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Abstract

Background: Chagas disease continues to be a serious public health problem, and accounts for 25-30% of the indications 
for cardiac stimulation in Brazil.

Objective: To assess clinical and epidemiological characteristics of patients with Chagas disease, younger than 18 years, 
who had undergone pacemaker implantation in Brazil between 1994 and 2011, and its temporal trend.

Methods: This was a cross-sectional analysis of data from the Brazilian Pacemaker Registry database. The following 
variables were analyzed: year when pacemaker was implanted, location, age, sex, ethnic group, functional class and the 
main electrocardiographic findings at baseline.

Results: In a total of 183,123 implants performed between 1994 and 2011, 214 implants of cardiac stimulation device in Chagas 
disease patients aged younger than 18 years were identified. Mean age at implantation was 5.6 ± 6.2 years. Second- and 
third-degree atrioventricular blocks corresponded to 71% of indications for pacemaker implantation. Fifty-six percent of the 
procedures were performed in the southeast region. Regarding the total number of pacemaker implants per year, there was 
a remarkable increase in the implants for all causes. However, time series analysis of the implants in Chagas disease patients 
younger than 18 years revealed a significant reduction in the annual number of implants.

Conclusion: There has been an important reduction in the number of pacemaker implantations among children and 
adolescents with Chagas disease, suggesting a reduction in the vertical transmission of the parasite. (Arq Bras Cardiol. 
2017; 108(6):546-551)

Keywords: Retrospective Studies; Pacemaker,Artificial; Child; Adolescents; Chagas Disease; Chagas Cardiomyopathy; 
Epidemiology.

Introduction
Endemic in South America and emerging in Europe 

and in the United States, Chagas disease continues to be 
a serious public health problem. Estimates indicate that 
there are 2.9 - 7.2 million people with Chagas disease in 
Brazil,1 which accounts for approximately 6 thousand deaths 
per year.2,3 According to the Brazilian Pacemaker Registry 
(BPR), 25%-30% of cardiac stimulation are performed for 
Chagas disease in Brazil.4

In addition to transmission via infected feces of the 
hematophagous triatomine insect, Trypanosoma cruzi may 
also be transmitted by blood transfusion, consumption of 
contaminated food or drinks, and congenital transmission 
(from mother to child).5 Due to a more effective control of 

both vector and transfusional transmission, congenital route 
has emerged as the most important way of transmission in 
most endemic areas.6,7

Prevalence of T.cruzi infection in pregnancy varies from 
1% to 40%,8-12 and congenital transmission may reach 
28.6%.7 Recent estimates indicate that annually, more than 
14 thousand babies are born with congenital Chagas disease 
in Latin America. A Brazilian study conducted between 
2001 and 2008 on 105 thousand children aged from 0 to 
5 years living in rural areas reported a 0.03% prevalence 
of T. cruzi, 0.02% for probable congenital transmission and 
0.01% for vectorial transmission.13

Although most cases of congenital infection of T.cruzi 
are asymptomatic, it may cause premature death, low birth 
weight, stillbirths and clinical manifestations of Chagas disease 
at birth.14,15 Since congenital transmission cannot be prevented, 
early diagnosis and treatment of congenital cases are the main 
goals of the programs for Chagas disease control.16,17

 Considering changes in demography and transmission 
pathways, in particular the rising importance of vertical 
transmission, information on how these changes may 
affect patients’ treatment and outcome are still scarce. 
Therefore, aiming to contribute to the knowledge on the 
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theme, the objective of this study was to evaluate clinical 
and epidemiological characteristics of Chagas disease 
patients younger than 18 years, who had undergone a 
permanent pacemaker implantation in Brazil in the period 
between 1994 and 2011.

Methods
Data of the BPR database were analyzed in this study. 

This database system, officially created by the Ministry of 
Health decree no. 41, of December 17th, 1994, is maintained 
by the Department of Artificial Cardiac Stimulation of the 
Brazilian Society of Cardiology Surgery. The system holds 
information of permanent cardiac stimulation procedures 
performed in Brazil by means of a standardized, specific 
form about generator implants performed in the country. 
Completed forms were forwarded to the central, where the 
information was registered.

The following variables were analyzed: year when implant 
was performed, place of origin, age, sex, ethnic group, heart 
failure functional class according to the New York Heart 
Association (NYHA) criteria, and the main electrocardiographic 
finding that indicated the need for a pacemaker.

Categorical variables were expressed as absolute and 
relative frequencies, and continuous variables as mean and 
standard deviation. Statistical analysis was performed using 
the SPSS (Statistical Package for the Social Sciences) software.

Temporal variation in the number of pacemaker implants 
was assessed by the Jonckheere’s trend test, and the alpha 
error was set at 0.05.

