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“Nothing happens until something moves”

Albert Einstein
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The Accuracy of Blood Pressure Measurement
Claudio Tinoco Mesquita
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complications; Measurement Equipment; Data Accuracy; 
Sphygmomanometers.

Keywords

The act of measuring a patient's blood pressure with a 
stethoscope and a sphygmomanometer is among the most 
important because of the various clinical implications that 
may occur. Failure to detect elevated blood pressure levels 
may expose a patient to the risk of various complications 
such as stroke, heart failure, kidney failure, and premature 
atherosclerosis. Conversely, obtaining falsely elevated 
measures may lead to diagnostic investigations and use 
of costly and life-threatening drugs. The concern with 
the proper calibration and validation of blood pressure 
measurement devices is constant and fundamental for 
clinical practice.1 Turner et al.,2 in a detailed computational 
study, demonstrated that the error resulting from the 
decalibrated sphygmomanometer accounts for 20% to 28% 
of cases of undetected systolic and diastolic hypertension 
and 15% and 31% of cases of falsely diagnosed systolic 
and diastolic hypertension, respectively.

In this issue of IJCS, we publish the article by Maia 
et al.3 that addresses the crucial issue of the accuracy 
of blood pressure measurement equipment used in 
clinical practice in a large Brazilian city. By means of a 
cross-sectional study, the authors evaluated the profile 
of 337 sphygmomanometers available in the emergency 
medical service from 15 public hospitals and 10 private 
hospitals in the city of Belo Horizonte. The results of 
the study have great relevance: approximately 4 out 
of 5 sphygmomanometers available in the emergency 
room presented technical inadequacies, and in half 

of the services there were no cuffs of different sizes, 
a fundamental point for accurate blood pressure 
measurement.4 As the own authors emphasize in their 
conclusions, this reality is worrisome and the data of the 
study should be an alert for the situation of the equipment 
available to attend the population of the country.

The 7th Brazilian Guideline for Hypertension4 is clear 
when reporting the need for blood pressure measurement 
equipment to be validated and that its calibration be checked 
annually, in accordance with the INMETRO Ordinance 
n°. 24 of February 22, 1996, for aneroid type mechanical 
sphygmomanometers, and n°. 096, of March 20, 2008, for 
non-invasive digital electronic sphygmomanometers. 
More than a regulatory need, calibration of blood pressure 
measurement equipment is a clinical imperative. It seems 
that the type of equipment employed has a role in its 
accuracy. In a study in the UK, A'Court et al.5 found that 
22% of aneroid sphygmomanometers used by general 
practitioners were significantly inaccurate compared 
to only 12% when the blood pressure measurement 
equipment was digital. Considering the superiority of 
digital equipment, the authors suggest that the costs of 
replacing old devices by digital equivalents are largely 
rewarded by gain in accuracy.5 Interestingly, digital 
equipment, when used at altitude, appears to be superior 
to mercury column sphygmomanometers,6 which, due 
to the risk of environmental contamination, will be 
prohibited from manufacturing, importing, marketing and 
use in health services from January 2019, in accordance 
with RDC Ministerial Order N°. 145, dated March 21, 2017. 
Despite the widely favorable view on the use of digital 
equipment found in the literature, recent studies have 
shown divergent data, suggesting superiority of aneroid 
equipment.7 Therefore, it is most appropriate to follow the 
guidance of regulatory authorities and make the annual 
calibration of the equipment to provide accurate blood 
pressure measurements.
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Editorial

Aneroid manometers, which are most often found in 
clinical practice, have moving parts that are susceptible to 
fatigue and malfunction. The metal diaphragms and spiral 
connecting pipes that carry air are the areas most vulnerable 
to damage, but when properly maintained and regularly 
evaluated, these equipment are reliable.8 The results of the 
study by Maia et al.,3 in this edition of the IJCS, showed that 
39.2% of the studied devices did not present the calibration 
date up to 1 year. In addition, about half of the hospitals, both 
public and private, did not have extra cuffs of different sizes 
for use in the emergency sectors. All these facts demonstrate 
a worrying situation that must be transformed.

In conclusion, because of the clinical importance 
of obtaining accurate blood pressure, professionals 
and health managers should be more concerned 
with the methodological aspects of blood pressure 
measurement and the characteristics of the equipment 
used. In addition to the adequacy to protocols of 
correct blood pressure measurement, the presence of 
a set device/cuff corresponding, availability of cuffs of 
various sizes, is also essential the periodic calibration 
of the equipment to guarantee the best possible care 
practice. Only with this movement society will receive 
more effective health care.
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Abstract

Background: Hypertension is the main risk factor for cardiovascular diseases. Technical quality of 
sphygmomanometers is a prerequisite for the correct measurement of arterial pressure. 

Objectives: To evaluate sphygmomanometers available in emergency services in the city of Belo Horizonte, Brazil.

Methods: We performed a cross-sectional, observational, non-interventional study to evaluate characteristics 
of the sphygmomanometers available in adult emergency services of public and private hospitals in the city of 
Belo Horizonte, Brazil. We evaluated 337 sphygmomanometers of 25 hospitals – 15 (of 16) public hospitals and 10                                                                                                                                               
(of 12) private hospitals. 

Results: Twenty-six percent (88/337) of devices were considered inadequate regarding the INMETRO (National 
Institute of Metrology, Quality and Technology) standards, 39.2% (132/337) for calibration dates, and 54% 
(188/337) for the mismatching between cuff’s and device’s brands. In 13 of 25 hospitals (52%), there were no spare 
cuffs in different sizes for different arm circumferences. Higher adequacy was found for aneroid and mercury 
sphygmomanometers used in private hospitals (p = 0.038 and p < 0.001, respectively) and electronic devices used 
in public hospitals (p < 0.001) compared with others. 

Conclusion: Seventy-eight percent of sphygmomanometers available in emergency services had technical 
inadequacies, and half of these services had no spare cuffs in different sizes available. These findings serve as 
a warning of the conditions of the equipment used in healthcare services provided to the general population in 
Brazil. (Int J Cardiovasc Sci. 2017;30(2):100-108)

Keywords: Hypertension; Sphygmomanometers; Emergency Medical Services; Hospitals, Public; Hospitals, 
Private; Equipment Failure.

Introduction

Systemic arterial hypertension (SAH) is a 
multifactorial clinical condition diagnosed and 
characterized by sustained increased arterial pressure 
(AP) levels.1 SAH affects nearly 30% of adult 
population,2,3 and is considered as the main risk factor 
for cardiovascular diseases, which in turn are the                                                                                                                          
major cause of deaths in Brazil and in the world.4 
Significant increases in AP is responsible for 
approximately 3% of emergency room admissions.5  

Patients are considered hypertensive if they have a 
hypertensive urgency or emergency at their medical 
visit.5 AP measurements should be performed in every 
clinical assessment by a physician or other healthcare 
professionals.1 However, although simple and easy to 
perform, determination of AP is not always conducted as 
recommended.  A correct measurement of AP, crucial for 
diagnostic and decision-making processes, is determined 
by proper functioning of sphygmomanometer and use 
of appropriate technique,1 which involves determination 
of arm circumference and selection of appropriate blood 
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Table 1 – Questionnaire

Questionnaire

Do the sphygmomanometers available at the service belong to the institution or to the physicians/nurses?
(  ) institution   (  ) professionals   (  ) both

How many sphygmomanometers are available at the emergency department, considering triage, consultation and observation rooms?

What type of sphygmomanometer is available at the emergency department of this hospital/institution? 
(  ) aneroid   (  ) electronic   (  ) mercury
Quantity, brands and models:

In addition to standard cuffs, are there different sized cuffs available at the service? 
(  ) no   (  ) yes   –   available number, brands and sizes 

Is there an adequacy between cuff and device?  (  ) yes   (  ) no

Are the sphygmomanometers regularly calibrated?  (  ) yes (  ) no
Date of last calibration:

Maia et al.

Inadequacies of sphygmomanometers in emergency care

Int J Cardiovasc Sci. 2017;30(2):100-108

Original Article

pressure cuff size.1,7 The arm circumference/cuff width 

ratio must be of 0.40, and bladder length should be of              

80-100% of arm circumference.1.8 Standard bladder                                           

should be 12-13 cm wide and 35 cm long, and larger    

and smaller bladders should be available for large 

and thin arms, respectively.9,10 Measurements can be 

performed either indirectly, by auscultatory method and 

use of aneroid sphygmomanometer, or by oscillometric 

technique, using a semi-automated device.10,11 All devices 

should be validated and calibrated.10,12  

The present study was designed to assess the quality 

of AP measurement devices used at emergency care 

units in the city of Belo Horizonte, which is the sixth 

most populated city in Brazil, with more than 2.5 million 

inhabitants.13 It aimed to evaluate sphygmomanometers 

available at adult emergency care services of Belo 

Horizonte, Minas Gerais state, Brazil. Outcome measures 

were parameters directly related to the quality of AP 

measurements – validation by the National Institute 

of Metrology, Standardization and Industrial Quality 

(INMETRO), availability of blood pressure cuffs in 

different sizes, conditions of their components – bulb, 

hose, hook and loop closures (Velcro and hooks), 

manometer, mercury column, valve – calibration, and 

adequacy between  sphygmomanometer and cuff brands. 

Also, the study aimed to compare sphygmomanometers 

and components available at public and private adult 

emergency services.

Methods

This was an observational, non-interventional study. 
After obtaining approval from clinical or technical 
directors of the institutions, and informed consent from 
participants, a questionnaire on the outcome measures 
of this study (Table 1) was administered to physicians, 
nurses and administrative staff members of emergency 
care services of public and private hospitals in Belo 
Horizonte. The study was approved by the Ethics 
Committee of the School of Medical Sciences of Minas 
Gerais (certificate of submission: 35484614.9.0000.5134; 
certificate of approval: 846.017, 10/19/2014).

After the questionnaires were filled out by participants, 
the investigators evaluated all AP measurement devices 
available in participating hospitals.  A calibration interval 
of up to one year was considered adequate, based on the 
date when calibration was last performed (printed on 
the equipment or informed by the emergency service). 
Bulb and hose conditions were considered adequate 
when no damage or difficulty in manipulation was 
detected. Manometers and mercury columns should 
have numbers and pointers starting at zero and in perfect 
conditions during inflation and disinflation. Hook and 
loop closures should be in good conditions, with Velcros 
with good stickiness. Valves should be intact and easily 
manipulated during inflation and disinflation. INMETRO 
certificate seal should be present in every device.                                            
Data were collected from January to August 2015.
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Inclusion criteria 

Both public and private hospitals offering emergency 
care services for the general population. 

Exclusion criteria 

Hospitals that did not accept to participate in the study, 
hospitals whose emergency services are not open for the 
general population, and specialized hospitals (maternity, 
pediatric, psychiatric hospitals, otolaryngology, 
ophthalmology and orthopedics emergencies). 

Statistical analysis  

According to information provided by the Medical 
Board of Minas Gerais, 16 public hospitals and                          
12 private hospitals that met the inclusion criteria 
were identified. 

For sample calculation, we used the following equation 

A minimum of 14 (6 private and 8 public, according 
to proportionality) should be randomly selected. A level 
of significance of 5% (z = 1.96), estimate of proportion of 
0.5 (since p1 and p2 were unknown), and probability of 
type II (b) error of 20% (z = 0.84) were adopted.  

First, descriptive analysis was used to characterize 
the sample; qualitative variables were described in 
absolute and relative frequencies. The sample was 
stratified by type of hospital (public/private). The chi-
squared test was used to compare characteristics of 
sphygmomanometers used in public emergency services 
with those used in private emergency ones. Statistical 
significance was set at p < 0.05. Analysis was performed 
using the SPSS (Statistical Package for Social Sciences) 
software, version 20.0, 2012.  

Results

A total of 337 sphygmomanometers used in                                         
25 emergency care services (15 out the 16 public 
hospitals, and 10 of the 12 private hospitals) in the city 
of Belo Horizonte, Brazil, were assessed. One hundred 
and ninety-seven sphygmomanometers (120 from public 
hospitals and 77 from private hospitals) were of aneroid 
type, 134 were electronic (98 from public hospitals 
and 36 from private hospitals), and 6 (1 from a public 
hospital and 5 from private hospitals) of mercury column 
type (Table 2). With respect to the quality of device 
components, high percentage of bulb and hose (96.4%, 
325/337), valve (98.8%, 333/337), hook and loop closures 
(92%, 310/337), and manometers and mercury columns 
(97.5%, 198/203) were considered adequate. For the last 
item (manometers and mercury columns, electronic 
sphygmomanometers were not included in the analysis. 
INMETRO certificate seal was detected in 74% (49/337) 
of the instruments, and was more frequently absent in 
electronic devices compared with manual ones. 

A calibration date indicating an interval of less 
than one year elapsed from the last inspection was 
found in 60.8% (205/337) of the sphygmomanometers. 
Adequacy between sphygmomanometer and cuff 
brands was observed in 45.7% (154/337) of the devices 
(Table 3). If all quality parameters of the components 
were simultaneously analyzed, only 21.6% (73/337) of 
them were in adequate conditions, i.e., 78.4% had one 
or more quality parameter or component considered as 
inadequate (Table 4).

Where:

Variable Meaning

n Sample size

a Probability of type I error 

b Probability of type II error

za/2 (1-a) percentile from the standard normal 
distribution 

p1 Estimate of proportion (of variable of 
interest) in group 1;  if unknown, p1 = 0.5 

p2 Estimate of proportion (of variable of 
interest) in group 2;  if unknown, p2 = 0.5

N1

N2

Group 1 population size 

Group 2 population size 
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Table 2 – Types of sphygmomanometers available at adult emergency care services in Belo Horizonte, Brazil

Devices Public hospitals Private hospitals Total

Aneroid 120 (61%) 77 (39%) 197 (100%)

Electronic 98 (73%) 36 (27%) 134 (100%)

Mercury column 1 (17%) 5 (83%) 6 (100%)

Total 219 (65%) 118 (35%) 337 (100%)

Table 3 – Adequacy of sphygmomanometers’ components and quality outcome measures 

Components Adequacy of aneroid 
devices 

Adequacy of electronic 
devices

Adequacy of mercury 
devices 

Total 

Bulb / Hose 185/197 (93.9%) 134/134 (100%) 6/6 (100%) 325/337 (96.4%)

Valve 193/197 (98%) 134/134 (100%) 6/6 (100%) 333/337 (98.8%)

Manometer / Mercury Column 192/197 (97.5%) - 6/6 (100%) 198/203 (97.5%)

Velcro / Hooks 173/197 (87.8%) 131/134 (97.8%) 6/6 (100%) 310/337 (92%)

INMETRO certificate 188/197 (95.4%) 55/134 (41%) 6/6 (100%) 249/337 (74%)

Calibration 109/197 (55.3%) 91/134 (67.9%) 5/6 (83.3%) 205/337 (60.8%)

Adequacy between cuffs’ and devices’ brands  86/197 (43.7%) 66/134 (49.3%) 2/6 (33.3%) 154/337 (45.7%)

Sphygmomanometers considered adequate for 
all components and quality parameters ’ 

44/197 (22.3%) 27/134 (20.1%) 2/6 (33.3%) 73/337 (21.6%)

Table 4 – Sphygmomanometers considered adequate for both components and quality outcome measures  

Public hospital Private hospital Total p-value

Aneroid 19/120 (15.8%) 25/77 (32.5%) 44/197 (22.3%) 0.038

Electronic 27/98 (27.5%) 0/36 (0.0%) 27/134 (20.1%)  < 0.001

Mercury column 0/1 (0.0%) 2/5 (40%) 2/6 (33.3%) < 0.001

Total 46/219 (21%) 27/118 (23%) 73/337 (21.6%) 0.896
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In 52% (13/25) of the hospitals, there were no spare 
cuffs in different sizes in addition to the standard 
ones (Table 5). Significant differences were found in 
comparisons of sphygmomanometers and components 
available at public emergency services with those of 
private services. First, there was a better matching of 
cuffs’ with sphygmomanometers’ brands in aneroid and 
mercury devices of private hospitals than those of public 
institutions (Table 6). 

In addition, private hospitals showed better 

maintenance of aneroid sphygmomanometers in 

terms of calibration periodicity (p < 0.01) (Table 7).                                                                                            

INMETRO certificate seal was found in only 41% 

(55/134) of electronic devices, and yet in a significantly 

higher frequency in private hospitals than in public 

(p = 0.002) (Table 7). When sphygmomanometer 

components – bulb, hose, valve, manometer or mercury 
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Table 5 – Hospitals with spare cuffs in different sizes in addition to standard cuffs

Spare, different sized cuffs Yes No Total p-value

Public hospital 6 (40%) 9 (60%) 15
0.428

Private hospital 6 (60%) 4 (40%) 10

Total 12 (48%) 13 (52%) 25 (100%)

Table 6 – Adequacy between cuffs’ and manometers’ brands 

Public hospital Private hospital Total p-value

Aneroid 44/120 (36.7%) 42/77 (54.5%) 86/197 (43.7%)  0.018

Electronic 48/98 (49%) 18/36 (50%) 66/134 (49.3%)  1.00

Mercury column 0/1 (0%) 2/5 (40%) 2/6 (33.3%) < 0.001

Table 7 – Adequacy of sphygmomanometers for calibration and INMETRO (National Institute of Metrology, Quality 
and Technology) certificate 

Public hospital Private hospital Total p-value

Calibration of aneroid devices 50/120 (41.7%) 59/77 (76.6%) 109/197 (55.3%)  < 0.001

Calibration of electronic devices 68/98 (69.4%) 23/36 (63.9%) 91/134 (67.9%) 0.540

Calibration of mercury column 0/1 (0%) 5/5 (100%) 5/6 (83.3%)  0.167

Aneroid devices, INMETRO certificate 116/120 (96.7%) 72/77 (93.5%) 188/197 (95.4%) 0.317

Electronic devices, INMETRO certificate 50/98 (51%) 29/36 (80.6%) 55/134 (41%) 0.002

Mercury column, INMETRO certificate 1/1 (100%) 5/5 (100%) 6/6 (100%) -
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column, Velcro and hooks – of aneroid, electronic and 
mercury devices were grouped, there was no statistically 
significant difference between public and private hospitals 
(Table 8). When all outcome measures (related to quality 
and components) were simultaneously assessed, a 
high degree of inadequacy was seen in all types of 
sphygmomanometers (78.4%, 264/337) in both public                                                                                                                     
and private hospitals. However, higher adequacy 
of aneroid (p = 0.038) and mercury (p <  0.001) 
sphygmomanometers was observed in private                                                               
hospitals, whereas higher adequacy of electronic  
devices was seen in public hospitals (p < 0.001) (Table 4).

Spare cuffs for different arm circumferences were 
available in 60% (6/10) of private hospitals and 40% 
(6/15) of public hospitals, with no statistically significant 
difference (p = 0.428) (Table 5). With respect to portability, 
84% (165/197) of devices were trolley-mounted, 10% 
(20/197) were wall-mounted and 6% (12/197) were 
portable (manual). Regarding electronic equipment, 98.5% 
(132/135) were integrated into a multi-parameter monitor 
and used at the patients’ bedside, and only 1.5% (2/134) 
was portable, trolley-mounted devices. Six mercury 
sphygmomanometers were assessed, 67% (4/6) of them 
trolley-mounted and 33% (2/6) wall-mounted. 
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Table 8 – Adequacy of the quality of sphygmomanometers’ components in public and private hospitals 

Public hospital Private hospital Total p-value

Bulb / Hose – aneroid devices 110/120 (91.7%) 75/77 (97.4%) 185/197 (93.9%) 0.131

Valve – aneroid devices 118/120 (98.3%) 75/77 (97.4%) 193/197 (98%) 0.645

Manometer – aneroid devices 117/120 (97.5%) 75/77 (97.4%) 192/197 (97.5%) 1.00

Velcro / Hooks – aneroid devices 101/120 (84.2%) 72/77 (93.5%) 173/197 (87.8%) 0.073

Bulb / Hose – electronic devices 98/98 (100%) 36/36 (100%) 134/134 (100%) -

Valve – electronic devices 98/98 (100%) 36/36 (100%) 134/134 (100%) -

Manometer - electronic devices - - - -

Velcro / Hooks - electronic devices 97/98 (99%) 34/36 (94.4%) 131/134 (97.8%) 0.176

Bulb / Hose – mercury devices 1/1 (100%) 5/5 (100%) 6/6 (100%) -

Valve - mercury devices 1/1 (100%) 5/5 (100%) 6/6 (100%) -

Mercury column - mercury devices 1/1 (100%) 5/5 (100%) 6/6 (100%) -

Velcro / Hooks - mercury devices 1/1 (100%) 5/5 (100%) 6/6 (100%) -
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Discussion

Our study showed that 78.4% (264/337) of 
sphygmomanometers used in adult emergency services 
in Belo Horizonte, Brazil, showed some degree of 
inadequacy in one or more components/quality 
parameter evaluated. Besides, there were no spare cuffs 
available for different arm circumferences in 52% (13/25) 
of the services. Technical quality of sphygmomanometers 
is a sine qua non for the correct AP measurement.                                                                   
Our study showed that date of last calibration was not 
updated for more than one year in 39.2% (132/337) of the 
equipment, which was more common in public hospitals 
than in private ones. In a computer simulation study, 
after three blood pressure measurements, uncalibrated 
sphygmomanometers caused 20% of all undetected 
systolic hypertension and 28% of all undetected diastolic 
hypertension. Also, they were responsible for 15 and 31% 
of falsely detected systolic and diastolic hypertension, 
respectively.14 A study by Serafim et al.15 conducted 
in Brazilian hospitals showed that 56.2% of the 162 
sphygmomanometers examined were uncalibrated. 
Turner et al.16 pointed out the necessity of having 
all sphygmomanometers calibrated annually, and 
suggested a 6-month calibration interval for aneroid 

sphygmomanometers to decrease the occurrence of 
errors in blood pressure measurements. A study17 
conducted in a large British hospital assessed 127 
devices (18 mercury, 62 aneroid and 47 automatic), 
and showed that 25% of them were uncalibrated.                                                     
The INMETRO’s decree number 46, issued on January 
22, 2016,18 states that all sphygmomanometers should 
be calibrated annually by one of the members of the 
Brazilian Association of Legal Metrology and Quality. 
This calibration periodicity is also recommended by the 
VI Brazilian Guidelines on Hypertension.1  

In our study, there was a mismatch between 
device’s and cuff’s brands in 54.3% (183/337) of the 
sphygmomanometers, and there was no evidence that 
the device and cuff combinations used in the service 
had been approved by INMETRO. This was more 
frequently observed in public than in private hospitals. 
In 2013, Shaw et al.19 demonstrated that replacement of 
original (manufacturer-supplied) cuffs with others led 
to underestimation of AP measurements. Although one 
third of patients had poorly controlled hypertension, 
they were erroneously considered normotensive after 
using substitute cuffs. The authors concluded that 
sphygmomanometer cuffs are not interchangeable 
between devices of different brands. The INMETRO 
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approves the use of specific cuffs for specific manometers 
regarding brands and models, and determines that, if 
a cuff of electronic devices had been previously used 
with equipment of different brands, this brand/model 
combination should be clearly informed.18,20 There has 
been a strong recommendation21 on replacement of 
mercury column sphygmomanometers with others due 
to high risk of toxicity and environmental contamination. 
However, its use is still approved by the Brazilian 
National Health Surveillance Agency. This type of 
sphygmomanometer accounted for 1.7% (6/337) of all 
equipment evaluated in this study.

Furthermore, in our study, nearly half of hospitals, 
including public and private ones, did not have 
spare, different size cuffs in the emergency rooms. 
The importance using correct cuffs for different arm 
circumferences has been shown by several authors,22-24 
and is an essential prerequisite for proper measurement 
of AP.1,6,10 A cuff smaller than the arm circumference 
overestimates, whereas larger cuffs underestimates AP 
measurements.24,25 A study analyzing scientific papers 
published in Brazilian journals reported that 64% of the 
studies did not mention the sizes of the cuffs or their 
adequacies to arm circumferences.26 A study conducted in 
a teaching hospital in Sao Paulo state showed that using 
an arm circumference to cuff width ratio of 0.4, more than 
50% of patients required a cuff smaller than 12 cm and 
22% a larger one. The study showed that the standard 
sized cuff was adequate for only 17% of participants.27 
Similarly, Freitas et al.28 found that only 50% of patients 
used adequately sized cuffs, since standard cuffs 
were the only available ones at public health centers.                                                                                                               
The unavailability of cuffs for different arm circumferences 
is still a challenge faced by healthcare providers, and                     
this scenario was also found in emergency care units                   
in Belo Horizonte. 

The INMETRO also recommends that every cuff, even 
if not in use, should be inspected once a year, counting 
from the date of last acquisition.29 We found that 26% 
of the cuffs did not have the INMETRO seal, which is 
required by the technical metrology regulations.18,20,29  
In Europe and the United States, devices are released for 
use after being submitted and approved by validation 
studies, according to the standards issued by the British 
Hypertension Society,30 the Association for the Advancement 
of Medical Instrumentation31 and the European Society of 
Hypertension,32 available at http://www.dableducational.org/
sphygmomanometers/devices_2_sbpm. html) e http://www.bhsoc.
org/bp_monitors/automatic.stm.

