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Original Article:
Novel Possible Biomarkers for the Cardiovascular 
Disease Prognosis

Background: Cardiovascular disease (CVD), especially heart failure (HF) as its common final 
pathway, is the leading cause of morbidity and mortality worldwide. Furthermore, oxidative and 
inflammatory processes represent fundamental underlying mechanisms for the development 
and progression of HF. Of interest, in recent years the development of markers with diagnostic 
and prognostic value for this pathology and other related CVD has been revalued. 

Objectives: This study was done to quantify and evaluate inflammatory markers, such as ultra-
sensitive C-reactive protein (uCRP), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), 
and heat shock protein 70 (Hsp70) in the serum of patients with HF and to compare them with 
healthy individuals, also correlate the values obtained from oxidative stress markers and nitric 
oxide (NO) bioavailability previously investigated in these patients with the coexistence or 
not of secondary pulmonary hypertension (SPH) associated with HF. 

Methods: The determination of all parameters was achieved with standardized, reproducible, 
accurate, and affordable biochemical methods. 

Results: The values obtained for uCRP, IL-6, and TNF-α were following the pattern of 
oxidative markers previously found in these patients. These findings indicate the coexistence 
of oxidative stress and inflammation during HF. Of particular interest, such markers are more 
exacerbated when were associated with SPH, increasing its value as possible biomarkers in 
this pathology. However, the found levels of Hsp70 were controversial. 

Conclusion: The pattern of oxidative-inflammatory markers suggests their value as possible 
biomarkers in this cardiovascular disease. Nevertheless, additional studies are needed to 
assess in greater detail the importance of the relationship between serum Hsp70 expression 
and SPH-associated or non-SPH morbidity in HF.
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Introduction

ardiovascular disease (CVD) is the lead-
ing cause of morbidity and mortality 
worldwide in current societies, being heart 
failure (HF) one of the most prevalent 
CVD [1, 2]. Of interest, the prevalence of 
HF depends on the applied definition but 

ranges at around 1-2% of the adult population in devel-
oped countries, increasing to ≥10% among people aged 
70 years [3]. Like many other pathologies, the early di-
agnosis of HF allows an adequate treatment and a better 
prognosis [4]. HF is a clinical syndrome characterized 
by typical symptoms (difficulty breathing, swelling of 
ankles, and fatigue) that can be accompanied by signs as 
elevated, crackling and peripheral edema venous pres-
sure, caused by a structural or functional cardiac anoma-
ly, which results in reduced cardiac output and/or elevat-
ed intra-cardiac pressures at rest or during exercise [5]. 

The most common causes of central origin are affec-
tations of the myocardium, coronary disease, valvu-
lopathies, pericardiopathies, arrhythmias, or diastolic 
dysfunction. The diagnosis is made with the clinic, the 
complementary exams (echocardiogram, thorax Rx, 
among others), and evaluation of the biomarkers. To 
highlight, biomarkers have complemented existing de-
tection methods as useful tools in HF diagnosis, evolu-
tion, and prognosis. In this sense, the role of biomark-
ers in HF is increasingly recognized. These markers are 
used as a non-invasive form of evaluating the status of 
a patient with HF and the possibility of monitoring the 
changes induced by the patient’s treatment. Biomarkers 
can be used to evaluate a variety of physiopathological 
processes of relevance for a patient’s disease with HF, 
such as fibrosis, inflammation, myocardial injury, and 
remodeling. Specifically, monitoring biomarkers in HF 
can be used to make an initial diagnosis, help in the 
stratification of the prognosis, and identify the patient’s 
response to the therapeutic intervention [6].

