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Resumo

Introducao: A Insuficiéncia Cardiaca Sistolica Cronica (ICC) é causa lider de morbidade
e mortalidade em todo o mundo, representando um dos maiores problemas de saude
publica, com crescente elevacdo de incidéncia e prevaléncia. A probabilidade de
sobrevida pode variar dentre as diferentes etiologias e cenarios de pacientes com ICC.
Neste contexto, ICC secundaria a Cardiomiopatia Chagasica (CC) mostra um pior
progndstico comparado as demais etiologias, principalmente na América Latina onde a
doenga ¢ endémica. Objetivos: [Artigol] determinar se a presenca de Remodelamento
Reverso Ventricular Esquerdo poderia predizer mortalidade a longo prazo em pacientes
com CC; [Artigo 2] avaliar a performance de predicdo de risco da equacdo Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) e anemia em pacientes com ICC
secundaria a CC; [Artigo 3] desenvolver e validar um método simples para predizer
mortalidade a longo prazo em nivel ambulatorial de pacientes com ICC em 4area endémica
de Doenca de Chagas. Material e Métodos: De Janeiro a Dezembro de 2010, [Artigo 1]
o prontudrio médico de 159 pacientes foram revisados. Remodelamento Reverso
Ventricular Esquerdo foi definido como um aumento da fracdo de ejecao ventricular
esquerda associada a uma reducao do diametro diastolica final do ventriculo esquerdo por
ecocardiografia bidimensional. O modelo de riscos proporcionais de Cox foi utilizado
para avaliar a habilidade do Remodelamento Reverso Ventricular Esquerdo predizer
mortalidade por todas as causas; [Artigo 2] um total de 232 pacientes foram estudados. O
clearance de creatinina foi estimado de acordo com a equacdao CKD-EPI e doencga renal
cronica foi definida como clearance de creatinina <60 mL/min/1.73m? Anemia foi

definida como hemoglobina <12 g/dL para mulheres e <13 g/dL para homens. O modelo
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de riscos proporcionais de Cox foi utilizado para estabelecer preditores independentes de
mortalidade a longo prazo; [Artigo 3] a cohort de desenvolvimento incluiu 450 pacientes
prospectivamente seguidos sob tratamento otimizado para ICC. Fatores prognosticos
independentes foram identificados usando andlises de regressdo logistica e os grupos
foram estratificados como de baixo, moderado e alto risco. O escore de risco CALLM foi
validade em uma coorte retrospectiva independente com 228 individuos. Resultados:
(Todos os Artigos) Remodelamento Reverso Ventricular Esquerdo, Doenca Renal
Cronica e Anemia nao foram associados com mortalidade tardia, hospitaliza¢des, choque
cardiogénico, ou indicagdo para transplante cardiaco. O escore de risco CALLM mostrou
boa discriminagdo e consistente calibracao em predizer mortalidade em nossa casuistica.
Conclusdes: (Todos os Artigos) Remodelamento Reverso Ventricular Esquerdo, Doenca
Renal Cronica e Anemia nao tém impacto nos desfechos de nossos pacientes com CC. O
escore de risco CALLM representa um método simples que permite predizer sobrevida
em populacdo de mundo real em nivel ambulatorial de pacientes com ICC em area na
qual a Doenca de Chagas ¢ endémica. O modelo providencia acuracia para identificar um

subgrupo de pacientes de alto risco que deveria ser manuseado de maneira mais rigorosa.

Palavras-chave: Doenca de Chagas; Cardiomiopatia Chagasica; Insuficiéncia Cardiaca;

Prognostico; Mortalidade.
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Abstract

Introduction: Chronic heart failure (CHF) is a leading cause of morbidity and mortality
worldwide, representing a major public health issue, with an increasing incidence and
prevalence. The likelihood of survival may vary significantly among different etiologies
and subsets of patients with CHF. In this context, CHF secondary to Chagas
cardiomyopathy (CC) shows a poorer prognosis compared to other etiologies, mainly in
Latin American where the disease is endemic. Objectives: [Article 1] to determine
whether the presence of Left Ventricular Reverse Remodeling (LVRR) could predict
long-term mortality in patients with CC; [Article 2] to evaluate the risk prediction
performance of the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation and anemia in patients with CHF secondary to CC; [Article 3] to develop and to
validate a simple method for predicting long-term mortality in ambulatory CHF patients
in an area where Chagas disease is endemic. Material and Methods: From January 2000
to December 2010, [Article 1] the medical charts of 159 patients were reviewed. LVRR
was defined as an increase of left ventricular ejection fraction and a decrease of left
ventricular end-diastolic diameter by 2D-echocardiography. A Cox proportional hazards
model was used to evaluate the ability of LVRR to predict all-cause mortality; [Article 2]
a total of 232 patients were studied. The creatinine clearance was estimated according to
CKD-EPI equation and CKD was defined as CrCl<60 mL/min/1.73m?. Anemia was
defined as hemoglobin <12 g/dL for women and <13 g/dL for men. Cox proportional
hazards models were used to establish independent predictors for long-term mortality;
[Article 3] The development cohort included 450 patients receiving evidence-based

treatment for CHF, prospectively followed. Independent prognostic factors were
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identified using logistic regression analysis and thresholds defined to stratify low-,
intermediate-, and -high-risk groups. The CALLM Risk Score was validated in an
independent retrospective cohort with 228 individuals. Results: [All Articles] LVRR,
chronic kidney disease (CKD) and anemia were not associated with late-mortality,
hospitalizations, cardiogenic shock, or heart transplantation indication. The CALLM risk
score showed good discrimination and consistent calibration to predict mortality in our
series. Conclusions: [All Articles] LVRR, CKD and anemia have no impact on outcomes
of patients with CC. The CALLM risk score represents a simple method that allows
prediction of survival in a real-world in ambulatory CHF patients in an area where Chagas
disease is endemic. The model provides an accurate identification of a subgroup of high-

risk patients who should be closely managed.

Key words: Chagas Disease; Chagas Cardiomyopathy; Heart Failure; Prognosis;

Mortality.



Introducio:

A Insuficiéncia Cardiaca Sistélica Cronica (ICC) ¢ causa lider mundial de
morbidade e mortalidade, representando atualmente um dos maiores problemas de satde
publica, com incidéncia e prevaléncia em constantes elevacdes (1-3). A probabilidade de
sobrevida desta condicdo pode variar dentre as diferentes etiologias e cenarios de
pacientes avaliados. A doenga de Chagas ¢ a causa mais frequente de ICC por disfuncao
sistolica do ventriculo esquerdo em areas endémicas, € o progndstico da sindrome ¢ pior
nos pacientes chagasicos comparado a ndo chagasicos (4-9), seja naqueles com ICC leve
a moderada ou mesmo naqueles com ICC terminal (9, 10). A ICC pode acometer de 4 a
8% dos individuos chagasicos provenientes de zona endémica para a doenga, cerca
de10% dos pacientes de uma amostra hospitalar aleatoria de nivel secundario e até 76%
de pacientes acompanhadas em centros de referéncia em nivel terciario (9).

A doenga de Chagas ¢ causada pelo parasita Trypanosoma cruzi, transmitido aos
seres humanos pelas fezes de insetos hematdfagos, da subfamilia Triatominae,
popularmente conhecidos como “barbeiros”, que adquirem o agente ao se alimentar de
animais infectados, transmitindo-o através da contaminacao da mucosa ou pele apos a
picada, pelas fezes com tripanonossomas (20). Outros mecanismos de transmissao sao
transfusdo sanguinea (21, 22), transplante de 6rgaos (23, 24), acidentes de laboratorio,
transmissao oral através de comida contaminada (24, 25) e verticalmente de mae para
filho (24).

Estima-se que 6 a 7 milhdes de pessoas estejam infectadas pelo parasita na

América Latina, e cerca de 70 milhdes estejam sob o risco de infecgao, sendo, por isso,



um sério problema econdmico e de satde publica, principalmente nos paises da América
Central e do Sul, particularmente no Brasil e Argentina (26). Contudo, com a emigracao
de pacientes com a doenca para areas nao endémicas, hoje pode-se encontrar a doenga na
América do Norte, Europa, Asia e Oceania (27, 28).

Apo6s a picada do inseto e a inoculagdo dos tripanosomas, o protozoario se
multiplica, e em 10% dos casos ocorre uma doenca aguda, fatal em 10% dos pacientes
(29). A doenga, entdo, entra em fase de laténcia e, em média, 20 anos apds a infestagao
inicial, aproximadamente 30% dos individuos infectados desenvolverdo sintomas da
doenca de Chagas crdnica, que apresenta um amplo espectro de manifestacao, desde
anormalidades ao eletrocardiograma convencional até a doenca cardiaca avancada,
caracterizada por cardiomegalia, insuficiéncia cardiaca congestiva, arritmias, distirbios
de condugdo, fenomenos tromboembolicos, dor toracica atipica e morte subita (30).

A doenga isquémica do coragdo ¢ a principal causa de ICC no mundo ocidental
(10), caracterizando-se pela presenga de extensa doenca arterial corondria proximal e
multiplas anormalidades do movimento segmentar da parede (11) ou hipocinesia difusa
do ventriculo esquerdo, provocando redugdo importante na fracao de eje¢cdo do ventriculo
esquerdo. A sobrevida dos pacientes com essa condi¢ao aparenta ser pior que o observado
naqueles sem cardiomiopatia isquémica, excluindo os pacientes com doenca de Chagas
(12, 13).

Embora constatemos escassez de dados na literatura sobre concomitancia entre
hipertensdo arterial sistémica e Doenca Chagasica cronica, alguns estudos apontaram
semelhantes taxas de hipertensdo arterial em pacientes chagdsicos quando comparados a

populacdo geral (14, 15). Assim, demonstraram taxas variando de 26% a 33% de



hipertensos dentre os pacientes portadores de Doenga de Chagas cronica, com cerca de
8% deles apresentando ICC (14).

A cardiomiopatia dilatada idiopatica ¢ incidente em cerca de 17,9/100000
habitantes na populagdao geral (16). Recebe esta denominagdo quando a especifica
etiologia da cardiomiopatia dilatada ndo pode ser identificada, podendo atingir até¢ 50%
dos casos em algumas populagdes (17). Mundialmente, ¢ apontada como a terceira maior
causa de ICC (18), com uma taxa de mortalidade anual em torno de 69% nas coortes de
referéncia tercidria (19).

