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AbstractAbstract
Background: Rheumatic Fever (RF) is an immunological disorder related to exposure 

to group a streptococcus and rheumatic heart disease is an important cause of valveto group a streptococcus and rheumatic heart disease is an important cause of valve 
replacement. Bioprosthetic valves tend to degenerate faster in rheumatic patients, presumably 
due to immune mechanisms.

Objectives: The study sought to assess whether classic risk factors for cardiovascular 
disease are related to Early Valve Degeneration (EVD) in patients with RF.y g ( ) p

Design:Design: Case control studyCase-control study.

Methods: Patients with RF and EVD or Late Valve Degeneration (LVD) were selected. The 
cutoff point was 9 years for a second valve surgery. Data regarding cardiovascular risk of the p y g y g gcutoff point was 9 years for a second valve surgery Data regarding cardiovascular risk of the
two groups were obtained and compared. A data imputation analysis was used to deal with 
missing data.

Results: Twenty valves were included in the primary outcome analysis and 33 were used
for data imputation. The mean age for the fi rst valve replacement was 40.6 (±6.2) years for p g p ( ) y
the EVD group and 31.1 (±12.3) years for the LVD group, (p = 0.03( ), which remained signifi cant
after data imputation. For blood pressure, there was a non-statistically signifi cant trend 
towards higher diastolic pressure in patients with EVD in relation to LVD (86.8 (±7.2) and 79 towards higher diastolic pressure in patients with EVD in relation to LVD (86 8 (±7 2) and 79
(±10.9) mmHg, respectively, p = 0.08), which after data imputation was statistically higher 
than that of the LVD group (88 [85.4-88.8] and 77 [73-84.5] mmHg, respectively, p = 0.001). 
Lipid profi le was also worse on the EVD group.

How to cite this article: Monteiro GP, Ramos CC, Broekman LA, Araujo AC, de Souza JM. Risk Factors for Early Bioprosthetic Heart Valve 

Degeneration in Patients with Rheumatic Fever. J Biomed Res Environ Sci. 2024 Jan 17; 5(1): 044-051. doi: 10.37871/jbres1870, Article 

ID: JBRES1870, Available at: https://www.jelsciences.com/articles/jbres1870.pdf

Conclusions: The data suggest that EVD may result more from aging and cardiovascular 
factors than from immunological mechanisms suggesting stricter targets for cardiovascularfactors than from immunological mechanisms, suggesting stricter targets for cardiovascular g gg g g
disease in these patients.

Introduction
Rheumatic Fever (RF) is an immune disorder related to repetitive

Group A Streptococcal (GAS) exposure. Among its chronic manifestations, Group A Streptococcal (GAS) exposure. Among its chronic manifestations, 
rheumatic heart disease (RHD) is the most relevant, because it is an
important cause of structural heart disease [1]. Mitral valve disease is the
most common (and mitral valve stenosis is very characteristic of RF),
followed by the aortic valve [2]. The chronic mitral valve insuffi  ciency of 
rheumatic ethology, occasioned by structural modifi cations that results in
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failure of the valve, predominates in the young and is 
an important factor for valve replacement [3]. In the
elderly, the valve calcifi cation associated to aortic
stenosis is the main indication for valve surgery.
Tricuspid insuffi  ciency and stenosis can also require
valve replacement [4]. Because of the relatively young
age of valve replacement surgery, it is important to g p g y, p
investigate intrinsic risk factors when choosing a 
vvalve (biological, mechanical), as well as the organism
of the receiving patient that leads to contention orf th i i ti t th t l d t t ti
aggravation of the prosthesis degeneration.

There is limited evidence for pharmacological
treatment for RHD and the valve replacement is treatment for RHD and the valve replacement is 
still the only defi nite treatment [5,6]. Nowadays,
two major groups of prothesis are available at thetwo major groups of prothesis are available at the
market: the mechanical valve and the biological
(bioprosthesis) valve [7].The choice of which valve will 
be used is individualized for each patient, considering
mainly age and associated comorbidities. Guidelines
recommend bioprosthesis for older patients, usually 
over 70 years old, while the mechanical valves are 
recommended to younger patients, usually below 50 
years old. For patients between 50-70 years old, there 
is no preference [8]. It is known that the mechanical
prosthesis last longer than the bioprosthesis, as there 
is a lower chance of Structural Valve Degeneration 
(SVD), which reduces the necessity of reoperation.
Nonetheless, they lead to an increased risk of 
endocarditis, thromboembolic, and cerebrovascular
events when compared to the bioprosthesis,
requiring permanent anti-coagulation, increasing
the changes of hemorrhages and cerebrovascular
events [6]. Studies by Hamamoto and colleagues
compare the durability of biological prosthesis in 
rheumatic patients and non-rheumatic patients and
the necessity of long-term reoperation [9]. They 
have shown that the bioprosthetic valve survival in p
patients with no RHD were 85%, 76% and 63% in 5, 
10 and 15 years, respectively; meanwhile, for patients 
with RHD, the results were 89%, 46% and 5% in 5, 10ith RHD th lt 89% 46% d 5% i 5 10
and 15 years [9].