Of particular interest, our group has investigated in 
previous work some biomarkers involved in oxidative 
processes of the HF, such as the superoxide anion, the 
enzyme reduced nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase (NOX), superoxide dis-
mutase (SOD), and nitric oxide (NO) [7, 8]. Specifically, 
we demonstrated a significant decrease in serum SOD 
and NO levels in patients with HF, while the levels of 
reactive oxygen species (ROS) and NADPH increased. 
These results agree with the physiopathological changes 
of this CVD. Furthermore, we also showed that in pa-
tients with HF and associated secondary pulmonary hy-

pertension (SPH), serum levels of nitrites and nitrates 
and SOD presented a more marked decrease even con-
cerning HF without SPH, while ROS and NADPH were 
even more augmented. Therefore, our results suggested 
that NO, ROS, NADPH, and SOD could be considered 
possible markers in HF and characterize patients with as-
sociated SPH [7].

It is well established that, together with oxidative 
stress, exacerbated inflammation is another main phe-
nomenon observed during HF. The physiopathological 
mechanisms involved in HF can be summarized in fi-
brosis, cell apoptosis, and ventricular dysfunction, which 
all are related to an exacerbated inflammatory reaction. 
In this sense, the activation of the monocytes, followed 
by the tissue infiltration and the differentiation of the 
macrophages, appear. This effect leads to an increase 
in the levels of pro-inflammatory cytokines, such as the 
tumor necrosis factor-alpha (TNF-α), interleukins (IL-
1, IL-6, and IL-8), and monocyte chemotactic protein, 
both in peripheral and myocardial vessels. In addition, 
macrophages produce transforming growth factor-beta 
(TGF-β), associated with myocardial fibrosis and patho-
logical remodeling, both frequently observed in HF [9].

The deep and parallel study of these oxidative and 
inflammatory processes as underlying mechanisms for 
the development and evolution of HF could constitute 
a valuable contribution to discovering new biomarkers 
that significantly improve medical interventions in this 
field [10]. Some of the pro-inflammatory molecules that 
have been evaluated so far as potential markers during 
HF are TNF-α [11], IL-6 [12], and ultra-sensible C re-
active protein (uCRP) [13], and to a lesser extent, the 
heat shock protein 70 (Hsp70) [14]. It should be noted 
that the latter can be considered a mixed marker, that is, 
both oxidative and inflammatory [15]. These markers are 
constitutively expressed in the heart under normal condi-
tions; however, given the damage to the myocardium, 
there is a significant increase in their serum levels [16].

TNF-α is a critical mediator in systemic inflamma-
tion. Its activity is varied and includes the production of 
interleukins. This cytokine directly affects the contrac-
tile function of the heart, decreasing it through various 
mechanisms, such as the alteration of calcium homeosta-
sis and the excitation-contraction coupling. The physio-
pathology of the TNF-α in the HF has been described in 
the negative regulation of the sarcoplasmic/endoplasmic 
reticulum calcium ATPase (SERCA) myocardial pro-
tein, the induction of ventricular hypertrophy, affecting 
cardiac remodeling by regulating the angiotensin II type 
I receptor in the cardiac fibroblasts, and matrix metal-
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loproteinases both in cardiac myocytes and in fibroblasts 
[17]. On the other hand, the TNF-α increases some me-
talloproteinases’ expression and activity, allowing more 
significant proteolytic activity with collagen degradation 
and restructuring of the extracellular matrix, contributing 
to the cardiac remodeled that precedes the HF. TNF-α 
is also a pro-inflammatory cytokine that stimulates the 
growth of vascular smooth muscle cells [18].