A fisiopatologia da disfungdo sistolica observada na Cardiomiopatia Chagasica
(CC) ¢ semelhante a detectada na cardiomiopatia de etiologia nao chagésica. O aspecto
macroscopico da ICC na doenga de Chagas ¢ caracterizado por dilatagdo de camaras,
trombose mural e aneurisma apical ventricular esquerdo, na auséncia de coronariopatia
obstrutiva. Histologicamente, material de necrdpsia e de coragdes transplantados revelam
focos extensos de fibrose repadora, associados a inflamagdo miocardica cronica,
entremeados com areas de miocardio normal, € o 7. cruzi é raramente visto no miocardio
nessa fase. Como resultado do processo de remodelamento, uma disfuncdo sistolica
irreversivel leva a ativagao neuro-hormonal e niveis elevados de atividade da renina
plasmatica e de noradrenalina, semelhantes aos encontrados nos pacientes com ICC nao
chagésicos, resultando em aumento da toxicidade miocardica e consequente
remodelamento ventricular, assim como observado em modelos animais de
cardiomiopatia catecolaminérgica (9).

O remodelamento reverso ventricular esquerdo € caracterizado pela redugdo das

dimensdes, normaliza¢cdo da anatomia e melhoria da fungao sistélica ventricular esquerda



(31). Uma favoravel resposta a terapéutica atualmente disponivel, incluindo inibidores da
enzima conversora de angiotensina, betabloqueadores e antagonistas da aldosterona tem
sido relatadas, inclusive com completa reversao do remodelamento ventricular (32-34).
Embora a Doenga de Chagas tenha sido extensivamente estudada nos ultimos 20 anos,
um numero limitado de estudos (35, 36) avaliou quantitativamente a influéncia do
remodelamento ventricular esquerdo na mortalidade destes individuos.

A doenga renal cronica tem sido considerada como uma das maiores questdes de
saude publica em todo o mundo, com altas prevaléncias e grande impacto econdmico nas
diversas sociedades (37). Além disso, tem sido associada com aumento significativo do
risco de acometimentos cardiovasculares, at¢ mesmo em estagios precoces da doenca
(38). A taxa de filtragdo glomerular é o melhor indice para se avaliar a fungdo renal,
inclusive para diagnostico, avaliacdo e manejo da doenga renal cronica (39). Em meados
de 2009, uma nova equagdo para se estimar a taxa de filtracdo glomerular foi proposta
pelo grupo Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) (40),
internamente e externamente validada, providenciando estimativas mais acuradas e
melhores predi¢des de risco que as pré-existentes (41). Além disso, a anemia, uma
condi¢do comum entre individuos com ICC, também tem sido também descrita por sua
associacdo com piores desfechos clinicos (42, 43). Quando associada a doenca renal
crOnica, mostrou-se em algumas populacdes como preditor independente de mortalidade
(44), embora tal fato nao tenha sido confirmada em outros estudos (45-47).

Em um cendrio de pratica clinica onde os indices prognosticos utilizados para
pacientes com ICC mostram-se limitados, baseando-se muitas vezes em variaveis

extremamente especificas e at¢ mesmo em medidas invasivas e de dificil verificagao (48-



50), ou mesmo pela auséncia de similaridade dentre as populagdes estudadas (51-53), que
raramente contemplam pacientes chagéisicos em seu desenvolvimento e validagdo,
dificultando desta maneira a ampliacdo destas ferramentas na pratica clinica local,
constamos a necessidade de avaliar rigorosamente a nossa casuistica ambulatorial,
visando estabelecer critérios progndsticos que pudessem auxiliar na predi¢ao de risco dos

individuos portadores de ICC em area endémica para a Doenga de Chagas.



Objetivos

Os objetivos dos nossos estudos foram:

1.

Determinar se a presenga de Remodelamento Reverso Ventricular Esquerdo
poderia predizer mortalidade a longo prazo em pacientes com Cardiomiopatia
Chagasica Cronica.

Avaliar a performance de predicao de risco da equagdo Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) e de anemia em pacientes com
Insuficiéncia Cardiaca Sistolica Cronica secundaria a Cardiomiopatia Chagésica.
Desenvolver e validar um método simples para predizer mortalidade a longo prazo
em nivel ambulatorial de pacientes com Insuficiéncia Cardiaca Cronica em area

endémica para Doenca de Chagas.
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August, 10%_2017.

Prof. Dr, Paolo G. Camici, MD, FESC, FACC, FAHA, FRCP
Editor-in-Chief of
International Journal of Cardiology

We are sending a manuscript entitled “Impact of left ventricular reverse
remodeling on outcome of patients with Chapas Cardiomvopathy with chronic heart
failure” for evaluation of publication in nternational Jowrnal of Cardiology.

In the 21* century. Chagas disease still is a major bealth problem in Latin
Amenca, where about ¢ million people are carriers of the disease. and about 10,000
people die of the disease annually. Chromic heart failure secondary to Chagas
Cardiomyopathy has a poorer prognosis than that observed in other enologies.

Left ventnicular reverse remodeling (LVRR) is characterized by a decrease in
left ventncular dimension. normalization of left ventncular shape and improvement of
systolic function. A favorable response to adeguate drug therapies has been described.
with almost complete reversal of left ventncular dyvsfunction. Although Chagas' heart
disease has been extensive and intensively studied m the past 20 years. 2 linuted number
of stadies have assessed cardiac remodeling quantitatively m long-term follow-up m
this setting.

In this paper. we found LVRR in about a quarter of patients. which have been
followed for more than ten years. As far as we know. this is the first stdy to show no
difference in the long-term mortality of Chagas Cardiomyopathy patients with and in
those without LVRR_ thus suggesting that the higher mortality associated with Chagas
disease seems to dissipate the potential benefit of this condition.

Therefore, the relevance of these results prompts me to submit the paper to
International Journal of Cardiology.

Thank you in advance for your attention.
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Abstract

Background: The impact of left ventricular reverse remodeling (LVRR) on the prognosis
of Chagas Cardiomyopathy (CC) is mnknown We aimed to determine whether the
presence of LVRR could predict long-term mortality in patients with this condition.
Methods: From January 2000 to December 2010, the medical charts of 159 patients were
reviewed LVRR was defined 3 an increase of left ventricular ejection fraction (LVEF)
and a decrease of lefi venmicular end-diastolic diameter (LVDD) by 2D-
echocardiography No patient underwent cardiac resynchromization therapy or
mechanical venfricular assistance. A Cox proportional hazards model was used to
evaluate the ability of LVRR to predict all-cause mortality.

Results: At baseline. median (25%— 75%) LVDD was 64mm (59 — 70), and median LVEF

was 33.2% (26 4 —40.1). LVRR was detected in 24.5% of patients in a 40-month median

follow-up (26 — 64). In the LVRR group, LVDD decreased from 64mm (59 — 68) to 60mm

(56 — 65 P < 0.001), and LVEF increased from 31 3% (24.1 — 39.0) 1o 42 5% (322 -
477, P < 0.001). However, LVRR was not associated with heart failure hospitalization.
cardiogenic shock, need to heart transplantation, or long-term mortality (P - 0.05 for all
comparisons). Cox proportional hazard model analvsis identified cardiogemic shock
(HR=2.41. 95%CT 1.51-3 85 P-0.001) and serum sodium level (HR=0.91. 05%CI 0.86-
0.96: P-0.001) as independent predictors of all-cause mortality.

Conclusions: LVRR occurs in one quarter of patients with CC. and have no impact on

outcome of patients with this condition.
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1. Introduction

In the 21st cenmry, Chagas disease still is 3 major health problem in Latin
Amenca. where about 10 million people are camiers of the disease, and about 10.000
people die of the disease each vear (1). In view of infernational immigration. Chagas
disease has spread throughout the world. and the global costs associated with this disease
are about US 7.2 billion anually. higher than that observed in several types of cancer (2).

The disease is caused by Trypanosoma cruzi. a protozoan transmitted to humans
through the feces of a sucking bug. Infection usually occurs m infancy. Approximately
two decades after infection, about 30% of infected patients develop chronic
cardiomyopathy and severe complications. as precordial chest pain (3). conduction
disturbances. ventricular dvsriythmias (4). cardiac thrombosis (3). thromboenbolism (6).
chronic systolic heart failure (7). and sudden cardiac death (8).

Chronic heart failure (CHF) secondary to Chagas cardiomyopathy (CC) has a poor
prognosis compared to patients with ischemuc cardhomvopathy (9). hypertensive
cardiomyopathy (10), or idiopathic dilated cardiomvopathy (11. 12). The
histopathological findings in the chronic stage of CC are focal myocarditis that leads to
myocyte loss, structural remodeling with intense fibrosis. geometric changes. and
ventricular dysfinction (13).

Left ventricular reverse remodeling (LVRR) is characterized by a decrease of left
veniricular dimensions. normalization of left ventricular shape and improvement of
systolic function (14). A favorable response to drug therapy with angiotensin converting
enzyme inhibitors. beta-blockers and aldosterone anfagonists has been reported. with
almost complete reversal of left ventricular dvsfunction (15-17). Although Chagas' heart
disease has been extensive and mtensively studied in the past 20 vears, a limited number
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of smdies has assessed cardiac remodeling quantitatively in long-term follow-up i this
setting (18, 19) Male gender and systemic blood pressure seem to be independent
predictors of cardiac remodeling (20).

The abality of the treatment of heart failure to decrease left chamber size and to
improve left ventricular ejection fraction (LVEF) can identify patients with CC with a
modifiable condition and a better long-term prognosis. Accordingly, the aim of this study
was to determine whether LVRR could predict all-cause mortality in patients with CC in
the long-term follow up.

1. Methods

2.1 Parients selection

This single-center study retrospectively evaluated the medical charts of patients
with two positive serologic fests for Chapas disease (ELISA and indirect
immunofluorescence) according to the World Health Orgamization recommendation (21).
The clinical diagnosis of heart failure was made by the artending physicians based on
Framingham Criteria for the diagnosis of CHF (22). After the climical diagnosts of CHF.
a 2-D echocardiography was used for each patient to confirm the clinical diagnosis.
quantify this condition vsing LVEF, and guide treatment. Individuals with the clinical
diagnosis of CHF secondary to CC and LVEF = 55% on first 2-D echocardiography
confirming left ventricular systolic dysfunction were initially screened for this study.
Patients with a concomitant disease that could poteatially cause heart disease by itself
were excluded.

This study was conducted in accordance with the Declaration of Helsinki and
approved through the local Human Research Ethics Committee of $3o José do Rio Preto
Medical School (CAAF - 02716112 6.0000.5415). The need for individual informed
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consent was warved, as fhis study was a retrospective analysis of prospectively collected
data for routine care, and breach of privacy or anenymuty did not occur.

