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Summary

Introduction: The left ventricle diastolic dysfuntion (LVDD) can lead to heart failure with preserved ejection fraction. 
Echocardiography, especially the tissue Doppler, is the main exam. The clinic has dyspnea as a typical symptom, which 
is evaluated by modified Medical Research Council (mMRC). However, there are few studies that investigate what is the 
association between the symptom and LVDD.

Objective: Evaluate if dyspnea is associated with the advancement of LVDD and if there is a linkage between mMRC and 
the degrees of LVDD.

Method: Case-control transversal study, with 60 participants, with clinical (mMRC) and echocardiographic (bidimensional 
parameters, spectral and tissue Doppler) evaluation. Among the participants, 49 constituted the case group (LVDD with 
dyspnea) and 11 the control group (LVDD without dyspnea). Participants with co-morbidity or other echocardiographic 
abnormalities related to dyspnea were excluded.

Results: The average age was 61,7 (± 7,9) years and 72% were women. In overwall, 82% of the participants had dyspnea. 
Among them, 82% had LVDD degree I. All of the study population had preserved ventricular systolic function. The presence 
of dyspnea was associated with the degree of LVDD (p = 0,04), however, the symptom severity was not (p = 0,72).

Conclusion: Dyspnea was associated with the degree of LVDD, but there was no association between the symptom 
severity and the evolution of LVDD. The aging, the increase of left atrium and coronary artery disease were associated 
with the advanced grades of LVDD. (Arq Bras Cardiol: Imagem cardiovasc. 2018;31(2):82-89)
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Introduction
The heart is a structure formed by two serial pumping 

systems running two phases in the same cycle: systole and 
diastole. When these phases have their performance affected 
by any factors, they determine the onset of dysfunction.1

In the case of left ventricular diastolic dysfunction (LVDD), 
it is known that factors such as aging, gender, obesity, systemic 
arterial hypertension (SAH), diabetes mellitus (DM), coronary 
artery disease (CAD), left ventricular hypertrophy and atrial 
fibrillation have an important role in its pathophysiology, thus 
determining the impairment of relaxation and/or increase in 
left ventricular (LV) stiffness. Elevation in cardiac filling pressure 
and left atrial (LA) size may occur, however, without affecting 
the left ventricular ejection fraction (LVEF) – characteristics of 

LVDD with preserved LVEF. Such functional abnormality may 
result in the clinical syndrome of heart failure with preserved 
ejection fraction (HFPEF), diagnosed by the simultaneous 
presence of three criteria: normal (≥ 50%) or subtly reduced 
LVEF; signs or symptoms of heart failure (HF); and abnormal 
LV relaxation and/or filling (diastolic dysfunction).2-4

The symptoms associated with HF are defined by the 
Framingham criteria, among which dyspnea (subjective 
experience of respiratory discomfort) is a relevant parameter. 
To assess the symptom, the Modified Medical Research 
Council (mMRC) scale can be used. The questionnaire is 
simple, easy to apply and highly employable in the routine 
of medical clinic history.5,6

Cardiologic imaging can be done using Doppler 
echocardiography, which is considered a gold standard for 
the evaluation of LVDD, as it is a non-invasive, radiation-free, 
fast and portable test.7

By analyzing the echocardiographic parameters, diastolic 
dysfunction can be divided into three stages – slow relaxation 
(grade I), pseudonormal relaxation (grade II) and restrictive 
pattern (grade III).8 In grade I, there is a deficit of LV myocardial 
relaxation, determining a lower pressure gradient in the fast 
filling phase, as well as an acceleration of transmitral flow 
to this chamber, without affecting left atrial pressure (LAP). 
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Grade II, previously considered a pseudonormal pattern, is 
an intermediate stage of LVDD, in which the transmitral flow 
is similar to the curve of normal patients. However, there are 
abnormalities of both relaxation and restrictive forces, but the 
abnormalities are somehow balanced – compared to mitral flow 
analysis, whereas there are detectable abnormalities in tissue 
Doppler. Grade III, on the other hand, is characterized by more 
significant abnormalities in ventricular complacency than in its 
relaxation, being considered a restrictive pattern. Due to this set 
of abnormalities, there is a greater transmitral pressure gradient, 
as well as an increase in LAP, a manifestation of the restrictive 
pattern. Considering these abnormalities, echocardiography 
allows to evaluate diastolic function and intracavitary filling 
pressures which, when increased – due to increased ventricular 
stiffness – correspond to the evolution of LVDD.9

Although dyspnea is part of the Framingham diagnostic 
criteria, the relationship between the symptom and the 
LVDD still raises controversy, in addition to the fact that few 
studies specifically evaluate the association between dyspnea 
stratification and LVDD grades.