IL-6 also produces negative inotropic effects. Elevated 
levels of this interleukin increase the risk of acute myo-
cardial infarction and mortality in patients with coro-
nary disease. In addition, IL-6 stimulates the synthesis 
of the CRP and promotes the proliferation of vascular 
smooth muscle cells, a distinctive seal of HF [19]. Of 
interest, CRP is synthesized at a liver level in response 
to the increase in mainly IL-6, as mentioned above. The 
ultra-sensible quantification of CRP, when it is below 
the detection limits of common trials, has a critical role 
in the early determination of vascular inflammation and 
cardiovascular risk prediction. In this regard, there is in 
vivo and in vitro evidence that CRP can induce cardiac 
fibrosis and inflammation in cardiac fibroblasts and pro-
mote remodeling mediated by angiotensin II through 
overexpression of the type I angiotensin (AT1) receptor 
and activation of the nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB). The CRP is an 
acute phase reactant whose concentration increases 
from 4 to 6 hours after acute tissue injury or inflamma-
tion and decreases rapidly with the resolution of tissue 
damage [20]. The highest levels of CRP may increase 
blood pressure by reducing the production of not endo-
thelial cells, resulting in vasoconstriction and increased 
endothelin 1 (ET-1) production, both critical events of 
endothelial dysfunction [21]. The usefulness of deter-
mining CRP is seen in predicting groups of populations 
associated with a worse prognosis in HF. However, their 
participation in several inflammatory routes does not 
make it specific and is recommended as a single marker 
for the follow-up of HF [22].

The aforementioned inflammatory mediators produce 
acutely beneficial effects. However, when they remain in 
high concentrations over time due to the lack of resolu-
tion of the pathophysiological process that caused their 
increase, they can cause deleterious effects [23].

It is currently known that heat shock proteins (HSPs) 
are also elevated in the serum of patients with HF; how-
ever, their physiological role and value in predicting the 
development and/or progression of the disease are not 
yet fully understood. Traditionally, Hsp70 is considered 
an intracellular molecule that acts as a chaperone and 

cytoprotection. These chaperones have been defined 
as a class of proteins that mediate the correct folding 
of other proteins. In the vascular and cardiac compart-
ments, HSPs are present and can be induced by different 
stress factors. The type of proteins expressed in the vas-
cular system is somewhat different from that expressed 
in the heart. Thus, in stress-free adult mice, there are 
some HSPs, such as Hsp27, Hsc70, Hsp70, and Hsp84 
that are expressed in various tissues, including the heart 
[24]. However, these HSP are an early marker of CVD 
[25]. They are produced in large quantities by cells in 
response to mechanical or ischemic stress and cytokine 
stimulation. They act as a highly conserved ancestral 
mechanism of protection against various adverse con-
ditions. The expression of Hsp70 has beneficial effects 
against oxidative stress injury, inflammation, and apop-
tosis. Low levels of Hsp70 at the serum level would be 
related to a healthy cardiovascular state. Higher circu-
lating levels of Hsp70 in patients with established hy-
pertension may pose a future risk of CVD progression 
[14, 26]. However, it is not yet known whether Hsp70 
production is initiated by hemodynamic force per se or 
by cytokines in vivo [27].

Despite the knowledge of all these biomolecules as 
possible markers of HF, to date, there are no specific 
and determining data on their use as biomarkers of the 
development and progression of SPH associated with 
HF [28, 29], which represents an additional risk factor 
and significant when making the diagnosis and adequate 
therapeutic management of these patients. Therefore, 
the central hypothesis of the present work arises from 
the presumption that the serum values of TNF-α, IL-6, 
CRP, and Hsp70 are abnormally elevated in patients with 
HF. Furthermore, another assumption is that HF patients 
with associated SPH with pulmonary pressure (PP) >40 
mmHg have higher levels of TNF-α, IL-6, uCRP, and 
Hsp70 levels than those with PP <40 mmHg. In this 
context, the present work focused mainly on the inflam-
matory process associated with HF, and specifically, on 
the possibility of the use of pro-inflammatory proteins as 
serum biomarkers of HF, with particular attention to the 
development or not of associated SPH, which allow ear-
ly diagnosis, better therapeutic management of patients, 
and a better prognosis of CVD.