Results
Between 1994 and 2011, a total of 183,123 patients 

undergoing first pacemaker implantation were identified. 
Of this total, 35,204 were performed in patients with 
Chagas disease, and 214 of them consisted of surgical 
implantation of cardiac stimulation devices in patients aged 
17 years or less.

In the group of patients with Chagas disease younger than 
18 years, who had undergone a pacemaker implant, mean 
age at procedure was 5.6 ± 6.2 years. Forty-five percent 
of these patients were women (5.2 ± 5.8 years), and 55% 
were men (6.1 ± 6.5 years). The Figure 1 shows the absolute 
frequency of implants performed per year throughout the 
period assessed (18 years), with a remarkable reduction 
in the number of implants. Mean number of implants was 
20.6 implants/year in the first triennium (1994-1996), and 
4.3 implants/year in the last triennium, indicating a 79.1% 
decrease between these periods.

Distribution of procedures by geographic area revealed a 
considerable diversity. Most patients came from the southeast 
of Brazil; in fact, most of Chagas disease patients were from 
this region (55.6% of the cases), followed by the central west 
region (25.7% of the cases).

Regarding ethnic characteristics of the patients, most 
of them were white (49.5% of the implants), followed by 
mestizos (21.1%) and black individuals (14%). With respect 

to symptoms, most patients were NYHA class III and IV. 
One hundred patients (46.7%) were symptomatic during 
moderate/little efforts and 68 (31.8%) had symptoms at 
rest (Table 1).

Seventy-one percent of the electrocardiographic indications 
for implantation of cardiac stimulation system were second- and 
third-degree atrioventricular block (AVB). Most of them were 
complete AVB with a wide QRS complex (42% of incidence), 
whereas complete AVB with a narrow QRS complex was 
reported in 10% of patients (Figure 2).

Considering the total number of pacemaker implants per 
year (Figure 3), there was a relevant, statistically significant 
increase in the number of implants for all causes. Time series 
analysis of the number of implants in Chagas disease patients of 
all ages showed a slight, non-significant variation. The possibility 
that this variation has occurred by chance cannot be ruled out  
(p trend = 0.5). Nevertheless, time series analysis of the implants 
in Chagas disease patients younger than 18 years revealed a 
significant reduction in the number of implants through the 
years (p trend < 0.001) (Figures 1 and 3).

Discussion
In 1999, the Pan-American Health Organization (PAHO) 

declared that Triatoma infestans, the vector insect of T. cruzi, 
had been completely eliminated from human dwellings in 
Brazil, Chile, Uruguay, and large portions of Argentina, Bolivia, 
and Paraguay.19 Nevertheless, despite recent advances in the 
control of T.cruzi transmission, Chagas disease continues to be 
an important public health problem in Latin America, with an 
annual impact of 430,000 DALYS (Disability-Adjusted Life Years) 
in the region.18 Two hypotheses may be raised from this fact: 
(1) there have been continuous or increasing expenses on the 
treatment of chronic Chagas disease, particularly on patients 
with chronic Chagas cardiomyopathy (CCC), or (2) the parasite 
transmission modes have not been effectively controlled yet, 
which causes concern regarding blood transfusion transmission 
and vertical transmission of T.cruzi.

Data of the Brazilian Pacemaker Registry reflect CCC 
morbidity and hence yield useful information. Approximately 
20% of infected patients develop CCC, and are at high risk 
for AVB and cardiac sudden death.20 Interestingly, here 
we describe that, despite the increase in the number of 
pacemaker implants in Brazil, the number of procedures 
performed in Chagas disease patients per year did not change 
in the same period. This reflects a relative reduction of CCC 
and increase of other causes – such as senile degeneration 
of the conduction system – as indications for artificial 
stimulation of the heart. This finding may be due to a more 
effective control of vectorial and transfusional transmission 
of Chagas disease, as well as to an increase in life expectancy 
in the Brazilian population.21

Our most important finding was the drastic decrease 
in the use of artificial cardiac stimulation in individuals 
younger than 18 years, which may suggest a better control 
of Chagas disease transmission in Brazil in the last decades. 
As previously mentioned, this result may be partly explained 
by the control of the vector. However, the decrease in blood 
transfusion transmission in addition to the continuous, 
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Figure 1 – Annual distribution of pacemaker implantations in Chagas disease patients younger than 18 years. Source: Brazilian Pacemaker Registry.

