of nitric oxide, promoting BP elevation.?? Treatment with
benzodiazepines is initially indicated. When BP reduction
is required, a competitive intravenous alpha-blocker agent
is indicated (phentolamine). Alternatively, nicardipine or
sodium nitroprusside may be considered.® Clonidine may
also be considered because of its sedative effect in addition
to sympatholytic action.

In ACS, treatment with nitroglycerin and aspirin is
recommended concomitantly with benzodiazepines. In the
presence of ACS with tachyarrhythmias, non-dihydropyridine
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calcium-channel blockers (diltiazem and verapamil) are
recommended. Beta-blockers (including labetalol) are
contraindicated since these agents are unable to reduce
the coronary vasoconstriction.** Nicardipine may also be a
good alternative for patients with HE induced by cytotoxic or
antiangiogenic drugs.

14. Postoperative Hypertensive Emergency
Following Vascular Surgery

The concept of “postoperative hypertensive emergency”
differs from that of ambulatory hypertensive emergency/
urgency because of the occurrence of this unique clinical
situation in an atypical (postoperative) setting. Notably,
moderately elevated BP values in the postoperative setting
may require immediate treatment.®

Postoperative hypertensive emergency (POHE) is arbitrarily
defined as elevation of SBP to levels > 190 mmHg and/or
DBP to levels > 100 mmHg confirmed in two consecutive
readings during the immediate postoperative period.®® A 40
to 50 mmHg elevation in SBP or increase in BP values greater
than 20% in relation to baseline values may also characterize
postoperative hypertension.?” This increase in BP values
usually begins 10 to 20 minutes after surgery and can last up to
4 hours. The pathophysiology of POHE in patients previously
normotensive is associated with peripheral vasoconstriction,
catecholamine release, reduced baroreceptor sensitivity,
central adrenergic activation, vasopressin release, stimulation
of the renin-angiotensin system with consequent angiotensin
Il production, release of inflammatory cytokines (IL-6), and
sodium retention. All these changes result in vasoconstriction,
increase in afterload and SBP/DBP, and tachycardia. If left
untreated, postoperative hypertension increases the risk of
myocardial ischemia, AMI, APE, stroke, and bleeding, as well
as postoperative mortality.®%5
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POHE occurs in 40 to 80% of the patients undergoing
carotid endarterectomy or open cardiac surgery, 57% of
the patients undergoing abdominal aortic surgery and 29%
of those undergoing peripheral vascular surgery.®*? In
particular, acute and severe hypertension with SBP elevation >
220 mmHg may occur in 9% of the individuals undergoing
carotid endarterectomy.”® This manifestation, which may
be transient, is related to carotid sinus manipulation and
may cause hematoma, myocardial ischemia, and cerebral
hyperperfusion with consequent neurological damage.*
Other proposed mechanisms include iatrogenic denervation,”
decreased baroreflex activity,”® reduced carotid sinus
sensitivity, and increased production of cerebral renin and/or
catecholamines.” %

HE may also occur after surgical correction of aortic
coarctation. The etiology is multifactorial and includes changes
in the baroreceptor reflex, activation of the sympathetic
system and renin-angiotensin system, and expansion of the
extracellular volume.” The stimulation of sympathetic nerve
fibers located in the middle layer and adventitia of the aortic
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