Materials and Methods

Protocol

Thirty patients with HF and reduced ejection fraction 
(EF) (<40%) were protocolized. Then, they were sepa-
rated according to their values of the pulmonary systolic 
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pressure (PSP) measured by Doppler echocardiography: 
group A (PSP ≥40 mmHg) with 13 patients (43%) and 
group B (PSP <40 mmHg) with 17 patients (57%). In 
addition, eight healthy individuals were included as con-
trols. According to the initial protocol, as inflammatory 
markers were quantified, only a sample or subgroup of 
the initial population was used, consisting of 20 patients 
(10 with SPH and 10 without SPH) and five healthy con-
trols. The study was observational, and cross-sectional, 
with patients protocolized according to inclusion and 
exclusion criteria, a number that was not yet sufficient 
because it was a preliminary study. The patients studied 
were subjected to biochemical determinations by ex-
tracting blood samples. In the design of this work, the 
basic principles of bioethics were taken into account. 
Prior to the protocolization, the informed consent was 
signed for each patient. The protocol was approved by 
the Research Ethics Committee of the Central Hospital 
of Mendoza (Ethical Code: 1232/19).

Serum inflammatory markers determination

Ultrasensitive CRP was determined in serum after 8 
hours of fasting, without lipemia or hemolysis, using the 
immunoturbidimetric method with latex (Wiener CRP Lab 
Turbitest AA. Reagents) and ARCHITEC c8000 analyzer. 

TNF-α and IL-6 were quantified by ELISA technique 
(IL-6 or TNF-α immunoassay kit, BioSource Interna-
tional, USA) according to the manufacturer’s protocols. 
Plates were read at 450 nm on an automated reader. The 
minimum detectable concentration was 2 pg/mL, with a 
sensitivity greater than 96%.

Serum Hsp70 concentrations were determined using a 
high-sensitivity ELISA kit (Enzo Life Sciences, USA). 
The tests were performed according to the manufactur-
er’s instructions and with the purification step described 
by Pockley et al.with minor modifications [30]. The de-
tection limit of the ELISA assay was 0.09 mg/mL.

Statistics

The data collection instrument was the Patient Inclu-
sion Form. The results were expressed as percentages 
for categorical variables and a mean with their standard 
deviation for continuous variables. The paired t-test 
was used to compare all the patients with HF against 
five healthy volunteers (a comparison that passed the 
p normality test) and ANOVA II was used to compare 
inflammatory markers between groups A and B. The 
GraphPad InStat program 3® was used to carry out the 
corresponding statistical and graphical operations. To 
compare uCRP and Hps70 of patients in groups A and 
B, a correlation test was used. In all cases, a statistically 
significant difference was considered as P<0.05.

Results

The data used for the statistical analysis were the PSP 
(mmHg) and the serum levels of TNF-α and IL-6, ex-
pressed as pg/mL, as well as uCRP and Hsp70, expressed 
as mg/mL. The reference values, taken from five healthy 
volunteers were as follows: TNF-α (8±7), IL-6 (2.5±2), 
uCRP (0.6±0.3) , and Hsp70 (10±3). To highlight, all 
healthy volunteers (control) had inflammatory markers 
within normal limits, despite differences in age and gender.

Figure 1. TNF-α serum levels were evaluated in healthy individuals (control), HF patients with and without SPH, HF patients 
without SPH, and HF patients with SPH

P<0.05
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In group A, the mean PSP was 45±3 mmHg, while 
in group B, it was 30±4 mmHg. The values of TNF-α, 
IL-6, uCRP, and Hsp70 found for all patients (group A 
+ group B) were as follows: 40.35±16.95, 11.45±4.96, 
4.08±1.036, and 3.57±1.64, respectively. When these 
values were compared with healthy volunteers, the dif-
ferences were significant for TNF-α (P<0.5) (Figure 1), 
IL-6 (P<0.5) (Figure 2), uCRP (P<0.01) (Figure 3), and 
Hsp70 (P<0.01) (Figure 4), respectively. On the other 
hand, the means with their corresponding mean stan-
dard error for each group in group A were 50.5±14.56; 
13.8±5.72; 5.1±0.7, and 2.04±1, respectively, and 
30.2±12.05, 9.1±2.34, 3.05±0.51, and 5.1±0.83 in group 
B, respectively. When these values were paired between 

both groups (A versus B), the results of group A showed 
statistically significant differences for uCRP, which 
increased (P<0.05), and for Hsp70, which decreased 
(P<0.05) (Figures 3 and 4). No significant differences 
were observed for TNF-α and IL-6; however, a clear 
tendency to increase these markers was demonstrated in 
group A compared to group B (Figures 1 and 2).