That being said, it is plausible that the time frame
for valve replacement can be individualized andfor valve replacement can be individualized and
depends on what kind of prothesis will be chosen, the
age of the patient, their comorbidities and life style. age of the patient, their comorbidities and life style. 
Diseases such as hypertension, diabetes mellitus,
atherosclerosis, dyslipidemia, renal insuffi  ciency and 
cardiac failure are the main conditions that, allegedly,
when controlled, can lead to a better overall survival
and might decrease the need of a valve replacement, 
as such risk factors can precipitate multiple forms 

of early valve damage, as calcifi cations, fi brosis,f l l d l ifi ti fib i
thrombosis or endocarditis [10].

Thus, our study aims to analyze if there is
correlation between classical cardiovascular risk correlation between classical cardiovascular risk
factors and early bioprosthetic degeneration in
patients with RF considering most conditionspatients with RF, considering most conditions
previously mentioned are, in general, avoidable with
interventions other than immune modulationinterventions other than immune modulation.

Materials and Methods
Study design

This case-control study selected RF patients
wwith Early Valve Degeneration (EVD) Or Late Valvewith Early Valve Degeneration (EVD) Or Late Valve
Degeneration (LVD), according to the criteria further
described. Through medical reports and interviews,
data regarding the cardiovascular risk during the fi rst
valve replacement, during the inter-operative period
and during the re-operation period or re-operationand during the re operation period or re operation
indication (for those awaiting surgery still), was
obtained Data were submitted for analysis in orderobtained. Data were submitted for analysis in order
to establish diff erences regarding the risk factors
associated with the degeneration pattern.

Selection

The selected patients were followed at the
outpatient clinic of the Rheumatology division fromoutpatient clinic of the Rheumatology division from
Hospital das Clinicas of Universidade de Sao Paulo,
Brazil. Inclusion criteria were: patients with RF
diagnosed according to Jones criteria revised in 2015
by the American Heart Association [11], both genders,
older than 18 years old, previous valve replacement
for a biological prosthesis due to RHD, and: 1) at
least one re-operation due to biological prosthesisp g p
degeneration; or 2) awaiting in line for heart surgery
due to biological prosthesis degeneration. Patients
who underwent more than one replacement of theh d t th l t f th
bioprosthetic valve were assessed multiple times.

Exclusion criteria were: other autoimmune
diseases, neoplasia at any moment, surgical failurediseases, neoplasia at any moment, surgical failure
during fi rst surgery or during the surgery intended
for this analysis culminating in valve replacementy g p
not due to degeneration but on account of prothesis
dysfunction associated to surgical failure, infectious
endocarditis, or new rheumatic episode well describedd diti h ti i d ll d ib d
during analysis.

Recruited patients were divided in 2 groups: EVD
and LVD, according to the criteria of 9 years untiland LVD, according to the criteria of 9 years until
necessity of new surgery, defi ned by the authors
regarding Hamamoto's study [9]. It was shown
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in the study that the time frame for new surgical
intervention for 50% of the analyzed rheumatic feveri t ti f 50% f th l d h ti f
patients is, approximately, of 9 years.

This study was approved by the Ethics Committee 
d th i f d iti t i d b lland the informed writing consent was signed by all 

patients. The study was conducted in accordance to 
B a a eso ut o 466/ 0 .Brazilian resolution 466/2012.

Clinical and laboratory evaluation 

In a longitudinal observation, all patients had 
their electronic medical reports accessed to gathertheir electronic medical reports accessed to gathertheir electronic medical reports accessed to gather
the following data: age, sex, blood pressure, High-
Density Lipoprotein (HDL), Low-Density Lipoprotein
(LDL), triglycerides, glucose, creatinine and
glycosylated hemoglobin (HbA1c).