2.2 Baseline measurements and 2D-Echocardiographics conditions

The demographics data. New York Heart Association (NYHA) functional class,
heart rate. systemic arterial pressure. medical history. standard laboratory tests. 12-lead
resting electrocardiogram and cardiac electrome implantable devices information were
obtained at study entrv. and retrieved from the records of the medical charts.

Local specialists in 2D-Echocardiography did the echocardiographic examination
with patients in left lateral position. Standard parasternal. apical and subcostal views were
obtained. Routinely, physicians did placing the transducer as far laterally and caudally as
possible i the apical windows to maximize left ventricular cavity size and avoid
foreshortening during measures LVEF was measured by Simpson’s method in the apical
4-chamber view, which was used for the main analyses. as well as the apical J-chamber
view when possible. Wall motion sbnormalities analyses. left ventricular end-systolic
diameter, left ventricular end-diastolic diameter (LVDD), and right ventricular dimension
were measwed according to the American Society of Echocardiopraphy
recommendations (23 )

LVRR was defined by the sinmiltaneous presence of the followmg conditions: a)
pocurrence of an increase of LVEF concomitant with a decrease in LVDD; b) this
improvement occurred in the absence of cardiac resynchronization therapy or mechanical
ventricular assistance, as previously described (14).

16



256
207
298
708
300
301
302
303
304
305
306
307
308
309
310
31
312
313
314
315
316
M7
318
318
320
331
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
336
339
340
341
347
343
344
345
348
347
348
349
350
351
352
353
354

123

124

8

136

137

138

139

140

141

142

143

144

145

145

147

2.3 Prospecrive follow-up

The patients were routinely followed at the cardiomyopathy cutpatient service in
a Brazilian Medical School facility from January, 2000 to December, 2010. The heart
failure medical therapy information was retrieved from a prospectively collected database
of patients. All patients received evidence-based treatment for CHF, according to
inhibitors or angiotensin receptor blocks and beta-blockers at targeted or maximal
tolerated doses was considered for all patients. Those with mitting edema recerved
furosemide, while those in the NYHA Class IUTV with a LVEF < 30% were treated with
digoxin. Patients usually visited the outpatient service each four months, and a senior

close study: they were also censored at heart transplantation or death.

2.4 Data Analysis

The data were analyzed using the IBM SPSS Statistical Package v.21 (IBM
Corporation. Armonk, NY). The variables are presented as absolute numbers and
percentages and median and imterquartile ranges (25%and 75® percentile) when
applicable. Due to the lack of Gaussian distribution. continuous variables were compared
using the nonparametric Mann-Whitney test. Chi-square or Fisher's exact tests were used
to compare categoncal vanables.

A Cox proportional hazards model was used to evaluate the ability of LVRR to
independently predict all-cawse mortality during a longtenn follow-vp. In the
nmltivariable model, variables with a P value < 0.10 in the univariate model and those
with known prognostic significance were emtered a backward stepwise approach to
establish mdependent predictors of death The Spearman test was used to stablish
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correlation between continuous variables. The variable who correlated with others and
with the highest Wald coefficient remained in the model. whereas the other were ruled
out. Thus, each variable entered the nultivariable model m a proportional af least to 10
events in an attempt to avoid overfitting The adjusted Odds Ratio (OR) and 95%
confidence mtervals (95% CI) were calculated for the predictors.

Cumulative survival graphics (Kaplan-Meier) were constmcted to demonstrate
differences in event-free survival (mortality from all-causes). P values < 0.05 were

considered statistically significant (rwo-tailed)

2, Results

Two hundred thirty-four patients were screened for potentially taking part in this
investigation. However, a total of 75 individuals (32%) were excluded because they did
not underge another comparative 2D-echocardiography during the follow-up. In this
context. the study evaluated 159 patients (64.2% male) who had a median age of 57 years
(47 - 66). and were followed over a period more than 10 years. The baseline
charactenistics of the patients are shown in Table 1. These individuals were divided into
two groups: with and without LVER by echocardiographic evaluations. A similanty (P >
0.03) for all variables was observed in our series.

Owr population feceived maximal tolerated daly doses of medications.
considering samples from drugs classes with known prognostic impact in ventricular
remodeling. LVRR group received mean daily dose (mg/day) of Enalapril (15.0 = 5.8).
Captopril (106.3 = 49.6). Losartan (44.2 = 11.0). Carvedilol (27.6 = 21.1). Metoprolol
Succinate (116.7 < 58.7), Spironolactone (33.3 « 24 3) and non-LVRR group received
mean daily dose of Enalapril (14.3 = 8.7, P=0.357), Captopril (75.8 = 38.0; P=0.120).

Losartan (500 = 242 P = 0.789), Carvedilol (26.3 = 17.9; P = 0.860), Metoprolol
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Succimate (128.1 + 63 .6; P = 0.585), Spironolactone (27.5 + 12.4; = 0.346). showing
recommendations during the long-term of follow-up:

Thirty-nine patients (24.5%) with CC presented LVRR during their follow-up.
Companng the first and the last 2D-echocardiography. this group showed a median of
30mmi (1 to 6 mm) for absolute reduction of LVDD. representing a median of 5.1% (1.7
to 10%) of reduction. For this group. we also detected a median of absolute improvement
for LVEF of 7.0% (4.0 to 11.6%). representing around 23.6% (12.7 to 39.7%) of
improvement. There was significant difference between this group and the group of
individuals with LVRR (P = 0.001) for all previous measures. Right ventricle dizameter

and wall motion abnormality did not differ between groups (Table 2).

Standard laboratory tests. 12-lead resting electrocardiographic findings and using
cardiac electronic implantable devices observed at study entry were not associated with
LVRR occurrence. Moreover, patients with LVER showed no difference for
hospitalization due to acute decompensated heart failure (59.0%), cardiogenic shock
{17.9%), and need to heart transplantation (10.3%) compared fo patients without LVRR
(65.8%. P=438; 20.2%. P =0.167; and 8 3%. P=10.747; respectively).

Cox proportional hazards model showed similar situation for late-mortality (over
period more than 10 vears) between individuals without LVRR (54.2%) compared to
individuals with LVRR (46 2%. P =0.384) After adjustment. six variables were used in
the multivaniate model: age (years). gender (male). cardiogenic shock. left anterior
fascicular block. serum sodium level. and LVRR. Ounly two variables were retained as
independent predictors of long-term mortality: cardiogenic shock (HR = 2.41, 95% CI
1.51 to 3.85; P < 0.001) and serum sodium level (HR = 0.91, 95% CI 0.86 1o 0.96; P =

0.001; Table 3).
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Kaplan-Meier sunsival analysis of the patients with and without LVRR. during
follow-up 15 shown m Figure 1. No difference between both groups was observed

4. Discussion

In this study, we evaluated the LVRR in CC as a predictor of long-term mortality.
To the best of our knowledge. this is the first study of a cohort of patients with CHF
secondary to CC evaluating the role of LVRR on ouicome in a more than 10-year follow
up. Our study shows no survival improvement in despite of LVRR. thus confirming the
dismal prognosis and the severity of CHF secondary to CC.

Cardiac reverse remodeling with medical treatment of CHF is well stablished.
wifh demonsirable decreases m left ventncular diameter and mprovement m leff
ventricular function (24-29) It should be noted that although the volumetric
measurements seem to provide the most powerful data, I VEF measurements are simpler
to obtain and are mdeed a marker of the remodeling process. As left veniricular volume
increases. there is a tendency for a concomitant and usually parallel decrease in LVEF.
which can be used, itself. as a marker of the remodeling process (30). Interestingly,
similar to the results provided by Ramasubbu et al (31) using the echocardiography
database from the ESCAPE trial (32). our smdy demonsirated that changes in these
parameters are not associated with improvement outcome (long-term mortality) in
patients with OC as well.

Only two previous study mcluding patients with CC aiming at assessing chinical
predictors for long-term cardiac remodeling was previous performed in similar cohort. In
both studies (18, 20), m contrast to our results. no significant reduction for LVDD was
observed during the follow-up. It is possible that the optimized clinical treatment
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provided to patients in our study, inchuding targeted or maximal tolerated doses of
angiotensin converting enzyme inhibitors and spironolactone associated to beta-blockers.
can account for these discrepant results. Moreover, our findings are sumilar fo those

observed m other populations (33, 34).

The therapeutic agents. mainly angiotensin converting enzyme inhibitors and
beta-blockers. modify the remodeling process and frequently add other clinically relevant
benefits in reducing morbidity and mortality in cardiomyopathy patients (33). Several
clinical trials using a variety of beta-blockers have demonstrated improvements in
symptoms. ventricular finction. functional capacity. and survival i patients with CHF
due to ischemic and dilated cardiomyopathies (36-38). Some studies with beta-blockers
that included patients with CC showed similar benefits (30-43).

Experimentally, a recent study designed to evaluate the role of carvedilol in the
context of Chagas' disease concluded that the dmig did not attenuate cardiac remodeling
or mortality in 2 model of CC (13). This contrasts with other experimental study in which
metoprolol was capable to revert electrocardiographic abnormalities in a rat model of
Chagas disease probably because the reversal of catecholamine toxicity in this model (44.
45). In fact, parasympathetic derangement is believed along with microvascular
dysfunction and autoimmunity. to play a central role m the pathogenesis of chromc
Chagas heart disease (46). Thus. in our study, the optimized pharmacological treatment
confirmed its association with LVRR. considening reduction of LVDD and improvement
of LVEF. although it has not been positively impacted on survival

Inofropic support and serum sodium level were independent prediciors for
mortality in our investigation These findings probably reflect the severity of our study
population in which about a quarter of individuals showed cardiogenic shock during
follow-up Therefore_ this may account. at least in part. for the ability of inotropic support
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11

to predict hyponatremia in patients with CC and. consequently. veniricular remodeling
(47, 48).

4.1 Limitations

There are several linutations to our study. This study is a refrospective analysis of
prospectively collected single-center data and thus carries the inherent disadvantages of
retrospective studies. All echocardiographic parameters were not available i all patients.
and therefore only parameters that had pawed measwrements (3t basehine and follow-up)
were used for the anmalysis. resulting in a smaller sample size. Finally, intra- and
interobserver variability for the echocardiography lab was not mentioned. Therefore. it
was difficult to determine whether the mean changes in parameters fell withm the
measurement variability or reflected true changes. Additionally. our nmltivaniate analysis
included only those factors available in our database. Some factors that have an effect on
prognosis might not have been examined. Thus. our results mav not be applicable fo other

specific patient cohorts without farther study info the vanious subgroups.