The INMETRO requires that every manufacturer 
presents  a  c l in ica l  t r ia l  on  the  use  of  the 
sphygmomanometer,  conducted according to 
international guidelines, as a prerequisite for approval 
for use in Brazil.18,20 On the dableducational.org website, 
we did not find any review of the models available in our 
study. Taking into account all components and quality 
parameters, we found a high percentage of inadequacy 
(78%) of devices, especially due to lack of regular 
calibration or INMETRO certificate, and mismatching 
between cuff’s and device’s brands.    

This study has some limitations. Due to the 
observational nature of the study, we and could not 
test and confirm the calibration status or the adequacy 
between cuffs and sphygmomanometers, which were 
verified by date of last calibration (or its absence) and 
the brands of components, respectively. Besides, the 
small number of mercury sphygmomanometers makes 
the comparison with other types difficult. 

Conclusion

Most of sphygmomanometers available at adult 
emergency care services of the hospitals included in 
the study in Belo Horizonte, Brazil, were considered 
inadequate for use. Their general conditions should be 
improved, particularly in terms of regular calibration, 
availability of spare cuffs for different arm circumferences, 
and compatibility between cuffs and manometers.
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Abstract

Background: Right ventricular dysfunction (RVD) can be found in 30-50% of patients with inferior wall myocardial 
infarction (I-MI) and predicts early mortality. Myocardial fibrosis is associated with progressive ventricular 
dysfunction and severe prognosis. In these patients, cardiovascular magnetic resonance (CMR) is an important risk 
stratification method.

Objectives: This study sought to evaluate the association between RVD and myocardial fibrosis in patients with 
I-MI, using CMR.

Methods: Cohort study conducted in a prominent center of cardiology. Forty individuals with I-MI were included 
in the study. CMR was performed during hospitalization to estimate parameters of right ventricle function and to 
quantify myocardial fibrosis through late gadolinium enhancement (LGE) technique. Patients were stratified by 
ventricular function, and clinical characteristics were compared between study groups.

Results: Forty patients were included in the study, 75% were male and 43% elderly (age ≥ 60 years). 
Hypertension (45%) and smoking (33%) were the most prevalent cardiovascular risk factors. RVD was found 
in 33% of patients. Mean fibrosis mass was 22 ± 12 g in patients with RVD compared with 15 ± 8 g in patients 
with preserved ventricular function (p = 0.051).

Conclusions: The findings of our study indicate a possible association between RVD and myocardial fibrosis in 
patients with I-MI. However, further studies with larger series are needed to confirm our findings. (Int J Cardiovasc 
Sci. 2017;30(2):109-116)

Keywords: Myocardial Infarction; Spectroscopy; Magnetic Resonance Imaging; Fibrosis.

Introduction

Right ventricular dysfunction (RVD) can be observed 

in 30% to 50% of patients with inferior wall myocardial 

infarction (I-MI) and it might be associated with 

atrioventricular block, hemodynamic instability and 

in-hospital mortality.1,2 In these patients, early detection 

of right ventricle involvement plays a key role in 

planning the most appropriate treatment strategy and 

in determining favorable prognosis.1-3

The assessment of  r ight ventricle (RV) by 
echocardiography is technically difficult due to the lack of 
an adequate acoustic window and its peculiar anatomical 
conformation.3,4 The capability to precisely visualize the 
RV makes cardiac magnetic resonance (CMR) the method 
of choice for estimating the extent of myocardial damage 
and the functional impairment by means of highly 
accurate and reproducible measures of RV.3-6

Following myocardial infarction, cardiac remodeling 
involves an inflammatory reaction followed by scar 
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formation at the site of infarction.7 However, sustained 
fibrotic activity results in stiffening of the myocardium and 
is associated with progressive ventricular dysfunction and 
severe prognosis.7,8 Late-gadolinium enhancement (LGE) 
CMR has been used extensively in a large number of studies 
as the technique of choice for detection and measurement 
of myocardial fibrosis.9-12

In patients with I-MI, therefore, CMR has been 
established as the gold standard imaging method for the 
assessment of RV function and myocardial fibrosis.9-12 
This study aimed to evaluate the association between 
myocardial fibrosis and RVD in patients with I-MI, 
using CMR.

Methods

Study population

A total of fifty-seven patients with acute ST segment 
elevation myocardial infarction with inferior wall 
involvement (ST segment elevation in D2, D3 and aVF 
derivations on the electrocardiography) were prospectively 
recruited at Ana Neri Hospital, Brazil, between January 
and December 2014. Patients were excluded if they had 
metallic implants incompatible with CMR, glomerular 
filtration rate (GFR) < 30 ml/min, severe claustrophobia 
or gadolinium hypersensitivity.

Clinical data including age, sex, family history, 
comorbidities and cardiovascular risk factors were 
retrospectively collected from patients’ medical records. 
CMR was performed during hospitalization to estimate 
parameters of RV function and to quantify myocardial 
fibrosis. Right ventricular ejection fraction (RVEF), 
end-systolic volume and end-diastolic volume were 
measured to estimate ventricular function. LGE-CMR 
technique was used to measure myocardial fibrosis in 
the inferior wall. Patients were stratified by ventricular 
function, considering RVD if RVEF < 40%.

The study was approved by the ethical, institutional 
review board (Ana Nery Hospital Ethics Committee) and 
the National Ethics Committee and all patients provided 
written informed consent.

CMR acquisition

Patients were scanned in the supine position and 
CMR studies were performed using a 1.5 T whole-body 
scanner (Avanto, Siemens Medical Solutions, Germany). 

An 8 channel cardiac coil was used for signal reception. 
Scout images were obtained to plan the four-chamber, 
three-chamber and two-chamber views, as well as short 
axis cine imaging. ECG-gated steady-state free precession 
(SSFP) short-axis images of the ventricles were acquired 
during breath holds with 20 image frames per cardiac 
cycle. Acquisition parameters were: 8-mm slice thickness, 
FOV 300, matrix 128 x 128.

A stack of images, using a minimum of 8 and a 
maximum of 12 slices in short-axis plane (slice thickness 
8-mm; gap 2-mm) was acquired, allowing coverage 
of the entire cardiac volume. Every effort was made 
to obtain adequate images with a satisfactory right 
ventricle depiction.

LGE-CMR enabled the assessment of myocardial 
fibrosis, as presented in Figure 1. After a bolus 
of 0.2 mmol/kg of contrast agent (Gadodiamide, 
Omniscan™, GE Healthcare), images were acquired 
using a T1-weighted segmented inversion-recovery 
turbo fast low-angle shot sequence (echo time 4.8 ms; 
voxel size 1.4×2.4×7 mm; flip angle, 20°). The inversion 
time was meticulously adjusted for optimal nulling of 
normal myocardium. A non-viable segment was one in 
which delayed enhancement comprised more than 50% 
of wall thickness.

CMR analysis

Ventricular mass, volume, and systolic function, 
including RVEF, were analyzed using the cine MR 
images and ARGUS 4D VF software. End-systolic and 
end-diastolic frames were identified by the smallest and 
largest cavity area, respectively. Ventricular contours were 
manually traced in both systolic and diastolic frames, for 
at least 8 slices from base to apex.

The regions of interest were manually traced along the 
areas of fibrosis (Figure 2). Fibrosis mass was obtained 
by multiplying this area by the slice thickness and by 
myocardium density (1.05 g/ml).

Statistical analysis

Continuous variables were expressed as mean ± SD 
if normally distributed and otherwise as median and 
range. The Kolmogorov-Smirnov test was used to test 
variable normality. Categorical variables were given as 
counts and percentages of total. Continuous variables 
were compared by Student’s t-test for independent 
samples and comparisons of categorical variables 



111

Figure 2 – Measurement of fibrosis by late gadolinium enhancement (1 represents the area of fibrosis).

Figure 1 – Late gadolinium enhancement-cardiac magnetic resonance images from patients with inferior wall myocardial infarction (white arrows 
show myocardial fibrosis in the inferior wall).
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were made using Fisher’s exact test. The Pearson’s 
correlation test was applied to examine the association 
between RVD and fibrosis. Multivariate logistic 
regression was performed to determine predictors 

of RVD. P-values of less than 0.05 were considered 
significant. Statistical analysis was performed using 
Statistical Package for the Social Sciences software, 
version 17.0.
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Assessed for eligibility (n = 69)

Excluded (n = 12)
• Metallic implants
• GFR: < 30 ml/min
• Claustrophobia
• Gadolinium hypersensitivity

Patients recruited (n = 57)

Clinical data collected

CMR

YES NO

Analyzed (n = 40)
Excluded from analysis (n = 17)

• Non-attendance (n = 12)
• Technical issues on CMR (n = 5)

Figure 3 – Flow chart of patients’ recruitment. GFR: glomerular filtration rate; CMR: cardiac magnetic resonance.
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Results

Fifty-seven patients were selected between January 
and December 2014 according to our inclusion criteria. 
CMR imaging exam was performed in forty individuals, 
and seventeen participants were excluded due to 
impossibility of performing the exam or technical issues 
on their CMR (Figure 3).

Of the forty patients included in the study, 30 (75%) were 
male and 18 (45%) were elderly (age ≥ 60 years) (Table 1). 
Twenty-two patients (55%) had hypertension, 12 (30%) had 

coronary artery disease, 10 (25%) had diabetes mellitus, 
10 (25%) had heart failure, 10 (25%) had obesity and 8 (20%) 
had dyslipidemia. Moreover, 16 patients (40%) had a history 
of smoking and 3 patients (8%) a history of stroke (Graph 1).

Table 2 describes RV function and the variables 
analyzed by LGE-CMR. Mean end-systolic volume was 
45 ± 24 mL, mean end-diastolic volume was 84 ± 34 ml 
and mean ejection fraction was 44 ± 12%. Thirteen (33%) 
patients had RVD. Mean fibrosis area obtained by CRM 
was 20 ± 12 mm2, mean fibrosis mass was 17 ± 10 g and 
mean of non-viable segments was 3 ± 2.
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Graph 1 – Prevalence of cardiovascular risk factors.
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Table 1 – Clinical characteristics of the study population

Variables n = 40

Demographic

Age (mean ± SD) 58 ± 8

Age ≥ 60 (n, %) 18 (45)

Male (n, %) 30 (75)

Clinical

Systemic arterial hypertension (n, %) 22 (55)

Diabetes mellitus (n, %) 10 (25)

Dyslipidemia (n, %) 8 (20)

Obesity (n, %) 10 (25)

Smoking (n, %) 16 (40)

Heart failure (n, %) 10 (25)

Stroke (n, %) 3 (8)

Coronary artery disease (n, %) 12 (30)

Table 2 – Ventricular function and variables analyzed by 
late gadolinium enhancement technique

Variables n = 40

Ejection fraction (%) 44 ± 12

Ejection fraction < 40 (n, %) 13 (33)

End-systolic volume (ml) 45 ± 24

End-diastolic volume (ml) 84 ± 34

Non-viable segments 3 ± 2

Fibrosis area (mm2) 20 ± 12

Fibrosis mass (g) 17 ± 10

According to Pearson’s correlation, fibrosis mass 
and RVEF were indirectly correlated, although there 
was no statistical significance (r = -0.3; p = 0.08). 
Furthermore, multivariate logistical regression analysis 
showed that age, gender and hypertension were positively 
correlated, while smoking, dyslipidemia and diabetes 

were negatively correlated with RVEF, without statistical 
significance (Table 3). Moreover, there was a negative 
correlation between RVEF and fibrosis mass (p = 0.05).

Patients were stratified by RV function and both study 
groups had similar clinical characteristics (Table 4). 
Student’s t-test showed that mean fibrosis area and 
mean fibrosis mass were higher in the group of patients 
with RVD (p = 0.092, p = 0.051 respectively). There were 
no statistically significant differences in the number of 
non-viable segments between groups.
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Tabela 3 – Regression model for predictors of right ventricular dysfunction

Variable B p

Fibrosis mass –0.167 0.05

Age 0.048 0.503

Gender 0.148 0.927

Smoking –3.883 0.075

Hypertension 0.579 0.676

Dyslipidemia –21.984 0.999

Diabetes –0.401 0.794
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Table 4 – Comparison of clinical characteristics and cardiac magnetic resonance variables between study groups

Variable

Right ventricular dysfunction

p

YES (n = 13) NO (n = 26)

Demographic, n (%)

Age ≥ 60 5 (38) 12 (46) 0.473

Gender (male) 9 (69) 20 (77) 0.613

Clinical, n (%)

Systemic arterial hypertension 5 (39) 16 (61) 0.358

Diabetes mellitus 2 (15) 7 (27) 0.475

Dyslipidemia 0 (0) 8 (30) 0.154

Obesity 2 (15) 5 (19) 0.953

Smoking 4 (31) 12 (46) 0.481

Heart failure 3 (23) 6 (23) 0.559

Stroke 1 (7) 2 (7) 0.537

Coronary artery disease 3 (23) 8 (31) 0.543

CMR variables (Mean ± SD)

Non-viable segments 4 ± 3 3 ± 2 0.464

Fibrosis area (mm2) 25 ± 14 18 ± 10 0.092

Fibrosis mass (g) 22 ± 12 15 ± 8 0.051

CMR: cardiac magnetic resonance
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Discussion

Recent studies have been focused in the negative 
impact of RVD in patients with I-MI, as it is considered 
an important independent predictor of mortality in 
these patients.13 The assessment of RV function and its 
predictors enables early identification of individuals 
who tend to have worse outcomes and poor prognosis. 
The present study, in agreement with previous 
reports,14-17 confirms the ability of CMR to precisely 
evaluate RV function and quantify myocardial fibrosis.

In our study group, composed mostly of male and 
elderly patients, hypertension was the most prevalent 
cardiovascular risk factor (55%) followed by smoking 
(40%), diabetes mellitus (25%) and heart failure (25%). 
Smarz et al.18 have reported a similar prevalence of these 
cardiovascular risk factors in 90 patients with I-MI, except 
for the prevalence of dyslipidemia of 70%, which was 
different from that found in our study (20%).

In the present study, RVD was evident in 33% of cases 
with I-MI, which was similar to the prevalence of 32% 
reported in previous studies on 50 patients with I-MI.19,20 
Considering that similar clinical features were observed 
between patients with RVD and patients with preserved 
ventricular function, our study could investigate, with 
relative precision, the association between RV function 
and myocardial fibrosis.

Our study revealed a negative correlation between 
RVEF and variables such as smoking, dyslipidemia, 
diabetes and fibrosis mass. The analysis showed a strong 
trend towards the association between RVEF and fibrosis 
mass (p = 0.05), indicating that grater mass of fibrosis is 
related to lower RVEF. This finding suggests that fibrosis 
is a possible predictor of RVD.

Furthermore, the current study showed an important 
trend towards higher mean fibrosis mass in patients 
with RVD compared to patients with preserved 
ventricular function (22 ± 12g vs 15 ± 8 g, p = 0.051).  
This result indicates a possible association between 
RVD and myocardial fibrosis within inferior wall, with 
clinical and prognostic significance in patients with 
I-MI. A similar association has been reported in a study 

by Kaandorp et al.,21 which results showed higher values 
of RV end-diastolic volume in the group of patients with 
higher mean fibrosis mass.3

The small sample size of our study population is the 
main limitation to the present findings. Moreover, the 
amount of patients excluded (30%) due to the lack of CMR 
imaging data is an important limitation of the present 
study. Therefore, further studies with larger series are 
needed to confirm our findings.

Conclusions

The CMR seems to be an adequate method for risk 
stratification of patients with I-MI and RV dysfunction.  
The findings of our study indicate a possible association 
between myocardial fibrosis in the left ventricular inferior 
wall and RVD in patients with I-MI. Nevertheless, further 
studies with larger series are needed to confirm our findings.
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Abstract

Background: The constant concern about quality of life nowadays has incited individuals to seek parameters 
for disease prevention. Along with that, arise a need to investigate and the ability to measure elements that 
characterize an appropriate lifestyle.

Objective: To compare the factors determining the quality of life of students in the healthcare area using the 
Fantastic questionnaire.

Methods: Descriptive, cross-sectional, population study. The sample was obtained by convenience and comprised 
medical and physical therapy students of both sexes and any ethnicity, attending a private institution of higher 
education, who agreed to fill out the questionnaire voluntarily. The Fantastic instrument used in this study has 
25 closed questions that explore nine domains including physical, psychological, and social lifestyle components.

Results: In total, 57 university students participated, of whom 28 (15%) were physical therapy students and 
29 (50.8%) were medical students. The mean age was 23 ± 2 years, and 40 (70.1%) were female and 17 (28.8%) 
were male. The overall rating was "regular", and none of the participants scored in the "very good" and "excellent” 
categories. The domains that mostly required change among medical students related to nutrition and physical 
activity, while among physical therapy students they related to cigarette, drugs, and alcohol. 

Conclusion: According to the data collected using the Fantastic questionnaire, there was a remarkable need for 
improvement in the management of the quality of life of physical therapy and medical students, therefore allowing 
some social and educational measures through health promotion and disease prevention. (Int J Cardiovasc Sci. 
2017;30(2):117-122)

Keywords: Quality of Life, Chronic Disease / prevention & control; Students, Medical; Students, Health Sciences; 
Surveys and Questionnaires.

Introduction

according to the World Health Organization, chronic 
diseases are responsible for approximately 86.0% 
of the deaths and 77.0% of the diseases in Europe.1-3  
The main etiology of these diseases are a set of factors 
fundamentally connected to lifestyle, linked by means 
of individual choices over the life course.4

The Fantastic Lifestyle questionnaire (Annex 1) is an 
instrument developed in 1984 by Wilson and Ciliska, from 

the Department of Family Medicine at the University of 
McMaster, Canada, and validated in Brazil by Añe et al. 
in 2008.5 This instrument aims at addressing the main 
factors that characterize a health-appropriate lifestyle. 
Several studies have confirmed the validity and good level 
of the questionnaire in determining the lifestyle of both 
healthy and unhealthy individuals.6

Health determinants can be grouped into five categories 
comprising factors that maintain an individual healthy, 
such as the social and economic environment, natural 
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physical or man-built environment, personal attitudes, 
individual capabilities, and services for the promotion, 
maintenance, and restoration of health.7 In general, changes 
in lifestyle are not an easy task and may be accompanied 
by resistance. This often prevents an individual from 
maintaining for a long time the changes requested by a 
multidisciplinary team, such as regular physical activity, 
weight control, moderate consumption of alcohol and salt, 
cessation of smoking, and stress reduction.8 University life, 
both for teachers and students, is marked by major 
changes in the psychosocial and professional spheres, in 
which the individual is able of consolidating autonomic 
habits and behaviors due to the distance from his family. 
Such factors can contribute to both harm and benefit the 
individual’s lifestyle. The greatest changes at this stage 
occur with regard to diet, physical exercise, sex life, stress, 
and consumption of alcohol, drugs, and tobacco.9

The constant concern related to quality of life 
nowadays has instigated individuals to seek parameters 
to prevent diseases. Considering that, it becomes 
necessary to investigate and measure the elements that 
characterize an adequate lifestyle.10 The objective of this 
study was to compare the determinants of quality of life 
among students in the healthcare area with application 
of the Fantastic questionnaire.

Methods

this was a descriptive, cross-sectional, epidemiological, 
population study developed in 2015. The sample for 
this study was obtained by convenience and comprised 
students in the healthcare area (medicine and physical 
therapy), without distinction of sex or ethnicity, at a private 
institution of higher education. These students agreed to 
fill out the questionnaire voluntarily according to their 
time availability, without interfering with their daily and 
academic activities. The Fantastic instrument, used in this 
study, comprises 25 closed questions that explore nine 
domains on physical, psychological, and social lifestyle 
components, identified with the acronym FANTASTIC: 
F - family and friends, A - physical activity/affiliation, 
N - nutrition, T - tobacco, A - alcohol and other drugs, 
S - sleep/stress, T - work/type of personality, I - insight, 
and C - health and sexual behaviors. The items have five 
options as answers, with numeric values ranging from 
0 to 4. The sum of the scores from all domains derives the 
global score, which ranges from 0 to 100 points, stratifying 
the individual into five levels of behavior: 0 to 34 (needs 

improvement), 35 to 54 (regular), 55 to 69 (good), 70 to 
84 (very good), and 85 to 100 (excellent). The lower the 
score, the greater the need for change.10

All information obtained during data collection were 
stored in the software Microsoft Excel and then transferred 
to the statistical software Stata 9.0 for calculation of absolute 
and relative frequencies. Quantitative variables were 
described by mean and standard deviation. This study 
was approved by the Research Ethics Committee, protocol 
CAAE no.: 48487515.0.0000.5495.

Statistical analysis

To analyze the variables, we used the Mann-Whitney 
nonparametric test, with a significance level of p ≤ 0.05.

Results

a total of 57 university students participated in the 
study, including 28 (15%) physical therapy students 
and 29 (50.8%) medical students. Of all, 40 (70.1%) were 
female, and 17 (28.8%) were male, and their mean age 
was 23 ± 2 years. The distribution of the mean age and 
the anthropometric characteristics of the participants are 
described in Table 1.

As for the students' lifestyle, the mean global score was 
48.1 ± 10.50, which falls into the category of 35 to 54 points, 
i.e., "regular". In the present study, none of the participants 
scored in the category "very good" or "excellent". Table 2 
shows the participants' scores and classifications.

The domains that mostly demonstrated a need for 
change were related to the consumption of cigarettes, 
drugs, and alcohol in both sexes among the medical 
students, and alcohol consumption for males and the 
type of behavior for females among the physical therapy 
students, as described in Table 3.

Both physical therapy and medical students reported 
healthy practices in the domain "family and friends" 
since most reported having with whom to talk about 
important issues, in the same proportion that they receive 
and provide affection.

In the item "physical activity", 19 (67%) students of 
physical therapy reported being vigorously active for at 
least 30 minutes per day less than once a week. On the 
other hand, eight (25%) medical students reported being 
vigorously active for at least 30 minutes a day, five or 
more times a week.
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Table 1 – Anthropometric characteristics of the sample, with values presented as mean ± standard deviation. 
Franca, 2015

Male (n = 17) Female (n = 40)

Age (years) 24 ± 2.23 23 ± 2.34

Weight (kg) 80 ± 13.70 65 ± 15.2

Height (m) 1.78 ± 0.07 1.65 ± 0.05

BMI (kg/cm²) 25 ± 3.52 24 ± 5.11

n: number of participants; kg: kilogram; cm: centimeter; BMI: body mass index.

Table 2 – Students' scores obtained with the Fantastic Lifestyle questionnaire. Franca, 2015

Needs improvement 0 to 34 points Regular 35 to 54 points Good 55 to 69 points

Physical therapy 0 (0%) 25 (89.2%) 3 (10.7%)

Medicine 1 (0.29%) 22 (75.8%) 6 (20.6%)

Table 3 – Description (mean and standard deviation) of the domains of the Fantastic questionnaire, divided by sex and 
course. Franca, 2015

Medicine Physical Therapy

Domain Male (n = 15) Female (n = 14) Male (n = 2) Female (n = 26)

Family and friends 4 ± 0 4 ± 0.53 4 ± 0.62 4 ± 0.58

Physical activity 2.3 ± 1.4 2 ± 1.3 4 ± 1.15 4 ± 0.59

Nutrition 1.8 ± 1.17 1.8 ± 1.3 4 ± 1.83 4 ± 0.59

Cigarette and drugs 0.5 ± 0.8 0.2 ± 0.3 2 ± 2.31 4 ± 0.87

Alcohol 1.2 ± 1.0 0.8 ± 1.0 0 ± 1.26 4 ± 0.88

Sleep, seat belt, stress and safe sex 2.7 ± 1.1 2.8 ± 1.1 3 ± 1.05 4 ± 0.89

Type of behavior 2.4 ± 1.0 1.7 ± 1.1 3 ± 1.08 3 ± 0.91

Insight 2 ± 1.0 2.2 ± 1.1 3 ± 1.83 3 ± 0.93

Work 3 ± 0 3 ± 0.6 2 ± 2.00 4 ± 0.92

In regards to eating habits, this study showed in 
the "nutrition" domain that physical therapy students 
consume more servings of fruits and vegetables that 
medical students. On the other hand, medical students 
reported eating more sugar, salt, and foods with excess 
fat. In this dimension, the question "am I within a 

range of... kilograms of a weight considered healthy 
for me?" was used to inferring the body perception 
that the students had of themselves. Within the results, 
we observed that most physical therapy and medical 
students considered themselves to be more than 2 kg 
above their ideal weight.
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In the domain "tobacco, alcohol, and drugs" among 
the main practices, we estimated that 23 (76%) medical 
students and 24 (85%) physical therapy students had 
not consumed cigarettes within the prior 5 years. In all, 
21 (75%) physical therapy students and 20 (66%) medical 
students reported consuming less than seven doses of 
drinks during the week, while 13 (43%) medical students 
reported occasionally drinking more than four doses 
of alcoholic beverages on one occasion, with a similar 
number of physical therapy students reporting the same. 
Additionally, 23 (82%) physical therapy students reported 
never having driven after consuming alcoholic beverages; 
among the medical students, 20 (66%) reported having 
sometimes driven after consuming alcoholic beverages. 
None of the students in both courses reported consuming 
some type of drug, 25 (83%) medical students and 19 (67%) 
physical therapy students reported never having used 
drugs that could be purchased without a prescription. 
Among the physical therapy and medical students, 
19 (67%) and 19 (63%), respectively, reported consuming 
drinks containing caffeine (coffee, tea, or colas) one to two 
times per day.