By using electronic questionnaire, answered
remotely and in person during outpatient follow ups, 
data such as penicillin use and compliance, ethnicity,
and atherosclerosis history was collected.

Data was collected regarding the variables “age”, Data was collected regarding the variables age , 
“sex”, “ethnicity” and “penicillin use” with reference
to the fi rst surgery — or the surgery concerning the 
analysis, in case the patient in question was submitted
to multiple surgeries.

As for the variables “penicillin use compliance”,
the approximate number of lost applications per year the approximate number of lost applications per year 
wwas obtained according to patient’s report; for “blood
pressure”, the mean Systolic Blood Pressure (SBP)pressure , the mean Systolic Blood Pressure (SBP)
and Diastolic Blood Pressure (DBP) were obtained
according to medical report’s values during the
analyzed period; for laboratory serial values, it was 
used means regarding the period analyzed.

With reference to “atherosclerosis history”, the
dichotomous answer was considered regarding acute dichotomous answer was considered regarding acute 
myocardial infarction, ischemic atherothrombotic
stroke or atherosclerotic peripheral vascular diseasep p
throughout the whole life until the data of analysis. In 
case of doubt about the reported event being caused
by embolic thrombosis or atrial fi brillation, the event b b li th b i t i l fib ill ti th t
was not considered positive.

Statistical Analysis
Data was presented as mean ± standard deviation

k or median and interquartile range The Shapiro Wilkor median and interquartile range. The Shapiro-Wilk
test was applied, verifying the sample’s normality.
The categorical variables were analyzed by the FisherThe categorical variables were analyzed by the Fisher
test or chi-square test. The normally distributed
variables were evaluated by the Student’s t-test and

the not normally distributed by the Mann-Whitney’s
test. The statistical power of the data to detect
diff erences between groups was also calculated for the 
main outcomes [12]. Missing completely at random 
data were input by Expectation-Maximization (EM)
algorithm. p values < .05 were considered statistically 
signifi cant. For the analysis, SPSS software — version 
25 (IBM, Chicago, IL, USA) was utilized.   

Results
Selection of patients

The protocol was applied from September 2021
to February 2022. The application of the inclusion 
criteria allowed the initial selection of 33 patients.
After excluding 6 patients (two due to impossibility of 
contact, one due to death from SARS-CoV-2, one due 
to not meeting the criteria for rheumatic fever and 2 
due to refusal to sign the consent form), 27 potential 
candidates were listed. As 4 patients had 2 valve 
approaches and 1 patient had 3 approaches, therefore, 
33 valves were included for medical record analysis.

In 13 objects of study, the scarcity of data from
medical records made it impossible to carry out the 
complete analysis proposed, and only 20 valves 
were eff ectively included in the study. An analysis of 
the 33 cases will be described below, in the section
“Missing Data”, in which imputation strategies were 
implemented to estimate possible correlations. A 
schematic of the inclusion process can be found in 
fi gure 1.

Patient characteristics

Of the 20 objects of study, 6 were classifi ed as
EVD and 14 as LVD. The mean age at baseline valve
replacement was 40.6 (±6.2) years for the EVD group, 
with the proportion of men and women being 1:5, 
respectively. In the LVD group, the mean age was 31.1 
(±12.3) years with a ratio of men and women of 2:5. 
Age was signifi cantly diff erent between groups (p = 
0.03), with a diff erence of almost 10 years (Table 1). 
The power calculation for the outcome yielded a value
of 62.9%, suggesting an underpowered sample.

Caucasian ethnicity predominated in the LVD 
group, with 8 patients (57%) declaring themselves 
white and the other 6 (43%) declaring themselves
belonging to other ethnicities (African-American,
Indigenous or Asiatic). In the EVD group, 3 (50%)
declared themselves to be Caucasian and the other 
3 (50%) of other ethnicities. However, there was no 
statistical diff erence between the groups (Table 1).
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Initial selection from 
the inclusion criteria 

n=33 

Remaining patients 
with the intention of 

analyzing the 
medical records  

n = 27 

Total number of 
patients included 

n = 14 

Total number of valves 
included  
n = 20 

Excluded (n=6) 
Impossibility of contact (2) 

Deceased (1) 
Criteria revision unmet (1) 

Refusal to sign consent form (2) 

Missing data in the medical 
records (n=13) 

Of the 14 eligible patients, 4 
had 2 valve approaches and 
1 had 3 valve approaches 

Figure 1 Flowchart of the inclusion of patients in the study.