5. Conclusions

Our stdy shows that LVRR does not predict a reduction in the lons-term
mortality in patients with CC_ This 15 the first study to show that the severity of disease
progression seems to dissipate the potential benefit of LVRR in patients with CC. Further
research, however, with larger sample sizes. should be conducted to confim these
findings.
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Figure Legends

Figure 1. Kaplan-Meier survival analysis of patients with and without left ventricular
reverse remodeling considerng reduction of left ventricle end-diastolic diameter and

improvement of left ventricular ejection fraction.

29



Cumulative Survival

0.8

=
=]
1

e
e
1

0.2

------ LV reversal remodeling +

LV reversal remodeling -
0,0

Log Rank P = 0.299

— ==t

Left ventricle end-diastolic diameter &
Left venticular ejection fraction

T T T T
] F=] S0 75

Time (months)

30



Table 1, Baseline characteristics of 159 patients analvzed for occumence of Left
Ventnicular Reverse Remodeling.

Al patients [158) LVRR+(3%) LVRR- (120} P Valus

Baseline characieristics
Madian (25" - 77 or N (%)

Varable
Age (ysarz) 57 (47 - 66) 58152 -67) 56.(45 - 65) 0.158
Gender (male) 102 [84.2) 23(50.0) 70 (85.8) D438
NYHA Classes | and Ii 118742 13(54.8) 85 (70.8) D.087
NYHA Classes Iil and IV 41 (25.8) £(154) 35(203) D.OBT
Heart rate [beats/min) 68 (50 - 78) 8680 - BD) £E (80 - T6) D681
235 (mmHg! 190 (100 - 120) 110 (100 - 12 110 (100 - 128 D.6ET
DBEF |mmkg) 0 (60 - 80) 7070 - B0) 7O 80 - BO) D136
Diabetes Maflitus 4{25) 245.1) 20m 0352
Laberatory analysis
Hemoglobin (gidL) 132 (120-140) 138120 - 1.9} 132 (120-140) 0ETT
Sodium {mgfdL) 141 (138 - 144} 141 (137 - 144) 141 (138 - 142) 0.784
Potassam (mgidL| 44481-48) 4.4(30-48) 44i8.1-48) 0.860
Creatinine (mgidL) 12(10-14) 11(10-13) 12(10-14) 0157
CKD-EPI {mLimin/1.73ms) B35 (51.1 - T8.6) 65.3(52.2-78.8) B63.3 (508-70.2) 0658
Electrocarasography
Asrial firllation 41 (25 6) 12430.8) 20 (243) 0413
Ico 23(14.5) 8{154) 17 [14:2) D.ESY
Facemaker B4 (52E) 18446.2) 86 (55.8) 0.336
L338 (182 37T 18 (15.8) 0342
=EBEE £330 6} 16 {41.8) 47 (393) 0.B37
LaFE 56 (37 1) 15{38.5) 44 (36.7) 0.840
Low voliage of QRS €(5T) 1{28) 2167) 0.455
YEC 71 (447} 10448.7) 52 433) 0.557

LVEFR=Left ventcular reverse remodelmg: N=pumber of mdmiduals; NYHA=MNew Yok Heart
Association functional class: SBP=Systolic blood pressure; DBP=Diastole blood pressure; CED-
EPl=estimated glomerular fltrstion rate accordmg Chronic Kidney Diseaze Epdemniology Collaboration:
ICD=Implantzble cardioverter defibrillator; LBBB=Left bundle branch block; RBBB=Right bundle branch
block: LAFB=Left antenior fascicular block; VPC=Venimeular premarure conirachon.



Table 2. Companison between first and last XD-echocardiogmaphy durimg follow-up.

AN patients (158) LVRR+ (55) LVRR- {104} P Ve
Baseline characieristics
Median (25" - 757) or N %)
First 20-ECHT
LVDD {mm) 84 {50 -70) 64 (50 - 68) 84 {50-71) 0.505
LVSD (mm) 54 (40- 60) 56 {50 - 60} 54 48 - 60) 0440
RYD (mm) 23(18-28) 2420 - 20) 23 (16 -28) B.272
WA 54 (34.0} 12 (30.8) 42 (35.0) 0.828
LVEF (%) 23.2(26.4-40.1) 31.3(24.1 - 38.0) 335(27.0-40.8) 0223
Last 2D-ECHOD
LVDD §mm) 85 (80 - 72) 60 {56 - B5) 87 (62 - 74 <00at
LVSD (mm) 56 (40 - 82) 40442 - 55) 58(52-B4) <00t
RV (mm) 25(20-33) 27 (22 - 35) 25(19-32) 0.485
WA 50(31.4) 11 (28.2) 20 (32.5) 0816
LVEF (%) 21T (245 -418) 23(322-477) 306227 - 30.7) <0.001
Comparisen LVDD
Absolute difierence fmm) 1.0 (1010 4.0} 20(€0w-10) 20({00w50) <0001
Relative difference (%) 14180 ED) 54 (180117} 32008 <0001
Comparisen LVEF
Absolute difiersnos fmm) O -T.6 i E4) 70401 118 211082 =000y
Relative difference fmm)  01-23.3 10 23.6) Z3B(12710307) B4 (2880120 <gpat

LVER=Left ventmcular reverse remedelng; N=pumber of indrviduals; 2D-ECHO=two-dimersional
scbsrmiinelir: § VBRIl wonivoraine: sl dinsiniis. et LTS0S0 sl reieie:
diameter; RVD=Right venmcular diameter; WhIA=Wall Moton Abnenmalitte:. LVEF=Left ventncular
egjecnon fraction



Table 3. Cox proportional hazard model for independent predictors of long-term

mortality.
Univariate Multivariate
All patients HR B5%CI P Value HR 85%CI FValue
Age (years) 1.00 098 -1.01 0688
Gender (male) 143 0a8-230 0142
LVRR status 0.78 045-128 0203
Cardiogenic shock 240 158 -3.01 <0.001 241 151 -3.85 < 0.001
Left anterior fascicular block 1.72 112-285 0014
Serum sodium level 0.21 038088 0.001 o 0BG — 0.96 < 0.001

HE.=Hazard ratio; CI=Confidence interval; LVER= Left ventricular reverse remodeling.
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August, 132017,

Prof. Dr. Paolo G. Camici, MD. FESC, FACC, FAHA FRCP
Editor-in-Chief of
International Journal of Cardiolozy

We are sending a manuscript entitled “Prognostic significance of Chronic
Kidney Disease (CKD-EPI equation) and Anemia in patients with Chronic Heart Failure
secondary to Chagas Cardiomyopathy™ for evaluation of publication m fnrernarional
Journal of Cardiology.

Chagas disease has been found throughout the world in view of international
inmmigration. In fact, it has been estimated that 750,000 persons with Chagas disease are
living outside South America. and the global costs associated with this disease are about
US 7.2 billion each vear. higher than that observed in several types of cancer. A few
years ago. common comorbadities as chromic kidney disease and anemua have been
associated with poorer prognosis when coexist in non-Chagas Cardiomyopathy.

Recently, a new and more accurate estimating equation for glomerular filiration
fate was proposed by the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI), intemallv and externally validated. Unformunately, however, no data exist
regarding the prevalence and the burden of chromic kidney disease according CKD-EPI
in patients with Chagas Cardiomyopathy.

In this paper. we have shown that these patients had a similar prevalence of
chrome kadney disease and anemua to those with non-Chagas disease. However. the
dismal prognosis of Chagas Cardiomyopathy seems decrease the impact of these severe

Therefore. the relevance of these results prompts me fo submit the paper to
International Jowrnal of Cardiology.

Thank vou in advance for your attention.

Smcerely vours,

Remnaldo B. Bestett. MD. PhD. FESC
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Abstract

Background: Despite advances in knowledge about the impact of chromc kidney disease
{CED) and anemia in chronic heart failure (CHF). few studies have been conducted in
Chagas Cardiomyopathy (CC). We aimed to evaluate the risk prediction performance of
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation and
anemia in patients with CHF secondary fo CC.

Methods: From January 2000 to December 2010. a total of 232 patients were studied
The creatinine clearance (CrCl) was estimated according to CKD-EPI equation and CKD
was defined as CrC1=60 mL/min'l 73m® Anemia was defined as hemoglobin =12 g/dL
for women and <13 g/dL for men. Cox proportional hazards models were used to establish
Results: At baseline, 98 individuals (42.2%) had critenia for CED. and 41 (17.7%) had
criteria for anemia. During follow-up, 136 patients (58.6%) of our population died.
Independently. CKD and anemia were not associated with late-mortality. hospitalizations.
cardiogenic shock. or heart transplantation indication. However, when they coexisted. an
additional risk was aftributed to CHF patients. Cox Proportional Hazard Models analvsis
identified systolic blood pressure (HR=0.99. 95%CI 0.98-1.00; P=0.013). implantable
cardioverter-defibrillator (HR=048. 93%(CT0.27-0.85; P=0.012), left anterior fascicular
block (HR=1.52, 95%CI 1.08-2.13; P=0.017). left ventricular end-diastolic diameter
(HR=1.04, 95%CI 1.02-1.06; P=0.001), and serum sodium levels (HR=093, 95% CI
0.92-0.99; P=0 020) as independent predictors for all-cause mortality.

Conclusions: CKD and anemia are not independent predictors for long-term mortality in
patients with CC. In survival analysis. however, probability of survival is poorer in CKD
and anemic patients than in those without.
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1. Introduction

Chronic systolic heart failure (CHF) is an insidious syndrome that results in a
varving degrees of functional impairment Although great advances have been made over
the past thirty vears i the management of this condition. 1t still carries an unfavorable
outcome, despite the recognitions of predictors of left ventncular remodeling all-cause
mortality, and modem CHF therapy (1. 2) CHF secondary to Chagas cardiomyopathy
(CC) has a poor prognosis compared to other etiologies (3-6), and unfortunately CC
remains the leading cause of CHF in areas where the disease is endemic (7. 8).

The chronic kidney disease (CKD) has emerged as a major health concem
worldwide with its high prevalence and heavy economic burdens imparted on society (9).
CKD 15 also associated with significantly increased risks of cardiovascular disease
morbidity and mortality, even at its earliest stage (10). Glomerular filtration rate (GFR)
is the best overall index of kidney function and is widely used in the diagnosis. evaluation
and management of CKD (11). In 2009. a new estimating equation for GFR was proposed
by the Chronic Kidney Disease Epidemiology Collabaration (CED-EPT) (12). intemally
and externally validated, providing more accurate estimates and better nsk predictions
13).