On the domain "sleep and stress", eight (28%) physical 
therapy students and 10 (33%) medical students reported 
rarely sleeping well or feeling relaxed. In all, 13 (43%) 
medical students indicated feeling able sometimes to 
cope with day-to-day stress, while 10 (35.7%) physical 
therapy students reported almost always knowing how 
to deal with daily stress. Additionally, 13 (46%) physical 
therapy students almost always relax and enjoy their free 
time, in contrast to only 10 (33%) medical students who 
reported being able to do so.

In the domain "work, type of behavior, and insight", 
the medical students reported feeling more in a hurry 
when compared with the physical therapy students. 
On the other hand, physical therapy students reported 
feeling less nervousness and hostility, and appeared to 
be more satisfied with the work and functions that they 
had compared with the medical students, who in turn 
reported feeling more disappointed and overwhelmed 
than the physical therapy students.

In relation to the last domain, "sexual behavior, 
health, and others", we observed that 19 (67%) physical 
therapy students reported always using condoms, while 
15 (50%) medical students reported using condoms with 
relative frequency.

Discussion

As this study used a convenience sample comprising 
students in the healthcare area, we observed a 
limitation of the participants in terms of lack of time 
availability to fill out the questionnaire, especially 
among medical students.

The insertion of youths in the university is a period 
of change marked by the conquering of more autonomy 
and responsibility. The environmental transformation 
with the entry into the university world brings new 
interference in an environment in which students often 
take root or initiate unhealthy behaviors such as smoking 
or consuming alcoholic beverages and illicit drugs. 
Increased demands, responsibility, and stress of the 
studies imposed by the university have been responsible 
for the emergence of physical and emotional problems 
in these students.11

The emotional and personal demands bring great 
adversities with the progression of the academic life. 
Universities offer the skills necessary for a proper 
professional exercise on the offered course but may 
become an appropriate place for the acquisition of 
habits that make these students and future professionals 
susceptible to various types of diseases.12

The quantification of lifestyle is known to be a 
challenging and imprecise task because it comprises 
several dimensions that are naturally difficult to be 
measured directly in an objective manner. Based in the 
domains "habits and addictions addressed" assessed 
during the study, we found that medical and physical 
therapy students in general fit into the categories "needs 
improvement" (1.6%), "regular" (79.6%), and "good" 
(15.2%), and that none of the participants scored in the 
category "very good" or "excellent". These results differ 
from those obtained in the study by Rodriguez Añez et al.,6 
in which a survey using the Fantastic questionnaire among 
graduate and postgraduate students with a mean age of 
21.3 years showed that 82.3% had lifestyle levels between 
"good" and ''very good''.

In regards to medical students, the domain 
cigarette, drugs, and alcohol, examined with the 
Fantastic questionnaire, presented the worst scores 
of all fields. A study conducted by Silva et al.13 found 
that the consumption of alcohol over 12 months by 
surveyed students rated first, followed by tobacco.6 
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Overall, the consumption of illicit substances and 
alcohol has increased among graduate students.  
In this sense, more and more alternatives have been 
sought out to help individuals cope with such impact, 
including activities and training to face the stress 
imposed by the university’s demands and measures 
to prevent the use of these substances harmful 
to health through early detection of this setback. 
The deficiency of effective policies against the use 
of drugs, alcohol, and tobacco by students has been 
observed in several studies. However, none of the 
Brazilian medical schools are heading actions against 
this problem, such as activities and training sessions 
enabling the best ways to deal with the stress imposed 
by the universities.14-16

In terms of "sleep" and "stress", many students had 
difficulty in reconciling leisure, sleep, free time, and 
activities demanded by the university, and reported 
feeling tired and stressed with the daily routine. 
Camargo and Bueno17 claimed that it is often difficult to 
find a balance between physiological and psychological 
needs and requirements of the work organization, and 
that this conflict may trigger an emotional change that 
is often not elaborated, resulting in effects on physical 
and mental health.

In the present study, many medical students reported 
poor eating habits in the "nutrition" domain. With the 
university routine, adolescents adopt practical and fast 
habits, such as a preference for industrialized products, 
low intake of fruits, vegetables and legumes, and omission 
of meals. The routine of irregular eating is considered a 
fundamental behavior to the development of obesity, 
diabetes, hypertension, and chronic diseases, which 
contribute to public spending in the health area.17,18

Medical students presented the worst scores in 
the "physical activity" domain. Similar to findings in 
the literature, a sedentary lifestyle is perpetuated in 
beginning students, as well as in those completing the 
studies.19 Silva et al.20 have reported that there is a need 
to guide students toward a healthy lifestyle and stimulate 
them to practice physical activity as a way of improving 
a sedentary lifestyle and its impact on health.

A study conducted by Vieira et al. has shown that 
the habit of practicing sports in Brazilian universities 
is deficient and needs encouragement to prevent a 
sedentary lifestyle. Less than half of the adolescents 
had the habit of practicing physical activity, and 
most of those who practiced it did not exceed 
4.5 hours weekly.21 The incentive to sports is able to 

indirectly improve other domains such as stress and 
consumption of alcohol, cigarettes, and drugs, as 
well as adequate eating habits, reducing the risk of 
chronic diseases. These observations emphasize the 
importance of this domain.

The results show that the questionnaire has a 
high-quality classification ability. Having no change 
in the items that determine lifestyle, the individuals 
are reclassified. This is important during intervention 
programs, which promote lifestyle in order to improve 
health and quality of life. Positive changes in the 
classification demonstrate that the questionnaire is 
reaching the expected results. The Fantastic lifestyle 
questionnaire is a tool to help different professionals get 
to know individuals evaluated in primary care, as well 
as to guide them toward a better quality of life.13

Conclusion

The data obtained in the present study using the 
Fantastic questionnaire suggest a need for intervention 
in the quality of life of medical and physical therapy 
students through educational programs, as well as the 
implementation of means to encourage the promotion of 
health and improvement of quality of life.
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Abstract

Background: Cardiovascular diseases have been increasing worldwide in recent decades due to the increased 
occurrence of triggering factors. In the postoperative period of cardiovascular surgery, patients experience a 
functional decline, which may be potentiated by the length of hospital stay. Therefore, it is important to evaluate 
these patients’ functional capacity. 

Objective: To compare the length of hospital stay with the gait speed in patients undergoing cardiac surgery. 

Method: Prospective, cohort study carried out at the Instituto Nobre de Cardiologia (Incardio) at Santa Casa de 
Misericórdia (Feira de Santana, Bahia). Upon discharge, all patients were evaluated with the 6-minute walk test 
(6MWT). The length of hospital stay in the postoperative period was also recorded at the same time and correlate 
with the gait speed. We used the Kolmogorov-Smirnov test to evaluate the assumption of normality, and Spearman’s 
correlation to correlate the gait velocity with age, length of hospital stay, and duration of cardiopulmonary bypass 
(CPB) and invasive mechanical ventilation (IMV). All conclusions were based on a significance level of 5%. 

Results: In all, 64 patients were included (33 males [51.5%], mean age 57.2 ± 14.06 years). The mean distance 
walked by the patients was 375.8 ± 197.6 meters, the mean gait speed was 0.98 ± 0.53 m/s, and the mean hospital 
stay was 8.2 ± 2.3 days. A weak correlation was observed between the length of hospital stay and gait speed                            
(r = 0.27 and p = 0.02). 

Conclusion: The length of hospital stay correlated weakly with the gait speed upon hospital discharge in a sample 
of patients undergoing cardiac surgery. (Int J Cardiovasc Sci. 2017;30(2):123-127)

Trial registration: Registered at CAAE (41151214.5.0000.5654) on June 26, 2015.

Keywords: Cardiovascular  Diseases / surgery;  Thoracic Surgery; Hospitalization; Walking; Physiotherapy; 
Velocity Measurement.

Introduction

Cardiovascular diseases have been increasing 

considerably worldwide, with genetic predisposition, 

poor diet, and sedentary lifestyle emerging as major 

triggering factors.¹ Thus, an increasing number of highly 

complex procedures such as cardiac surgery has emerged, 

and the presence of complications arising from these 

procedures may increase the length of hospital stay.¹,²

Despite technological advances, postoperative 

complications are common and may affect a patient’s 

lung function and peripheral muscle strength.                                                                                                           

Factors such as age, duration of extracorporeal 

circulation (ECC), and respiratory complications 
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(including atelectasis, pleural effusion, and respiratory 
failure) may increase the length of hospital stay in 
patients undergoing invasive mechanical ventilation 
(IMV)3 which, in turn, is associated with prolonged 
hospital stay.3,4 The main complications affecting the 
musculoskeletal system are respiratory and peripheral 
muscle weakness and decreased functional capacity,4 
whereas the pulmonary changes include atelectasis, 
respiratory infection, and hypoxemia.5

Therefore, it becomes necessary to evaluate the 
functional capacity of these patients during the 
postoperative period because of the potential decline 
in their activities after surgery. The 6-minute walk test 
(6MWT) is a practical and inexpensive method that has 
been used to evaluate treatment responses and functional 
capacity, in addition to being used as a morbidity and 
mortality predictor in patients with cardiovascular and 
respiratory diseases.6

Considering that increased hospital stay may 
worsen an individual’s ability to perform exercises, 
as assessed with the 6MWT, the aim of this study was 
to evaluate the correlation between the duration of 
hospital stay and walking speed in patients undergoing 
cardiac surgery.

Methods

This was a prospective cohort study conducted at 
the Instituto Nobre de Cardiologia (Incardio) at Santa Casa 
de Misericórdia (Feira de Santana, Bahia) from July to 
October 2015. The inclusion criteria were patients aged 
over 18 years, of both genders, and undergoing cardiac 
surgery (coronary-artery bypass grafting [CABG], aortic 
and/or mitral valve procedures, or correction of atrial 
septal defect) via sternotomy and cardiopulmonary 
bypass (CPB).

We excluded patients who were unable to understand 
the techniques proposed in the study or who had 
uncontrolled arrhythmia, hemodynamic instability 
before or during the 6MWT (systolic blood pressure 
above 150 mmHg or below 90 mmHg), history of 
pulmonary disease, neurological and/or motor deficits, 
and musculoskeletal limitations that prevented the 
completion of the protocol, in addition to those who were 
readmitted to the intensive care unit (ICU), had died, or 
refused to sign the consent form. The study was approved 

by the Research Ethics Committee of the [omitted] under 

the protocol number 796,580.

The information collected included the age of 

the participants and duration of CPB and IVM.                                                                     

Upon discharge, all patients underwent the 6MWT 

following recommendations by the American Thoracic 

Society.7 During the test, the patients were instructed 

to walk 30 meters as fast as they could without 

running. The path was marked every 3 meters, with 

the turnaround point marked with a cone, and the 

total distance covered by the patient was measured. 

To determine the patient’s gait speed, we divided 

the distance walked during the test by 360, which 

corresponds to the number of seconds in 6 minutes.            

At the same time of the 6MWT, we recorded the length 

of hospital stay in the postoperative period to correlate 

this variable with the gait speed.

Statistical analysis

We used the Kolmogorov-Smirnov test to analyze the 

normality of the sample.  As the distribution of the sample 

was deemed normal, we expressed continuous and 

categorical variables as mean and standard deviation. 

In order to correlate the gait velocity with the variables 

age, length of hospital stay, and duration of CPB and 

IMV, we used Spearman’s correlation. An alpha < 5% 

was adopted as statistically significant.

Results

A total of 64 patients with a mean age of 57.2 ± 14.06 

years were included in the study, of whom 33 were 

males (51.5%). All participants had been admitted 

to the Instituto Nobre de Cardiologia, Santa Casa de 

Misericórdia (Feira de Santana, Bahia – Brazil).                                        

Table 1 shows the characteristics of the patients 

included in the study.

The mean length of hospital stay was 8.2 ± 2.3 days,                                                                                                                   

and the mean gait speed was 0.98 ± 0.53 m/s.                                         

The length of hospital stay correlated significantly with 

the gait speed (p = 0.02), but this correlation was weak                   

(r = 0.27). The duration of IMV (7.7 ± 2.9 hours) also 

showed no correlation with the gait speed (r = -0.007,               

p = 0.96). Other correlations are shown in Table 2.



125

Table 1 – Characteristics of the sample of patients 
included in the study

Variable

Gender (n)
    Male
    Female

33 (51.5%)
31 (48.5%)

Age (years) 57.2 ± 14.06

Type of surgery (n)
    CABG
    Valvular
    Correction of atrial septal defect 

44
16
4

Duration of CPB (minutes) 71.3 ± 21.4

Duration of IMV (hours) 7.7 ± 2.9

Walk distance (meters) 375.8 ± 197.6

Walking speed (m/s) 0.98 ± 0.53

Duration of hospital stay (days) 8.2 ± 2.3

CABG: coronary-artery bypass grafting; CPB: cardiopulmonary 
bypass; IMV: invasive mechanical ventilation; m/s: meters per second.

Table 2 – Correlation between gait speed and the study 
variables

Variables
    Gait speed (m/s)
ra p value

Age (years) -0.17 0.16

Length of hospital stay (days) 0.27 0.02

Duration of  cardiopulmonary 
bypass (minutes)

-0.22 0.07

Duration of mechanical 
ventilation (hours)

-0.007 0.96

aSpearman's correlation coefficient. 
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Discussion

This study demonstrated that the length of hospital 
stay correlated weakly with the gait speed upon 
hospital discharge in a sample of patients undergoing 
cardiac surgery.

These findings are supported by the results of another 
prospective cohort with a smaller sample size that aimed 
to evaluate the influence of the pulmonary function, 

assessed by spirometry before and after surgery, on 
the walking ability of patients undergoing CABG and/
or valvular replacement. The authors demonstrated a 
significant correlation between the duration of hospital 
stay and the distance in the 6MWT, forced vital capacity 
(FVC), and forced expiratory volume in 1 second (FEV1).8

The mean distance walked after surgery in the present 
study was 375.8 ± 197.6 meters, which is similar (albeit 
with a higher standard deviation) to that found by 
Oliveira et al.8 of 375.78 ± 50.66 meters. Our findings 
are also similar to those of another cohort study with a 
2-year follow-up that included 215 patients undergoing 
CABG, in which the sedentary participants walked 
375.53 ± 210.92 meters after 2 years.9 The 6MWT is 
a test well tolerated by adults and elderly patients 
after cardiac surgery without complications,10 and the 
findings of this study suggest that early mobilization 
and ambulation have an important role in reducing the 
length of hospitalization. Therefore, the implementation 
of early mobilization as soon as possible is of paramount 
importance, and the physiotherapist has a major role in 
this approach after cardiac surgery.10,11

A retrospective survey of women undergoing CABG 
found a lower complication rate in those operated on 
without CPB compared with those who underwent 
the procedure with CPB.12 Although the study has a 
larger sample of women and the fact that women have 
a higher operative mortality, the gender factor had no 
independent prognostic impact.13 Another study has 
suggested that an ECC duration longer than 75 minutes 
increased the mortality rate by 3.2 times in patients over 
the age of 70 years.14-16 In the study by Nogueira et al.,17 
the results suggested that on-pump (versus off-pump) 
CABG was negatively associated with the patients’ 
functional capacity. 

Age above 60 years was an important predictor 
of death in this study, resulting in two score points.                      
The EuroSCORE determines that there is an increased 
risk of death above the age of 60 years, with an additional 
point for each 5 years after this age.18 Age above 85 years 
is a risk that must be taken into account in patients 
undergoing CABG.15,16,19 In our study, age showed no 
significant correlation with gait speed. 

On statistical analysis, the duration of IMV showed 
a poor correlation with the gait speed, which may be 
justified by a short time on the mechanical ventilator.              
A prospective study has reported that patients requiring 
IMV had a mean duration of ventilatory support of 7 days 
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and mean length of ICU stay of 13 days. This study found 

that half of the patients who were not extubated within 

24 hours remained in the ICU for more than one week.20

One of the hypotheses to explain the weak correlation 

between the variables in the present study is the fact that 

often, clinical factors such as international normalized 

ratio (INR) value and echocardiographic alterations 

may increase the length of hospital stay, but these 

variables do not correlate with the patient’s functional 

capacity. Therefore, a longer length of hospitalization 

may be sufficient to help the patients return to their 

preoperative functionality and perform well during 

the tests.

The limitations of this study include the small sample 

size and the lack of information regarding the patients’ 

pulmonary function and body mass index, which 

can have an impact on the completion of the 6MWT. 

Moreover, the study did not include a preoperative 

evaluation to demonstrate the progression of the gait 

speed during hospital stay.

Conclusion

We conclude that the length of hospital stay 
correlated weakly with the gait speed upon hospital 

discharge in a sample of patients undergoing                              
cardiac surgery.
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Introduction

The excess of body fat is considered an expressive 

factor for the development of chronic diseases and an 

increase in general cardiometabolic risk.1-3 Obesity can be 

defined as a chronic degenerative disease that presents an 

abnormal accumulation of fat.4 The main environmental 

factors for the development of the disease are the 

unhealthy eating habits and the sedentary lifestyle.5

In this context, high blood pressure (BP) is significantly 

present in obesity, which can be explained, among 

other factors, by the increase in the activation of the 

sympathetic nervous system and also by the imbalance 

of the Renin-Angiotensin-Aldosterone System.6 

Previous studies have reported that a 10% increase in 

total body fat increases by about 6 mmHg in systolic BP 

(SBP) and 4 mmHg in diastolic BP (DBP) at rest, further 

evidencing this relationship.7,8

Interdisciplinary therapy is presented as an effective 

intervention for the treatment of obesity and associated 

comorbidities.9 This type of approach involves a team 

composed of, for example, physicians, professionals 
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Abstract

Background: Association between obesity, interdisciplinary therapy and intense physical exercise was described for obese 
patients. However, the study of physical activities representing daily tasks and cardiovascular risk in everyday activities 
becomes necessary to verify the occurrence of this association.

Objective: To investigate whether a period of 18 weeks of interdisciplinary therapy is capable of promoting benefits 
in cardiovascular parameters at rest and during exercise in obese adults.

Methods: Sample of 32 individuals of both sexes with body mass index of 30 to 39.9 kg/m2 and age between 30 and 
50 years. Intervention with interdisciplinary therapy (physical education, psychology, nutrition and physiotherapy), 
duration of 18 weeks and measurement of anthropometric data of body mass, height, waist and hip circumferences, 
maximum exercise ergometer evaluation before and after the therapy period.

Results: Interdisciplinary therapy decreased systolic blood pressure (SBP): 125.83 ± 9.86 (baseline) vs 
120.28 ± 16.82 (final), heart rate (HR): 74.75 ± 11.02 (baseline) ) Vs 72.77 ± 10.72 (final), and double-product (DP) 
at rest. Reduced also during the submaximal PAS stress stages 1: 143.44 ± 9.28 (baseline) vs 131.56 ± 15.26; Stage 2: 
152.23 ± 21.91 (baseline) vs. 141.56 ± 17.43 (final), PAD stage 2: 89.89 ± 9.58 (baseline) vs 83.13 ± 9.65 (final) , FC stage 1: 
118.40 ± 12.90 (baseline) vs 110.87 ± 7.66 (final); Stage 2: 137.09 ± 16.54 (baseline) vs 130.37 ± 11.51 (final) and the PD 
referring to the initial stages.

Conclusion: Interdisciplinary therapy reduced the overload of the cardiovascular system at rest and submaximal 
effort in obese adults, optimizing rest and daily activities. (Int J Cardiovasc Sci. 2017;30(2):128-135)

Keywords: Blood Pressure; Obesity; Hypertension; Patient Care Team / therapy.
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at physical education, nutrition, physiotherapy and 
psychology, and this integrated performance generates 
satisfactory results in the reduction of body mass, 
prevalence of metabolic syndrome, hepatic steatosis, asthma 
and factors of cardiovascular risk.10,11 In addition to these 
benefits, there was an improvement in neuroendocrine 
regulation, energetic balance and quality of life of obese 
adolescents and adults.11

In this context, it is clear in the scientific literature 
that the weight decrease softens hemodynamic values at 
rest.12 However, the responses to submaximal physical 
exercise, which provides indicators of what happens 
in daily activities, need to be studied to verify whether 
or not there is a decrease in cardiovascular events in 
obese individuals.

In relation to the interdisciplinary therapy, the 
implication of this protocol in the cardiovascular 
responses in submaximal conditions is not well 
elucidated. However, this is an important issue, since 
most obese people predominantly perform low-intensity 
physical activities throughout the day, and the response 
to submaximal physical exercise is directly related to total 
cardiovascular risk.13

In this aspect the objective of this study was to 
investigate the effects of 18 weeks of interdisciplinary 
therapy on cardiovascular parameters (BP, heart rate 
[HR] and double product [DP]) at rest and during the 
ergospirometric test in obese adults.

Methods

Sample

The study was approved by the Ethics and Research 
Committee of the Universidade Federal de São Paulo, 
following the Helsinki Declaration. The interdisciplinary 
team undertook a screening to verify the inclusion criteria: 
BMI between 30 and 39.9 kg/m2, age between 30 and 
50 years and release to the practice of exercise through a 
medical report, obtained from clinical evaluation and the 
exercise electrocardiogram. The exclusion criteria were: the 
presence of some neurological or musculoskeletal disorder 
that made physical activity, pregnancy and bariatric 
surgery impossible. Participants were recruited through 
local publicity on the radio, newspapers and mainly on 
the internet. There were 107 registrations to participate 
in the face-to-face screening, in which the criteria for 
inclusion and non-inclusion of the research were verified.  
After checking the criteria, 47 participants were selected to 

start the program. Volunteers who did not fit were referred 
to programs at the university itself, or to public programs. 
At the end of the therapy, 32 volunteers remained within 
the criteria for the program and performed the final 
reevaluations according to the methodology.

Experimental design

The therapy lasted 18 weeks and was developed 
based on the Interdisciplinary Model of the Obesity 
Study Group (GEO) described by Sanches et al.14 
Interventions occurred three times a week for a duration 
of two hours, and on each day there was one hour 
of combined  physical training concomitant to one 
hour of the other areas (Physiotherapy [therapeutic 
exercises], Nutrition [lectures and interventions] and 
Psychology [group counseling - behavioral changes]), 
performed once a week (Figure 1). Once a month 
there was an interdisciplinary intervention with the 
participation of two or more areas. In addition, the 
health team met weekly to discuss cases from the 
interrelationship between different areas, strengthening 
the interdisciplinary character of the project.

For the execution of the proposed experimental design, 
were made the following assessments before and after 
the 18-week therapy.

Anthropometric Assessment

To assess body mass (MC), the volunteers were 
instructed to wear light clothing and remain barefoot 
on a Toledo® brand digital scale with a capacity of up 
to 200 kg and accuracy of 0.05 kg. Stature was measured 
with a stadiometer fixed on the wall with a resolution of 
0.1 cm from Standard ES 2030- Sanny®. The Body Mass 
Index (BMI)15-16 was then calculated. In addition, waist 
circumference (WC) and hip circumference (HR) were 
evaluated by a single trained evaluator using a Sanny® 
inelastic tape according to the protocol described by the 
World Health Organization.

Evaluation of Cardiorespiratory Fitness and 
hemodynamic responses during the physical effort

Previously to the experiment, all volunteers were 
instructed on the exercise protocol, as well as received 
guidelines for eating at least 2 hours in advance, avoiding 
physical exercise 48 hours earlier, and not drinking 
alcoholic beverages and/or stimulants 12 hours prior to 
the test. In addition, they were instructed to keep their 
medications on a routine basis.
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Triage
30 to 50 years old

BMI 30 to 39,9 kg/m2

Clinical
Evaluation

Anthropometric
Evaluation

Cardiorespiratory
Evaluation

Arterial
Pressure

Measurement

Physical Activity
3x/week

Psicologist
1x/ week

Phisioterapy
1x/ week

Nutrition
1x/ week

Figure 1 – Organization chart of the course of the participants during the study. Beginning for screening, evaluations and interdisciplinary treatment 
(interventions). Prepared by SANCHES and CERRONE.

The hemodynamic evaluations measured during the 
submaximal test were PA, HR and the consequent PD 
calculation. For the evaluation of the aerobic capacity, the 
ergospirometric test of increasing loads up to stage 3 of 
the Ellestad protocol was used to determine the maximum 
oxygen consumption (Fitmate Cosmed®). The evaluation 
was performed on treadmill (TRX 600 - Total Health®).

Protocol of the test: The Ellestad15 protocol was used 
for the ergospirometry test up to stage 3 to represent the 
daily activities in obese individuals.16

Being stage 1 with a speed of 2.7 km/h; Stage 2 with a 
speed of 4.8 km/h and Stage 3 with a speed of 6.4 km/h, 
each with a slope of 10º and respective time of 3, 2 and 
2 minutes each stage.

