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Abstract
Background: Abnormalities in myocardial metabolism have been observed in patients with heart failure of different 
etiologies. Magnetic resonance spectroscopy (MRS) with phosphorus-31 is a noninvasive technique that allows detection 
of myocardial metabolic changes.

Objective: To determine the resting metabolism of high-energy phosphates in patients with Chagas’ disease (CD) by 
MRS with phosphorus-31.

Methods: We studied 39 patients with CD, 23 with preserved ventricular function (PF Group) and 16 with ventricular 
dysfunction (VD Group), assessed by Doppler echocardiography. MRS of the anterosseptal region was performed in 
39 patients and 8 normal subjects (C Group) through a Phillips 1.5 Tesla device, obtaining the phosphocreatine/beta-
adenosine triphosphate myocardial ratio (PCr/b-ATP).

Results: The levels of cardiac PCr/b-ATP were reduced in VD Group in relation to PF Group, and the latter presented 
reduced levels compared to C Group (VD Group: 0.89 ± 0.31 vs PF Group: 1.47 ± 0.34 vs C Group: 1.88 ± 0.08, p 
< 0.001). A correlation was found between left ventricular ejection fraction and PCr/b-ATP in 39 patients (r = 0.64, p 
<0.001). Patients under functional class I (n = 22) presented PCr/b-ATP of 1.45 ± 0.35, and those in functional classes 
II and III (n = 17), PCr/b-ATP of 0.94 ± 0.36 (p < 0.001).

Conclusion: The 31-phosphorus MRS was able to detect non-invasively changes in the rest energy metabolism of 
patients with Chagas’ disease, with and without systolic dysfunction. These changes were related to the severity of heart 
impairment. (Arq Bras Cardiol 2010; 95(2): 264-271)
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intense neuronal depopulation found in the different stages of 
the disease; autoimmune mechanism related to the finding of 
antibodies directed against antigens of T. cruzi present in foci of 
myocardial inflammation; damaged coronary microcirculation 
with consequent development of myocardial ischemia5-10.

Another mechanism that has been pointed out in 
contributing to the deterioration of global myocardial 
function in various heart diseases is the impairment of the 
integrity of the cell energy system11. The proper operation of 
this system depends on the presence in adequate amounts 
of substrates and enzymes involved in synthesis and the 
use of adenosine triphosphate (ATP), which is the molecule 
responsible for the immediate supply of energy to the heart 
muscle. One of the key enzymes involved in this process 
is the creatine kinase (CK), responsible for the transfer of 
40% to 70% of high-energy phosphates from creatine and 
ATP molecule11,12. Animal models and studies in humans 
with heart failure have shown changes in this bioenergetic 
system, with significant reduction in the speed of action 
of CK and changes in the distribution of its isoenzymes, 
in addition to reduction in the total content of ATP and 

Introduction
Chagas’ disease (CD) is one of the most common forms 

of heart disease in Latin America, with roughly eight to ten 
million individuals affected by the disease1. About 70% 
to 80% of individuals remain in the indeterminate form 
throughout their lives, while 20% to 30% of them progress, 
after decades, to heart disease. This is characterized 
by arrhythmias, thromboembolic events and dilated 
cardiomyopathy with heart failure1. However, even 
asymptomatic patients and those with preserved systolic 
function have reduced exercising capacity2.

The pathogenesis of Chagas’ heart disease is not established, 
and the proposed mechanisms are3-6: direct aggression to the 
myocardium by T. cruzi; neurogenic hypothesis based on 
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phosphocreatine (PCr)13. Thus, phosphorus-31 magnetic 
resonance spectroscopy (MRS) enables the evaluation of 
high-energy phosphates found in the myocardium, allowing 
the identification of metabolic changes in patients with 
different degrees of myocardial impairment14,15. 

The objective of this study is to determine the resting 
high-energy phosphates’ metabolism in patients with CD 
using phosphorus-31 MRS seeking a better understanding 
of the influence of myocardial energy metabolism in the 
pathophysiology of Chagas’ disease cardiomyopathy. 

Methods
We prospectively studied 39 CD patients (20 men, 27 to 

79 years old, 52 ± 12 years) in outpatient clinic monitoring 
and 8 volunteers (5 men, 29 ± 4 years, C Group). All CD 
patients studied were evaluated by clinical history, physical 
examination, laboratory tests, resting electrocardiogram, 
chest radiography and echocardiography. Patients with the 
indeterminate form of the disease also performed esophageal 
contrast studies. 