Likewise, the correlation test carried out to compare 
uCRP and Hsp70 (the only biomarkers that showed sig-
nificant differences between groups A and B) showed an 
inverse correlation between both biomarkers (Figure 5), 
which reinforces the hypothesis that serum quantifica-
tion of Hsp70 and uCRP could be used to differentiate 

Figure 2. Serum IL-6 levels were evaluated in healthy individuals (control), HF patients with and without SPH, HF patients 
without SPH, and HF patients with SPH

Figure 3. Serum uCRP levels were evaluated in healthy individuals (control), HF patients with and without SPH, HF patients 
without SPH, and HF patients with SPH.
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Figure 4. Hsp70 serum levels were evaluated in healthy individuals (control), HF patients with and without SPH, HF patients 
without SPH, and HF patients with SPH

the coexistence of HF with SPH, from HF without as-
sociated SPH.

Discussion

The results obtained in the current study showed the 
oxidative and inflammatory link from the biochemical 

determinations carried out both in HF patients with SPH 
and in those with HF without SPH, in whom high levels 
of pro-oxidative markers (ROS and NADPH) had pre-
viously been found, as well as a decrease in NO levels 
with a low antioxidant marker (SOD) [7]. Specifically, 
the serum levels of IL-6, TNF-α, and uCRP significantly 
increased in patients with HF associated or not with SPH 

Figure 6. Graphic summary of inflammatory markers in the context of HF with changes in pulmonary pressure and the worst 
prognosis of the disease
EF: ejection fraction; RA: right atrium; RV: right ventricle; LA: left atrium; LV: left ventricle. 
The upper section of the figure shows that the pulmonary circuit is located in the center (RA, RV, LA, and VI). The fall in the ejection 
fraction (EF) in the left ventricle determines an increase in the pressure in the pulmonary circuit. In addition, the serial arrangement 
of the cavities and the changes in the markers with increases in uCRP, TNF-α, and IL-6 associated with a decrease in Hsp70 could 
determine the patient’s prognosis.
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compared to the control group. In this sense, several au-
thors have quantified TNF-α, IL-6, and uCRP values  as 
inflammatory markers present in the serum of patients 
with HF. In agreement with our results, these mediators 
were also significantly elevated in patients, compared to 
healthy individuals [31-38].

However, the number of articles found in the literature 
reporting the use of Hsp70 as a biomarker for HF is con-
siderably lesser. It should be noted that in these studies, 
Hsp70 was significantly increased in individuals with 
this pathology [39-43]. It is a crucial finding considering 
that some authors have suggested that low bioavailabil-
ity of NO can induce oxidative stress response proteins, 
such as Hsp70. This relation was shown in a previous 
study on the patients analyzed in the present work [7]. 
As a consequence, this response could promote protec-
tive effects against injury not only due to oxidative stress 
but also due to inflammation and apoptosis [44]. Un-
published and at the same time controversial, our results 
showed lower levels of Hsp70 in the serum of patients 
with HF compared to healthy individuals. 