Blood Pressure Measurement

The BP was measured by the same evaluator before 
and during the exercise protocol using the auscultatory 
method with the specific sphygmomanometer for obese 
Medicate Adult and the stethoscope of the brand 3 m 
Littmann classiciis estethoscope, following the technical 
recommendations of the VI Brazilian Guidelines of 
hypertension,17 BP was always measured in the final 
minute of each of the first three stages that compose part 
of the protocol described above.

Heart Rate

HR was measured before and during the exercise 
protocol from the Cosmed® cardiofrequency meter 
attached to the gas analyzer, HR was always recorded in the 
final seconds of each of the test stages described previously.

Statistical analysis

The software used was the Statistical Package for the 
Social Sciences (SPSS) the continuous variables were 
presented through mean and standard deviation. To 
verify the normality of the variables the Shapiro-Wilk 
test was used. For comparisons of dependent samples, 
paired student t test was performed between the general 
characteristics of anthropometric and hemodynamic 
variables at was established the statistical significance 
criterion (p < 0.05).

Results

Of the 47 volunteers who initiated the program, 
32 completed the protocol with more than 68% adherence.

The interdisciplinary therapy promoted significant 
decrease MC, BMI, CC and CQ all with p ≤ 0.001 (Table 1).

It was found that here was a statistically significant 
decrease in SBP: SBP: 125.83 ± 9.86 (baseline) vs 
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120.28 ± 16.82 (final); Heart rate (HR): 74.75 ± 11.02 
(baseline) vs 72.77 ± 10.72 (final) and double-product 
(PD): 9139.06 ± 1739.162 (baseline) vs. 8464.37 ± 2481.76 
(final) at rest after 18 weeks of interdisciplinary therapy 
in both sexes with p ≤ 0.01. (Figure 2).

The hemodynamic variables (SBP, DBP, HR and SD) 
during exercise, pre and post-therapy are presented in 
figure 3. Our results showed a decrease in the values of 
PAS stages 1: 143.44 ± 9.28 (baseline) vs 131.56 ± 15.26; 
Stage 2: 152.23 ± 21.91 (baseline) vs. 141.56 ± 17.43 (final), 
PAD stage 2: 89.89 ± 9.58 (baseline) vs 83.13 ± 9.65 (final), 
FC stage 1: 118.40 ± 12.90 (baseline) vs 110.87 ± 7.66 
(final); Stage 2: 137.09 ± 16.54 (baseline) vs 130.37 ± 11.51 
(final) and the DP stage 1: 13856.14 ± 3858.45 (baseline) vs 
9091.45 ± 7249.90 (final ) And stage 2: 19691.14 ± 6906.31 
(baseline) vs 11577.50 ± 9259.98 (final).

Discussion

Interdisciplinary therapy was efficient in reducing 
MC, BMI, CC, CQ and SBP at rest and SBP, FC and 
DP at submaximal intensities in obese individuals. 
Regarding the anthropometric data (MC, BMI, CC and 
QC), our results corroborate with those presented by 
Sanches et al.10,14 and Franz et al.12 regarding the decrease 
in values when compared to values before and after 
interdisciplinary therapy.

Submaximal hemodynamic responses reflect the 
energetic demand for cardiovascular effort imposed 
on everyday activities, such as walking from one 
place to another, cycling, cleaning the house and even 
jogging to reach a bus.18 In this regard, it is important to 
emphasize that these elevated cardiovascular variables 
represent a public health problem that can silently 
affect several systems such as: renal, circulatory, 
nervous and visual.19,20

The expected behavior of BP in a stress test is an increase 
in SBP according to increased cardiac output and the 
maintenance or a slight decrease in DBP. This decrease 
depends mainly on the peripheral vascular resistance 
and will represent the efficiency of the vasodilator 
mechanisms.8,21,22 Corroborating the studies of Franz et al.12 
we observed that changes in lifestyle are closely related to 
improvements in the cardiovascular system.

Decreased cardiac overload at rest indicates an 
improvement in the mechanisms responsible for 
cardiovascular control, emphasizing the importance of 
baroreceptor control, but also emphasizing the contribution 
of the mechanisms of the renin-angiotensin-aldosterone 
system, peripheral vasodilation and possible inhibition of 
the sympathetic nervous system.8,21,22 It is important to note 
that decreases in BP, HR and DP even in small magnitudes, 
promote large reductions in the rate of cardiovascular 
complications and general mortality.23

The scientific literature shows that the physical exercise, 
present in the interdisciplinary therapy, promotes a decrease 
of the BP values in a chronic way. In this context, we 
discussed several factors for this improvement, such as the 
increase of the parasympathetic tonus in the myocardium, 
a decrease in peripheral vascular resistance or an increase 
in the vasodilatory effect of endothelial function.24

In this area, and corroborating previous studies, 
interdisciplinary therapy was efficient in improving 
cardiorespiratory parameters in the face of submaximal 
and maximal exertion.10 Therefore, we understand that 
interdisciplinary therapy provides the individual with 
comprehensive care, including benefits to biological 
systems, such as the cardiovascular system, cited above. 
With a didactic purpose we explain these systems in 
isolation, but in practice they are interrelated in a holistic 
way and offer a complex improvement with benefits to 
individuals who still need to be studied.3,24

Table 1 – Anthropometric changes before and after 18 weeks of Interdisciplinary Intervention

Variables Basal Mean ± SD After therapy Mean ± SD P

BM (kg) 97.00 ± 12.80 94.09 ± 12.19 0.001*

Height (m) 1.66 ± 0.13 1.66 ± 0.13 0.813

BMI (kg/m²) 34.96 ± 2.93 33.68 ± 2.73 0.001*

WC (cm) 110.05 ± 8.96 107.20 ± 8.99 0.001*

HC (cm) 120.92 ± 7.97 117.01 ± 7.75 0.001*

Anthropometric variables before and after 18 weeks of intervention. BM: body mass; BMI: body mass index; WC: waist circumference; HC: hip circumference, 
P (significance level adopted at 0.05 (*), n (32). Presented in Mean and Standard Deviation.
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In addition to physical exercise, dietary intake has a 
great influence on BP control. Excessive sodium intake 
(greater than 2000 mg/day) and excessive dietary intake 
are associated with an increased risk of BP elevation, which 
is considered a risk factor for death.25 Thus, we know that 
the negative energy balance, with consequent loss of body 
mass, has a great contribution in reducing food intake and 
improving the overall quality of food.

The interdisciplinary approach in the treatment of 
obesity has the proposal to go beyond weight loss, seeking 
to achieve improvements in the health of the individual 
as a whole, including its psychosocial dimension.26 
Interventions that cover these different dimensions are 
fundamental even for adherence to therapy, since stress27 
and symptoms of depression,28 for example, have already 
been evidenced as factors that interfere in the performance 
of physical activity.

According to the results and the evidence cited, it is 
important to highlight the limitations of the present study, 
such as: absence of a control group, follow-up of the 
menstrual cycle of the volunteers, and hypotensive drugs.

Conclusions

Interdisciplinary therapy allowed the reduction of 
SBP, HR and rest DP and in the submaximal intensities, 
also preserving the lower use of the heart in daily 
efforts. The decrease in these variables at rest leads 
to a lower overload on the cardiovascular system 
of individuals in their daily life and the decrease 
during exercise preserves the heart in daily activities. 
Therefore, we understand that interdisciplinary 
therapy is an important intervention strategy to 
increase the level of daily physical activity, aiming 
at the daily cardioprotective effect, especially for 
individuals who need to decrease the overload to the 
cardiovascular system such as obese individuals.
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Introduction

Studies have shown that calcium deposits in the 
cardiovascular system are associated with atherosclerotic 
disease.1-4 Similar to computed tomography (CT), 
bidimensional transthoracic echocardiography (TTE) 
is capable of detecting cardiac calcium deposits, and is 
a portable, noninvasive, nonradioactive, and low-cost 
method.5 Coronary angiotomography is known to predict 
individual risk of coronary events, evaluating the calcium 

score of the coronary arteries and the semiquantitative 

scores of valvular calcium.5

A study by Gaibazzi et al.6 has established a cardiac 

calcification index by TTE and predicted the presence 

of important coronary calcification, with results 

comparable to those of coronary angiotomography.6 

In patients with coronary artery disease (CAD), mitral 

annular calcification and aortic valve sclerosis on TTE 

are independent risk factors for cardiovascular events.7 
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Resumo

Introduction: Valvular deposits of calcium quantified by transthoracic echocardiography are associated with the 
occurrence of systemic atherosclerotic disease, but its prognostic value and influence of associated cardiovascular 
risk factors have not been defined yet.

Objectives: To correlate the valvular cardiac calcium index by transthoracic echocardiography with cardiovascular 
risk factors and presence of coronary artery disease (CAD).

Methods: We selected 203 patients (61.2 ± 14.3 years; 57.6% females) who underwent transthoracic echocardiography 
with cardiac calcium index quantification. The presence or absence of CAD, hypertension, diabetes mellitus (DM), 
dyslipidemia, and smoking was assessed.

Results: Age above 65 years (p < 0.001) and the presence of hypertension (p < 0.001) showed a significant correlation 
with the presence of cardiac calcification, whereas DM (p = 0.056) and CAD (p = 0.08) showed only a trend toward a 
correlation with calcification. Mitral valve calcification alone correlated significantly with age above 65 years (p < 0.001), 
presence of CAD (p = 0.004), hypertension (p = 0.054), and DM (p = 0.07). On multivariate analysis, CAD (odds ratio 
[OR] 3.39, 95% confidence interval [95%CI] 1.58-7.29, p = 0.002) and age > 65 years (OR 1.05, 95%CI 1.02-1.08, p = 0.003) 
correlated significantly and independently with mitral valve calcification. Aortic valve calcification alone showed no 
correlation with the presence of CAD (p = 0.435), but correlated significantly with age above 65 years (p < 0.001) and 
hypertension (p < 0.001). On multivariate analysis, only age (OR 1.1, 95%CI 1.06-1.14, p < 0.001) remained independently 
and significantly correlated with aortic calcification.

Conclusion: Age above 65 years and hypertension were independent risk factors for the presence of valvular 
cardiac calcification, with mitral valve calcification alone emerging as significantly and independently associated 
with the presence of CAD. (Int J Cardiovasc Sci. 2017;30(2):136-144)
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Some studies have shown that calcium deposition in 
the aortic leaflets and fibrous skeleton at the base of 
the heart is related to aging. In the elderly, up to 55% 
of the bidimensional TTEs demonstrate calcifications.8,9 
Other studies have shown that the absence of cardiac 
calcification is a stronger predictor of absence of 
coronary disease than the absence of traditional 
risk factors, with the exception of diabetes mellitus 
(DM).10 Mitral annular calcification is associated with 
calcification of other cardiac structures, such as the 
aortic root, papillary muscles, chordae tendineae, 
and aortic valves, suggesting that it may be a result 
of a degenerative process that increases with age, or 
secondary to increased valvular stress.11 As a result 
of the increased turbulence and mechanical stress, 
the aortic valve serves as a focus of deposition of 
lipids involved in the process of atherosclerosis. 
Histopathological studies of aortic valves with valve 
sclerosis show accumulation of atherogenic lipoproteins, 
infiltration of inflammatory cells, extracellular matrix, 
and microscopic calcifications.12 Finally, aortic valve 
sclerosis may be related to systemic atherosclerosis and 
cardiovascular events, but its usefulness in predicting 
CAD is questionable.13

The aim of this study was to correlate the cardiac 
calcification index on TTE with cardiovascular risk factors 
and the presence of CAD.

Methods

This observational, cross-sectional study evaluated 
consecutive outpatients users of the public health system 
who underwent TTE with quantification of the cardiac 
calcification index from May 2015 to February 2016.

Patients

Among the outpatient population referred by the 
attending physician for TTE due to any clinical indication, 
we selected patients of both genders, older than 18 years 
of age, and of any race. The exclusion criteria were patients 
with chronic kidney disease undergoing dialysis, since 
these patients show changes in calcium metabolism and 
ectopic calcification associated with the renal dysfunction, 
patients with prosthetic heart valves, and patients with 
valvular stenosis, due to calcification of the valves 
being due primarily to mechanical stress. The following 

clinical data were evaluated: age, gender, body mass 
index (BMI), hypertension, DM, CAD, smoking (current 
or previous), dyslipidemia, and use of medications 
(statins, angiotensin-converting enzyme inhibitors 
[ACEIs], angiotensin receptor blockers [ARBs], aspirin, 
and beta-blockers). The diagnoses of hypertension, DM, 
dyslipidemia, and smoking were retrieved from medical 
records and/or reported by the patients. The presence of 
CAD was confirmed by data from medical records and 
included the occurrence of non-fatal myocardial infarction 
and surgical or percutaneous myocardial revascularization.

All patients signed two copies of a free and informed 
consent form and retained one of the copies. The study 
was approved by the local Research Ethics Committee 
(CAAE 58034716.9.0000.0093).

Echocardiographic equipment

We used the following echocardiographic equipment 
with enabled harmonic imaging software: Philips iE33, 
Philips Envisor, and Vivid (GE). The examinations were 
performed by two experienced echocardiographers, 
and the composite valvular cardiac calcium index was 
calculated according to the Gaibazzi score6 (Table 1) 
by a cardiologist blinded to the patients' clinical data.  
This score defines aortic valvular sclerosis as focal areas 
of increased reflectivity and thickening of the aortic valve 
leaflet in the absence of aortic stenosis (transvalvular 
speed < 2.5 m/sec). Each aortic valve leaflet is graded 
on a scale of 0 (normal) to 3 (severe) according to leaflet 
thickening and calcium deposits; the highest score given 
to a particular leaflet is designated as the overall degree 
of aortic valve sclerosis. Mitral annular calcification 
is defined as a hyperreflective and bright structure 
located at the junction between the atrioventricular 
groove and the posterior mitral valve leaflet, measured 
from the leading anterior to the posterior edge of the 
valve leaflet and graded on a scale of 0 (normal) to 
3 (severe). Papillary muscle calcification is determined 
in the presence of a hyperreflective area in the head of 
one or both papillary muscles. Aortic root calcification 
is defined by the presence of a focal or diffuse 
hyperreflective area and aortic annular thickening in 
the parasternal short-axis. The final score is the sum of 
all identified calcium deposits and ranges from 0 (no 
visible calcification) to 8 (extensive cardiac and aortic 
annular calcification deposits).
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Table 1 – Echocardiographic grading system of cardiac and aortic root calcium (adapted from Gaibazzi et al.6)

Degree Papillary muscle calcium Mitral annular calcium Aortic valve sclerosis Aortic root calcium

0 Absent Absent Absent (leaflet thickness < 2 mm) Absent

1 Present Mild (< 5 mm)
Mild (leaflet thickness > 2 mm or focal or 

diffuse increased reflectivity)
Present

2 - Moderate (5-10 mm)
Moderate (leaflet thickness > 4 mm and/

or marked hyperreflectivity) -

3 - Severe (> 10 mm)
Severe (leaflet thickness > 6 mm and/or 

marked hyperreflectivity)
-

Statistical analysis

We described quantitative variables as mean, median, 
minimum and maximum values, and standard deviation. 
To summarize the qualitative variables, we used frequencies 
and percentages. We compared two classifications of a 
single variable in relation to a quantitative variable with 
Student's t test for independent samples. To evaluate the 
association between two qualitative variables, we used 
the chi-square test and Fisher's exact test. To evaluate 
the combined association of variables of interest with the 
presence of CAD, we fitted a logistic regression model 
using Wald’s test to evaluate the statistical significance of 
each variable included in the model. P values lower than 
0.05 indicated statistical significance.

Results

Population characteristics

In all, we evaluated 203 patients with a mean age 
of 61.2 ± 14.3 years, 117 (57.6%) of whom were female. 
The most prevalent risk factors were hypertension, 
dyslipidemia, and smoking (Table 2). The medications 
mostly used by the patients were ACEI/ARB (65.5%) and 
beta-blockers (45.3%).

Calcification indices

With respect to the presence of valvular calcifications, 
41% of the study population presented visible calcifications 
on TTE, while this index increased to 58.8% in patients 
older than 65 years (n = 90). In the overall sample, 16% 
of the calcifications observed affected both the valves, 
15% affected only the aortic valve, and 9% affected only 
the mitral valve (Table 3).

 As for the distribution of the indices, 59% of the 
patients presented a valvular cardiac calcium index of 
0 (no calcification), 29.5% presented an index of 1 or 2, 
and 11.3% had an index of 3, 4 or 5. None of the patients 
had calcification indices between 6 and 8.

With respect to the calcium index and patients' age, 
there was a statistically significant difference (p < 0.001) 
between patients with a calcium index of 0 (mean age 
56.9 years) and those with calcium indices of 1 or 2 (mean 
age 65.6 years) and 3, 4 or 5 (mean age of 72.1 years).

With respect to the calcium index versus presence of 
hypertension, we observed that 50.7% of the hypertensive 
patients (versus 81.8% of the non-hypertensive ones) 
presented a calcium index of 0; 35.8% (versus 12.7% of 
non-hypertensive ones) had indices between 1 and 2; 
and 13.5% (versus 5.5% of non-hypertensive ones) 
had indices of 3, 4 or 5. From these data, we conclude 
that hypertension is associated with the presence of 
calcification (p < 0.001).

Risk factors and combined mitral and aortic valvular 
cardiac calcification

The present study showed an independent 
association between age above 65 years and the 
presence of valvular cardiac calcification (p < 0.001), 
as shown in Figure 1. It also revealed an independent 
association between the presence of hypertension 
and the occurrence of valvular cardiac calcification 
(p < 0.001), as shown in Figure 2. The variables DM 
(p = 0.056) and CAD (p = 0.08) showed a trend toward 
an independent association with valvular calcification. 
Dyslipidemia (p = 0.45), smoking (p = 0.37), BMI 
(p = 0.22), and sex (p = 0.53) showed no significant 
correlation with cardiac calcification.
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Table 2 – Baseline characteristics of the study population

Variable Number of patients (n) Percentage

Female sex 117 57.6%

Male sex 86 42.4%

Age < 65 years 113 56.2%

Age ≥ 65 years 90 44.3%

BMI < 25 kg/m2 58 28.6%

BMI ≥ 25 and < 30 kg/m2 89 43.8%

BMI ≥ 30 kg/m2 56 27.6%

Hypertension 149 73.4%

Dyslipidemia 77 37.9%

Smoking 71 35%

Diabetes 54 26.6%

CAD 44 21.7%

Family history of CAD 12 6%

Use of ACEI/ARB 133 65.5%

Aspirin use 93 45.8%

Beta-blocker use 92 45.3%

Statin use 36 17.7%

Abbreviations: BMI: body mass index; CAD: coronary artery disease; ACEI/ARB: angiotensin-converting enzyme inhibitors/angiotensin receptor blockers.

Table 3 – Distribution of valvular cardiac calcification on transthoracic echocardiography

Absence of calcification 120 (59%)

Mitral and aortic valvular calcification 33 (16.3%)

Mitral calcification (of the papillary muscle) 3 (1.5%)

Mitral calcification (annular) 51 (25%)

Aortic valve calcification (aortic valve sclerosis) 48 (23.6%)

Aortic calcification (aortic root) 33 (16.3%)

Calcification index 0 120 (59.1%)

Calcification index 1 or 2 60 (29.5%)

Calcification index 3, 4 or 5 23 (11.3%)

Sá et al.

Cardiac calcium index

Int J Cardiovasc Sci. 2017;30(2):136-144

Original Article



140

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%
Age < 65 years Age ≥ 65 years

Absence of cardiac calcification Presence of cardiac calcification

Figure 1 – Association between cardiac calcification and age.
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Figure 2 – Association between cardiac calcification and hypertension.

Risk factors and mitral valve calcification

The risk factors associated with mitral annular or 
papillary muscle calcification were age over 65 years 
(p < 0.001), presence of hypertension (p = 0.05), and 
presence of CAD (p = 0.004). The presence of DM showed 
only a trend toward an association with mitral valve 
calcification (p = 0.076). On multivariate analysis, the 
presence of CAD (p = 0.002, odds ratio [OR] 3.39, 95% 
confidence interval [CI] 1.58-7.29) was an independent 

risk factor for the presence of mitral annular and/or 

papillary muscle calcification (Figure 4). Similarly, age 

above 65 years (p = 0.003, OR 1.05, 95%CI 1.02-1.08) 

emerged as an independent risk factor for the presence 

of mitral valve calcification. Each additional year of 

age estimated a 5% OR increase in the occurrence of 

calcification (Figure 3). Dyslipidemia (p = 0.34), smoking 

(p = 0.24), BMI (p = 0.36), and sex (p = 0.26) showed no 

correlation with mitral valve calcification.
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Figure 3 – Association between mitral calcification and age. EP: standard error; SD: standard deviation.
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Figure 4 – Combined association between mitral calcification and coronary artery disease. CAD: coronary artery disease.

Risk factors and aortic valve calcification

Regarding the presence of aortic root calcification 

and/or aortic valve sclerosis, the risk factors associated 

were age over 65 years (p < 0.001) and presence of 

hypertension (p < 0.001). The presence of CAD did 

not correlate with aortic calcification (p = 0.435). 

On multivariate analysis, only age above 65 years 

(p < 0.001, OR 1.1, 95%CI 1.06-1.14) remained as an 
independent risk factor for the presence of aortic valve 
calcification and/or aortic valve sclerosis (Figure 5). 
Each additional year of age estimated a 10% OR increase 
in the occurrence of valvular sclerosis or aortic root 
calcification. Dyslipidemia (p = 0.69), DM (p = 0.17), 
smoking (p = 0.6), BMI (p = 0.65), and sex (p = 0.78) 
showed no correlation with aortic calcification.

Sá et al.

Cardiac calcium index

Int J Cardiovasc Sci. 2017;30(2):136-144

Original Article



142

90.0

80.0

70.0

60.0

50.0

40.0

Mean ± SE

Mean ± SD

Absence of aortic valvular sclerosis
or aortic root calcification

Presence of aortic valvular sclerosis
or aortic root calcification

A
ge

 (y
ea

rs
)

Figure 5 – Association between aortic calcification and age. EP: standard error; SD: standard deviation.

Discussion

The present study identified the occurrence of mitral 
valve annular calcification as a risk factor independently 
and significantly associated with CAD. This fact has 
been already demonstrated in necropsy1 and population 
studies, which have shown the occurrence of calcium 
deposits in the cardiovascular system of individuals with 
atherosclerotic disease.2-4

TTE is a practical tool to assess cardiac calcium and 
its efficacy is comparable to that of angiotomography, as 
demonstrated in the Heinz Nixdorf Recall study, published 
in JAMA in 2010.5 There is no standardization in regards to 
the quantification of cardiac calcium on TTE, and the present 
study used the Gaibazzi6 score for this purpose.

Numerous studies have correlated cardiac calcium 
to established CAD. A 2015 study published in the 
American Journal of Cardiology7 including 595 
outpatients with stable CAD undergoing TTE has shown 
that the risk of death was higher in patients with a 
calcium score ≥ 2, even when adjusted for age, previous 
revascularization, DM, diastolic blood pressure, and 
glomerular filtration rate. However, the presence of 
cardiac calcification did not emerge as an independent 
risk factor in our study patients with previous CAD.

A 2006 study published in Circulation12 attempted 
to determine whether atherosclerotic calcification 
of multiple vascular areas would be significantly 
associated with mitral and aortic annular calcification, 
independently of traditional risk factors. To determine 

that, the study evaluated the extension of the 
atherosclerotic calcification by CT of five vascular 
beds and mitral and aortic annular calcification in 
1,242 patients. It observed that 24% of the patients had 
aortic annular calcification and 8% had mitral annular 
calcification, and that age and hypertension were 
the only cardiovascular risk factors independently 
associated with the prevalence of these calcifications. 
We found similar results in the present study: 41% 
of the study population showed some degree of 
valvular cardiac calcification on TTE, whereas 15% had 
calcification only in the aortic valve and 9% only in 
the mitral valve. Similarly, only age and hypertension 
emerged as risk factors independently associated with 
valvular calcification.

Other studies have shown that calcium deposition in 
the aortic leaflets and cardiac fibrous skeleton (mitral 
and aortic annuli) is related to the aging process. In 
elderly individuals, up to 55% of the bidimensional 
echocardiographic examinations demonstrate valvular 
calcifications.8,9 At this age, aortic valve sclerosis 
was identified in 54% of the patients, mitral annular 
calcification in 42%, and aortic annular calcification in 44%. 
A combination of all three calcifications was present in 17% 
of the patients. Patients with calcifications were older than 
those without calcifications. Similarly, the present study 
found a higher prevalence of calcification in patients older 
than 65 years (58.8% had cardiac calcifications), and a 5% 
increase in odds of mitral valve calcification and 10% in 
aortic valve calcification at each additional year of age.
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A study has shown that patients with mitral annular 
calcification have cardiovascular, renal, metabolic, and 
functional profiles worse than those with aortic ring 
calcification or aortic valve sclerosis. The same study also 
demonstrated that the more intense the calcification, the 
greater is the relationship with cardiovascular disease. 
When the risk was adjusted for the presence of DM, 
hypertension, previous CAD, ankle-brachial index (ABI) 
≤ 0.9, serum creatinine ≥ 1.5 mg/dL, carotid stenosis 
≥ 25%, left ventricular ejection fraction (LVEF), and 
myocardial mass (g), only mitral annular calcification 
was associated with cardiovascular disease.14 Similarly, 
the present study revealed in the multivariate analysis 
that the presence of CAD and age above 65 years are 
independent risk factors for the presence of mitral 
annular and/or papillary muscle calcification.