30

25

20

15

10

5

0
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Number of implants per year

Table 1 – Baseline characteristics of Chagas disease patients younger than 18 years who had undergone implantation of cardiac stimulation 
devices between 1994 and 2011

Patients (n) 214

Age (years) 5.62 ± 6.2

Sex
Male 118 (55.2%)

Female 96 (44.8%)

Federative unit of origin

Sao Paulo 59 (27.6%)

Minas Gerais 59 (27.6%)

Goias 36 (16.8%)

Distrito Federal 19 (8.9%)

Parana 13 (6.1%)

Bahia 8 (3.7%)

Alagoas 5 (2.3%)

Pernambuco 5 (2.3%)

Others 10 (4.7%)

Ethnic group

White 106 (49.5%)

Mestizo 43 (20.1%)

Black 30 (14.0%)

Not declared 35 (16.3%)

Symptoms

Asymptomatic 19 (8.9%)

Symptoms during great efforts 22 (10.3%)

Symptoms during light/moderate efforts 100 (46.7%)

Symptoms during rest 68 (31.8%)

Not declared 5 (2.3%)
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Figure 2 – Electrocardiographic findings suggesting the need for pacemaker implantation in Chagas disease patients younger than 18 years. AVB: atrioventricular block; 
LBBB: left bundle branch block. Source: Brazilian Pacemaker Registry.
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Sinus bradycardia (2%)
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effective control of vertical transmission of T.cruzi may have 
also contributed to it. At the end of the eighties, screening of 
blood donors for T.cruzi infection became compulsory in Brazil 
and, before this measure was implemented, approximately 
20,000 new cases of Chagas disease were attributable to 
transfusional transmission per year. Today, the estimated risk 
of contamination of blood components by T.cruzi may be 
lower than 1 in 1,000,000 of transfusions.21

Although the relevance of vertical transmission of Chagas 
disease has increased since the control of other transmission 
modes of the disease in Brazil, there are no conclusive data 
about its real magnitude. According to a recent systematic 
review,1 the infection prevalence among pregnant women 
varies from 0.1 to 8.5%, and the vertical transmission rate varies 
from 0 to 5.2%. The decrease in vertical transmission is also 
corroborated by the fact that conduction system diseases require 
years for its establishment, occurring in last stages of CCC.

Another finding that deserves attention is the uneven 
geographical distribution of the number of pacemaker implants 
across the national territory, not following the regions of higher 
prevalence of CCC. In addition to the concentration of main 
public health services in the big cities, the lack of trained 
experts in artificial cardiac pacing in children could also lead 
to the concentration of these procedures in tertiary health 
centers in capitals like Sao Paulo.

This study has some limitations inherent to the study 
design. First, accuracy of data may be affected by the inter-
subject variability of individuals responsible for feeding the 
database. Second, the study only allows us to formulate 
causal hypothesis related to the management of Chagas 
disease in the last years, not only for the retrospective nature 
of the study, but also for the adoption of a variable that does 

not represent the whole. Despite these considerations, we 
believe that our study provide useful information for the 
planning of health systems.

Conclusion
There has been an important reduction in the number of 

pacemaker implantations among children and adolescents 
in Brazil, suggesting a better control of Chagas disease 
transmission in Brazil in the last two decades and a reduction 
in the vertical transmission of the parasite.
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Figure 3 – Comparative graph of total pacemaker implants for all causes performed in Brazil per year (diamonds), total number of pacemaker implants in Chagas disease 
patients (square) and total pacemaker implants in Chagas disease patients younger than 18 years (triangle). P value of variation trend in each series through the years. 
Source: Brazilian Pacemaker Registry.

16.000

14.000

12.000

10.000

8.000

6.000

4.000

2.000

0
1994

1995
1996

1997
1998

1999
2000

2001
2002

2003
2004

2005
2006

2008
2009

2010
2011

2007

1994
1995

1996
1997

1998
1999

2000
2001

2002
2003

2004
2005

2006
2008

2009
2010

2011
2007

p < 0.001

p = 0.5

p < 0.001

30

25

20

15

10

5

0

1.	 Martins-Melo FR, Lima MaS, Ramos AN, Alencar CH, Heukelbach J. 
Systematic review: Prevalence of Chagas disease in pregnant women and 
congenital transmission of Trypanosoma cruzi in Brazil: a systematic review 
and meta-analysis. Trop Med Int Health. 2014;19(8):943-57.

2.	 Martins-Melo FR, Ramos AN, Alencar CH, Lange W, Heukelbach J. Mortality 
of Chagas’ disease in Brazil: spatial patterns and definition of high-risk areas. 
Trop Med Int Health. 2012;17(9):1066-75.

3.	 Martins-Melo FR, Alencar CH, Ramos AN, Heukelbach J. Epidemiology of 
mortality related to Chagas’ disease in Brazil, 1999-2007. PLoS Negl Trop 
Dis. 2012;6(2):e1508.

4. 	 Costa R, Rassi A, Leão MIP. Estudo clínico e epidemiológico de pacientes 
submetidos a implante de marcapasso cardíaco artificial permanente: 
comparação dos portadores da doença de Chagas com os de doenças 

degenerativas do sistema de condução. Rev Bras Cir Cardiovasc. 
2004;19(2):107-114.