The diagnosis of CD was determined by the presence 
of positive epidemiology and confirmed by at least two 
positive serological tests for antibodies (complement fixation 
or Machado-Guerreiro and indirect immunofluorescence)16. 

Patients were considered to have the indeterminate 
form of CD when they were asymptomatic with respect to 
cardiovascular and digestive systems and when they presented 
normal electrocardiogram, chest radiography and esophageal 
contrast study.

Patients were considered to have chronic CD when they had 
at least one of the following symptoms or signs: palpitations, 
orthopnea, exertional dyspnea, paroxysmal nocturnal 
dyspnea, chest discomfort, cough, weakness, dizziness, 
syncope, galloping rhythms, heart murmurs, hepatomegaly, 
lower limb edema or jugular stasis; electrocardiographic 
alterations usually found in CD (anterosuperior divisional 
block, right bundle branch block, first degree atrioventricular 
block, alterations in ventricular repolarization, ventricular 
premature beats, left bundle branch, left ventricular 
hypertrophy); radiological alterations (chest radiography) and/
or echocardiography; absence of other diseases that could 
influence our findings.

The 39 patients were divided into three groups for analysis 
of resting energy metabolism by MRS of phosphorus-31. The 
groups are presented below: 
• Chagas’ heart disease with left ventricular dysfunction - 

VD Group: consisting of 16 patients (11 men, 27 to 72 years 
old, 49 ± 12 years old). Clinically speaking, 12 patients (75%) 
were under functional class (FC) II of NYHA; 3 (18.75%) in 
functional class III of NYHA and only 1 under functional class 
I of NYHA. The electrocardiographic alterations prevailing 
in this group were the anterosuperior block, present in 11 
patients (69%), followed by right bundle branch block in 9 
(56%). Mean ejection fraction was 39 ± 6%, and all patients 
in this group had an ejection fraction below 50%.

• Chagas’ heart disease with preserved ventricular 
function and EKG alterations - EKGalt Group: consisting of 

15 patients (6 men, 44 to 79 years old, 58 ± 10 years old). 
Clinically speaking, 13 patients (86%) were in functional 
class I of NYHA and only 2 (14%) in functional class II of 
NYHA. Electrocardiographic alterations prevailing in this 
group were the right bundle branch block in 9 patients (60%), 
accompanied or not by anterosuperior divisional block present 
in 5 (40%). Mean ejection fraction was 67 ± 8%, with all 
patients in the group presenting an ejection fraction equal to 
or greater than 56%. 

• Chagas’ heart disease with preserved ventricular function 
and normal electrocardiogram: indeterminate - Ind Group: 
consisting of 8 patients (3 men, 31 to 62 years old, 45 ± 
11 years old). All patients were clinically asymptomatic. All 
patients had normal resting electrocardiograms.  The mean 
ejection fraction was 68 ± 5%. Esophageal contrast study 
discarded megaesophagus in all patients.

• Control group - consisting of 8 healthy volunteers (5 men, 
22 to 34 years old, 29 ± 4 years old) without history of heart 
disease. All volunteers had normal resting electrocardiogram 
and functional tests for ischemia.

Exclusion criteria were: functional class IV of NYHA, diabetes 
mellitus, severe hypertension, myocardial hypertrophy on 
Doppler echocardiography, coronary heart disease, history of 
alcoholism, other pre-existing heart diseases, pregnancy and 
patients with permanent pacemaker.

All participating patients were informed about the study 
and signed an Informed Consent.

Electrocardiography
The analysis of the electrocardiogram followed the 

traditional criteria of normality, and for the alterations found, 
we considered the following parameters17: right bundle 
branch block, left bundle branch block, anterosuperior 
divisional block, first degree atrioventricular block, alteration 
of ventricular repolarization, left ventricular hypertrophy, 
ventricular extrasystoles. 

Echocardiography
Patients underwent transthoracic echocardiography using 

the M-mode, two-dimensional and Doppler techniques. 
Measurements of left ventricular internal dimensions 
were obtained through the M-mode, at the end of systole 
and at the end of diastole, with the aid of simultaneous 
electrocardiographic recording, performed as recommended 
by the American Society of Echocardiography18. Such 
measures have enabled the calculation of diastolic and systolic 
volumes, and the calculation of fractional shortening and 
ejection fraction.