Although several studies have shown a connection 
between aortic valve sclerosis and risk factors for 
atherosclerosis and cardiovascular morbidity, the data are 
still controversial. A 2015 study by Bhatt et al.13 attempted to 
determine the association between the presence or absence 
of aortic valve sclerosis and cardiovascular risk factors, CAD 
extent, and severity of coronary lesions. After allocating 
482 patients evaluated with coronary cineangiography 
into two groups, with and without valvular sclerosis, 
age was the only independent predictor of aortic valve 
sclerosis. Aortic valve sclerosis was also not independently 
associated with the number of obstructed vessels or degree 
of obstruction, showing that it is probably a benign marker 
of senile degenerative cardiac changes, regardless of the 
severity and complexity of the CAD. Finally, aortic valve 
sclerosis may be related to systemic atherosclerosis and 
cardiovascular events, but its usefulness in predicting CAD 
is questionable. In the present study, multivariate analysis 
revealed that only age was an independent risk factor 
for the presence of aortic valve calcification. In contrast, 
some studies have considered the absence of aortic root 
calcification and mitral annular calcification as a stronger 
predictor of absence of coronary disease than the absence 
of traditional risk factors, with the exception of DM.15

The use of ACEIs, aspirin, beta-blockers, and statins 
was frequent among the patients in this study due to the 
prevalence of hypertension and dyslipidemia in these 
individuals. There is no treatment based on evidence 
to reduce or prevent mitral annular calcification, and it 
unknown whether commonly used medications such 
as aspirin, beta-blockers, and statins may prevent its 
pathogenesis. Several studies suggest that warfarin 
is associated with increased valvular calcification.11 

Although Bhatt et al.13 found no association between 
hypercholesterolemia and mitral annular calcification, 
further studies are needed to determine whether the 
use of statins would affect prognosis in these patients. 
Although many patients in the present study used drugs 
such as ACEIs (65.5% of the patients), aspirin (45.8%), and 
statin (17.7%), the study was not delineated to correlate 
the use of drugs and the presence of cardiac calcification.

Some factors have limited this study. First, the study 
population consisted mainly of elderly and hypertensive 
patients, since these patients were referred to TTE from an 
outpatient cardiology clinic. Second, the clinical diagnoses 
of the risk factors were established by self-report by the 
patients or through information obtained by review of 
their medical records. Another limiting factor of the study 
was the relative subjectivity in the quantification of cardiac 
calcification. Finally, the medications used by the patients 
were not included in the multivariate analysis.

Conclusion

The present study concluded that age above 65 
years and hypertension were independent risk factors 
for the presence of valvular cardiac calcification, with 
mitral valvular calcification alone significantly and 
independently associated with the presence of CAD.
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Abstract

Background: Chagas disease is a global health problem; therefore, the development of new therapeutic protocols 
is necessary. Our group recently demonstrated that nifurtimox associated with dipyridamole has curative effects 
in mice with acute Chagas disease. In this study, we assess the effect of this therapeutic protocol in chagasic mice 
with heart failure. 

Objective: To evaluate whether nifurtimox and dipyridamole are useful to rescue mice with severe acute chagasic 
myocarditis with heart failure. 

Methods: 42 mice with acute chagasic myocarditis and congestive heart failure were divided into three 
groups: control chagas (n = 11), Nif-Dip treated with nifurtimox and dipyridamole (n = 14) and Nif-Dip-heart 
failure treated with nifurtimox and dipyridamole associated with digoxin, furosemide, and captopril (n = 17).                                                                                       
Nifurtimox and dipyridamole doses were 40 and 30 mg/kg/day, respectively, for 6 weeks. Mice underwent  
clinical, electrocardiographic, hemoparasitological and histopathological assessments. 

Results: Lower mortality in Nif-Dip (28.57%; n = 4) compared to control chagas (54.54%; n = 6) and Nif-Dip-
heart failure (52.9%; n = 9) was observed. Clinically, nifurtimox and dipyridamole-treated mice increased body 
weight and improved heart failure without splenomegaly. In these groups, parasitemia and tissue parasites were 
eradicated; fibrosis, myocytolysis, inflammatory cell infiltrate and mast cells decreased. Repolarization disorders, 
prolonged QRS and QT intervals, increase of S wave amplitude and atrioventricular dissociation were reversed by 
the treatment. 

Conclusion: Nifurtimox with dipyridamole can rescue NMRI mice from severe acute chagas disease, as nifurtimox 
showed trypanocidal activity and dipyridamole potentiated its effect. Dipyridamole would be useful in chagasic 
heart failure. (Int J Cardiovasc Sci. 2017;30(2):145-156)

Keywords: Chagas Disease; Chagas Cardiomyopathy; Heart Failure; Mice; Nifurtimox; Dipyridamole.

Introduction

Chagas Disease (ChD) is a global public health 
problem due to a high residual 1.06% prevalence in 
endemic countries, where reemergence has been reported 
as oral transmission outbreaks and because of the disease 
globalization, as a product of the migration of people 
from endemic countries to developed countries; it has 

resulted in a 4.2% prevalence in immigrant populations 

in Europe.1-4 

Symptomatic acute ChD cases have been associated 

with patent parasitemia and severe acute myocarditis, 

with high morbidity and mortality.5 Severe heart damage 

would reflect parasite pathogenic action; therefore, it 

would be mandatory to conduct aggressive trypanocidal 



146
Aparicio et al.

Rescue therapy for severe acute Chagas myocarditis

Int J Cardiovasc Sci. 2017;30(2):145-156

Original Article

therapeutic interventions, to decrease parasitic load, 

morbidity, and mortality.

Currently, the accepted treatment protocols for acute 

ChD are nifurtimox and benznidazole. The use of this 

protocol, even when the best results are obtained, shows 

these results are not fully satisfactory. In Venezuela, 

studies using nifurtimox and/or benznidazole have 

been disappointing, with more than 70% of the cases 

with proven presence of parasites in tissues, parasite 

genome or its antigens (positive serology) after using 

these drugs.5,6

Thus, it would be useful to create therapeutic schemes 

where these drugs will be combined with others, which 

could increase nifurtimox and benznidazole efficacy and 

decrease their side effects. Ideally, these drugs should 

have trypanocidal effect, promote cardiac functionality, 

and counteract pathophysiological phenomena resulting 

from infection, inflammation, and free-radical generation.

According with the microvascular theory, dipyridamole 

could be seen as the adjunctive drug, because it induces 

coronary vasodilation through nitric oxide (NO), 

improving blood flow; it has antiplatelet effect preventing 

thrombi formation; it increases extracellular levels of 

adenosine, improving cardiac function in patients with 

HF; it promotes an anti-inflammatory effect suppressing 

free radical formation and it improves the redox state of 

cells undergoing inflammatory phenomena7,8.

Recently, our group demonstrated that dipyridamole 

has a trypanocidal effect in vitro with an IC50 of 372 µM 

and potentiates the effect of subtherapeutic doses of 

nifurtimox, providing curative effects on NMRI mice 

with acute ChD.9 For this reason, in this study we 

consider whether a therapeutic rescue in acute chagasic 

myocarditis (AChM) animals with severe CHF can be 

performed with nifurtimox and dipyridamole, allowing 

a reduction in mortality and cardiac functional sequelae. 

Materials and methods

Sample

The sample consisted of 48 male NMRI adult mice,  

weighing between 30-50 g, obtained from the animal 

research facilities at Center-West Lisandro Alvarado 

University (Barquisimeto, Venezuela), which were 

infected intraperitoneally with blood trypomastigotes 

suspended in 0.9% NaCl, at a dose of 100 trypomastigotes 

per gram of body weight. The strain of TcI lineage used 

has been registered in the WHO bank under the name 

MHOM/VEcepa792/2-92-YBM.9 The assayed parasites 

were obtained from blood of infected mice in the 

acute phase of ChD and maintained in vector/mouse 

cycles; vectors were Rhodnius prolixus stage III nymphs.                                        

At week 2 of inoculation, confirmation of parasitemia 

was performed, and only positive mice were included 

in the study.

Of the 48 infected mice, 6 (12.50%) died during the first 

six weeks of infection, the remaining 42 mice with AChM 

with clinical signs of CHF were electrocardiographically 

studied under anesthesia, then divided in three groups 

and received treatment during 6 weeks. The Control 

Chagas group (CC; n = 11) were treated with vehicle; 

the Nif-Dip group (n = 14) were treated with nifurtimox  

(40 mg/kg) associated with dipyridamole (30 mg/kg) 

and Nif-Dip-CHF group (n = 17) were treated with 

nifurtimox (40 mg/kg) and dipyridamole (30 mg/kg) 

associated with drugs for CHF treatment (captopril                                                     

5 mg/kg, digoxin 8 µg/kg and furosemide 2 mg/kg, the 

latter two administered for only for 1 week).

The mice were distributed in stainless steel cages, 

measuring 29x30x14 cm, with 5 to 8 animals per cage, 

with free access to water and food (Perrarina®, Protinal, 

Venezuela), with a 12-hour light/dark cycle and an 

average 27°C temperature.

At 6 weeks of treatment, the animals were clinically 

evaluated (weight, piloerection, and clinical signs of 

CHF, such as dyspnea and/or cyanosis at rest or under 

anesthesia), as well as submitted to parasitological 

(parasitemia) and electrocardiographic assessments. 

They were subsequently sacrificed by exsanguination via 

cardiac puncture under anesthesia, followed by autopsy, 

when organs were removed and weighed, and samples 

for histopathology were collected.

Bioethics

All experimental procedures performed in this                      

study were based on the principles established in the 

bioethics and biosafety manual of the National Fund 

for Science and Technology, Ministry of Popular Power                 

for Science and Technology, Venezuela.
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Electrocardiography

Electrocardiographic studies were performed under 
anesthesia with sodium pentobarbital 25 mg/kg and 
ketamine 25 mg/kg of body weight ip, in bipolar 
configuration, using 3 needle-type electrodes (one 
positive, one negative and one neutral or reference), 
positioned in the subcutaneous tissue. We worked with 
4 lead-ECG configurations: in DI, a positive electrode 
was placed together with the reference electrode on 
the left shoulder joint, while the negative electrode was 
positioned on the right shoulder joint; in DII, a positive 
electrode was positioned on the xiphoid process, while a 
negative one was placed on the right shoulder joint and 
the reference on the left shoulder joint; in DIII, both the 
negative electrode and the reference electrode were placed 
on the left shoulder joint and a positive electrode was 
maintained on the xiphoid process, and in AVF lead, a 
negative electrode was positioned on the cervical midline 
above the suprasternal fossa, while a positive electrode 
was placed on the xiphoid process and a reference one 
remained on the left shoulder joint.

Electrodes were connected to a BioAmp amplifier (AD 
Instruments, New Zealand), and analog signals were 
converted to digital signals through a Powerlab/8sp 
interphase system (AD Instruments, New Zealand), 
displayed, recorded, and analyzed on a personal computer 
using the Chart v4.2.1 software (AD Instruments New 
Zealand). The signal capture was performed at a                       
1000 events/sec frequency and filtered at 60 Hz.

Histopathology

Right ventricular and cardiac apex samples were 
fixed with 4% paraformaldehyde solution in PBS, pH 
7.4 for  2 hours. Fixed tissue samples were embedded 
successively in 10, 15, 20, 25 and 30% sucrose solutions 
until samples migrated to the container bottom in each 
solution; then samples were stored at -70°C until used. 
Samples were thawed and embedded in Optimal Cutting 
Temperature (OCT) compound, and again frozen with 
liquid nitrogen, cryostat-cut obtaining 5 µm-sections, put 
on microscope slides and stained with hematoxylin-eosin 
or toluidine blue stains. Additionally, another group of 
samples was fixed with 10% formalin in PBS pH 7.4, 
embedded in paraffin, cut with a microtome and stained 
with hematoxylin-eosin. 

Data analysis

Data is expressed as absolute values, percentages or 
mean ± SEM. Paired or unpaired Student’s t test was 

used to analyze the significance of observed differences 
before and after treatment in a group or to compare two 
unrelated groups, respectively; while ANOVA followed 
by Tukey’s post-test was used to analyze significance of 
observed differences between the three experimental 
groups. A value of p < 0.05 was considered significant. 
GraphPad Prism Software 5.0 was used for the                                                                                              
statistical analysis.

Results

All mice became infected with an average parasitemia 
of 4.19 ± 0.74 x 106 parasites/mL on the 6th week 
post-infection before treatment protocol began.                                                  
In all experimental treated groups, parasites were 
not detected at the 7th week, while in the CC group, 
parasitemia disappeared between the 8th and 9th week; 
all groups had 0 parasitemia at sacrifice.

During the post-anesthetic period (0-48 hours), the 
CC group had 45.45% (n = 5), Nif-Dip 21.42% (n = 3) and                                                                                                              
Nif-Dip-CHF 41.17% (n = 7) of mortality rate, respectively. 
During the following six weeks, 1 animal of each CC and 
Nif-Dip groups and 2 from Nif-Dip-CHF group died, 
resulting in a total mortality of 54.54% (n = 6), 28.57%     
(n = 4) and 52.9% (n = 9), respectively.

In Figure 1, clinical parameters observed at the 
end of the experimental protocol are shown. We can 
observe that treated groups significantly increased 
body weight; while spleen weight and CHF clinical 
signs decreased significantly in these groups as 
compared with the CC group.

Quantitative and qualitative electrocardiographic 
parameters are shown in Tables I and II, respectively, 
before and after starting the therapeutic protocol. Altered 
electrocardiographic signs found before treatment 
included decreased heart rate, cardiac conduction 
disturbances, characterized as an increase in QRS and QT 
intervals values; alterations in ventricular repolarization, 
characterized by disorders in amplitude, axis direction 
and T wave decay (see Table I and Figures 2 and 3). 
These signs were reversed by the therapeutic protocol; 
however, R and S wave amplitudes decreased (See 
Table I and Figures 2 and 3). Regarding qualitative data 
disorders, nifurtimox-dipyridamole-based therapeutic 
protocol tended to decrease atrioventricular dissociation 
and post-depolarization disorders; however, rhythm 
disorders (nodal and ventricular extrasystoles) tended 

to increase (see Table II). 
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Figure 1 – Clinical parameters quantified in mice with AChD treated or not with nifurtimox and dipyridamole. 
In A, body weight is shown; mice submitted to the treatment protocol increased weight. In B, normalized spleen weight based on body weight is shown; 
splenomegaly decreased in mice submitted to the treatment protocol. In C, a summative clinical analysis based on the presence (1) or absence (0) of the 
following clinical signs were performed in each mouse: dyspnea and cyanosis at rest or under anesthesia and piloerection; mice submitted to the treatment 
protocol had decreased signs of CHF or infection. * means p < 0.05 when comparing treated groups in relation to Control Chagas non-treated group, using 
ANOVA test followed by Tukey’s post-test.
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Histopathological analysis (see Table III) of the right 

ventricular sections from the CC mice group displayed 

thickened epicardium, myocytolysis and diffuse 

mononuclear inflammatory infiltrate; while in the 

Nif-Dip mice group, only reduced focal inflammatory 

infiltrate was observed and epicardial thickness was 

diminished; fibrosis degree was similar in both groups. 

In the cardiac apex sections, fibrosis, myocytolysis, 

epicardium thickness and inflammatory infiltrate were 

lower in mice treated with nifurtimox-dipyridamole 

when compared to the CC group. In both sections, in 

60% of untreated mice, intact and/or broken parasitic 

nests were present, while in sections of nifurtimox-

dipyridamole treated mice amastigotes and/or parasite 

nests were not observed (see Figure 4). Additionally, in 

60% (n = 3) of CC and in 50% (n = 2) of Nif-Dip group 

mice, mast cells were observed in cardiac apex sections; 

however, the number of mast cells per field was higher 

in the CC group (10.60 ± 7.53) than in the Nif-Dip group 

(1.00 ± 0.82); (see Figure 5 and Table III).

Discussion

In this study, we demonstrate that the combination of 

nifurtimox with dipyridamole was therapeutically useful 

in mice with AChM with CHF, since, compared with 

untreated control mice, it reduced mortality, decreased 

or eradicated infection and, furthermore clinical, and 

histopathological signs of severe AChM were reversed. 

To our knowledge, this is the first study carried out in 

animal models to evaluate nifurtimox-dipyridamole-

based therapeutic rescue in mice with severe AChM.

The trypanocidal effect of nifurtimox treatment was 

tested in the present study by demonstrating absence 

of parasitemia after the first week of treatment and 

the absence of amastigotes or parasite nests in cardiac 

right ventricular and apex histopathology sections.                          

These results concur with those reported by Santeliz                                  

et al.9 who demonstrated that the nifurtimox (40 mg/kg) 

and dipyridamole (30 mg/kg) combination eradicates 

tissue and hematic parasites in mice with acute ChD 

without CHF. The trypanocidal effect shown in the 

present work could depend solely on the effect of 

nifurtimox at a 40 mg/kg dose, as this dose has been 

reported to be curative (16); however, several studies 

in murine models about the use of nifurtimox in ChD 

treatment have been controversial (see below).

Studies on nifurtimox effect in experimental animals 

have used high doses of the drug, obtaining conflicting 

results; while Bustamante et al.10 working with C57BL/6 

(Ly5.2 +) mice obtained a 95-100% cure rate with 

doses of 100 mg/kg, during 40 days of continuous 

or 13 days of intermittent treatment, Wong-Baeza                                              

et al.11 working with NIH albino mice, obtained a 

slight parasitemia decrease, with similar doses using a                               

50-day therapeutic protocol. This discordance observed 

between the aforementioned studies and our work 
can be explained by mouse strains used; however, 
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Table 1 – Electrocardiographic quantitative parameters in mice with acute chagasic cardiomyopathy with heart failure 
before and after starting the therapeutic protocol

Parameter

Experimental groups

Nif-Dip Nif-Dip- CHF

Pre-treatment Post-treatment Pre-Treatment Post-treatment

HR (bpm) 373.40 ± 22.08 431.40 ± 24.35 382.20 ± 39.34 416.10 ± 22.04

PR 57.37 ± 2.87 52.59 ± 3.72 54.70 ± 3.73 58.07 ± 3.94

QRS (ms) 13.83 ± 0.21 11.50 ± 0.74* 14.71 ± 0.69 11.13 ± 0.45*

QT (ms) 101.50 ± 11.54 68.31 ± 12.81* 105.50 ± 11.33 90.01 ± 6.20

QTc (ms) 244.90 ± 22.16 175.00 ± 29.03* 252.30 ± 21.94 230.80 ± 11.50

P (µV) 56.77 ± 10.65 65.57 ± 8.02 34.07 ± 12.74 65.96 ± 4.18*

R (µV) 680.30 ± 82.25 577.40 ± 83.88 755.10 ± 83.82 631.80 ± 82.50

S (µV) -363.90 ±62.56 -204.20 ± 40.44* -252.10 ± 45.81 -40.10 ± 40.48*

T (µV) 218.20 ± 46.28 270.00 ± 41.68 225.60 ± 49.06 255.50 ± 38.40

τ1 5.19 ± 0.71 7.82 ± 1.07 6.30 ± 0.78 8.41 ± 2.63

τ1 % 40.63 ± 8.19 79.25 ± 4.21* 47.72 ± 6.91 74.04 ± 6.25*

τ2 67.16 ± 11.69 104.50 ± 23.29 69.88 ± 6.57 67.94 ± 5.07

τ2 % 59.70 ± 9.28 23.32 ± 3.76 30.12 ± 6.57 32.06 ± 5.07

D5 73.78 ± 2.33 62.24 ± 4.39* 71.47 ± 3.51 59.78 ± 4.55*

D10 48.69 ± 4.98 30.98 ± 5.46 49.41 ± 4.78 38.56 ± 4.49

D20 39.06 ± 3.80 20.78 ± 3.01* 38.21 ± 3.97 24.22 ± 3.72*

D40 37.27 ± 2.85 17.26 ± 3.16* 33.84 ± 3.38 23.43 ± 3.50*

D60 20.33 ± 3.09 11.64 ± 2.44* 22.69 ± 2.88 14.46 ± 3.04*

QRS axis 43.80 ± 21.17 46.90 ± 15.85 70.28 ± 12.26 78.86 ± 6.47

P axis 53.17 ± 18.53 53.38 ± 9.87 15.40 ± 18.69 58.32 ± 12.45

T axis 68.00 ± 16.83 79.78 ± 5.31* 59.49 ± 17.08 74.61 ± 6.89

“HR”-heart rate; “bpm” - beats per minute; T wave decay was analyzed by an exponential decay equation for two components. obtaining values and time 
constants τ1 and τ2 with their respective percentage contribution to decay; additionally, T wave amplitude percentage decay at 5. 10. 20. 40 and 60 ms after 
T peak was quantified; * means p < 0.05 comparing values before and after treatment using a paired Student’s t test.

response to nifurtimox treatment may depend also on 
the tested T. cruzi strain, as demonstrated in the study 
by Andrade et al.12, who found that Type I strain (high 
and early parasitemia, macrophage tropism) showed 
high sensitivity (56 ± 16% cure), type II strains (high 
and late parasitemia, heart muscle tropism) showed 
medium to high sensitivity (52 ± 11% cure) and type III 

strains (low parasitemia and skeletal muscle tropism) 
showed low sensitivity (0.45±0.45% cure) to therapeutic 
regimens based on nifurtimox 200 mg/kg for 4 days, 
followed by 50 mg/kg for 5 days a week, up to a total of 
90 days. Additionally, Faúndez et al.13 found parasitemia 
decreases using doses of 2.5 and 10 mg/kg, with 25 and 
100% of survival, respectively.
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Figure 2 – Electrocardiographic changes observed before and after nifurtimox and dipyridamole therapeutic protocol was applied, associated with 
drugs for heart failure. Lead-ECG DIII, electrocardiographic records of two individuals are shown, before starting treatment (left) or after treatment 
(right). In record A, ischemic disorders are shown, characterized by inversion of T wave and J point below the isoelectric line, which were reversed 
by the therapeutic protocol with restitution of T wave morphology and amplitude (record B); additionally, the treatment induced a recovery of P 
wave amplitude. In record C, a decrease in the QRS complex and T wave amplitudes can be observed; note that T wave has a prolonged plateau; after 
treatment (record D) recovery of the QRS complex and T wave amplitude can be observed, which almost recovered normal morphology. Vertical bars 
indicate 400 µV, horizontal ones indicate 100 ms.

Table 2 – Electrocardiographic qualitative parameters recorded in mice with acute chagas cardiomyopathy with heart 
failure before and after starting the therapeutic protocol

Parameters

Experimental groups

Nif-Dip Nif-Dip-CHF

Before
n (%)

After
n (%)

Before
n (%)

After
n (%)

AV dissociation 5 (50) 2 (20) 0 (0) 2 (25)

Ventricular extrasystoles 0 (0) 3 (30) 1 (12.5) 1 (12.5)

Nodal extrasystoles 0 (0) 5 (50) 0 (0) 1 (12.5)

Atrial fibrillation 4 (40) 3 (30) 0 (0) 2 (25)

“AV”- atrioventricular
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Table 3 – Histopathological analysis in right ventricle and cardiac apex sections from mice with acute chagas 
cardiomyopathy with heart failure treated or not with nifurtimox and dipyridamole 

Parameter

Experimental groups

Control Chagas Nif-Dip

RV Apex RV Apex

Parasitic nests 6.00 ± 2.47 3.00 ± 1.91 0* 0*

Fibrosis 1.40 ± 0.50 1.75 ± 0.47 1.40 ± 0.50 0.25 ± 0.25*

Myocytolysis 2.00 ± 0.44 1.50 ± 0.28 1.40 ± 0.24 0.25 ± 0.25*

Epicardium thickness 1.80 ± 0.20 1.75 ± 0.25 1.20 ± 0.20 0.75 ± 0.25*

Inflammatory infiltrate 2.80 ± 0.20 2.00 ± 0.57 1.80 ± 0.37* 0.50 ± 0.28

Mast cells -- 10.60 ± 7.53 -- 1 ± 0.82

“RV”: right ventricle; * means p < 0.05 when comparing the values given for the same cardiac region with and without nifurtimox and dipyridamole 
treatment by an unpaired Student's t test.