5.	 Rassi A, Marin-Neto JA. Chagas disease. Lancet. 2010;375(9723):1388-402.

6.	 Gürtler RE, Segura EL, Cohen JE. Congenital transmission of Trypanosoma 
cruzi infection in Argentina. Emerg Infect Dis. 2003;9(1):29-32.

7.	 Howard EJ, Xiong X, Carlier Y, Sosa-Estani S, Buekens P. Frequency of the 
congenital transmission of Trypanosoma cruzi: a systematic review and 
meta-analysis. BJOG. 2014;121(1):22-33.

8.	 Torrico F, Alonso-Vega C, Suarez E, Rodriguez P, Torrico MC, Dramaix M, et 
al. Maternal Trypanosoma cruzi infection, pregnancy outcome, morbidity, 
and mortality of congenitally infected and non-infected newborns in Bolivia. 
Am J Trop Med Hyg. 2004;70(2):201-9.

References

550



Original Article

Mizzaci et al
Pacemaker implant in children and adolescents with Chagas disease

Arq Bras Cardiol. 2017; 108(6):546-551

9.	 Ulmer H, Kollerits B, Kelleher C, Diem G, Concin H. Predictive accuracy 
of the SCORE risk function for cardiovascular disease in clinical practice: a 
prospective evaluation of 44 649 Austrian men and women. Eur J Cardiovasc 
Prev Rehabil. 2005;12(5):433-41.

10.	 Torrico F, Alonso-Vega C, Suarez E, Rodríguez P, Torrico MC, Dramaix M, et 
al. [Endemic level of congenital Trypanosoma cruzi infection in the areas of 
maternal residence and the development of congenital Chagas disease in 
Bolivia]. Rev Soc Bras Med Trop. 2005;38 (Suppl 2):17-20.

11.	 Salas NA, Cot M, Schneider D, Mendoza B, Santalla JA, Postigo J, et al. Risk 
factors and consequences of congenital Chagas disease in Yacuiba, south 
Bolivia. Trop Med Int Health. 2007;12(12):1498-505.

12.	 Apt W, Zulantay I, Solari A, Ortiz S, Oddo D, Corral G, et al. Vertical 
transmission of Trypanosoma cruzi in the Province of Choapa, IV Region, 
Chile: Preliminary Report (2005-2008). Biol Res. 2010;43(3):269-74.

13.	 Ostermayer AL, Passos AD, Silveira AC, Ferreira AW, Macedo V, Prata 
AR. [The national survey of seroprevalence for evaluation of the control 
of Chagas disease in Brazil (2001-2008)]. Rev Soc Bras Med Trop. 
2011;44(Suppl 2):108-21.

14.	 B i t tencourt  AL.  Congeni ta l  Chagas  d i sease.  Am J  Dis  Chi ld . 
1976;130(1):97‑103.

15.	 Bittencourt AL. Possible risk factors for vertical transmission of Chagas’ 
disease. Rev Inst Med Trop Sao Paulo. 1992;34(5):403-8.

16.	 Bern C, Verastegui M, Gilman RH, Lafuente C, Galdos-Cardenas G, Calderon 
M, et al. Congenital Trypanosoma cruzi transmission in Santa Cruz, Bolivia. 
Clin Infect Dis. 2009;49(11):1667-74.

17.	 Carlier Y, Torrico F, Sosa-Estani S, Russomando G, Luquetti A, Freilij H, et al. 
Congenital Chagas disease: recommendations for diagnosis, treatment and 
control of newborns, siblings and pregnant women. PLoS Negl Trop Dis. 
2011;5(10):e1250.

18.	 Nouvellet P, Cucunubá ZM, Gourbière S. Ecology, evolution and control of 
Chagas disease: a century of neglected modelling and a promising future. 
Adv Parasitol. 2015 Mar;87:135-91.

19.	 Bonney KM. Chagas disease in the 21st century: a public health success or 
an emerging threat? Parasite. 2014;21:11.

20.	 Marin-Neto JA SM, Maciel BC. Cardiomyopathies and pericardial disease: 
Other cardiomyopathy. In: Yusuf S, Cairns J, Camm J, Fallen E, Gersh BJ, eds. 
Evidence Based Cardiology. 2nd ed. London: BMJ Publishing;2003.p.718-32.

21.	 Dias JP, Bastos C, de Araújo EG, Mascarenhas AV, Netto E, Grassi F, et al. 
[Outbreak of acute Chagas disease occurred in the state of Bahia, Brazil]. 
Rev Soc Bras Med Trop. 2006;39 (Suppl 3):135-7.

551