Anenua 15 2 common comorbidity in CHF patients and is associated with poorer
prognosis (14, 15). Al-Ahmad et al. (16) found that CKD and anemia are independent
risk factors for death among patients with CHF enrolled in the Studies of LV Dysfunction
(SOLVD) clinical trial, in disagreement fo previous studies that did not observe
contribution of anemia fo the risk of death (17-19). Since CHF commonly causes renal

impairment it is possible that severe CHF is a very common cause of progressive frenal
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failure. To this vicious circle is often added anemia_ which can be produced not only by
CKD but by CHF as well. thus worsening both conditions (20).

In this context, the primary purpose of this study was to evaluate the long-term
mortality nisk stratification performance of the CED-EPI equation and of anemia in
patients with CC. The secondary purpose was to determine the independent prediciors of
all-canse moriality m our population during a long-term follow-up (more than 10 years).

2. Methods

1.1 Patients selection

This single-center study remrospectively evaluated patients with two positive
serologic test for Chagas disease (ELISA and indirect mumunofluorescence) according to
the World Health Organization recommendation (21) The diagnosis of CHF has been
made by the attending physicians using the Framingham Criteria for Heart Failure
Diagnosis {22). After clinical diagnosis of CHF. a 2-D echocardiography was performed
in each patient to confirm the clinical diagnosis. quantify this condition using left
veniricular ejection fraction (LVEF). and guide the treatment according to the
classification. Individuals with clinical diagnosis for CHF secondary to CC and LVEF =
55% on 2-D echocardiography confirming left ventricular systolic dysfumction were
screened for this study. Patients with a concomitant disease that could potentially cause
heart disease by itself were excluded.

This stady was conducted in accordance with the Declaration of Helsinki and
approved through the local Human Research Efucs Comnuttee of 530 José do Rio Preto
Medical School (CAAE - 02716112.6.0000.5415). The need for ndividual informed
consent was waived, as this stady was a retrospective analysis of prospectively collected
data for routine care, and breach of privacy or anonymity did not occur.
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1.2 Baseline measurements

The demographics data. New York Heart Association (NYHA) functional class.
heart rate, systemic arterial pressure, medical history, standard laboratory tests. 12-lead
noted at sdy entry by attending physicians. and were retrieved from medical charts
records.

Anemia was defined as hemoglobin < 12 g/dL for women and < 13 g/dL for men
(23). The creatinine clearance was estimated according to CKD-EPI equation (12} and
CKD was defined as a creatinine clearance - 60 mL'min']1. 73m®. The original eshmating
GFR according CKD-EPI equation [eGFR CKD-EPI] is: eGFRCKD-EPI = 141 * min
{serum creatinine’k. 1)u * max (serum creatinine’k. 1)-1.209 x 0.093Age = 1.018 (if
female) x 1.159 (if African American), where k 15 0.7 for females and 0.9 for males, a i
—0.320 for females and —0.411 for males, min indicates the mimimum of serum
creatinine’k or 1, and max indicates the maximum of serum creatinine/k or 1. Considening
that Brazilians form one of the most heterogeneous populations in the world, which 1s the
result of five centuries of interethnic crosses of people from three continents. the specific
dissection of ancestry represents serious theoretical difficulties (24). besides questions
arising from preferences for self-declarations of ancestry. we considered all patients as

Caucasian for eGFR. CKD-EPI equation

1.3 Prospective follow-up
The patients were routinely followed in a public referral center for CHF in a
Brazilian Medical School facility from Jamuary, 2000 to December. 2010. The CHF

medical therapy information was retrieved from a prospectively collected database of
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patients. All patients received evidence-based treatment for CHF, according to
mnternational pudelines of the tume. Thus, treatment with angiotensin converting enzyme
inhibitors or angiotensin receptor blocks and beta-blockers at targeted or maxmmal
tolerated doses was considered for all patients. Those with pitting edema received
furosemide. while those in the NYHA Class TV with a LVEF < 30% were treated with
digoxin. Patients usually visited the outpatient service each four months, and a senior

close study; they were also censored at heart transplantation or death.

2.4 Data Analysis

The data were analyzed using the IBM SPSS Statistical Package v.21 (IBM
Corporation. Armonk. NY). The vanables are presented as absolute numbers and
percentages and median and inferquartile ranges (25% and 75% percentile) when
applicable Due to the lack of Gaussian distribution. continuous variables were compared
nsing the nonparameinic Mann-Whitney test. Chi-square or Fisher s exact tests were used
to compare categorical variables.

Univariate and multivanable Cox proportional hazards models (stepwise
backward elimination method) were used fo determine independent predictors for all-
cause mortality during a long-term follow-up. After univariate analysis. variables with
clinical relevance and P - 0.10 were included i the nmltivariate model Continuous
variables underwent the Spearman test to establish correlation among them. The variable
who correlated with others and with the highest Wald coefficient remained in the model.
whereas the other were ruled out. Thus, each variable entered the mmitivariable model in
a proportional to 10 events in an attempt to avoid overfitting. The nultivariate model was
then adjusted for age, gender. NYHA functional class, heart rate (beats/minute), systolic
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and diastolic blood pressures (mmHg). need for implantable cardioverter-defibrillator
(ICD). left amterior fascicular block on 12-lead resting electrocardiography, left
ventricular end-diastolic diameter (mm), semm sodium level (mEqg/L). anemia status and
CKD according eGFR CKD-EPI (~ 60 mL/min/1. 73m?). The adjusted Hazard Ratio (HR)
and 95% confidence intervals (95% CT) were calculated for the predictors. Cumulative
survival graphic (Kaplan-Meier) was constructed to show differences in event-free
survival (mortahty from all causes) between patients with CHF secondary to CC
according to the presence of CKD and anemia associated to NYHA functional classes. P-

values = .05 were considered statistically significant (two-tailed).

3, Results

A total of 234 patients were initially screened for the study. Two patients with no
hemoglobin measurement were ruled out of the investigation Thus, 232 individuals
{65.9% male) who had 2 median age of 56 vears (45 - 66) and fulfilled inclusion criteria
were entered the study. The baseline characteristics of patients are shown in Table 1.

These individuals were divided into groups: with or without CED according
eGFR. CKD-EPI and with or without anemia according hemoglobin serum levels. Ninety-
eight patients (42.2%) had renal dysfunction. whereas 41 (17.7%) had anenua. Patients
with CED status were older (median for age = 63 years), had higher right ventricular
diameters (median = 27mum), showed lower spontaneous heart rate (median = 66
beats/min) and. consequently. they had more need for pacemaker (63.3%) at start of
outpatient follow-up compared to individuals with no CKD (median for age = 52 vears.
P < 0.001; median = 23mm. P =0.011; median = 70 beats'min P =0.026; and 44.0%. P
= 0.001: respectively). Anemic patients were older (median for age = 63 vears) and had
higher rate (12.2%. data not shown in Table) for end-stage renal disease (eGFR CED-
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EPI < 30 mL/min'l 73m?) compared to non-anemic individuals (median for age = 55
years. P = 0.010 and 3.1%. P = 0.028: respectively) The other laboratory tests. 2D-
echocardiographic and 12-lead resting electrocardiography findings observed at study
entry were not associated with CKD or anemia status {Table 2).

Our population received maximal tolerated daily doses of medications, according
to guideline recommendations during the long-term of follow-up, considening mean daily
dose (mg/day) of Enalapril (14.8 = 7.8). Captopril (77.6 = 40.7), Ramipril (8.2 = 28),
Losartan (47.5 = 19.9). Carvedilol (25.9 = 18.6). Metoprolol Succinate (123.0 = 63.5).
Spironolactone (27.5 = 12.4). Furosemide (88.7 = 57.7). Amiodarone (2292 = 100.2).
and Digoxin (0.182 = 0.065).

Clinical complications as hospitalization due to acute decompensated heart
failure. cardiogenic shock and need fo heart transplantation were similar between patients
with CKD and anemia (P ~ 0.05 for all subgroups). During follow-up (median 799 days.
inferquartile range 291 fo 1441 days), 136 patients (58.6%) died. Similar rates for late-
mortality (more than 10 years) were showed by individuals with CKD (60.2%) and
anemia (68.3%) compared fo those with no CKD (57.5%. P = 0.675) and non-anemics
(56.5%. P =0.166): respectively

After adjustment. the Cox Proportional Hazard Model analysis identified five
variables as independent predictors for all-cause mortalify: systolic blood pressure (HR =
0.99, 95% CI 0.98 to 1.00; P =0.015). use of implantable cardioverter-defibrillator (HE:
=048, 95% C1 027 10 0.85; P =0.012). left antenior fascicular tlock (HE = 1.52, 95%
CI108 10213 P=10017), left ventricular end-diastolic diameter (HR. = 1.04, 95% (1
102 to 1.06; P < 0.001), and serum sodium level (HR =095, 95% CI092t0 099; P=
0.020); (Tabie 3). Inferestingly. anemia and CKD status according eGFR. CKD-EPI (- 60

mL/min'1 73m?) were not retained in the multivariate model as independent predictors.
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Probability of survival for patients with CEKD was 73.3%. 582%, 49.8%. and
33 6%at 12_ 24, 36 and 60 months respectively. and for patients with no CKD was 83 0%,
67.3%, 56.5%. and 30.5% at 12. 24. 36. and 60 months respectively (P = 0.254). The
probability of survival for individuals with anemiawas 72.9%_ 64.9%, 52 1%, and 29 2%
at 12. 24, 36 and 60 months respectively, and for patients with no anemia was 80.3%.
63.1%, 53.9%. and 38.7% at 12. 24, 36, and 60 months respectively (P=0.111). A lower
survival probability for patients with CC according to functional classes of CHF was
observed Moreover, CKD and anemia status significantly showed an additional impact

on survival for patients with CC (P < 0,001, Figure 1).

4. Discussion

In our study. we evaluated the long-term mortality risk stratification performance
of CKD and anemia in outpatients individuals with CC. Although previous studies have
addressed these variables on the prognesis of patients with CHF secondary to CC, this
work is the first cohort of Brazilians assessed using the eGFR CEKD-EPI eguation. that
provides more accurate estimates and befter predictive power. Our mvestigation clearly
showed that survival probabilities of patients with CHF secondary to CC. allocated into
the same group for NYHA functional classes, are lower m those with CKD and anemia,
particularly in severe CHF individuals Nonetheless. neither CKD (CKD-EPI equation)
nor anemia are independent predictors for all-cause mortality in patients with CC,
suggesting the poorer prognosis of this condition.