 

Objective
The objective of this study was to assess whether dyspnea 

is associated with the presence of LVDD at echocardiography, 
clarifying whether there is a relationship between the classification 
of mMRC of dyspnea and LVDD grade. As a secondary outcome, 
the study determines whether there is an association between 
more advanced degrees of LVDD with other clinical factors, as 
well as similar echocardiographic parameters.

Methods
This study has been approved by the Research Ethics 

Commission of Hospital de Clínicas (HC) da Universidade 
Federal do Paraná (UFPR).

A cross-sectional case-control study with data collection 
from February to August 2017 has been conducted. Patients 
from the Echocardiography Service of HC- UFPR were 
evaluated. The case group consisted of individuals with LVDD 
at echocardiography reporting dyspnea; and the control 
group, by individuals with LVDD at echocardiography, not 
reporting dyspnea.

The inclusion criteria were: accepting to participate in the 
study, by signing the Informed Consent Term; having LVED 
at echocardiography; be between 18 and 75 years of age; 
have preserved LVEF and absence of comorbidities associated 
with dyspnea, such as pulmonary, valvular or neurological 
disease, left ventricular systolic dysfunction and abnormal 
right chambers or pulmonary hypertension.

Sixteen participants were excluded from the study: eight 
due to decreased LVEF; two for refusing to sign the informed 
consent; two due to moderate to severe asthma; one for 
presenting cardiac arrhythmia during the test; one due to 
increased right chamber; one due to moderate aortic and 
tricuspid insufficiency; and one due to echocardiography scans 
with no defined information on abnormal diastolic function.

Considering these criteria, an active search of the 
participants was performed through the echocardiography 

test booking system of Hospital de Clínicas. The clinical 
data collected were provided by the participants.  
The reports analyzed were prepared by the physicians of the 
echocardiography service, so the researchers did not attend to 
the test and did not help preparing the report – a characteristic 
of the service in question.

After analyzing the echocardiographic reports, the medical 
records of each of the participants were analyzed in order to 
confirm the clinical data informed by the patients when the 
informed consent was applied.

Dyspnea
To assess the reports of dyspnea, the mMRC scale was 

employed during recruitment for the study. The scale evaluates 
the presence of dyspnea on major, medium and small 
exertion,5 according to Chart 1.

From grades 1 to 4, two groups were made: group A, 
characterized by dyspnea on major and medium exertion, 
(mMRC 1 and 2); and group B, with dyspnea on minor exertion 
and at rest (mMRC 3 and 4).5 These groups, as well as the 
control group, were divided according to the grade of LVDD, 
as shown in Figure 1.

Electrocardiography
All echocardiography scans were performed on ultrasound 

scanner Phillips Affiniti 50®. The scans, classification of the 
grades of diastolic dysfunction and the reports were performed 
by the physicians of the HC Echocardiography Service, who 
used tissue Doppler and other echocardiographic parameters 
recommended in the 2016 guideline for the evaluation of 
left ventricular diastolic function of the American Society 
of Echocardiography and the European Association of 
Echocardiography,4 to determine the grade of diastolic 
dysfunction. Doppler (two-dimensional, spectral and tissue) 
scans of the LV structural and functional conditions considered 
the following parameters: LV filling pressure; mitral flow 
analysis; peak E-wave velocity; peak A-wave speed; E/A 
ratio; E/e’ ratio; tricuspid regurgitation velocity; LA volume 
and pressure; and pulmonary vein flow.4,7 The researchers 
were solely in charge of reading and analyzing the data 
contained in the report.

Biostatistics
Statistical analysis was expressed as mean, standard 

deviation or percentage, as required. Inferential statistics 
of data adopted a level of significance of 5% (p ≤ 0.05). 
To associate the qualitative variables, Fisher’s exact test and 
the chi-squared test were used; to associate the quantitative 
variables, Student’s t test was used. All data were analyzed 
using the software Minitab version 17.