Figure 3 – Electrocardiographic abnormalities observed before and after the nifurtimox and dipyridamole therapeutic protocol was applied. Lead-ECG 
DIII electrocardiographic records of two animals are shown, before starting treatment (left) or after treatment (right). In record A, low amplitude of 
bimodal P wave, decreased R wave amplitude, deep S wave, prolonged QRS complex and T wave second extended component, which does not reach 
the isoelectric line are shown; after treatment (record B) P, R and S wave amplitudes are recovered and a T wave amplitude of the second component 
is decreased. In record C, it is clearly shown that the second component of T wave forms an upward deflection, compatible with post-depolarization 
phenomenon, which was totally reversed by the treatment protocol (record D).Vertical bars indicate 400 µV, horizontal ones indicate 100 ms..
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Figure 4 – Heart tissue histopathological characteristics of mice with acute Chagas disease treated or not with nifurtimox and dipyridamole. Tissue 
sections fixed with 4% paraformaldehyde, cryopreserved with 30% sucrose, embedded in OCT, and stained with hematoxylin-eosin are shown. In A, a 
representative Control Chagas heart section is displayed, where amastigotes nests (arrow), a mononuclear diffuse infiltrate and myocytolysis (1000X 
magnification) can be observed. In B, a representative heart section in mice treated with nifurtimox and dipyridamole is shown, disclosing muscle fiber 
integrity and a very discrete mononuclear cell infiltrate; fiber separation is a product of the cryopreservation technique (400X magnification).

Figure 5 – Mast cell expression in heart tissue of mice with acute Chagas disease, treated or not with nifurtimox and dipyridamole. Tissue sections that were 
fixed with 4% paraformaldehyde, cryopreserved with 30% sucrose, embedded in OCT, and stained with toluidine blue are shown. In A, a representative 
Control Chagas heart section is shown, where two mast cells with degranulation in process can be seen (see arrow, 1000x magnification). In B, a 
representative heart section from a mouse treated with nifurtimox and dipyridamole is shown, where mast cells are not present (400Xmagnification). In the 
upper right corner, a bar graph is shown with the average number of mast cells in 10 fields and SEM values obtained in heart sections of the Chagas Control 
(white bar) and Nif-Dip (black bar) groups.
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The trypanocidal effect of dipyridamole should 
also be considered, as this effect has been reported on 
epimastigotes in axenic culture with an IC50 of 372 µM; 
this effect was partially reproduced while working with 
NMRI mice, where this drug decreased, but not cleared 
parasitemia.9 However, we propose that dipyridamole 
most beneficial effect is functional and it is related to its 
action mechanism.

The microvascular theory suggests that Chagas 
myocardiopathy development reflects endothelium 
damage in the microcirculation, with the formation 
of platelet and blood thrombi, causing diffuse 
ischemia in cardiac tissue, which then causes necrosis, 
cardiac remodeling, and fibrosis, leading to the 
development of dilated cardiomyopathy with CHF.14                                                      
Because dipyridamole is an antiplatelet agent, it prevents 
platelet thrombus formation and, consequently, hematic 
ones; also by increasing cGMP and adenosine levels, 
it induces coronary vasodilation mediated by NO 
production, improving ischemic phenomena in the 
chagasic myocardium. Similarly, by increasing levels 
of adenosine acting on A1- and A3-receptors, it has a 
cardioprotective effect that allows better management 
of the failing heart’s energy demands and avoids early 
apoptotic phenomena, respectively.15 

Likewise, it has been reported that endogenous 
adenosine acting on A1-receptors generate a chronotropic 
and dromotropic negative effect, reducing the incidence 
of ventricular arrhythmias caused by ischemia-
reperfusion in isolated beating rat hearts,16 and when 
acting on A2-receptors it has an antiarrhythmic effect in 
acute myocardial ischemia, thus reducing the frequency 
of ventricular fibrillation;17 therefore it could prevent 
lethal arrhythmias observed in Chagas cardiomyopathy.                  
Also in this line of thought, it has been reported 
that long-term oral administration of dipyridamole 
improves physical and cardiac status of patients with 
mild to moderate CHF, resulting in echocardiographic 
improvements of ejection fraction, left ventricular systolic 
diameter, and plasma B-type natriuretic peptide level.18

Recently, Ramakers et al.19 reported that dipyridamole 
treatment increases the levels of IL-10, which is considered 
an anti-inflammatory cytokine that can induce TNF-α 
and IL-6 decrease. Increased levels of TNF-α and IL-6 
have been associated with ChD advanced stages and 
negatively correlated with cardiac function;20,21 while high 
levels of IL-10 have been associated with cardiac function 
recovery, ejection fraction improvement and a reduction 
in left ventricular diastolic diameters, therefore being 

a cardioprotective factor. In the indeterminate phase 
of ChD, elevated levels of IL-10 have been reported, 
whereas in patients who develop CChM these levels 
are decreased.22 

Evidence suggests that during T. cruzi infection, the 
myocardium is exposed to lesions caused by continuous 
oxidative stress through the production of reactive 
oxygen species, which are released continuously 
as a result of mitochondrial injuries during Chagas 
cardiomyopathy progression.23 The molecular structure 
of dipyridamole allows it to accept electrons, thus 
functioning as a free radical scavenger, with a greater 
capacity than α-tocopherol and ascorbic acid, suggesting 
that dipyridamole beneficial effect observed in the 
present study is associated with its antioxidant capacity.7

In this study, the early mortality observed in all 
experimental groups can be explained by cardiac 
functional impairment caused by AChM, which 
was aggravated by subjecting the mice to general 
anesthesia. In vigil state, mice usually have a heart 
rate of around 580 bpm, while under anesthesia with 
pentobarbital-ketamine, as reported in the present study, 
it ranges   between 373 and 382 bpm. Anesthesia-induced 
bradycardia decreases cardiac output and aggravates HF, 
thereby increasing death risk, which was evidenced in 
the CC group mortality. In contrast, mice treated with 
nifurtimox and dipyridamole had the lowest mortality, 
which could be related to those previously described 
dipyridamole effects (see above). Unexpectedly, the 
Nif-Dip-CHF group had a higher mortality than the 
Nif-Dip group; this can be explained considering that the 
administration of drugs such as digoxin to a vulnerable 
host, the risk of cardiac arrhythmias and sudden death                  
is increased, as it has been shown in humans by  
Madelaire et al.,24 who reported that digoxin use was 
associated with increased risk of death in patients with 
chronic heart failure.

Experimental results obtained in the present study 
confirmed that all NMRI mice with acute ChD showed 
repolarization abnormalities, which were improved 
by the therapeutic scheme. Alvarado et al.25 stated 
that repolarization disorders are characteristic signs of 
AChM in humans and NMRI mice, which gives them a 
diagnostic value for acute ChD, clearly demonstrated 
in the present work. Ventricular repolarization 
disorders have been associated with ischemia and 
ventricular overload.26
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As nifurtimox has a trypanocidal effect potentiated by 
dipyridamole, it would quickly eradicate the infection, 
which would reverse the inflammatory phenomena related 
to parasitism, thus improving cardiac function; however, 
the adjuvant effect of dipyridamole must be crucial, 
because it reverses the functional ischemic phenomena, 
causing coronary vasodilation and improving the energy 
balance of cardiomyocytes, allowing the transmembrane 
ionic equilibrium to be restored and thus normalizing the 
repolarizing electrical phenomena.

 Coincident with repolarization disorders, an increase 
in the S wave amplitude was observed in the present 
study, which was reversed with the therapeutic scheme. 
Few studies have defined the S wave electrogenic 
substrate; however, in humans, the S wave reflects a late 
depolarization of the diaphragmatic surface or Purkinje 
cell depolarization.27 Nonetheless, in mice, given the high 
density of early repolarizing currents, it is proposed that S 
wave also reflects an early repolarizing component,28 and 
thus, as repolarization disorders improves, the S wave 
amplitude decreases, as shown in the present study.

On the other hand, slowed intraventricular 
conduction reflected in QRS and QT values improved 
significantly after the therapeutic scheme was applied; 
however, atrioventricular (AV) conduction values 
reflected by PR length did not show improvement. 
Improvement of intraventricular conduction may 
reflect an inflammation and blood flow restoration 
in a reversible morphofunctional substrate, while 
irreversible AV conduction disorders, including 
arrhythmias such as atrial fibrillation, which seems to 
be a reflection of an irreversible damage, product of 
intense inflammation, remodeling and fibrosis of the 
atria, usually observed in ChD.29

Likewise, the R wave amplitude was unchanged, which 
might be due to irreversible damage to the myocardial 
structure or it could reflect a net pharmacological effect 
due to dipyridamole-induced negative inotropic effect 
mediated by adenosine acting on A1 receptors.9

Mast cell density in heart tissue histological sections 
was higher in the CC group when compared to the Nif-
Dip group. Mast cells are inflammatory cells that increase 
and trigger a series of responses to inflammatory and 
infectious stimuli involved in myocarditis and dilated 
cardiomyopathy pathogenesis; a correlation between 
the degree of fibrosis and mast cell density in hearts 
of patients with dilated cardiomyopathy with CHF 
has been reported.30 In this regard, Rork et al.31 (2008) 
reported that mast cell degranulation contributes to 
myocardial injury observed in ischemia-reperfusion 

protocols and adenosine receptors (A2A) activation 
reduced the infarct area.

Conclusion

In conclusion, this study showed that treatment with 
nifurtimox (40 mg/kg) and dipyridamole (30 mg/kg) 
has a beneficial effect on NMRI albino mice with acute 
ChD and CHF. The effect of nifurtimox is related to their 
trypanocidal activity, while the effect of dipyridamole 
can be related to its ability to potentiate nifurtimox 
trypanocidal effect and to its capacity to reverse the 
pathophysiological phenomena related to AChM, such 
as microvascular ischemia, free radical generation, 
immunomodulation of inflammation and cardiac 
overload. Dipyridamole safety, experience based on its 
use and wide therapeutic window constitute a valuable 
advantage for its inclusion in future ChD therapeutic 
protocols in humans.
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Abstract

Cardiovascular autonomic markers such as cardiovagal 
baroreflex sensitivity (CBS) and heart rate variability 
(HRV) decline with the aging process. Aerobic training 
(AT) may be able to improve HRV, suggesting that 
AT can alter neuroregulatory control over the heart, 
improving autonomic markers and cardiac protection. 
Together, age and AT can influence HRV, but not revert 
the overall effects of aging on the decline of physical 
performance and HRV. The aim of this study was to 
review studies and describe the volume of AT necessary 
to produce modifications in HRV in elderly individuals. 
The review followed the guidelines of the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA). The articles selected were indexed 
in PubMed/MEDLINE, Lilacs and Scopus. The used 
keywords were "aging", "heart rate variability", "exercise" 
combined with the Boolean descriptors "AND" and 
"OR" with the synonyms "elderly", "cardiac autonomic 
modulation", "aerobic training" and "endurance training". 
The filters "languages", "humans", "age" and "clinical 
trial" were applied in the selection of the articles. Initially, 
940 articles were found, PubMed (n = 729), Lilacs                                                                                                                 
(n = 16) and Scopus (n = 195), filters and searches led 
to the 287 potential studies. The keyword combinations 
provided 24 articles that were in agreement with the 
inclusion criteria, and after full reading of the texts, 
17 studies were excluded. From seven articles, four 
showed increases in HRV in response to AT. In an 

older population, 8 weeks of AT is enough to induce                     
positive changes on HRV. However, longer exercise 
protocols and higher intensities also seem to have           
some influence.

Introduction

Aging provokes changes in cardiovascular autonomic 
regulation, and a broad range of alterations in 
cardiovascular structure and function occurs as a part 
of the process.1 Cardiovascular autonomic markers 
such as cardiovagal baroreflex sensitivity (CBS) and 
heart rate variability (HRV) decline with the aging 
process.2,3 Experimental evidence indicates that CBS 
and HRV provide prognostic information regarding 
the risk of sudden cardiac death.4,5 The spontaneous 
fluctuation of heart rate (HR) can be assessed by the 
spectral analysis of HR time series, known as HRV, 
which is a non-invasive and selective assessment of 
the sympathetic and parasympathetic contributions on 
cardiac autonomic regulation.6,7 Through HRV, we can 
observe the natural consequence of aging and of physical 
fitness on cardiovascular function.8

In this sense, aerobic training (AT) is a broad mode of 
exercise practiced worldwide by the older population. 
For the elderly, AT induces a chronic bradycardia at 
rest accompanied by increased vagal-mediated HRV in 
healthy individuals.8 In fact, AT may be able to exert an 
antiarrhythmic effect and other effects on RR interval 
because the higher frequency power (HF) of HRV, vagal 
modulation, suggests that aerobic exercise training can 
alter the neuroregulatory control over the heart.8

In addition to that, the effects of AT on RR interval 
are different between age groups. Older and middle 
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age subjects showed different effects, which were 
common in magnitude for both on RR interval. They 
demonstrated a reduction in trainability of the heart and 
neural input with age.8 A recent review of Sandercock                                                  
et al.8 demonstrated distinct results of several methods 
of HRV analysis, large differences in mean effect size and 
the lack of a control group. Other studies presented an 
improvement of HRV through many types of exercise, 
including aerobics, endurance, and force exercises, 
but responses were different when compared to the 
sedentary control group.9

Aging and AT can, together, influence HRV, although 
without reverting the overall effects of aging on the 
decline of physical performance and HRV. The aim of 
this study was to review studies and describe the volume 
of AT necessary to produce modifications in the HRV in 
elderly individuals.

Methods

Research strategy: The review followed the guidelines 
of the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA). The articles selected for 
this study were indexed in PubMed/MEDLINE, Lilacs 
and Scopus. The keywords used for the searched were 
“aging”, “heart rate variability”, “exercise” combined 
with the Boolean descriptors “AND” and “OR” with the 
synonyms “elderly“, “cardiac autonomic modulation”, 
“aerobic training” and “endurance training”. The filters 
“languages”, “humans”, “age” and “clinical trial” were 
applied for the selection of the articles.

Inclusion criteria: We included articles in English, 
Portuguese and Spanish that did human clinical trials 
in middle-aged or elderly individuals undergoing AT 
protocol to compare their changes in HRV to that of a 
sedentary control group.

Exclusion criteria: We excluded preliminary studies, 
pilots, articles without AT protocol, without a sedentary 
control group, those that did not measure HRV in the 
time and frequency domains, that used drugs that could 
influence HRV, and those that included smokers and 
individuals with some types of diseases.

Study selection: These were the criteria analyzed 
in the selected articles: sex, age, and fitness, type of 
exercise, time, frequency and intensity of training.                                              
The methods and procedures for the measurement of 

HRV were: analyzed position, time and breathing in the 

test, technique used for spectral analysis and the variables 

in the time and frequency domains.

Results

Using this research strategy 940 articles were initially 

found: PubMed (n = 729), Lilacs (n = 16) and Scopus                     

(n = 195). After we applied the filters, the research led to 

the identification of 287 potential studies to be included in 

the analysis. The combination of keywords yielded many 

irrelevant studies and only 24 of those met the inclusion 

criteria. Of the other papers, when analyzed to full text, 

17 studies were excluded for not meeting the inclusion 

criteria, as show in Figure 1.

Table 1 describes the characteristics of the selected 

studies, volunteers and exercise protocols. There are 

five studies done with women, one with men and two 

with men and women. Age showed great variation, 

with individuals under and over 60 years of age.                         

The studies used aerobic exercises like walking, jogging, 

cycling, rowing, step aerobics, treadmill, leg ergometer 

and dancing. Intensity had 50% to 85% variation of 

heart rate (HR) and maximum oxygen onsumption 

(VO2max). Duration of sessions observed a prevalence 

of periods of 40 minutes, and a frequency of three 

times per week. The period of exercise training was 

very different among the studies, varying between 8 to                                                            

36 weeks of training.

Table 2 shows the results of the review for changes in 

RR interval after exercise training. In the analysis of the 

duration, we compared five studies that measured SD of 

all R-R intervals (SDNN) and square root of the mean of 

the sum of the squares of differences between adjacent 

R-R intervals  (rMSSD) before and after exercise training, 

and one study that analyzed RR interval standard 

deviation (SDRR), mean RR interval (RRi), coefficient of 

variation (CV), SD of SD (SDSD), NN50/20, RR intervals 

differing more than 50 ms (NN50), percentage value 

of NN50 intervals (PNN50), NN20 represents the RR 

intervals differing more than 20 ms (NN20), percentage 

value of NN20 intervals (PNN20). Regarding the 

analysis of the frequency domain, the studies compared 

high-frequency power (HF), low-frequency power (LF), 

LFnu, HFnu, total-frequency power (TP), sympathovagal 

balance (LF/HF) and VLF.
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Figure 1 – Shows de flow diagram of the researched literature.

Table 1 – Variables in volunteers’ and protocol of exercise training

Study Age Sex Exercise Intensity Duration Frequency Period

Audette et.al. 
(2006)

≥ 65 female walking 50-70% of HR 15 min of warm-up,                     
40 min of walking and               

5 min of cool down

3x week 12 weeks

Jurca et.al. 
(2004)

56 ± 6 female treadmill and a 
recumbent leg 

ergometer

50% of VO2max 165 min per week 3-4x week 8 weeks

Schuit et.al.                 
(1999)

66.2 ± 4.2 female and 
male

walking, jogging, 
cycling, and rowing

60-70% of HR 45 to 60 min 5x week 24 weeks

Karavirta et.al.
(2013)

40 a 65 female bicycle ergometer -- 90 min 2x week 21 weeks

Monahan et.al.
(2000)

57 a 79 male walking 65-80% of HRR 40-50 min 5-7x week 12 weeks

Shen and Wen
(2013)

58.48 ± 0.53 female step-aerobics 75-85% HR 35-40 min 3x week 10 weeks

Wanderley et.al.
(2013)

≥ 60 male and 
female

walking, step  
aerobics and dancing

70-80% of HR 
Reserve

10 min warm-up, 30 min 
aerobic, 10 min of cool 

down

7x week 32 weeks

HR: heart rate; HRR: heart rate reserve.
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Table 2 – Effect of variables in RR interval after training

Study Sample
Domain Results

Time Frequency Time Frequency

Audette et.al. 
(2006)

CG n = 8
EG n = 8

-- LF/LFnu, HF/HFnu, TP, 
LF/HF

-- ↔LF/LFnu, ↔HF/
HFnu, ↔TP, ↔LF/HF

Jurca et.al. 
(2004)

CG = 39 
EG = 49

SDNN, rMSSD LF/LFnu, HF/HFnu, TP ↑SDNN
↑rMSSD

↑LF
↑HF
↑TP

Schuit et.al.
(1999)

CG = 16
EG = 16 

SDNN, rMSSD LF, HF, VLF ↑SDNN ↔rMSSD ↑LF
↔HF
↑VLF

Karavirta 
et.al. (2013)

CG n = 17
EG n = 26 

SDNN, rMSSD LF/LFnu, HF/HFnu, TP Rest before and after                      
21 weeks. No statistically 
significant changes were 

observed

Rest before and after                
21 weeks. No 

statistically significant 
changes not observed

Monahan 
et.al. (2000)

CG = 15
EG = 16 

Endurance G = 15

SDRR, RRi HF ↑SDRR ↑ RRi ↑HF

Shen and 
Wen (2013)

CG n = 30
EG = 32

RRmean, SDNN, CV, 
NN50, Pnn50, NN20, 
Pnn20, rMSSD, SDSD

LF, HF, TP, VLF, LF/HF ↓RRmean, ↓SDNN, 
↓CV, ↓NN50,↓Pnn50, 

↓NN20,↓Pnn20, ↓rMSSD, 
↓SDSD

↓LF, ↑HF, ↓TP, ↓VLF, 
↓LF/HF

Wanderley 
et.al. (2013)

CG = 10
EG = 20

SDRR HF ↔SDRR ↔HF 

 CG: control group; EG: exercise group; EnduranceG: endurance group; ↔ : no significant; ↓: significant decrease; ↑: significant increase; LF: low 
frequency; VLF: very low frequency component; HF: High frequency component; LF/HF: sympathovagal balance; SDNN: standard deviation of normal 
to normal intervals; SD: standard deviation; TP: total power; CV: coefficient of variation; NN50 and NN20: number of consecutive RR intervals; Pnn50 
and Pnn20: percentage value of NN50 intervals; rMSSD: root mean squared standard deviation; SD of SD (SDSD).

Discussion

The aim of this study was to review studies and 
describe the volume of aerobic exercise training 
necessary to produce modifications in the HRV in elderly 
individuals. Firstly, this systematic review described, 
with the included studies, that AT improves cardiac 
autonomic modulation in healthy elders. In this sense, 
the quantity of exercise to improve HRV was discussed. 
AT increases HRV after 8 weeks,10 but after 10 weeks,11 
12 weeks,12  and 24 weeks13 increases were also observed.

Jurca et al.10 investigated the influence of aerobic 
exercise during 8 weeks, 3-4 days per weeks at 50% 
of VO2max. The exercise training group (n = 46,                                                                                                          
age= 56 ± 6) showed a significant increase in all vagal-

HRV indeces. On the other hand, Shen and Wen showed 
a high effect of AT on HRV, but the exercise training 
protocol was longer (10 weeks) and more intense                      
(75-85% VO2max).

Regarding the weekly volume, we did not find 
studies comparing different weekly volume protocols.                               
The studies reviewed show similar weekly volumes with 
5 days per week and 40-50 minutes per session12 and 
with 5 days per week and 45-60 minutes per session,13 
but the intensity and protocol duration were different 
in those studies. The first study12 was performed with 
higher intensity intervals (65-80% of HRR) and duration 
(12 weeks) than the second study (60 - 70% of HR) and 
a duration of 10 weeks.13 Studies with 10 weeks of AT 
showed a higher increase in HRV, but it is too difficult 
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to compare them to other studies because the intensity 
and exercise type are different. Shen and Wen11 showed 
significant decreases in SDNN (22.4 %), CV (21.4 %), 
NN50 (72.6 %), LF (55.8 %), HF (39.9 %), LFnu (11.2 %), 
and LF/HF (34.5 %) and a significant increase in HFnu 
(40.0 %), CAV (44.4 %) compared to smaller changes 
shown in the study by Jurca et. al.10 rMSSD (25%), SDNN 
(18%), lnPHF (11%), lnPLF (9%), and lnPT (6%), to Schuit 
et al.13 during the day SDNN (6%), pNN50 (16%), LF 
(15%), VLF 10% and to Monahan et al.12  RRi (26%), RRSD 
(103%), InHF (16%).

All studies were consistent when showing that positive 
changes in HRV occurred within a short period of 
exercise and with a relatively modest amount of exercise 
but with greater intensity. With regards to the results of 
greater changes in HRV as shown by the review, there 
are several protocols of exercise intensity in the current 
studies. Monahan12 used 65-80% of HR rest, Shen and 
Wen11 used a little more intensity, 75-85% of HRmax.                                                                                                                      
In fact, the intensity of exercise is an important 
determining factor for HRV adaptations, more so than 
the number of training weeks.

On the other hand, no changes in HRV were observed 
with 12, 32, 21 weeks respectively.14-16 Audette et al.14 
did not perform between-group comparisons because 
baseline values were not consistent. Karavirta et al.15  
found no differences recorded during supine rest; 
however, during steady state exercise, they found 
training-induced changes in HR dynamics, submaximal 
HR significantly decreased, and changes in SDNN, HFP. 
Wanderley16 demonstrated, in the aerobic group, lower 
levels of SBP and DBP after intervention. The fact that no 
changes were observed in HRV were not due to training.

The specific type of exercise is also very important in 
a study by Audette et al.14  who used walking, but it was 
necessary to have more days of training in the week and 
higher intensity to obtain changes in HRV, whereas with 
step- aerobics changes are observed with fewer days in 
the week. The type of exercise influences the intensity of 
effort that the individual will use.

In relation to gender effects, there was a predominance 
of post-menopausal women in the articles, because this 
group shows a decrease in HRV.17 Audette et al.14, Jurca                                                             
et al.10, Earnest et al.17  Karavirta et al.15 and Shen and 
Wen11 probably used women due to the difference in 
gender and the menopausal period, and in other studies, 
the volunteers were both male and female.16,18 There is 
an interest in the postmenopausal period, and thus some 
studies included volunteers who were under 60 years old. 
In the studies by Jurca et al, Conrad et al, Karavirta et al. 

the female participants ranged between 45-75 and 40-65 
years of age. The authors also demonstrated that gender 
can influence neural and hemodynamic responses in several 
situations,19 and other studies support the theory that aerobic 
exercise training can alter neuroregulatory control over the 
heart in both genders.19 AT can increase CBS in sedentary 
middle-age and older men in a 3 month period using the 
type (primarily walking), frequency, and intensity the 
exercise that middle-age and older men are able to perform.3

Other types of exercise were measured on the response 
to isometric exercise in autonomic modulation of the HR, 
but in older men, HR responses or the HRV (in the time 
domain) were not altered during sub-maximal isometric 
exercise.20 Another study demonstrated, with increasing 
loads during a non-continuous resistance exercise protocol, a 
gradual withdrawal of the vagal tone followed by increased 
sympathetic activation. This shows the convergence of 
results of the effect to the other types of exercise. However, 
AT is the most robust exercise type to provoke cardiovascular 
adaptation.  Thus, before we discuss other types of exercise, 
this systematic review can provide key points of quantity 
and quality of aerobic exercise in the improvement of HRV. 
This type of exercise is a powerful instrument proposed as a 
possible antiarrhythmic intervention. The increase in HRV 
is followed by the cardiovascular risk protection proposed 
by exercise.