The CHF secondary to CC is 2 major public health problem in Latin America.
where about 10,000 people die of this disease annually (25). causing a profound socio-
economic impact (26). CKD is a common comorbidity in CHF patients and is associated
with the disease sevenfy. worse prognosis and higher anemia prevalence (27. 28).
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Nevertheless. there are few published studies relating CKD and anemia with CHF in
patients with OC_ In our series. the prevalence of CKD was 42 3%. similarly to that
observed in mon-Chagas population enrolled m clinical tnals or data obtamned from
prospective longitudinal cobort studies (29-31).

Compared to individuals with no CKD. those with this condition were older, had
higher right ventricular diameters. showed lower median for spontaneous heart rate and.
consequently. more need for pacemaker. suggesting higher severity of CC. However. as
previously reported by our group (32) and Ferreira et al. (33), this nvestigation did not
confirm the isolated association between CKD and worse outcomes, mcluding mortality.
The younger status of our patients with no underlving ischemic conditions (coronary
artery disease, peripheral and or cerebrovascular diseases) may account. at least in part.
for our different results Moreover. there was higher proportion of patients on renin-
angiotensin-aldosterone blockade (30) at maximal tolerated doses according guidelines
recommendations and individuals with chronic systolic dysfunction only. manaped in
specialized heart failure outpatient clinic. facts that may have contributed to reduction of
renal impairment mfluence on mortality.

In end-stage renal disease population, anemia is well-recognized risk factor for
all-cause mortality (34). occurring mainly due to ervthropoietin deficiency. In addition.
anemia also occurs in ndividuals with less severe renal dysfunction (16) in several other
disorders, as bone marrow depression. that inferfere with the action of ervthropoietin and
cellular release and utilization of iron (35) Our investigation showed a prevalence of
17.7% of anemia in CC population. slightly higher rate compared to similar Brazilian
cohort (36). However, this prevalence may vary from 4 to 69.7%. depending on the
diagnostic criteria and the study population. mcreasing in accordance to age and severity

of CHF and other comorbidities. as nutritional status and low weight patients (14, 37).
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On the other hand, our data are consistent with those of Miguel et al. (38), who studied 2
smaller population of CC patients with CHF.

Furthermore. our findings were opposite to results described by Ferreira et al. (33)
that evidenced high prevalence of anemia among patients with CHF and an isolated
significant impact on their survival, even for mild degree of anemsa. Although in distinet
population. Al-Atmad et al (16) hypothesized four potential explanations for poorer
prognosis i this individuals: level of hematocrit may be an additional marker of cardiac
hematocrit may be a nisk factor for 1schemia. worsening this mamfestation, mamly m
organisms with pre-existing heart disease: and lower hematocnit may result in ventricular
remodeling and cardiac dysfunction. culminating in a vicious cyele (39).

Anemic patients were older and showed higher rate for end-stage renal disease
compared to non-anemic individuals. emphasizing the known association between these
comorbidities (34, 40). Moreover, the subgroup analyvsis showed that patients allocated
into the same group for NYHA functional classes. had lower survival probability when
CKD and anemia coexist with CHF. evidencing the burden of these conditions. However,
in our senies, neither CKD nor anemia were independent predictors of worse outcomes.
including hospitalization due to acute decompensated heart failure, cardiogenic shock.
need 1o heart transplantation. and long-term mortality. This finding suggests that they are
markers. and not independent risk-factors for, all-cause mortality in Brazilian patients
with CC (38).
and well-known risk factors (41). On the other hand. our mvestigation showed systolic

blood pressure. use of ICD. and sodinm semum level as independent protective factors for

49



650
651
B52
653
654
B55
656
657
658
659
660
661
862
663
GE4
665
666
B&T
BEE
BES
670
671
672
673
674
675
676
677
678
679
680
B&1
662
B&3
BE4
685
666
GET
G&8
B&9
690
681
692
693
694
695
696
ea7
Ba8
699
700
7O
TO2
TO3
704
Tos
706
o7
708

272

273

74

275

276

277

-

EF s Eps

B

12

montality In accordance with our results, there was one percent of risk reduction at each
elevation of 1 mmHg of systolic blood pressure. One possible explanation for the
protective effect is the fact that patients with higher blood pressure undergo
pharmacologic treatment considering higher doses of renin-angiotensin-aldosterone
blockade drugs and beta-blockers, therapy with known survival improvement effect (41,
42). The fact that CC may considered a type of a catecholaminergic cardiomyopathy (43),
which is reversed by beta-blockers (44) lend further support to this assumption.
Regarding the use of ICD. we beheve that the mamn reason for thus finding 15 the
prevention of sudden cardiac death due to life-threatening ventricular arrhythmias.
common clinical complication in patients with severe CHF secondary to CC (8. 45).
Furthermore. as previously demonstrated by our group. hyponatremia is an independent
predictor of all-cause mortality for this population (46. 47) and may appear as
consequence of marked activation of the renin-angiotensin-aldosterone and autonomic
nervous systems. which nltumately determines myocyte death. reparative fibrosis. and
ventricular remodeling (48, 49). In this context. maybe be prudent avoid hyponatremia to
counteract the deleterious effect of activation of the mvolved systems.

4.1 Strength and limirations

This study has some lmitations. Our investigation was 2 fretrospective view of a
prospective patients’ cohort. Therefore, ummeasured factors may have biased owr
findings We did not determine the etiology and the incidence of worseming CKD.
Detecting worsening renal dysfunction over time would be interesting to detect potential
association with death Moreover, we did not investigate the specific cause of anemia,
including iron, folate and vitamin B12 deficiencies. dilutional anemia. and the anemia of

not surveyed chronic diseases. On the other hand. the data were prospectively collected.
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and the statistical analysis performed appears to have avoided the overfitting
patients received evidence-based treatment. thus reflecting the contemporary era of heart

failure treatment.

5. Conclusions

CKD and anemia are not independent predictors for long-term mortality in patients
with CHF secondary to CC, by itself. has a worse prognosis, However, patients with these
comorbidities have lower survival probabilities. in despite of their respective NYHA
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Figure Legend

Figure 1. Survival probabilities of patients with chronic heart failure secondary to Chagas
Cardiomyopathy according to the presence of chromic kidney disease and amemia
associated to New York Heart Association functional classes.
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Table 1. Baseline charactenistics of Chagas Cardiomyopathy prospective cohort (N =
232) analvzed for occurrence of chronic kidney disease and anemia

Variable Median (25® - 75%) or N (%)
Clinical characteristics
Age (years) 56{43 - 66)
Gender (maie) 153 (65.9)
NYHA Classes Tand I 157(67.1)
NYHA Classes I and IV 73(313)
Heart rate (beats 'nin) 68 (60 — 80)
Systolie blood pressure (mmHg) 110 (100 - 120)
Diastolic blood pressure (mmHg) 70 (60 - 80)
Type 2 Diabetes Mellitus 1H@En
Laboratory analyas
Sodiwm {mEqL) 141 (138 -144)
Potassium {mEq/T) 44(40-48)
12-lead resting electrocardiography
Atrial fibrillation 63 (27.2)
Implantable Cardicverier Defibrillator W61y
Pacemaker 124 (53.9)
Left bundle branch block 37(159)
Right bundle branch block 93 (40.1)
Left anterior fascicular block 91(39.2)
Low voltage of QRS 12059
Ventricular premature contraction 108 (46.6)
ID-Ecochardiography
Left ventricular end-diastolic diameter (mm) 6550 - 71)
Left ventricular systolic diameter (nm) 35(50-61)
Right veatricular diameter (mm) 25(20-30)
Wall motion abnomnalities 78(336)
Left Ventricular Apical Anewrysm 15(65)
Left Ventricular Ejection Fraction (%) 317 (24.5-400)

N=mumber of wndividuals; NYHA=New York Heart Association functional class.
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Table 3. Cox proportional hazard model analysis for independent predictors of all-cause mortality during

leng-term follow-up (more than 10 years).

Unsvanate Multranate
A1l patents R 959 C1 PValue HR 5% C1 P Value
Age (veass) 1.00 099101 0876
(Gender (male) g 088184 0.207
NYHA I Functional Class 0.54 a37-077 0.001
Heart rate (beats min) 1.01 1.00—1.02 00356
SBP (mmHg) 0.98 0.97-1.00 0006 099 098100 0.015
DBP (mumHg) 0.98 0.96—1.00 0015
€D 0.60 034-104 0068 048 027-085 0.012
LAFB 163 116-2.28 0005 157  108-213 0.017
LVDD (mm) 1.05 103-107 <0001 104  102-106  <0.001
Serum sodivm level (mEgL)  0.93 089-096 <0001 0985  092-099 0.020
Anemia stafus 131 0.86—2.00 0.207
CKD status 1.21 086-1.70 0271

HR=Hazard ratio; CI=Confidence interval, NYHA=New York Heart Association finctional class; SBP=Systolic
blood pressure; DBP=Diastolic blood presswre, [CD=Implantable cardioverter-defibrillator, LAFB= Left anterior
fascicular block: L VDD=1 eft ventricular end-dhastolic diameter; CKD=Chronic hdney disease.
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worldwide. representing a major public health problem. with an increasing incidence
and prevalence. The clnical practice suidelines for CHF recommend the use of
validated risk models to estimate prognosis.

However. the prognostic indices cumrently employed in clinical practice have
several limitations. They are based on either peak oxygen consumption of ifvasive
measures. were designed to assess patients with severe CHF in need of cardiac
transplantation. were validated during hospitalization for acute decompensated heart
failure, not included a substantial proportion of individuals taking contemporary
evidence-based treatments, and rarely included Chagas Cardiomyopathy patients.

In this paper, we have shown that the CALLM Risk Score allows prediction of
survival of ambulatory CHF patients with the use of easily obtained non-invasive
variables and confirm the negative burden of Chagas etiology m CHF prognosis.
Moreover. the model provides an accurate identification of a subgroup of high-risk
patients who should be closely managed. The think that the paper may be of interest not
only to readers from Latin Amenica but also to those dealing with this condition in non-
endemic countries in Europe and USA.

For this reason we are submitting the paper to Inrermational Jowrnal of
Cardiolagy.

Thank you in advance for your atiention.

Sincerely yours.