Table 1: Comparison between demographic, clinical and laboratory data of patients with early and late valve degeneration.

EVD (n = 6) LVD (n = 14) p (95% IC)
Male, % 17 29 0.63
Caucasian ethnicity, % 50 57 1
Age, years* 40.6 (6.2) 31.1 (12.3) 0.03†

Prophylactic antibiotic, %* 50 70 0.72
Adherence to prophylaxis ‡ 0 [0 - 4] 3 [0 - 4] N/A§

SBP, mmHg 127.3 (17.9) 125.1 (14.1) 0.91
DBP, mmHg 86.8 (7.2) 79 (10.9) 0.08
Manifested atherosclerosis, % 34 21 0.66
HDL, mg/dL 43.8 [42.1 - 66.7] 50.9 [42.9 - 59.9] 0.84
LDL, mg/dL 115 [92.1 - 126.6] 124.5 [101 - 129.9] 0.77
TG, mg/dL 98.1 [87.5 - 130.7] 100.6 [90.8 - 140.5] 0.9
VLDL, mg/dL 19.6 [18.3 - 25.6] 20 [17.6 - 22.8] 1
Blood glucose, mg/dL 121.1 [114.5 - 133.9] 103 [89 - 124.2] 0.14
HbA1c, % 5.6 [5.2 - 5.7] 5.3 [5.1 - 5.6] 0.62
Creatinine, mg/dL 0.9 [0.8 - 1.14] 0.9 [0.7 - 1.1] 0.88
Data presented as mean (Standard Deviation) or median [Interquartile Range], unless otherwise specifi ed.
Abbreviations: EVD: early valve degeneration; LVD: late valve degeneration; CI: confi dence interval; SBP: Systolic Blood Pressure; DBP: Diastolic 
Blood Pressure; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; TG: Triglycerides; VLDL: Very Low-Density Lipoprotein; Hba1c: 
Glycated Hemoglobin
* at the time of valve replacement used as baseline
† statistically signifi cant (with 95% confi dence interval)
‡ in number of missed doses per year
§ statistical calculation not applicable (only 3 patients in the early arm)

Regarding the use of penicillin during the time 

of heart valve replacement surgery, 3 (50%) of the 

patients in the EVD group used the medication and 3 

(50%) did not undergo treatment with the medication

in question. Among those using penicillin, the median

number of missed doses per year was zero. In the LVD 
group, 10 volunteers (70%) used the drug and 4 of them 
(30%) not. Non-adherence to penicillin corresponded
to a median of 3 doses per year. Neither prescription 
nor adherence to penicillin were statistically diff erent 
between groups (Table 1).
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Cardiovascular risk

Regarding the variables related to cardiovascular
risk, a mean SBP and DBP of 127.3 (± 17.9) mmHg and 
86.8 (± 7.2) mmHg were obtained, respectively, for 
the DVP group, while for the LVD group, the mean
was 125.1 (± 14.1) mmHg and 79 (± 10.9) mmHg (Table 
1). There was a non-signifi cant trend (p = 0.08) for
an increase in DBP in patients with EVD that was 
signifi cantly accentuated in the analysis with data 
imputation (further described).

The occurrence of atherosclerotic events was 
34% for the EVD group, with 2 patients presenting at
least one of the aforementioned events. For the LVD
group, 4 patients (21%) had a history of manifested 
atherosclerosis at some point, with no statistical
diff erence (Table 1).

For the variable serum lipid profi le, the median 
obtained for the EVD group was 43.8 [42.1-66.7], 115 
[92.1-126.6], 98.1 [87.5-130.7], 19.6 [18.3-25.6] for 
HDL, LDL, triglycerides and VLDL, respectively. As
for the LVD, the values were 50.9 [42.9-59.9], 124.5
[101-129.9], 100.6 [90.8-140.5], 20 [17, 6-22.8], 
respectively. No parameter was signifi cantly diff erent
between groups. The median creatinine for both
groups was 0.9.

Finally, the glycemic profi le was evaluated
through fasting glucose and HbA1c. For the EVD 
group, the median values were 121.1 [114.5-133.9] for
blood glucose and 5.6 [5.2-5.7] for HbA1c. For the LVD 
group, the median blood glucose and HbA1c were 103 
[89-124.2] and 5.3 [5.1-5.6], respectively. Despite the 
diff erences between blood glucose values, they were 
not statistically signifi cant. The overall statistical 
power of the data was low, approximately 40%,
indicating an underpowered sample.