Conclusion

Most studies included in this review show a change 
in HRV with AT. There are different results, but that 
can attributed to characteristics such as intensity and 
duration of training, since we observed that studies that 
used exercises with higher intensity obtained a more 
consistent improvement in HRV. In elders, we can 
observe changes in HRV with only 8 months of training, 
but there are differences in some works that probably 
lack standardization in exercise protocols.
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Abstract

The objective of this study is to make a review of the 
narrative of coronary artery tortuosity (CAT) approaching 
several situations in clinical practice where tortuosity can 
have a relevant role, and also evaluate if tortuosity can be 
related to the presence of myocardial ischemia in patients 
without coronary obstruction using scientific evidences 
in medical literature. Textbook of applied Physiology in 
Cardiology with study of coronary circulation, theoretical 
articles with studies of Hemodynamics, Fluid and 
Mechanical Dynamic, and experimental articles with 
simulation in computers were used as support to answer 
this last question.

Introduction

Coronary circulation

There are two basic types of coronary vessels: 
conductance and resistance vessels. The epicardial arteries, 
right and left, and its main and major branches that emerge 
in acute angle of relative large caliber work as vessels of 
conductance offering in the diastole minimum resistance 
to the blood flow. The deep perforators that originate in 
a right angle of the epicardial arteries penetrate deeply 
in the myocardial walls and nurture sub endocardial 
layers offering great resistance to the flow mainly in the 
ventricular systole. They are responsible for the coronary 
flow autoregulation maintaining it adequately in broad 
spectrum of the pressure variation and increasing 
the flow in exercising situations mainly through the 

local metabolic regulation. Microcirculation is part of 
the coronary circulation constituted by arterioles and 
capillaries responsible for regulating the oxygen supply 
to the myocardium.

The heart is a highly aerobic organ, but it depends 
almost exclusively on the oxidation of the substrates to 
generate energy which will move it and has almost no 
oxygen reserve. It receives about 5% of cardiac output 
and it is a little perfused organ, but it is the organ that 
has the highest oxygen extraction of the organism.

Taking into consideration Fick’s equation (oxygen 
consumption = coronary flow X arteriovenous difference 
of oxygen), we verified that the physiological determinants 
of the coronary flow are the same that command the 
demand and consumption of oxygen: blood pressure, 
heart rate, ventricular wall tension, dP/dt maximum.

According to Poiseuille’s law, the flow in any vessel 
system is directly proportional to the difference of pressure 
in its extremities, and inversely proportional to the resistance 
of the system, which is in turn proportional to the length of 
the tube, viscosity of the fluid and inversely proportional 
to the fourth power of the radius (most important factor). 
Influences of vasomotility of the autonomous nervous 
system, of drugs, mainly of local autoregulation, determine 
variations in the flow. Due to cyclical pressure and 
variations and myocardium tension, the coronary flow, 
in the systole represents from 25% to 30% of the total, and 
from 70% to 75% in the diastole.

Factors that can affect myocardial consumption of 
oxygen and consequently the coronary flow can be 
divided into 3 groups:

a) Factors that affect consumption (demand): 
intraventricular tension, heart rate, myocardial 
contractile state and electrical activation, and 
cardiac metabolism.
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b) Factors that affect oxygen supply (circulation): 
perfusion pressure (aortic pressure minus left atrial 
pressure), anatomical condition of arterial bed, arterial 
PaO2 and %HbO2, dissociation of O2 from hemoglobin, 
transmyocardial distribution of flow with capillary 
opening and microcirculation alterations.

c) Factors that compromise oxygen supply to the 
myocardium (arterial caliber): neurovegetative 
and humoral action, local regulation (nitric oxide, 
adenosine, pH and PCO2), coronary flow reserve 
and drugs.1

Coronary flow regulation, coronary flow reserve, and 
myocardial ischemia

Regardless of extra-coronary factors, the contraction or 
relaxation of the arteries and arterioles are influenced by 
muscular, neurovegetative, and humoral factors acting 
on vessel walls. There are, at least, four main systems: 
the myogenic control reflects intrinsic property of the 
vascular muscle to react to pressure distension on the 
wall vessel (possibly by channels activated by distension), 
autonomous control with catecholamine, adrenaline, 
and noradrenaline, endothelial control with major 
importance of nitric oxide- a potent vasodilator released 
by mechanical forces of flow friction on the endothelium 
– and the main – the metabolic control by the partial drop 
of the pressure of the local oxygen.

Small partial pressure variation of oxygen (decrease) 
can be sufficient to cause vasodilatation and flow 
increase, balancing the demand and supply until a new 
imbalance occurs.

The mechanism of this active dilatation results from 
a direct effect of hypoxia on coronary artery smooth 
muscle, and/or the increase of metabolic vasodilators by 
the effect of hypoxia in the cells, mainly the adenosine.

The concept of the coronary flow reserve is related to 
the maximum ability of coronary vessels to increase flow 
in response to myocardial demand and this capacity is 
5 times greater in relation to the flow at rest.

When compensation mechanisms are exhausted the 
process of myocardial ischemia occurs, with metabolic 
contractility and electrocardiographic changes in the 
moment that the coronary flow decreases from 40 ml/min.1

Development

Coronary arteries tend to be more tortuous than 
other arteries and accompany repetitive movements 

of flexion and relaxation that occur during the cardiac 
cycle. Intra luminal traction and pressure are two forces 
that try to stretch the vessel and opposing to this there is 
the force of retraction that depends basically of elastin.  
The degeneration of elastin in the coronary wall can occur 
due to pathological processes or related to old age and 
lead to aneurysmal dilatations and to tortuosity.2

Postmortem angiographies of 145 patients without 
coronary obstruction showed that coronary tortuosity 
is positively related to age and negatively related to 
the heart weight in equal importance, and, in a smaller 
degree, positively to the caliber of the vessel.

Moreover coronary tortuosity is positively related 
to arterial hypertension and to the female gender, and 
negatively related to the process of atherosclerosis.3

In Turkey, in 2013, 148 male patients that underwent 
coronariography in a period of three months were 
selected. Exclusion criteria included patients with 
a history of revascularization surgery or coronary 
angioplasty. These patients were divided into two 
groups: with and without coronary tortuosity, and 
the relation between of tortuosity with coronary 
obstruction was studied. A negative correlation between 
the employed tortuosity score and severe obstructive 
coronary disease was found. It was questioned if 
coronary tortuosity could represent a genetic geometric 
factor of protection against obstructive coronary disease 
or a mechanism of coronary remodeling.4

Patients with stable angina and no coronary obstruction, 
but with coronary tortuosity, present an increased calcium 
score in relation to those without tortuosity, suggesting 
an association with subclinical atherosclerosis. A similar 
finding was found in another study that evaluated 
patients with retinal arteries tortuosity, and with coronary 
tortuosity that presented an increase of the mid-intimal 
thickness in the carotids. In this last study, it was verified 
an association with females and individuals of short 
stature. They are more commonly found in the circumflex 
followed by the anterior descending artery and lastly 
right coronary.5 The latter can be described as S or C 
shaped and the S shape presents less frequent obstructive 
atherosclerotic disease.6,7

A statistical analysis of an angiographic study with 
52 patients in which were selected 32 left coronary 
arteriography with no obstruction, and 35 right coronary 
arteriography with no obstruction showed that, in the left 
coronary, tortuosity was larger in its distal portion and, in 
the right coronary, it was smaller in its middle segment.8
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Figure 1 – Separation of blood flow from the coronary wall in the location of the curve

Pathophysiology

Coronary tortuosity leads to coronary flow alterations 
with reduction of the distal perfusion pressure 
and, lastly, the appearance of myocardial ischemia. 
Decomposition of force vectors with great loss of kinetic 
energy and the presence of curves extend the blood path 
to the myocardium.

There are two causes for this pressure reduction: 
friction, due to shear stress that can be calculated by 
Poiseuille’s law (Efr = 32 nlv/d2, in which n = absolute 
blood viscosity; l = artery length; v = velocity; and 
d = diameter); and the other is the centrifugal effect. 
The curves lead to extra energy loss largely caused by 
blood swirling, which occurs due to the change in flow 
direction in the curve, with separation of the blood flow 
from the coronary wall in the curve location.

Figure 1 shows that in the AB section (part outside the 
curve) there is an increase in pressure, and, in the CD 
section (part inside the curve) there is pressure reduction, 
which creates a swirling area and loss of kinetic energy.2

Studies with computer simulations

Chinese researchers have been delving into this 
theme. A Chinese study by Yang Li et al. with numeric 
simulation evaluated the impact of coronary tortuosity 
on pressure distribution inside coronary circulation. 

They idealized 21 models varying in tortuosity angle and 
quantity, and verified that these two factors influenced 
pressure loss in coronary circulation, and the greater the 
severity of the tortuosity (measured by these two factors), 
the greater the pressure drop, which, in more severe 
cases, may lead to myocardial ischemia.9

The impact of coronary tortuosity on coronary 
circulation was assessed by Xie X et al.10 through the 
computational fluid dynamic technique. They selected 
two models of tortuous anterior descending arteries 
of different patients, and reconstructed the arteries, in 
a three-dimensional model, without the presence of 
tortuosity. After that, simulations of rest and exercise of 
the models were carried out, in appropriate conditions, 
and it was verified that tortuosity has a smaller influence 
on coronary circulation at rest; however, during exercise, 
tortuosity may represent greater resistance to blood 
flow, in such a way that compensatory mechanisms of 
flow adjustment may not be enough to keep an adequate 
flow and lead to myocardial ischemia.10

Xie et al.11,12 conducted a study with three-dimensional 
computational fluid dynamic, in which they selected 
six segments of the anterior descending artery with 
different tortuosity degrees, and evaluated the blood 
flow in situations of rest and exercise in appropriate 
conditions, and verified that tortuosity can increase 
coronary resistance in up to 92% during exercise, 
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causing coronary autoregulation to fail. This study also 
suggests that tortuosity may constitute a risk factor for 
atherosclerosis, since it can lead to the appearance of a 
region with low, wavering shear stress in the internal 
wall of the curve’s descent, when the angle of the curve 
is greater than 120 degrees.11,12 Outro estudo recente 
confirma que a tortuosidade leva a queda da pressão e 
pode levar a déficit de perfusão.13

Prevalence

A retrospective study from 2009 carried out in 
West Virginia with 1221 patients, who had undergone 
catheterization in the previous 8 months, identified 12.45% 
of patients with coronary tortuosity and showed a higher 
occurrence in women and lower incidence of obstructive 
coronary disease, but it did not find predictors of coronary 
tortuosity among the following conditions: systemic 
arterial hypertension, diabetes mellitus, advanced age, 
dyslipidemia, smoking, and family history of obstructive 
coronary disease.14

Another retrospective study carried out at the Zhongda 
Hospital of Southeast University in Nanjing, China, with 
1010 patients who had undergone coronarography due 
to anginal complaints, separated these patients into 
four groups according to the presence or absence of 
coronary tortuosity and presence or absence of coronary 
obstructions, and did a 2 to 4-year follow-up with these 
patients. The prevalence of tortuosity was 39.1% and 
was significantly higher in women and in patients with 
systemic arterial hypertension. It was negatively related 
to the presence of coronary obstructions.5

Age-related alterations

Among the modifications in coronary circulation 
that occur with the aging process, are the increase of 
coronary tortuosity with minimal atherosclerotic lesions, 
calcification and,3,15 at least in animals,16 an imbalance 
between the extension of the capillary network and 
myocyte hypertrophy. Maximum oxygen consumption 
is progressively reduced. In advanced age rats, it has also 
been demonstrated a higher deviation angle of secondary 
branches in relation to the main branch.

Studies with hypertensive individuals

There is a strong correlation between the presence 
of hypertension and coronary tortuosity.17 In 1981, 
Sanchez Torres G. et al.17 studied, in Mexico, a group 

of 46 hypertensive patients, who were divided into 
three subgroups: Group 1 – angina pectoris; Group 2 – 
left ventricular hypertrophy in the electrocardiogram; 
and Group 3 – asymptomatic and without left 
ventricular hypertrophy in the electrocardiogram. 
In the coronarography, Group 1 presented coronary 
obstructions in 28% and tortuosity in 94.8%; Group 
2 presented tortuosity in 74.9%; and Group 3 in 
69.1%. Groups 2 and 3 did not present cases of 
coronary obstruction.18

In 1982, Sanchez Torres G. et al.18 continued to study 
the presence of myocardial ischemia in hypertensive 
patients, this time with patients who met the criteria of 
left ventricular hypertrophy in the electrocardiogram. 
In a group of 70 patients who all underwent ergometric 
test, coronarography, and left ventriculography, and 
10 patients who also underwent a study with myocardial 
scintigraphy, describe "corkscrew tortuosity" in coronary 
angiography (without associated obstructions) in 83.7% 
of patients and suggest that subendocardial ischemia 
may be related to the increase of ventricular mass with 
a lower coronary reserve.19

Relation to ventricular relaxation

An echocardiographic study with 104 patients 
(50 with coronary tortuosity and 54 without) has 
shown that coronary tortuosity is related to the 
worsening of ventricular relaxation20 evaluated by the 
decrease of the E/A relation of the transmitral flow, 
increase of the E-wave deceleration time, increase of 
isovolumetric relaxation time, and greater thickness of 
the interventricular septum and of the left ventricular 
posterior wall.21

Relation to coronary dissection

A known cause of non-atherosclerotic acute coronary 
syndrome is the spontaneous dissection of the coronary 
associated to the presence of fibromuscular dysplasia 
in non-coronary arteries. A case control study with 
246 patients with spontaneous coronary dissection and 
313 control patients without coronary obstructions 
submitted to coronarography showed a significantly 
higher prevalence of tortuosity in patients who had the 
first episode of spontaneous dissection (78% vs 17%, 
p < 0.0001), even though these patients have a low 
prevalence of arterial hypertension (34%). The recurrence 
of spontaneous dissection occurred in tortuous segments in 
80% of cases. The presence of severe tortuosity was related 
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to a higher risk of spontaneous dissection (RR = 3.29, 
confidence interval of 0.99 – 8.29; p = 0.05). The presence 
of tortuosity markers, such as multi-arterial symmetrical 
tortuosity and corkscrew aspect were positively related 
to the presence of extra-coronary vasculopathy such as 
fibromuscular dysplasia (p < 0.05).22

Relation to collateral vessels

Coronary tortuosity and vessel diameter can be 
considered indicative of a coronary artery’s occlusion time 
after acute myocardial infarction, if this vessel originated 
collaterals to the occluded vessel. Thus, identification of a 
tortuous artery may suggest that it functions as a collateral 
channel, and the enlarged vessel caliber suggests how long 
this channel has been used. This is due to the fact that the 
increase in length of the vessel that produces the tortuosity 
is originated from the same mean relaxation stress that 
induces dilatation as a result of blood flow increase.23

Arterial tortuosity syndrome

Cases of coronary tortuosity during childhood, 
including cases of early death, have been described in 
literature and are related to the malformation of the 
artery wall. They compose a poorly defined systemic 
syndrome with prolongation of the arteries, tortuosity 
and thinning of the arterial wall.24-26

A case described in 1969 shows a patient who died 
at 17 months of age due to coronary insufficiency and 
multiple peripheral pulmonary stenosis. Postmortem 
exams showed that pathological alterations were 
restricted to elastic arteries and to the first part of 
muscular arteries. Aortic and pulmonary artery walls 
were thinned and with an increase of elastic fibers. 
Coronary walls were thinned and with a reduction of 
arterial light. Major muscular artery walls presented 
thinning of the intima with elastic fibers hyperplasia 
and degeneration of the internal elastic membrane.27

Hyperextensibility of the skin, hypermobility of 
the joints, and elongated facies have been described 
in some patients, suggesting an alteration in collagen 
or elastin synthesis. Connective tissue diseases such as 
Ehlers-Danlos syndrome, Marfan syndrome, cutis laxa, 
and Menkes disease make a differential diagnsosis with 
the syndrome.28

A case of quadruplets, whose parents were blood 
relatives, with the syndrome, suggests that it is an 
autosomal recessive disease.29

Coronary tortuosity and coronary angioplasty

Coronary tortuosity is a predictor of inaccuracy in 
the evaluation of a lesion’s obstruction degree through 
angiotomography.30-32 Coronary tortuosity is a challenging 
problem during coronary angioplasty, and it is related 
to several complications, such as vessel dissection, stent 
loss, and even acute arterial occlusion.33 Its presence is 
also related to a larger quantity of radiation during the 
procedure,34 and a difficulty to use adjunct methods in 
coronary angioplasty, such as intracoronary ultrasound, 
optical coherence tomography, and fractional flow reserve 
measurement. It is a predictor of failure in thrombus 
aspiration during primary angioplasty and recanalization 
of chronic occlusions.

Adequate preparation of the segment to be treated is 
also a problem due to the difficulty to advance cutting 
balloons and rotablator.35

Several techniques are used to solve this problem, 
such as the use of more delicate catheters (soft delivery 
catheters), quick-cross support catheters (e.g. Guideliner), 
deep guide intubation, and “mother and child” catheter. 
Specific studies to evaluate catheter performance are 
carried out by evaluating tortuosity parameters in specific 
coronary platforms.

Meticulous vessel preparation with pre-dilatation, use 
of short stents with thinner structures, guidewires with 
magnetic navigation systems, use of a second guidewire 
for material progression (“buddy wire technique and 
“crooked buddy technique”), and use of the “over 
the wire”36-41 system are employed. Once the lesion is 
overpassed with the guidewire, it may be difficult to 
recognize the location to implant the stent due to the 
rectification of the tortuous segment and appearance of 
phantom lesions – Concertina effect.42

Relation to myocardial ischemia

Some articles suggest that there is a correlation 
between coronary tortuosity and the presence of 
myocardial ischemia in patients without coronary 
obstructions, although the definition of coronary 
tortuosity is not the same in every article. Thus, Sova SH 
and Lebedieva43 EO demonstrated that 89% of a group 
of patients with angina pain and coronary tortuosity 
presented, in non-invasive exams, a correlation of the 
ischemic area with the irrigation area of the tortuous 
arterial segment, and that 21.7% of patients who 
presented coronary tortuosity were individuals whose 
jobs involved local vibration and industrial noise.
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Figure 2 – Angle of the coronary tortuosity

Chart 1 – Main studies correlating coronary tortuosity to myocardial ischemia

Country Year Study
Complementary 

method

Number of 

patients

Inclusion of 

myocardial bridge

Relation to 

myocardial ischemia

Gaibazzi 
N et al.44

Italy 2011 Retrospective Echocardiogram 96 Yes Yes

LI Y et al.45 China 2012 Prospective
Myocardial 
scintigraphy

48 No Yes

Table 1 shows us two of the most important articles on 
the theme, which used the same definition of coronary 
tortuosity: one or more coronary with, at least, three 
consecutive curvatures with an angle < 90° (Figure 2).

An Italian team retrospectively reviewed a subgroup 
of patients from the study SPAM (stress-echo Parma 
Mestre). In two centers, 400 patients presenting chest pains 
of probable coronary origin were selected. These patients 
underwent stress echocardiogram with dipyridamole, 
and researchers evaluated the degree of contractility 
of left ventricular walls and myocardial perfusion, and 
performed a Doppler study of the left coronary flow 
reserve before patients underwent coronarography.

They then selected 96 patients without coronary 
obstructions and searched for two findings: myocardial 
bridge and coronary tortuosity. The patients were 
divided into two groups: those with perfusion defects 
in the echocardiogram, called false positive (37 patients), 

and those without, called true negatives (59 patients). 
These two groups were compared in relation to clinical 
and demographic variables and angiographic and 
echocardiographic characteristics.

A total of 16 patients with coronary tortuosity and six with 
myocardial bridge were identified. There was no statistically 
significant difference in clinical and demographic variables 
between the two groups. The prevalence of myocardial 
bridge (p < 0.05) and coronary tortuosity (p < 0.001) was 
seven times higher in the false positive group. These patients 
also had more angina crises (p < 0.05).44

The only retrospective study on the theme was done 
by a Chinese team, and included 48 patients with angina 
chest pains who underwent myocardial scintigraphy 
and coronarography, and exclusion criteria included 
individuals with obstructive coronary disease, myocardial 
bridge, coronary spasm, coronary fistula, hypertrophic 
cardiomyopathy, myocarditis, and aortic stenosis.  
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Abstract

Children and adolescents infected by HIV through 
mother-to-child transmission are at high risk of 
developing premature cardiovascular diseases due to 
dyslipidemia, insulin resistance and low-grade chronic 
inflammation. The aim of the pilot study was to verify 
the effect of a playful exercise program on cardiovascular, 
morphological, metabolic, fitness, and quality of life 
outcomes. A non-randomized clinical trial consisting 
of 24 sessions of playful aerobic and resistive exercises 
was applied to 10 children and adolescents living with 
HIV from Florianopolis, Brazil. The following variables 
were obtained before and after the program: fasting 
total cholesterol, HDL-c, LDL-c, triglycerides, glucose, 
C-reactive protein, blood pressure, common carotid 
artery intima-media thickness (CCA-IMT), flexibility, 
muscular endurance, aerobic fitness, anthropometry, 
and measured quality of life. After the intervention, a 
decrease in systolic blood pressure (-6.8 mmHg, 6.6%; 
p = 0.019) and CCA-IMT (-60.0 µm, 12.2%; p = 0.002) 
was observed after 24 sessions. There was an increase in 
upper-limb muscular endurance (+3.3 rep.min-1, 63.5%;                                                                                                                    
p = 0.002), flexibility (+5.7 cm, 26.0%; p = 0.001), and 
quality of life (+10.4 points, 27.5%; p = 0.003). In our sample 
of children and adolescents living with HIV, a short-term 
exercise program was associated with improvement in 
cardiovascular risk, fitness, and quality of life. 

Introduction

Exercise is a non-pharmacological treatment for 

adults living with human immunodeficiency virus 

(HIV), because it can reduce HIV-associated symptoms, 

cardiovascular, morphological, metabolic abnormalities 

and improve fitness, anxiety and depression.1 In children 

and adolescents living with HIV, only one study has 

demonstrated the feasibility, safety and  efficacy of 

aerobic and resistive exercises to improve muscle 

strength and endurance, aerobic fitness and fat free 

mass.2 This is important, since fitness is reduced in 

several pediatric pathological conditions and might be 

associated with premature mortality..3 However, no effect 

on lipids was observed and cardiovascular variables                                

were not analyzed.2 

Although the effect of exercise on the health of children 

and adolescents is evident, the magnitude of the effect 

depends on the intervention characteristics (e.g. intensity 

and volume of sessions) and health status at the baseline 

intervention (e.g. normal values of cardiovascular 

and lipid profiles).4 Since the long-term exposure to 

HIV infection and highly-active antiretroviral therapy 

(HAART) are associated with dyslipidemia, insulin 

resistance and low-grade inflammation that increase 

the risk of cardiovascular diseases,5-7exercise could 

mitigate unfavorable conditions of HIV-infected children.                  

This study reports preliminary data on the effect of a 

short-term playful exercise program on cardiometabolic 

risk factors, our primary outcome. Fitness and quality of 

life were also tested as our secondary outcomes.
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Methods

Study design and patient population

This was a non-randomized clinical trial that evaluated 
a sample of children and adolescents before and after 
8 weeks of aerobic and resistive exercises, conducted 
in the second half of 2008 at the Rehabilitation Center 
in Florianopolis, Brazil. This pilot study was carried 
out with 10 children and adolescents infected by HIV-
through mother-to-child transmission and follow at a 
reference hospital for the treatment of pediatric HIV 
infection. Before inclusion, the patients were evaluated 
regarding the risk of exercise. The study was approved 
by the Ethics Committee of the Hospital (063/2007).

Intervention

The program consisted of 24 exercise sessions, with 
each session lasting 90 minutes. There was a gradual 
increase in the duration of aerobic and muscle resistive 
exercises from 40 to 60 minutes (every two weeks).                          
A 48-hour interval was used between sessions for 
recovery. Each session consisted of warm-up/stretching 
(15 min), playful aerobic and muscle-resistance activities, 
such as dancing, and recreational and pre-sports                   
games (40-60 minutes), and cool-down (10 min).                                                                                  
Playful activities appropriate for the patients’ ages were 
selected. Most activities were organized in a circuit 
system to permit the session to be more dynamic.                                          
The intensity of each session was monitored with a heart 
rate monitor, thus permitting to determine the exercise 
time in the previously calculated target zone as 50-85% 
of the heart rate reserve.8

Outcomes

Fasting serum total cholesterol, triglycerides, high-
density (HDL-c) and low-density (LDL-c) lipoprotein 
cholesterol, glucose and ultrasensitive C-reactive protein 
were assayed using standard procedures.5 Blood pressure 
and resting heart rate were measured as previously 
described.5 Intima-media thickness of the right common 
carotid artery (CCA-IMT) was measured using the Vivid 
i system (GE, Horten, Norway) with a 12.5-MHz linear 
transducer. The three best images of the carotid bulb 
segment close to the bifurcation were analyzed.5 

Fitness was assessed by the Fitnessgram®.9 Flexibility 
was evaluated by the sit-and-reach test. Muscular endurance 
was assessed by the abdominal curl-up test and flexed 

arm hang test. Aerobic fitness was measured in a 
submaximal exercise test performed on a treadmill 
and the peak oxygen consumption was estimated.10 
Anthropometric measurements were performed 
using standard procedures.11 Body mass index, trunk-
extremity skinfold ratio, and upper arm muscle area 
were calculated. Quality of life was evaluated using the 
“Autoquestionnaire Qualité de vie Enfant Imagé”.12

Statistical analysis

The Shapiro-Wilk test was used to verify Gaussian 
distribution. Descriptive analyses were presented 
as mean and standard deviation for data before and 
after the intervention. The after – before intervention 
differences (Δº) were calculated to describe effects. 
Paired Student t-test and Mann–Whitney U test were 
performed, adopting a p-value ≤ 0.05 in two-tailed 
analyses. Statistical analyses were performed using the 
STATA 11.0 (Stata Corporation, College Station, TX, 
USA) and GraphPad Prism 5.0 (GraphPad Software, Inc.,                           
San Diego, CA, USA) packages.