Reinaldo B. Bestetti. MD, PhD, FESC
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Abstract

Background: The clinical practice guidelines for chronic heart failure (CHF ) recommend
the use of validated risk models to estimate prognosis. We aimed to develop and to
validate 2 simple method for predicting long-term mortality in ambulatory CHF patients
in an area where Chagas disease is endenmc.

Methods: The development cohort inchuded 450 patients receiving evidence-based
treatment for CHF. prospectively followed for eleven years. Independent prognostic
low-, intermediate-, and -high-risk groups. The CALLM Risk Score was validated in an
independent retrospective cohort with 228 individuals.

Results: After nmltivariate analysis. five variables were independently associated with
long-term mortality and subsequently included m the CALLM Risk Score: Chagas
Cardiomyopathy alone (P<0.001). age =60 years (P=<0.002). left ventricular ejection
fraction <40% (P=0.027). left anterior fascicular block (P=0.005). and male gender
(P=0.039). Three risk groups were identified: low-risk (score =4 pomts. 14.1% of
mortality). imtermediate-risk (score 5-6 points. 25 3% of mortality). and high-risk (score
=7 points. 38.3% of mortality). The CALIM Risk Score showed discrimination
characteristics with area under receiver-operating characteristic curves of 0.66 [95%CI
(0.58-0.74), P-0.001] and consistent calibration [ Hosmer-Lemeshow(§)=2.71.
P={} 845] in the vahdation data set.

Conclusions: The CAITM Risk Score represents a simple method with a hmited number
of non-mvasive variables successfully predicted long-term meortality in a real-world

Latin-American cohort of CHF patients in a referral center for Chagas disease. A high-
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risk category of patients can be easily identified in clinical practice and to alert for a

rigorous management.

1. Introduction

Chromic heart failure (CHF) is 2 leading cause of morbidity and mortality
worldwide. representing a major public health problem. with an increasmg maidence and
prevalence (1-3). The likelihood of survival may vary significantly among different
etiologies and subsets of patients with CHF . In this context. CHF secondary to Chagas
cardiomyopathy (CC) shows a poorer prognosis compared to other etiologies (4-7).
mainly in Latin American where the disease is endemic (3, 8. 9).

The prognostics indexes currently emploved m clmical practice have some
limitations. They based on either peak oxygen consumption or invasive measurements.
are designed to assess patients with severe CHF in need of cardiac transplantation (10-
12). and were validated during hospitalization for acute decompensated heart failure (13-
15). Furthermore. most of these models have not inchuded a substantial proportion of
individuals taking contemporary evidence-based treatments. inchiding befa-blockers.
angiotensin-converting enzyme inhibitors | angiotensin-receptor blockers, and
spironolactone at target doses. Finally, a few models inciude CC patients. an important
CHF eticlogy in our region.

The purpose of this investigation was to develop and validate a multivariate risk
model for predicting long-term mortality in an independent. non-clinical trial. outpatient
CHF population using varisbles easily assessable (demographic. 12-lead resting
electrocardiogram. and 2D-echocardiography data) m cliical practice.
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2. Methaods

1.1 Study population

In S3o José do Rio Preto city Brazil and neighboring fowns, management of CHF
involves general and specialized outpatient services. emergency departments.
intermediate and intensive care units. covering a population of 2 million inhabitants. In
our service, the diagnosis of CHF has been made by the aftending physicians using the
Framingham Criteria for Heart Failure Diagnosis (16). Chagas disease was confirmed by
two positive serologic test for Chagas (ELISA and indirect inmmunofluorescence)
according to the World Health Organization recommendation (17) After climcal
diagnosis of CHE. a 2-D echocardiography was performed in each patient to confirm the
clinical diagnosis. quantify this condition using left veniricular ejection fraction (LVEF).
and guide the treatment according to the classification Individuals with clinical diagnosis
for CHF and LVEF - 55% on 2-D echocardiography confirming left ventricular systolic
dysfunction were screened for this study. Patients with a concomitant disease that could
potentially cause heart disease by itself were excluded.

For development cohort. all eligible patients were routinely followed m a public
referral center for CHF 1n a Brazilian Medical School facihity from Janmary. 2000 w0
December, 2010 The CHF medical therapy information was retrieved from a
prospectively collected database of patients. All patents received evidence-based
treatment for CHF. according to infemational guidelines of the time. Thus. treatment with
angiotensin converting enzyme mhibitors or angiotensin receptor blocks and beta-
blockers at targeted or maximal tolerated doses was considered for all patients. Those
with pitting edema received furosermde, while those 1o the NYHA Class IIITV with a
LVEF - 30% were treated with digoxin Patients usually visited the outpatient service

each four months, and a senior heart failure specialist (RBB) supervised the treatment
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given. Patients were followed until the close study, they were also censored at heart
transplantation or death. For validation. we used separate local sample. There was no
patients data overlap between the two samples.

This study was conducted i accordance with the Declaration of Helsinka and
approved through the local Human Research Efiues Comnuttes of Sio José do Rio Preto
Medical School (CAAE - 02716112 6 0000 5415) The need for mdividual informed
consent was waived, as this sidy was a retrospective analysis of prospectively collected
data for routine care, and breach of privacy or anonymuty did not occur.

1.1 Data collection

The demographics data. New York Heart Association (NYHA) functional class.
heart rate. systemic arterial pressure, medical history, standard laboratory tests. 12-lead
resting electrocardiogram and cardiac electronic implantable devices information were
noted at study entry by attending physicians. and were retrieved from medical charts
records. The available definition and data collection approaches were constant during the
period of the study The methodology of this investigation is consistent with the STROBE
checklist for observational studies (18).

1.3 Outcome

The primary outcome was the long-term (more than 10 years) mortality based on
review of hospital records or confirmed by telephone contacts with first-degree patients’
relatives.

1.4 Sratistical Analysis

Descriptive statistics was used to assess characterishics of two samples.

Continnous data with normal distnbution was expressed as mean and standard deviation
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whereas categorical variables were expressed as absolute numbers and percentages.
Comparisons used the f-test for contimsous variables and the Chi-square test for

We set up 3 model from the development cohort using multivariate analysis.
including factors with clinical relevance or that were found significant at P = 0.10 in
univariate analvsis. using a stepwise backward elimination method. The first-order
interactions in multivariable analysis were investigated (P - 0.05) Then we stablished a
scoring system based on the variables independently associated with mortality. attributing
weights according to the odds ratio (exp(logistic regression p-coefficients)). Secondarily.
the model was retested for validation. using bootstrap (19). with 1000 re-samples. We
evaluated the discrimination using the area under the receiver-operating charactenste
{ROC) curve, in the development and the validation cohorts. To assess the calibration.
Hosmer-Lemeshow goodness-of-fit fests using deciles of poor outcome were performed
on the development. validation cohort and on 1000 bootstrapping re-samples. P-values -
0.1 were considered to indicate good agreement (20). We defined the three risk groups
for mortality (low-. intermediate-. and high-risk) by splitting the scoring system in fertiles
of patients. Cunmilative survival graphic (Kaplan-Meier) was constructed to show
differences in event-free survival (mortality from all-causes) according The CALLM Risk
Score.

All tests were two-sided with a P-value considered as significant if < 0.05 and
were performed using IBM SPSS Statistical Package v.21 (IBM Corporation. Armonk
NY).

3. Results

1.1 Development cohort
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The CALLM study included 450 ambulatory patients (64.7% male) with CHF.
aged 49 — 68 years (mean 58 = 14). Most patients (68.2%) were in NYHA functional
classes I or I at smdy entry. Chagas etiology of CHF was present in 34 4% of individuals.
followed by Hypertensive (19.1%), Chagas-Hypertensive association (15.8%). Idiopatic
Dilated Cardiomyopathy (149%) Ischemic (11 8%). and Chagas-Ischemic association
{4.0%). Mean left ventricular ejection fraction (LVEF) was 35.2 = 10.6% (range 28.0 -
43.0%), and most patients (63.1%) presented LVEF < 40%. About 30.4% of patients had
atrial fibrillation. 33.1% had left anterior fascicular block (LAFB). 342% needed
pacemaker and 64% had unplantable cardioverter-defibrillator. Among laboratory
analysis, anemia [hemoglobin < 12 g/dL for women and < 13 g/dL for men] and
glomerular filtration rate -~ 60 mL/muin’l 73m’ [according Chromic Kidney Disease
Epideminlogy Collaboration (CKD-EPI)] was observed in 30.0% and 47.0% of patients.
respectively.

This cohort received maximal tolerated daily doses of medications, according to
gudehne recommendations dunng the long-term of follow-up, considenng mean daily
dose (mg'day) of Enalapril (16.2 = 8.3), Captopril (93.7 = 44.1). Ramipril (8.5 = 2.7).
Losartan (503 = 23 3), Carvedilol (32.2 = 19.9). Metoprolol Succinate {(127.7 = 67.7).
Spironolactone (28.0 = 15 2), Furosemide (80.2 = 54.2), Amiodarone (222.3 = 80 8), and
Digoxin (0.189 = 0.067).

Hospitalization due to acufe decompensated heart failure. casdiogenic shock. and
need to heart transplantation rates were 74 0%, 26 4% and 6.0%. respectively. During
follow-up (1554 = 1106 days). 197 CHF patients (43.8%) died.

The final muitivanate model. which area under the curve (AUC) welded 0.71
[95% C1 0.66 — 0.76] in the development cohort. 1dentified five independent predictors
for long-term mortality (Table 1): Chagas Cardiomyopathy etiology (OR=3.00. 95% (1

73



414
415
415
417
418
4189
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
4385
435
437
438
438
440
441
442
443
244
445
445
447
448
448
450
451
452
453
454
455
458
457
458
453
450
461
452
453
454
485
466
46T
468
458
470
471
472

170

171

172

173

174

175

176

7

178

179

180

181

182

183

184

185

184

187

188

190

191

192

193

194

199 — 4 54: P-0.001), Age = 60 years (OR=1.01, 05%CT 1.27 - 2 87- P=0.002), LVEF =
40% (OR=1.62, 05% CI 1.06 — 249, P=0.027), LAFB (OR=1.84. 95%CI1 1.20 — 2.83;
P=0.005), and male gender (OR=157. 95%CI 1.02 — 2 40: P=0.039). Comparison of
baseline characteristics between development and validation cohorts are shown in Table
2. After, the Table 3 shows the good calibration of The CALLM Score, considering the
predicted versus observed mortality rates. The simplest method to estimate the risk score
for long-term mortaliry in CHF ambulatory patients consists in adding 3 points for Chagas
etiology. 2 points each for any of the following: age = 60 vears, LVEF < 40%, and LAFB,

and 1 point for male gender (Table 4).