Protocol of magnetic resonance spectroscopy of 
phosphorus 31 

All patients underwent MRS of phosphorus-31 through a 
Gyroscan ACS device (Phillips Medical Systems) with effective 
magnetic field of 1.5 Tesla. The patients were placed in the 
supine position and monitored by electrodes placed in the 
precordial region for the generation and acquisition of images 
and spectroscopy19. 
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A 10 cm diameter coil (P-100) tuned to phosphorus-31 
resonance frequency (63.3-83 MHz), for reception and 
transmission, was located on the heart ictus. The coil was kept 
in place throughout the exam via a Velcro band placed around 
the patient’s thoracic region. The patient was placed inside 
the superconducting magnet so that the center of the coil 
corresponded to the longitudinal axis of the magnet isocenter.

Initially, nine cross-sections (thickness 10 mm) were 
obtained in periods of two to three minutes with T1-weighted 
images, spin-echo, EKG-gated in order to allow the precise 
placement of the surface coil in relation to the patient’s left 
ventricular anterior wall. With the coil located on the left 
ventricular anterior wall, we set up a volume of approximately 
35 cm3, which was placed parallel to the surface coil. The 
volume selected contains, predominantly, cardiac muscle of 
the left ventricular anterior apical region. Cuts contaminated 
by skeletal muscle of the chest wall and/or portions of the 
diaphragm and liver were excluded.

The localization technique used was the image-selected 
in vivo spectroscopy (ISIS), characterized by high spatial 
resolution19 and originally described in 198520. This is a 
technique that allows the choice of a rectilinear region of the 
heart muscle in the shape of a parallelepiped, which is selected 
from the resonance images generated by the proton signal. It is 
performed by applying three adiabatic pulses in the presence 
of the same magnetic field gradient used to obtain the image. 
Each pulse inversion reverses the magnetization area selected 
with the region defined by the intersection of three orthogonal 
planes. A sequence of eight different acquisitions with different 
combinations of pulse inversion is added to obtain the final 
spectrum. Thus, signals within the region concerned are 
added, while signals from outside the region concerned, but 
still within the region captured by the surface coil, are added 
with opposite signs and therefore cancelled.

The spectrum acquisition time was approximately 16 
minutes (384 measures). The repetition time used was 2 .500 
ms and the trigger delay 200 ms. The test total duration time was 
about 60 to 70 minutes, during which the patients were kept 
in the same position. After the spectrum processing (Fourier 
transform mathematics) and paper printing, the area under 
each spike was calculated by means of manual, computer-
aided typing, which delivered the ratio PCr/b-ATP. Inorganic 
phosphate was not measured due to its low concentration and 
overlapping with the 2.3-diphosphoglycerate spike. 

Corrections for the partial saturation of the nucleus were 
made by the following formula:

SF = [1 - exp(-TR/T1)].sina/[1-exp(-TR/T10.cosa]
where SF = saturation factor, TR = repetition time, T1 = 

time of relaxation and a = angle of inclination (90o). 
Phosphocreatine T1 and myocardial b-ATP values are 

estimated at 4.18 and 1.7 seconds, respectively. 
Normal values for the PCR/b-ATP ratio were obtained in 8 

healthy volunteers at rest. 

Statistical analysis
Initially, all variables were analyzed descriptively. For 

quantitative variables (age, ejection fraction, heart rate, PCr/b-

ATP), the analysis was done by observing the minimum and 
maximum values, and calculating the average and standard 
deviation. For qualitative variables (sex, functional class) 
absolute and relative frequencies were calculated.

For the analysis of the hypothesis of equal averages 
between the two groups, Student’s t test was used. To compare 
proportions, we used the chi-square or Fisher’s exact test. 

To compare several averages, we used the analysis of 
variance and a factor with multiple comparisons, performed 
using the Bonferroni test. By rejecting the assumption of 
normality, we used the nonparametric Kruskal-Wallis test with 
multiple comparisons performed by Dunn test.

We used Pearson’s correlation coefficient to study the 
correlation between two quantitative variables (ejection 
fraction, and PCr/b-ATP). 

The tests were performed by SAS, version 6.11. The level 
of significance applied to the tests was 5%.