Results

The sample included nine girls and one boy aged 
13.0 years (interquartile range [IQR]= 11.5 to 15.5 years); 
4/10 participants were white and 6/10 were in moderate 
to severe stages of HIV infection. Half the participants 
used protease inhibitors, 8/10 used nucleoside reverse 
transcriptase inhibitors (NRTIs) and non-nucleoside 
reverse transcriptase inhibitors (NNRTIs), and 2/10 were 
undergoing HAART. The median CD4+ T-lymphocyte 
count was 722.0 cells.ml-1 (IQR= 647.5 and 914.2)                             
and the median viral load was 17,750 copies.ml-1                                                                                                
(IQR= 368 and 26.000). Eight of the 10 subjects were 
pubertal, one was prepubertal, and the other was post-
pubertal. Figure 1 shows the time spent in the target heart 
rate zone (50-85%) during each session.

Table 1 shows the changes in outcomes after 
the exercise program. A decrease was observed 
in systolic blood pressure (6.6%) and CCA-IMT 
(12.2%), as well as an increase in muscular endurance 
(63.5%), flexibility (26.0%) and quality of life (27.5%).                                                          
The CD4+ T-lymphocyte count and viral load remained 
unchanged after the intervention. No dropout from                   
the exercise program or intercurrence during the 
program was observed.
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Discussion

This study demonstrated a positive effect of                                        
24 sessions of a playful exercise program on systolic 
blood pressure, CCA-IMT, upper limb muscular 
endurance, flexibility, and quality of life in children 
and adolescents living with HIV. To the best of our 
knowledge, this is the first study demonstrating changes 
in endothelial structure after an exercise intervention 
program. Although preliminary, these results highlight 
the importance of exercise as a non-pharmacological 
therapy for children and adolescents living with HIV.

CCA-IMT is a surrogate endpoint measure of 
atherosclerosis and has been shown to be increased in 
several studies on pediatric HIV. 5-7 Increased CCA-IMT 
has been associated with elevated high blood pressure 
and C-reactive protein,7 insulin and glycosylated 
hemoglobin levels,6 severe symptoms of HIV 
infection and use of protease inhibitors,13 long-term 
exposure to HAART,14-16 increased suprailiac skinfold, 
stavudine use, and low CD4+ T-lymphocyte count.5,15,17                                                                                                      
Although we found no changes in traditional 
cardiovascular risk factors after the intervention, except 
for a reduction in systolic blood pressure, the decrease in 
CCA-IMT suggests regression of atherosclerotic plaque 
formation. Prospective observational studies have 

demonstrated an association between reduced carotid 
and aortic IMT and increased leisure physical activity18 
and aerobic fitness,19 respectively, in healthy Finnish 
adolescents. Our data corroborate the findings of an 
intervention study involving obese children, in which 
a reduction in CCA-IMT was observed after 12 weeks 
of exercise, even in the absence of significant changes in 
C-reactive protein or triglyceride levels.20 

The reduction in CCA-IMT after exercise may 
be explained by hemodynamic, antioxidant and 
antiatherogenic mechanisms (e.g., altered physical 
strength, upregulation of vascular eNOS and                                         
superoxide dismutase expression, downregulation 
of P-selectin, V-CAM and MCP-1 expression), as most 
of these changes occur after 4 weeks of training.21                                                                             
Likewise, we hypothesize that regression of IMT occurred 
rapidly due to the plasticity of the cardiovascular tissue 
during the pubertal period, to hypoactivity as seen 
in chronic diseases,3 or to a “less favorable scenario” 
such as pediatric HIV infection. Moreover, the decrease 
in systolic blood pressure observed in our sample 
represents the attenuation of a cardiovascular risk 
factor associated with CCA-IMT.18 We observed a 
decrease of 13% of HDL-cholesterol; however, the time 
of observation in the study was very short to verify a 
benefit from exercise.
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Table 1 – Cardiometabolic, fitness and quality of life outcomes in children and adolescents living with HIV submitted to 
the exercise program (n = 10)

Outcomes Pre- Intervention Post- Intervention Δ° p value
Mean (standard deviation)

Morphological

Weight (kg) 43.8 (12.9) 44.3 (12.8) +0.5 0.070 a

BMI (kg.est-2) 18.9 (3.2) 19.0 (3.2) +0.1 0.267 a

Tricipital SF (mm) 11.6 (4.7) 12.2 (5.6) +0.7 0.142 a

Subscapular SF (mm) 11.2 (10.6) 11.3 (10.3) +0.1 0.918 b

Bicipital SF (mm) 4.8 (2.4) 5.5 (3.5) +0.7 0.307 a

Suprailiac SF (mm) 20.8 (12.3) 20.9 (11.3) +0.9 0.933 a

ΣSF (mm) 48.4 (26.4) 50.0 (27.3) +1.6 0.292 a

Abdominal circumference (cm) 62.0 (21.4) 68.2 (9.9) +6.2 0.878 b

TER (s/u) 1.84 (0.7) 1.78 (0.7) -0.06 0.646 b

UAMA (cm2) 28.3 (9.4) 28.2 (8.0) -0.1 0.910 a

Metabolic and inflammatory

Total cholesterol (mg.dL-1) 164.1 (22.1) 162.3 (28.8) -1.8 0.822 a

Triglycerides (mg.dL-1) 137.3 (46.7) 141.5 (45.3) +4.2 0.641 a

HDL-c (mg.dL-1) 53.6 (9.3) 46.6 (9.7) -7.0 0.019 a

LDL-c (mg.dL-1) 83.0 (13.7) 87.6 (22.8) +4.6 0.445 a

VLDL (mg.dL-1) 27.5 (9.3) 28.3 (9.0) +0.8 0.641 a

Glucose (mg.dL-1) 80.4 (8.5) 83.9 (8.9) +3.5 0.260 b

C-reactive protein (mg.L-1) 3.5 (6.9) 2.7 (3.2) -0.8 0.444 b

Cardiovascular

Systolic BP (mmHg) 102.6 (10.8) 95.8 (10.8) -6.8 0.002 b

Diastolic BP (mmHg) 62.2 (8.9) 58.8 (6.7) -3.4 0.120 a

HRresting (bpm) 77.2 (15.1) 72.1 (19.6) -5.1 0.427 a

CCA-IMT (µm) 493.2 (20.8) 432.3 (60.5) -60.0 0.005 b

Fitness

MEupper limbs (rep.min-1) 5.2 (3.4) 8.5 (3.6) +3.3 0.002 a

MEabdomen (rep.min-1) 21.4 (10.8) 25.8 (9.6) +4.4 0.137 a

Flexibility (cm) 21.9 (9.8) 27.6 (11.7) +5.7 0.001 a

Estimated VO2 peak (ml.kg-1.min-1) 41.9 (11.3) 41.2 (12.5) +0.3 0.508 b

Quality of Life

Quality of life score (score) 37.80 (14.2) 48.20 (11.4) +10.4 0.003 a

BMI: body mass index; SF: skinfold; TER: trunk-extremity ratio; UAMA: upper arm muscle area; HDL-c: high-density lipoprotein cholesterol;                         
LDL-c: low-density lipoprotein cholesterol; VLDL: very-low-density lipoprotein cholesterol; BP: blood pressure; HR: heart rate; CCA-IMT: common 
carotid artery intima-media thickness; ME: muscular endurance; VO2 peak: peak oxygen consumption. a paired Student’s T test; b Mann Whitney U test.
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Satisfactory levels of muscular endurance and 
flexibility are important because they reflect the functional 
capacity of the organism. In contrast, low levels of fitness 
may restrict the participation in sports and daily physical 
activities, as a result of real or perceived limitations 
and are even predictive of morbidity and mortality.3                           
Thus, the pathological state may cause hypoactivity, 
which reduces fitness and functional capacity, leading 
to further hypoactivity.3 In agreement with Miller                           
et al.,2 our data showed that exercises are effective in 
increasing the levels of upper limb muscular endurance 
and flexibility of the lumbar spine and hamstring 
muscles. In the context of pediatric HIV, there is a need 
for interventions designed to improve fitness due to 
poor aerobic capacity,22,23 flexibility,23 anaerobic power,24 
agility and lower limb strength.23

Exercise interventions can also improve quality of life 
in HIV-infected individuals. This was evidenced in our 
study and corroborates other investigations involving 
adults living with HIV.1 Interventions should include 
playful and fun activities and satisfy the priorities of 
childhood and adolescence. For example, children 
need to focus on the development of motor skills, while 
adolescents can explore health, fitness, and physical 
activity behavioral components. 

Conclusions

Based on our preliminarily data, we conclude that 
24 sessions of aerobic and resistive exercises were 

successful to reduce blood pressure and CCA-IMT and 
to improve muscular endurance, flexibility and quality 
of life in children and adolescents living with HIV. 
Subsequent studies with larger samples using long-term 
interventions are necessary to support our findings and 
could also explore the effects of exercise on metabolic 
and inflammatory biomarkers.
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Introduction

Calcification of the mitral annulus (CMA) is defined 
as a chronic degeneration of the mitral annulus fibrous 
involving mainly the posterior annulus.1 It is a common 
condition in the elderly, especially in women, and is 
associated with hypertension.2 Caseous necrosis of the 
mitral valve (CNMV) is a rare and less known CMA 
variant with a prevalence of 0.64%, which can reach up 
to 2.7% in autopsy studies of patients with CMA.1-3

On echocardiography, CNMV appears as a large 
rounded or semilunar echodense mass, with a liquid 
filling and central echolucency, similar to a periannular 
tumor.4,5 The mechanism of liquefaction and caseification 
are still not well understood, but it is believed to occur 
due to changes in calcium metabolism.1

Case Report

A 66-year-old female patient with a history of hypertension 
and chronic renal disease with an atrophic right kidney was 
referred to the emergency department of our institution 
after presenting a left atrial tumor mass with atypical 
characteristics, evidenced on echocardiography at another 
institution. She reported on the occasion a retrosternal 
and epigastric pressure-type pain associated with gastric 
fullness, without relation to physical effort, variable duration 
from minutes to hours, and without other associated 
symptoms. She also presented dyspnea on exertion.

The pat ient  was  hospi ta l ized to  undergo 
complementary tests and for a possible surgical 
intervention. The electrocardiogram showed a sinus 
rhythm and presented criteria for left ventricular 
overload. Transthoracic echocardiography showed an 
enlarged left atrium (46 mm) with an indexed volume 
of 63 mL/m2, moderate concentric left ventricular 
hypertrophy, a 76% left ventricular ejection fraction, mild 
tricuspid insufficiency, thickened aortic valve without a 
significant gradient, and a sessile heterogeneous image 
with areas of calcification adhered to the ventricular face 
of the posterior leaflet of the mitral valve, restricting its 
mobility and opening, measuring 25 x 18 mm and causing 
mild reflux, with a valvular area of 1.9 cm2 (pressure 
half-time [PHT]) and a maximum transvalvular gradient 
of up to 12 and a mean of 4.

A magnetic resonance imaging of the heart (Figure 1) 
showed dilatation of the left atrium, mitral insufficiency, 
concentric and asymmetric left ventricular hypertrophy 
predominantly in the septum, measuring up to 23 mm 
in the middle and basal regions, and a cystic mass with 
well-defined borders adhered to the posterior leaflet of 
the mitral valve, with a heterogeneous content and a halo 
on late enhancement.

Coronary computed tomographic angiography 
(Figure 2) revealed no significant coronary obstructions 
and identified a well-delineated mass in the inferolateral 
portion of the mitral annulus, with regular borders 
and a fibrotic thin layer with high-intensity interior 
attenuation and focal coarse calcifications measuring 
17 x 26 x 22 mm in the anteroposterior, transversal, and 
longitudinal axis, respectively.

Considering the association of the finding of important 
calcifications and the cystic image seen on noninvasive 
tests, the diagnosis of CNMV was established.
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Figure 1 – Cardiac magnetic resonance. A) Apical four-chamber view; B) Apical three-chamber view.

Figure 2 – Cardiac computed tomography. A) Two-chamber view; B) Four-chamber view; C) Calcium score.
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Since the patient was oligosymptomatic and had a 

mild mitral insufficiency, valvular intervention was not 

recommended at the time of diagnosis. The patient did not 

present any suggestive manifestations of previous embolism 

and no further investigation was conducted. At the moment 

of this publication, she remains on clinical treatment receiving 

medications for her comorbidities, without anticoagulation, 

and following up regularly on an outpatient basis.
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Discussion

The most common presentation of CNMV is as 
an intracardiac mass, and its diagnosis is incidental. 
When clinical manifestation occurs, it is usually with 
palpitations and dyspnea, and rarely with syncope due 
to atrioventricular blockade. These patients may present 
several other clinical findings related to the valvular 
lesion, with stenosis or insufficiency and, eventually, 
findings of systemic embolism.1,2,5

Harpaz et al.5 evaluated a series of 19 patients of whom 
18 had isolated involvement of the posterior leaflet of the 
mitral annulus and one presented associated involvement 
of the anterior and posterior leaflets. In the same series, 
these authors observed that five patients (23%) presented 
some type of cerebrovascular event and only three 
patients underwent mitral valve replacement, while 
84% of them were treated conservatively during a mean 
follow-up of 3.8 years.5 Several other cases of CNMV 
presenting as a stroke have already been described in 
the literature, demonstrating the importance of such type 
of event in this population.6-8 The mechanisms for the 
occurrence of stroke are unclear; it is unknown whether 
they occur due to their association with atherosclerosis, 
age and other risk factors related to the patients, or 
embolization of fragments of the mass.6

The differential diagnoses include intracardiac tumors, 
especially atrial myxoma, thrombosis of the coronary 
sinus, circumflex artery anomalies, and vegetations and 
abscesses of the mitral annulus.1,9,10 Multiple modalities 
of cardiovascular imaging should be used to differentiate 
between the various lesions and, in these cases, are 
capable of establishing a definitive diagnosis without 
requiring pathological analysis of the mass, eliminating 
invasive surgical procedures.9,10 Follow-up after diagnostic 
definition may be performed only with echocardiography 
at the discretion of the attending physician.10

CNMV is a dynamic process that, in some cases, may 
resolve spontaneously and even recur after surgically 
excised, depending on the valvular degeneration. 
Surgery is recommended upon dysfunction of the mitral 
valve with important stenosis or insufficiency, embolic 
events or when other types of tumors cannot be excluded 
regardless of the imaging method used.1 Anticoagulation 
may be prescribed in cases of embolic events, but no 
consensus has been established in this regard.8

Even though CNMV is a rare condition, it is important 
for cardiologists performing imaging tests to be familiar 
with this diagnosis, in order to avoid confusion with other 
masses or abscesses, thus preventing unnecessary surgery.1
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Introduction

Marfan syndrome (MFS) is an autosomal dominant 
hereditary disease mainly caused by mutations in 
the fibrillin-1 (FBN1) gene. It is characterized by the 
occurrence of thoracic aortic aneurysm and/or dissection, 
ectopia lentis, and systemic abnormalities.1

The highest risk of death associated with the 
syndrome is attributed to cardiovascular abnormalities, 
in particular, progressive aortic root aneurysm, leading 
to aortic dissection and rupture if not corrected 
surgically.2 The clinical diagnosis of MFS may be 
established by the revised Ghent nosology,3 although 
this can be challenging, since many characteristics of this 
disease are dependent on the age of the patient, while 
others are frequently seen in the general population, 
with substantial phenotypic variability. In addition, 
MFS has considerable overlap with other connective 
tissue diseases.2,4

Even though MFS is a rare condition (1:5,000),1 its 
prevalence is speculated to be much higher among 
individuals participating in sports, especially those sports 
in which tall stature and long limbs are advantageous. 
One such example is volleyball,5 which is classified as a 
moderate dynamic and low static sport.6

Studies on the practice of competitive sports by 
individuals with borderline or evident aortic root 
dilation are limited. Therefore, it becomes necessary to 
evaluate the differential diagnosis of MFS or any evident 
systemic disease.

In this context, the present study describes the case 
of a volleyball athlete with a possible diagnosis of MFS. 

The athlete and his guardian signed both agreement and 
informed consent forms. The research was approved by 
the Research Ethics Committee at Universidade do Estado 
de Santa Catarina (UDESC).

Case Report

We report the case of a 16-year-old black male athlete 
with a height of 2.08 meters and weighing 80.9 kg. 
He was summoned to the Brazilian National Junior 
Volleyball Team in October 2013. During pre-joining 
assessment procedures, the patient was asymptomatic. 
He underwent clinical examination, ophthalmologic 
evaluation by a specialist, electrocardiography at rest, 
cardiopulmonary testing, and laboratory analysis, which 
showed no significant findings. While undergoing 
unidimensional and bidimensional echocardiography 
with color Doppler, a 45-mm diameter dilatation was 
observed on the thoracic ascendant aorta involving 
the sinuses of Valsalva. The athlete was removed from 
practice and underwent magnetic resonance angiography 
of the thoracic aorta, which evidenced a dilatation at the 
valvular plane with maximum diameters measured at 
this topography of 48 X 46 mm.

Based on the findings described above and the 
international literature, particularly the 36th Bethesda 
Conference, which contraindicates volleyball practice 
by individuals with ectasia at this level greater than 
40 mm, the medical team recommended the athlete 
to be removed from practicing the sport. The patient 
was born with 3.8 kg and 51 cm, and his parents had 
normal height and weight. His family medical history 
was negative for MFS or sudden death, and he had no 
cognitive or sociability problems, showing excellent 
motor coordination and exercising with great ability 
the tasks of middle hitter, libero, and outside hitter 
in volleyball.
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Table 1 – Patient characteristics and echocardiographic results

Characteristics

Age (years) 16.5 17

Height (m) 2.08 2.10

Weight (kg) 84 85

1st Echocardiogram 2nd Echocardiogram

Dimensions of the cardiac structure

Aorta (cm) 4.5 4.7

Left Atrium (cm) 3.4 3.6

Right Ventricle (cm) 2.8 2.7

Interventricular Septum (cm) 1.1 1

Left Ventricular Posterior Wall (cm) 1.1 1

Left Ventricular Diastolic Diameter (cm) 5.9 5.7

Left Ventricular Systolic Diameter (cm) 3.7 4.1

Left Ventricular Ejection Fraction (%) 66.4 55

Aortic Diameter z score 2.52 2.43

Six months after being summoned, his height was 
2.10 m, and his weight was 85.5 kg. He continued to 
participate in volleyball training at his base team, but 
remained out from the Brazilian National Team. On April 
2014, the athlete underwent a new echocardiography, in 
which no significant increase in the aortic dimensions 
was observed (Table 1).

His aortic diameter z score was > 2 standard deviations 
(SD) of the mean for his body surface area (2.43 m2).  
An aortic root diameter greater than 2 SD, in addition 
to a positive genetic test or ectopia lentis, confirms the 
diagnosis of MFS regardless of systemic criteria. However, 
an ophthalmologic evaluation, conducted by a specialist, 
demonstrated that the patient’s lenses were typical and 
within normal parameters, without any shape abnormality. 
A genetic test to investigate MFS was not performed, but 
the athlete had no family history of the syndrome, therefore, 
did not reach the score to confirm MFS.

The occurrence of MFS signs was assessed with the 
revised Ghent nosology, which totaled only 2 points (skin 
striae, as well as reduced upper segment/lower segment 
ratio and increased arm span/height and absence of 
severe scoliosis), as shown in Table 2.

Discussion

The uncertainty regarding the diagnosis of MFS 
in this athlete was due to the fact that although his 
aortic diameter z score was 2 SDs above the mean 
for his body surface area, his phenotypic expression 
was incomplete on physical exam. In order to confirm 
the diagnosis of MFS, the systemic score must be ≥ 7.  
It is well established in the literature that the main 
concern in individuals with MFS is their increased risk 
of death due to aortic dissection.7

In this context, the recommendations of the 36th Bethesda 
Conference are used to regulate the participation of athletes 
in competitions and establish that individuals with aortic 
diameters ≥ 4.0 cm or > 2 SD of the mean for body surface 
area should only participate in low-to-medium intensity 
athletic competitions. However, these cutoff values are 
derived from the general population.

The European Society of Cardiology (ESC) 
recommends removal from all competitive sports of 
those athletes with a definitive diagnosis of MFS (by 
phenotypic identification and/or genetic test), regardless 
of aortic root dimensions. On the other hand, when this 
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diagnosis is uncertain due to incomplete phenotypic 
expression in young athletes, and/or ineffective or 
negative genetic testing, the ESC allows the athlete to 
continue participating in sports, provided they undergo 
a periodic clinical reassessment.

According to the guidelines of the Brazilian Society 
of Cardiology and Brazilian Society of Sports Medicine, 
individuals with a complete MFS phenotype may 
participate in low-to-moderate dynamic and low static 
sports, and should be assessed by echocardiography 
every 6 months, provided they do not present the 
following conditions: dilation of the aortic root greater 
than 2 SDs, moderate to severe mitral regurgitation, and 
family history of aortic dissection or sudden death.8

Due to the characteristics presented by the athlete 
in this report, MASS phenotype was included in 
his differential diagnosis. This phenotype includes 
involvement of the skeletal muscle, striae atrophica, 

Table 2 – Systemic scores for Marfan syndrome presented by the athlete

Characteristics Points

Wrist and thumb sign*,**

Pectus carinatum

or pectus excavatum or chest asymmetry

Hindfoot deformity

or plain pes planus

Pneumothorax

Dural ectasia

Protrusio acetabuli

Reduced upper segment/lower segment ratio and increased arm span/height and absence of severe scoliosis 1

Scoliosis or thoracolumbar kyphosis

Reduced elbow extension 

Facial features (three out of five)***

Skin striae 1

Myopia > 3 diopters

Mitral valve prolapse

Total 2

*Wrist sign: This signal is positive when one hand wraps the contralateral wrist and the tip of the thumb of the hand covers the distal phalanx of the 5th 
finger in the same hand. **Thumb sign: positive when during thumb adduction transversely across the hand, the distal phalanx of the thumb protrudes 
beyond the ulnar border. ***Facial characteristics: includes dolichocephaly, enophthalmos, downslanting palpebral fissures, malar hypoplasia, retrognathia.

borderline but nonprogressive aortic dilatation, and 
mitral valve prolapse. Only the latter was not observed in 
the athlete. However, the MASS phenotype only applies 
if the aortic diameter z score is < 2, the systemic score is 
≥ 5, and the patient is at least 20 years old.3 The adolescent 
in the present study did not fit these criteria.

A cohort study by Joundeau et al.9 including individuals 
with confirmed MFS concluded that the risk of sudden 
death or aortic dissection is low in individuals with aortic 
diameter between 4.5 and 4.9 cm. For these authors, the 
diameter of 5 cm was deemed a reasonable threshold for 
prophylactic surgery.

In addition to the aortic dilation, an aortic growth at a 
rate greater than 0.5 cm per year is considered a concern 
in terms of dissection.2

In order to determine the importance and prevalence 
of aortic root dilatation in competition athletes, 
Peliccia et al.10 evaluated 2,317 Italian athletes 
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without cardiovascular disease, including men and 
women participating in Olympic Games and world 
championships, and competitors in different sports at 
national and regional levels. The authors found that the 
99th percentile value for the aortic root diameter was 
40 mm in men and 34 mm in women. Overall, 17 male 
athletes showed larger aortic diameters than the set 
threshold, including young athletes practicing rowing, 
basketball or volleyball who were tall and had a large 
body surface area, but none satisfied the revised Ghent 
criteria for the diagnosis of MFS. They were allowed to 
practice sports and were followed up every 6 months.  
A significant increase in the size of the aorta was 
observed, which in two of these athletes exceeded 5 cm. 
However, they had no cardiovascular complications, 
remained without any Ghent criterion, and had a 
negative test for genetic FBN1 mutations.

Conclusion

Changes in the aortic diameter pattern should be 
taken into account the individual’s body surface area 
and progressive aortic dilation.

There is a paucity of information on the practice 
of competitive sports by individuals with borderline 
or obvious aortic root dilation but without diagnostic 
criteria for MFS or any evident systemic disease.

The athlete in this report had a possible differential 
diagnosis of MFS that could be confirmed after periodic 

evaluations over time. It is important to highlight that 
trainers in sports in which tall stature is advantageous 
and, thus common, should become acquainted with 
MFS, in order to identify through known signs potential 
athletes who have the disease and help them seek 
appropriate guidance.
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