The interpretation of these results is even more com-
plex since the opposite actions of Hsp70 at the extracel-
lular versus intracellular level are known on the acti-
vation of the inflammatory pathway by NF-κB, where 
intracellular Hsp70 produces anti-inflammatory effects 
and extracellular Hsp70 mediates pro-inflammatory ef-
fects [45, 46]. However, and as a possible argument to 
the aforementioned alleged controversy about oxida-
tive stress and inflammation, it is valid to consider the 
difference between acute and chronic events on the de-
terioration in the biological response capacity to these 

injuries (acute HF versus chronic HF). In this regard, 
previous reports studied these differences and demon-
strated -in the chronic phase- that increased lipid peroxi-
dation through higher levels of thiobarbituric acid reac-
tive substances (TBARS) and increased oxidative stress 
produced a reduction in activity total antioxidant and 
increased NADPH oxidase activity, which was associ-
ated with a significant decrease in the expression of the 
inducible isoform of Hsp70, perhaps as a consequence 
of a negative feedback loop [47]. The claudication of 
antioxidant defense mechanisms and anti-inflammatory 
mechanisms in the chronicity of the disease could justify 
the low values found for Hsp70 in the serum of patients 
with HF compared to healthy volunteers.

Additionally, following our current results, our group 
reported in previous studies carried out on a model of 
kidney disease that the decrease in the bioavailability 
of NO with lower expression of inducible nitric oxide 
synthase (iNOS) was associated with Hsp70 deficien-
cy and significant induction of apoptosis. Likewise, in 
vivo administration of L-arginine (a NO precursor) in-
duced Hsp70 expression with a reduction in apoptosis 
and NADPH activity. On the other hand, the increase in 
Hsp70 due to the chronic elevation of NO sustained over 
time increases the phosphorylation of protein kinase B 
(AKT), 5’ adenosine monophosphate-activated protein 
kinase (AMPK), and endothelial nitric oxide synthase 
(eNOS), improving the bioavailability of endogenous 
NO, resulting in optimizing the vasomotor and vasopro-
tective response in patients with CVD [48]. 

Other studies also agree that increased NO bioavail-
ability induces the expression of HSP [49, 50]. There-

Figure 5. Inverse statistical correlation between uCRP and Hsp70 in patients with HF without SPH, and patients with HF+SPH
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fore, the importance of the relationship between Hsp70 
expression and morbidity in HF requires further studies 
that satisfactorily explain the existing controversy.

It has been established that inflammation is a charac-
teristic of pulmonary arterial hypertension, with higher 
circulating levels of pro-inflammatory cytokines being 
observed in patients with this disease. However, to date, 
there is no concrete information on the importance of 
elevated cytokines or their potential as serum biomark-
ers in the development and progression of pulmonary 
arterial hypertension [28, 29]. For this reason, our group 
decided to quantify uCRP, IL-6, TNF-α, and Hsp70, 
not only in HF but also in SPH associated with HF. The 
analysis of our results showed that patients suffering 
from HF with SPH presented significantly higher val-
ues of uCRP, while IL-6 and TNF-α showed a trend, but 
without significant difference compared to HF without 
SPH. Consequently, the determination of oxidative and 
inflammatory markers in serum allowed us to differenti-
ate healthy controls from patients with HF, and in turn, 
from patients with SPH associated with HF. Likewise, 
our unpublished and, at the same time, contradictory 
findings also showed lower serum levels of Hsp70 in 
patients with SPH associated with HF, compared to 
those quantified in the serum of patients with HF but 
without associated SPH. The marked inverse correla-
tion observed between uCRP and Hps70 reinforces the 
results obtained. These two markers showed the most 
significant differences between patients with SPH and 
SPH associated with HF. However, our results are also 
controversial regarding other studies affirm that a higher 
expression of Hps70 is positively correlated with inflam-
matory markers in patients with CVD [27]. 

The present work results confirm a close link between 
oxidative stress and inflammation and both constitute a 
common pathway in the pathophysiology of HF. Like-
wise, these results also strengthen the hypothesis that the 
serum inflammatory mediators quantified in our current 
work, as well as the oxidative mediators evaluated in a 
previous work of our group, could be used as valuable 
biomarkers in the diagnosis and treatment of HF, allow-
ing to detect, in addition, the coexistence or not of as-
sociated SPH.