Missing data

Missing data referred to blood pressure
measurements and laboratory data, which could 
not be obtained from very old medical records. 
Approximately 36% of blood pressure values and 25%
of laboratory test values could not be obtained. As 
Little's chi-square test for randomness demonstrated
that the sample had completely random missing data 
(p = 0.9), we proceeded with EM technique, which 
allowed us to compile the data shown in table 2.

Patient characteristics (exploratory)

As shown in table 2, after compiling the random
missing data, 33 study objects were selected, of which 
14 were included in the EVD group (n = 14) and 19 in 
the LVD group (n = 19). In the EVD group, 2 patients

Table 2: Exploratory and hypothetical comparison between groups after data imputation.

EVD (n = 14) LVD (n = 19) p (95% IC)

Male, % 14 21 0.68

Caucasian ethnicity, % 43 47 1

Age, years* 37 [33.2 - 40.7] 26 [22 - 30] 0.02†

Prophylactic antibiotic, %* 64 78 0.44

Adherence to prophylaxis‡ 0 [0 - 2] 2 [0 - 4] 0.34

SBP, mmHg 121 [115.2 - 126.3] 121 [114.4 - 129] 0.7

DBP, mmHg 88 [85.4 - 88.8] 77 [73 - 84.5] 0.001†

Manifest atherosclerosis, % 21 15 1

HDL, mg/dL 40.3 [35.3 - 44.7] 54 [44 - 60.8] 0.02†

LDL, mg/dL 118 (15.3) 116 (20.5) 0.77

TG, mg/dL 216 (61.3) 111 (41.6) < 0.01†

Blood glucose, mg/dL 100 (3.1) 110 (18.6) 0.14

HbA1c, % 5.6 [5.2 - 5.7] 5.3 [5.1 - 5.6] 0.05
Data presented as mean (Standard Deviation) or median [Interquartile Range], unless otherwise specifi ed.
Abbreviations: EVD: Early Valve Degeneration; LVD: Late Valve Degeneration; CI: Confi dence Interval; SBP: Systolic Blood Pressure; DBP: 
Diastolic Blood Pressure; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; TG: Triglycerides; VLDL: Very Low-Density Lipoprotein; 
Hba1c: Glycated Hemoglobin
* at the time of valve replacement used as baseline
† statistically signifi cant (with 95% confi dence interval)
‡ in number of missed doses per year



049Monteir GP, et al. (2024) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1870

were male, while in the LVD group, 4 were male. Being
male was not statistically signifi cant between groups 
(p = 0.68).

Regarding ethnicity, 6 patients declared 
themselves to be Caucasian in the EVD group (n = 6),
whereas in the LVD group, 9 were Caucasian (n = 9).
As well as being male, ethnicity also did not present 
signifi cant diff erences between the groups. For 
the age variable, in years, the median was 37 [33.2-
40.7] for the EVD group and 26 [22-30] for the LVD, 
showing a statistically signifi cant diff erence between 
the groups (p = 0.02).

Regarding the use of prophylactic antibiotics, in 
the EVD group, only 9 received prophylactic antibiotic 
therapy (n = 9). In the LVD group, 15 patients
received the medication. The use and compliance
of prophylactic antibiotics were not statistically
signifi cant in the sample.

Cardiovascular risk (exploratory)

Regarding the variables related to cardiovascular
risk, a median SBP and DBP of 121 [115.2-126.3] 
mmHg and 88 [85.4-88.8] mmHg, respectively, were 
obtained for the EVD group, while for the LVD group, 
the median was 121 [114.4-129] mmHg and 77 [73-
84.5] (Table 2). Only DBP were statistically diff erent 
(p = 0.001).

The occurrence of atherosclerotic events was 21% 
for the EVD group, while in the LVD group 15% of the
patients had a history of manifested atherosclerosis 
at some point (Table 2), with no diff erence between
the groups.

For the variable serum lipid profi le, the mean 
or median obtained for the EVD group was 40.3 
[35.3-44.7], 118 (± 15.3), 216 (± 61.3) for HDL, LDL
and triglycerides, respectively. As for the LVD, the
values   were 54 [44-60.8], 116 (± 20.5), 111 (± 41.6), 
respectively. Only the values   of HDL (p = 0.02) and
triglycerides (P < 0.01) were signifi cantly diff erent 
between groups.