Results

Analysis of cardiac metabolism
In C Group, the PCr/b-ATP ratio was 1.88 ± 0.08; in VD 

Group, 0.89 ± 0.31; in EKGalt Group, 1.52 ± 0.30, and in 
Ind Group, 1.40 ± 0.37, all of which were found to be smaller 
comparing to C Group (p < 0.001). Figure 1 shows examples 
of phosphorus-31 spectra.

We performed a comparative study of the resting energy 
metabolism in patients with ventricular dysfunction (VD Group) 
and those with preserved ventricular function (PF Group), by 
joining the patients from EKGalt groups and Ind Group.

• Clinical analysis - There was no significant difference 
between the two groups analyzed in relation to age or gender. 
There was a significant difference between the two groups 
only in relation to ejection fraction, VD Group presented a 
decrease value compared to PF Group (p <0.001).

• Comparative analysis of PCr/b-ATP ratios and ejection 
fraction - Cardiac PCr/b-ATP ratio levels were reduced in VD 
Group (0.89 ± 0.31) compared with the PF Group (1.47 ± 
0.34, Graphic 1), and both had reduced levels compared 
to C Group (1.88 ± 0.08) (p <0.001). There was a positive 
correlation between left ventricular ejection fraction PCr/b-
ATP ratios in a all 39 patients investigated (r = 0.64, p < 
0.001, Graphic 2).

• Comparative analysis of NYHA functional class and PCr/b-
ATP - patients in functional class I (22 patients) had PCr/b-ATP 
of 1.45 ± 0.35, and those in class II and III (17 patients), 
PCr/b-ATP of 0.94 ± 0.36 (p <0.001, Graphic 3).In this study, 
there was a good correlation between NYHA functional class 
and ejection fraction on echocardiography (15 out of the 16 
patients studied with ventricular dysfunction were in class 
II or III of NYHA, 21 out of the 23 patients with preserved 
ventricular function were in NYHA class I). 

Discussion
MRS allows the noninvasive characterization of the 

biochemical composition and metabolic state of the 
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Figure 1 - (A) Phosphorus-31 spectrum of a patient from the ventricular dysfunction group. Observe the peak of the zero point phosphocreatine and ATP at position -16. 
The PCr/ATP ratio of this patient is 0.80. The peak of inorganic phosphorus (Pi) and phosphomonoester (PME) is high. (B) Phosphorus-31 spectrum of a patient from 
the group with preserved ventricular function and electrocardiogram with alterations. Observe the peak of zero point phosphocreatine and ATP in position - 16. The PCr/
ATP ratio of this patient is 1.60. The peak of inorganic phosphorus (Pi) and phosphomonester (PME) is not high. PCr - phosphocreatine, ATP - adenosine triphosphate, 
Pi - inorganic phosphorus; PME - phosphomonoester, PDE - phosphodiester; ppm - parts per million.
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myocardium. It does not require exposure to ionizing radiation 
or intravenous contrast14,15,19.

The initial in vivo application of MRS was in 197620, and 
the first clinical application occurred in 198521. Since then, 
it has become an important tool for noninvasive evaluation 
of multiple metabolic ways in the heart. The most important 

molecules are ATP and PCr. While the former is the substrate 
for all reactions that consume energy from the myocardium, 
the latter acts as a reservoir of energy and can serve as an 
energy-carrying molecule. The CK equilibrium greatly favors 
the synthesis of ATP on PCr. Therefore, when the demand for 
ATP exceeds the synthesis of ATP, PCr levels fall first, which 
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Graphic 1 - Reduced cardiac levels of PCr/ATP in the group with ventricular dysfunction in relation to the group with preserved function and from these in relation to the 
control group (p <0.001). PCr - phosphocreatine; ATP - adenosine triphosphate.
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leads to a reduction in the PCr/ATP ratio. ATP levels fall only 
when PCr levels are very low13,14.

The phosphorus-31 spectrum in the human heart is 
shown as amplitudes or peaks in MRS (Figure 1), and the 
PCr peak, by convention, is considered the reference 
peak at 0.0 ppm. The values are negative on the right and 
represent ATP peaks (g, α, β), and are positive on the left, 
and represent phosphomonoester, inorganic phosphate and 
phosphodiester19-23 (fig 1).

In our study, we used the β-ATP peak, which is 

considered the most useful of the three because it is not 
contaminated by other signals19. Thus, we evaluated the 
relationship between PCr and ATP, rather than the absolute 
concentration of each component. Thus, the value of the 
first is approximately 10 mmol/kg dry weight, while the 
second is 5 to 6 mmol/kg dry weight. 