To highlight although the inflammatory markers evalu-
ated here are not specific for HF associated or not associ-
ated with SPH, but are also altered in other oxidative/
inflammatory diseases, they have a very important pre-
dictive value in these CVDs, with detection costs consid-
erably lower than those conventionally used in the clinic 

and, therefore, more affordable, especially in the field of 
public health [51].

Conclusion

The results obtained from serum inflammatory mark-
ers showed that the patients with HF presented an exac-
erbated inflammatory state. This process contributes to 
the pathophysiological changes developed in the chronic 
evolution of the disease. Of interest, these findings are 
consistent with those found in previous work by our 
research group. Specifically, Oxidative stress and de-
creased NO bioavailability cause the coexistence of in-
flammation and oxidative stress during HF. In addition, 
oxidative stress like inflammation is more exacerbated 
even when associated with SPH. Furthermore, this coex-
istence enhances the damage that underlies the progres-
sion of HF to advanced stages with a worse prognosis.

Regarding Hsp70, we conclude that although the se-
rum levels of this marker are initially elevated in the 
early or acute stages of HF, these values may decrease 
significantly in late or chronic stages during this CVD. 
Interestingly, sometimes not well clarified, these results 
can be contradictory. Therefore, as a future perspective, 
we propose the need to carry out additional studies to 
evaluate in greater detail the importance of the relation-
ship between the serum expression of Hsp70 and mor-
bidity in HF.

Currently, among the emerging biomarkers in the diagno-
sis of HF are uCRP, TNF-α, Fas (APO-1), interleukins 1, 
6, and 18, cytokines, procalcitonin, adipokines, and adipo-
nectins [22]. The incorporation of Hsp70 would be advan-
tageous by showing the associated presence of SPH, an as-
sociation that impairs the evolution of patients in the short 
term [52]. The clinical and echocardiographic evaluation 
allows evidence of the adverse evolution of these patients 
later in the hands of experts. In addition, it is expressed 
earlier and with more specificity with these markers. The 
search for more specific inflammatory biomarkers of HF 
than those evaluated here should continue; however, the 
present study constitutes an initial contribution to these 
investigations. Figure 6 summarizes the main findings in 
the context of our study.

This study has methodological and design limita-
tions. One is regarding how we measure pulmonary 
pressure (PP). The Central Hospital of Mendoza has a 
Hemodynamic Service, but for budgetary reasons, the 
performance of right catheterization has been restrict-
ed. On the other hand, the protocol’s design did not al-
low for significant delays in management, and we had 
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to summon the patients as few times as possible. It was 
also necessary that they were not invaded. Therefore, 
PP’s primary hemodynamic parameter measurement 
had to be done with a Doppler echocardiogram. In this 
sense, HP is defined as PPM>25 mmHg, which should 
be obtained by direct recording through right cathe-
terization; however, PP was determined by indirectly 
measuring PSP by Doppler echocardiography, defin-
ing for our work HP as PSP≥40 mmHg. Undoubtedly, 
the direct recording of PP is more appropriate than that 
obtained indirectly. Still, the Doppler echocardiogram 
is a sensitive method to measure PSP and is advanta-
geous because it is non-invasive. Stevenson compared 
the non-invasive measurements with simultaneous re-
cordings made by right catheterization. PSP estimates 
were made in 89% of the patients with high security 
(r=0.97) [53]. Another limitation, for operational rea-
sons at the Hospital Central de Mendoza, was that the 
same operator did not perform echocardiograms and 
did not always use the same equipment.

Data from some patients (6-minute walk, echocardio-
gram, and general laboratory) could not be obtained 
due to various inconveniences; however, this fact did 
not affect the search for the proposed central objective 
or the results obtained, and in this sense, we can affirm 
that the set of data informs us about chronic patients 
with severe structural deterioration and good function-
al class due to response to treatment. Finally, as men-
tioned in the protocol section on the small sample size, 
we recognize that the patient number was insufficient, 
and for this reason, it is a preliminary study.
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