3.2 Validation cohort

The external validation cohort analysis confirmed that the model performed as
much in calibration [y*Hosmer-Lemeshow (6) = 2.71. P = 0.845] and discrimination
charactenstics [area under ROC curve 0.66, 95%CI10.58—10.74]. The CALIM Risk Score
performance for predicting long-term mortality in CHF patients. stratifying the risk in
three categonies (low-, Intermeduate-. or high-nisk) mcluded: 85 patients (37.3%) in the
low-risk subgroup. showing an average long-term mortality of 14.1%. The infermediate-
risk subgroup considered 83 individuals (36.4%). showing a mortality rate about of
25 3%, and the high-risk subgroup. that ncluded 60 patients (26 3%), showed that the
long-term mortality could reach rates around 38.3%.

The long-term survival probabilities of patients with CHF according risk
stratifications (low-, intermediate-. and high-risk) provided by the CALIM Risk Score
are shown in Figure 1.

4. Discussion
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In the present study, we enrolled a larpe ambulatory CHF population cohort with
a wide spectrum of etiologies and left ventricular systolic function. Importantly, a large
proportion of the study population was comprised of patients with CC. which reflects the
everyday climcal practice m an area where CC 1s endemic. The novelty of this work 15
that we developed and validated the CALLM Risk Score. a simple risk model based on
commeonly obtained and non-invasive variables for predicting long-term mortality.

The CALIM Risk Score accurately discriminated three groups of nsk for CHF
patients, and offered an interesting tool for early. reliable, and easily assessment of
prognosis in ambulatory clinical practice. In this sense. therefore. our study is not only of
interest for physicians working in areas where CC is endemic. but also to those working
in USA and Europe. where Chagas disease immugration 1s important.

Importantly. our validation cohort included patients with the full range of
etiologies like Chagas cardiomyopathy, hypertensive, idiopatic and ischemic heart
disease as well as the association of Chagas disease with hypertensive or ischemic heart
disease The heart failure symptoms ranged from NYHA functional class I to IV and the
LVEF at the study entry ranged from 27 4% to 42.0%. Our vahidation cohort also included
a sipnificant amount of patients at intermediate and high risk in whom the risk prediction
could be more challenging (21). representing the population in whom validation results
may be most widely applicable.

Our nmltivariate model yielded an AUC of 071 and Hosmer-Lemeshow
goodness-of-fit test (P=0.845) in the development cohort. It is unportant to highlight that
the calibration (the agreement between observed and predicted risk. obtained by Hosmer-
Lemeshow test) is also very important in prognostic settings. considering that the main
purpose is to predict future risk of the target population (22), as observed for the CALIM

Risk Score. On the other hand, the discrinunation (useful for separating people with
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In the present study, we enrolled a larpe ambulatory CHF population cohort with
a wide spectrum of etiologies and left ventricular systolic function. Importantly, a large
proportion of the study population was comprised of patients with CC. which reflects the
everyday climcal practice m an area where CC 1s endemic. The novelty of this work 15
that we developed and validated the CALLM Risk Score. a simple risk model based on
commeonly obtained and non-invasive variables for predicting long-term mortality.

The CALIM Risk Score accurately discriminated three groups of nsk for CHF
patients, and offered an interesting tool for early. reliable, and easily assessment of
prognosis in ambulatory clinical practice. In this sense. therefore. our study is not only of
interest for physicians working in areas where CC is endemic. but also to those working
in USA and Europe. where Chagas disease immugration 1s important.

Importantly. our validation cohort included patients with the full range of
etiologies like Chagas cardiomyopathy, hypertensive, idiopatic and ischemic heart
disease as well as the association of Chagas disease with hypertensive or ischemic heart
disease The heart failure symptoms ranged from NYHA functional class I to IV and the
LVEF at the study entry ranged from 27 4% to 42.0%. Our vahidation cohort also included
a sipnificant amount of patients at intermediate and high risk in whom the risk prediction
could be more challenging (21). representing the population in whom validation results
may be most widely applicable.

Our nmltivariate model yielded an AUC of 071 and Hosmer-Lemeshow
goodness-of-fit test (P=0.845) in the development cohort. It is unportant to highlight that
the calibration (the agreement between observed and predicted risk. obtained by Hosmer-
Lemeshow test) is also very important in prognostic settings. considering that the main
purpose is to predict future risk of the target population (22), as observed for the CALIM

Risk Score. On the other hand, the discrinunation (useful for separating people with
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disease from without disease, for example; obtained by c-indexes) would be more

The score indicated that CC alone. age = 60 years. LVEF < 40%. LAFB. and male
gender had independent predictive power. Although with some variations in cut-off
points. LVEF was sumilarly obtained as independent predictors for mortality by The
MUSIC Risk Score (23). bevond age and male gender by The Seattle Heart Failure Model
(21). Differently. our risk model highlighted CC alone and LAFB presence m 12-lead
resting electrocardiogram, very common and associated finding with CC, as independent
predictors for mortality, suggesting the negative burden of Chagas etiology in CHF
prognosis (4. 6. 24). Furthermore. our investigation did not identify NYHA functional
class and renal dysfunction as nisk predictors in CHF patients, as demonstrated previously
21. 25) Among other aforementioned limitations. previous models (10, 25-27) did not
include a substantial mumber of individuals with optimized medical therapy according
current guidelines (1-3). and/or were derived in hospitalized patients (13-15), and have
been developed in participants from clinical trials (21, 28), limiting their use in daily
clinical practice.

Previous studies have shown that the eticlogy of Chagas disease is by itself an
independent predictor of all-cause mortality in patients with CHF (4-7. 29). However. the
impact of the etiology of C'C on all-cause mortality has never been previously reported in
a model like we used in this study, with proper calibration and external validation.
Therefore, our study suggests that patients with CC with CHF need to be closely followed
and aggressivelv treated m view of the poer prognosis of this condition

Early prognostication of poor outcome in CHF patients remams unsolved
challenge. Predicting an mdividual's risk in daily clinical practice requires only adding
up the potnis of the predictors verified in that patient fo calculate the long-term mortality
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risk score. Moreover, we known that an adequate stratification could help for decisions
and may permit a better allocation of resources. Indeed, this possibility may lead to faster
adjust the treatments and anticipate the management of these most severe patients in
specialized CHF units. whereas most low-risk CHF patients could require a less intensive
follow-up. In this context the CALIM Risk Score can represent a simple tool for
everyday climcal practice in areas where CC is endemic and non-endemic, aimmg io
improve the standardization of care and decision-making.

4.1 Strengeh and limiradons

There are some Limitations to our investigation. The CALIM Risk Score was
derived in a cohort of CHF patients prospectively followed in a single-center and may not
be generalizable to a wider population. Its benefit in diastolic heart failure 15 uncertam,
because this score was derived and validated only in patients with systolic heart failure.
On the other hand. the model was developed based on a large ambulatory cohort with a
wide spectrum of CHF etiologies and left ventricular systolic function mainty CC
patients, as seen in everyday clinical practice i areas where CC is endeniic and non-
endemic. showing good performance for predicting long-term mortality in CHF patients.
stratifying the risk in three categories (low-. intermediate-, or high-risk). Furthermore, the
CALIM Risk Score was well validated in a separate cobort. including also real-word
population. Further studies are needed with validation of the CALLM Risk Score in other

CHF cohorts to confirm its value 25 a generalizable clinical prediction * ol

5. Conclusions
The CALLM Risk Score allows prediction of survival of ambulatory CHF patients

with the use of easily obtained non-invasive variables and confirm the negative burden of
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Chaga: etiology in CHF prognosis. The model provides an accurate identification of a

subgroup of high-risk patients who should be closely managed.
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Figure 1. Long-term Survival probabilies of patients with chronic heart failure
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Table 3. Calibration of the CALLM Score.

Death Alive
Observed  Predicted Observed  Predicted
Riske Points N N N N N
Low =4 85 12 11.72 73 7328
Mediom 56 83 21 20.67 62 6233
High =7 60 23 23.61 37 3639

Hosmer-Lemeshow Goodness-of-fit test (P = 0.845).
N=mmmber of individuals.
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Table 4. Risk of long-term mortality expressed as a point-based scoring system. with
the acronym C;A;L,L.M, Score.

Risk factor Score
Chagas Cardiomyopathy alone 3
Age = 60 years 2
Left Ventricular Ejection Fraction < 40% 2
Left Anterior Fascicular Block 2

Male (gender) 1
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Conclusdes

(Artigo 1) Nosso estudo mostra que Remodelamento Reverso Ventricular
Esquerdo nao prediz redu¢do de mortalidade a longo prazo em pacientes com
Cardiomiopatia Chagasica. Este ¢ o primeiro estudo a mostrar que a gravidade da
progressdo da doenga parece anular o potencial beneficio do Remodelamento Reverso
Ventricular Esquerdo em pacientes com Cardiomiopatia Chagasica. Futuras pesquisas,
entretanto, com numero populacional adequado, deveriam ser conduzidas a fim de

confirmar estes achados.

(Artigo 2) Doenca Renal Cronica e Anemia ndo sdo preditores independentes de
mortalidade a longo prazo em pacientes com Insuficiéncia Cardiaca Sistolica Cronica
secundaria a Cardiomiopatia Chagasica que, por si so, tem pior progndstico. Entretanto,
pacientes com estas comorbidades tem menores probabilidades de sobrevida, a despeito

de suas respectivas classificacoes funcionais NYHA.

(Artigo 3) O Escore de Risco CALLM permite predizer sobrevida ambulatorial
em pacientes com Insuficiéncia Cardiaca Sistolica Cronica a partir de variaveis nao
invasivas e de facil acesso, confirmando o impacto negativo da Cardiomiopatia Chagasica
no prognostico da Insuficiéncia Cardiaca Sistolica Cronica. O modelo providencia uma
acurada identificagdo de um subgrupo de alto risco que deveria ser manejado

rigorosamente.



91

Conclusoes gerais

Remodelamento Reverso Ventricular Esquerdo, Doenga Renal Cronica e Anemia
ndo tém impacto nos desfechos de pacientes com Cardiomiopatia Chagésica Cronica,
sugerindo pior desfecho clinico inerente a esta condigao.

E possivel estratificar adequadamente pacientes portadores de Insuficiéncia
Cardiaca Cronica em nivel ambulatorial com métodos simples e ndo invasivos, como os
sugeridos pelo escore de risco CALLM, desenvolvido e validado em coorte de area

endémica para Doenga de Chagas.
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