The technique used in our study enables the analysis of 
the myocardial energy metabolism, as was previously done 
in the study of the pathogenesis of other heart diseases24. For 
instance, in patients with heart failure, there is a reduction of 

Graphic 2 - Positive correlation between the left ventricular ejection fraction on echocardiography and PCr/ATP in 39 patients with Chagas’ disease. PCr - phosphocreatine; 
ATP - adenosine triphosphate; EF - left ventricular ejection fraction.
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Graphic 3 - Reduction of PCr/ATP ratio in patients in NYHA functional class I in relation to the control group and patients in function class II and III in relation to other 
groups (p < 0.001). PCr - phosphocreatine, ATP - adenosine triphosphate; NYHA - New York Heart Association.
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the PCr/ATP ratio and after the use of beta blockers there is 
a reversal of this ratio25,26. In our study, we observed that the 
resting energy metabolism of high-energy phosphates is altered 
in patients with Chagas’ disease, as demonstrated by the 
reduced levels of PCr/b-ATP, and this reduction is proportional 
to the degree of ventricular dysfunction and NYHA functional 
classes. Similar data for the relationship between the NYHA 
class and PCr/b-ATP have previously been documented in 
19 patients with dilated cardiomyopathy, showing a relation 
between the severity of heart failure and myocardial energy 
metabolism25. The PCr/b-ATP values of Group C, found in our 
study, were similar to those found in literature, which range 
from 1.6 to 2.027,28. 

In literature, the relationship between left ventricular 
ejection fraction and myocardial energy metabolism in patients 
with dilated cardiomyopathy is controversial25,26,29,30. However, 
our study found a clear positive correlation between left 
ventricular ejection fraction and PCr/b-ATP levels in Chagas’ 
disease, demonstrating a greater impairment of myocardial 
energy reserves at rest in these patients. 

In our study, patients with CD without ventricular 
dysfunction showed, unlike the work done in patients with 
mild idiopathic dilated cardiomyopathy25,30,31, alterations in 
energy metabolism at rest. Such alterations were less severe 
than those presented by patients with myocardial dysfunction, 
but still statistically significant. A possible explanation for this 
finding is the presence of myocardial degenerative impairment 
in the early stages of Chagas’ disease6,32 demonstrated by the 
alterations found within the myocyte nucleus, in the T-tubule 
system and in mitochondrias, as well as by the alterations in the 
functions of ATPase myosin, monoamine oxidase and succinate 
dehydrogenase enzymes, involved in the maintenance of 
cellular energy homeostasis32. The inflammatory process in 
Chagas’ cardiomyopathy is also more intense and persistent 

than in idiopathic dilated cardiomyopathy, accounting for the 
highest degree of fibrosis and microcirculatory impairment 
detected by comparative studies performed by biopsy in these 
two pathologies33. 

The impairment of the integrity of the myocardial cellular 
energy has been considered as a contributing factor to the 
deterioration of global myocardial function in various heart 
diseases23. One of the first clinical studies with phosphorus-31 
MRS revealed small alterations in the cardiac energy 
metabolism of patients with dilated cardiomyopathy31. Later, it 
was demonstrated in 20 patients with dilated cardiomyopathy 
(9 of ischemic origin and 11 of idiopathic origin), a significant 
reduction in PCr/b-ATP levels in relation to the control group 
(PCr/b-ATP of 1.46 ± 0.07 vs dilated cardiomyopathy vs. PCr/
b-ATP of 1.80 ± 0.06 in the control group, p < 0.001)30. We 
also found a tendency for the presence of lower levels of PCr/b-
ATP in patients with more severe myocardial dysfunction, 
which is an evidence of the relation between the impairment 
of the myocardial energy system and cardiac function. Another 
study also found reduced levels of PCr/b-ATP in individuals 
with advanced degrees of heart failure secondary to dilated 
cardiomyopathy, and no difference was found in individuals 
with milder degrees of the disease25. 

Conclusion
Our study confirms the presence of alterations in the 

cardiac energy metabolism at rest in patients with Chagas’ 
disease that are related directly to the severity of cardiac 
involvement. 

Future prospects
MRS systems with 7T will enable an improved signal to 

noise ratio, with increased spatial and/or time resolution, 
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