The glycemic profi le, evaluated through fasting 
glucose and HbA1c, in the EVD group, had a mean of 
100 (± 3.1) for glycemia and a median of 5.6 [5.2-5.7]
for HbA1c. For the LVD group, the values for blood
glucose and HbA1c were 110 (± 18.6) and 5.3 [5.1-5.6],
respectively. HbA1c values   showed a non-signifi cant 
trend towards diff erence (p = 0.05).

After imputation of data, the statistical power of 
the main outcomes increased to approximately 70%, 
although the sample remained underpowered.

Discussion
In this case-control, older age at fi rst valve

replacement was the main factor associated 
with shorter bioprosthetic duration. The other 
cardiovascular risk factors were not signifi cantly 
diff erent between the groups.

Acquired valvular heart disease has some
important risk factors such as age, sex, smoking, 
hypercholesterolemia, rheumatic heart disease and
hypertension [13]. Among them, the mechanism of 
the pathogenesis of rheumatic valvular heart disease 
stands out, which occurs primarily by an aggression 
to the endocardial surface mediated by antibodies 
produced in response to GAS infection. They cause 
endothelial activation with upregulated expression
of Vascular Cell Adhesion Protein 1 (VCAM1), which 
facilitates the adhesion of T cells to the surface of 
heart valves. Microscopically, subendothelial collagen 
and perivascular tissue are the sites most aff ected by 
the intense infl ammatory process that, mediated by 
pro-infl ammatory substances such as tumor necrosis
factor, interleukin 1-, reactive oxygen species, 
advanced glycosylation end products and oxidized
Low-Density Lipoprotein (oxLDL) cholesterol 
activate biomineralization and vascular osteogenic 
signaling processes, which ultimately cause valvular
fi brosis [13,14].

It is observed that the valve degeneration process
includes a primary infl ammatory component, 
particularly noticeable in individuals with RF. 
Additionally, there are non-immune processes 
within the patient, largely infl uenced by oxidative 
stress [13,14]. Consequently, when considering the 
causes of non-rheumatic valve disease, advanced age 
emerges as a shared risk factor across all cases [15]. 
The fi ndings of this study may suggest that patients 
with RF experience not only direct infl ammatory 
eff ects on the valve but also a potentially accelerated 
aging-related process due to a higher infl ammatory 
threshold.

One of the main limitations of our study is the
small number of patients included in the fi nal 
analysis, which signifi cantly infl uenced the statistical 
power of the data, potentially obscuring diff erences 
between the groups. Despite the sample’s low power, 



050Monteir GP, et al. (2024) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1870

age diff erences were still statistically signifi cant. In 
an exploratory way, we tried to impute missing data 
and obtained diff erences in the values   of DBP and
lipids (HDL and triglycerides). The data suggest that 
lower diastolic blood pressure values   could be related
to an increase in prosthesis preservation time and, 
thus, a lower need for surgical re-approach of the 
patient. Furthermore, laboratory values   related to 
the cardiovascular profi le (lipid and glycemic) could
also impact on prosthetic survival, confi rming that a 
better laboratory control of these parameters would 
positively infl uence the need for valve re-approach.
Still, due to the large amount of missing data, all this 
analysis is only speculative.

A second important limitation of the study refers 
to the retrospective nature of the survey, subject to 
patient records and data from medical records. In 
this sense, adherence to treatment, apparently very
good among the participants, may not be eff ectively
true, causing distortions in the interpretation of 
results. Prospective cohort studies with prophylaxis
application verifi cation protocols (through 
application booklet or digital verifi cation system)
would likely help to reduce these biases.

Additionally, the small number of patients did not 
allow a multivariate analysis, which is so important in 
observational studies. It is possible that confounding
factors are explaining the observed phenomenon,
such as, for example, the surgical technique used or
even the moment when the surgery was performed
(with older patients using older techniques and using
less of the service's experience). Finally, examining
the immune profi le of the patients, including serum 
interleukins, might have helped confi rm our fi ndings.
This avenue could be explored in future research
endeavors.

In summary, we understand that the present study 
has several limitations but, as far as our knowledge
allows us to say, we believe that it is the fi rst to try
to identify risks of bioprosthetic degeneration in 
patients with RF. New prospective studies are needed 
and welcome, in a partially neglected clinical entity.

Conclusion
The data found in this study suggest that RF-

related EVD may be more related to the age at which
the valve was approached and to hemodynamic factors 
than to immune factors, suggesting that stricter 
targets for blood pressure control and cardiovascular
risk factors are imperative in these patients.
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