Results
The study population consisted of 49 participants in 

the case group (with dyspnea) and 11 in the control group 
(without dyspnea). The mean age was 61.77 (± 7.97), 
43 participants (72%) were female, and 51 participants (85%) 
had grade I LVDD.
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Chart 1 – mMRC dyspnea scale

Grade Defining characteristics

0 Dyspnea only with strenuous exercise

1 Dyspnea when hurrying or walking up a slight hill

2 Walks slower than people of the same age because of dyspnea or has to stop for breath when walking at own pace

3 Stops for breath after walking 100 meters or after a few minutes

4 Too dyspneic to leave house or breathless when dressing

Source: Adapted from Yawn et al.,5 2017.

Figure 1 – Flowchart of the Groups Evaluated; n: sample space of each group.
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Of the symptomatic patients, 34 participants were from 
mMRC 1 (70%), 10 from mMRC 2 (20%), 3 from mMRC 3 (6%) 
and 2 from mMRC 4 (4%). Also considering the case group, 
40 participants (82%) presented grade I LVDD and 9 (18%) 
presented grade II LVDD. Of the asymptomatic patients, all 
11 participants had grade I LVDD. None of the participants 
had grade III LVDD. From this quantification, an association 
was established between the presence of dyspnea and the 
LVDD grade (p = 0.04), using the absolute frequencies of 
each variable, according to Chart 1.

Despite the positive association demonstrated above, 
dyspnea groups A and B, when associated with LVDD 
grades I and II (Chart 2), did not present the same pattern of 
significance (p = 0.72).

The observed frequencies of clinical parameters in the 
study population are described in Table 1. These parameters 
were associated with the grades of LVDD. The presence 

of SAH had no positive association with the grades of 
LVDD (p = 0.58) or with DM (p = 0.72) and dyslipidemia 
(p = 0.29). However, the presence of CAD was significant 
in the population with LVDD (p = 0.04).

Considering the grades of LVDD and the age of the patients, 
there was no association between the different grades of LVDD 
and older age (p = 0.06).

The mean BMI of the participants was 30.01 (± 4.51).  
The association between this variable and the grades of LVDD 
was not significant – neither in the direct evaluation with the 
BMI values of each participant nor with the classification of 
BMI according to the World Health Organization (WHO)10 
(p = 0.77 and p = 0.75, respectively).

The echocardiographic parameters are described in Table 2. 
Only 13% of the reports collected contained the description of 
the E/e’ ratio calculation, so this parameter was not considered 
in the analysis.
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Chart 1 – Association between the degree of diastolic dysfunction and presence of dyspnea.LVDD: left ventricular diastolic dysfunction.
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All participants had preserved LVEF, which was associated 
with grades of LVDD, but was not statistically significant 
(p = 0.88).

Comparing the LA size between the case and control 
groups, no significant difference was observed (p = 0.99).

The grade of LVDD was positively associated with increased 
LA (p = 0.0019), as shown in Chart 3.

Discussion
The demographic data of this study show a predominance 

of females (72%), with mean age 61.7 years, mean BMI 
30.01 kg/m² and hypertension (88%). Other comorbidities, 

such as: DM (47%), CAD (28%) and dyslipidemia (60%) were 
also frequent in the subgroup studied. All participants had 
preserved LVDD and LVEF, according to the criteria adopted by 
the American Society of Echocardiography and The European 
Association of Cardiovascular Imaging.4 Dyspnea was observed 
in 82% of the patients. This epidemiological profile is shown 
to be expected for individuals with HFPEF and older.2

The association between the grades of LVDD and the 
presence or absence of dyspnea was statistically significant, 
that is, there was a relationship between the presence of 
dyspnea and more advanced grades of LVDD – as reported 
in the literature.11,12 That is, patients with more severe LVDD 
can be expected to have the symptom.

Chart 2 – Association between the degree of diastolic dysfunction and dyspnea groups. LVDD: left ventricular diastolic dysfunction.
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Table 1 – Clinical parameters

Parameters
General population Symptomatic Asymptomatic

n % n % n %

SAH 53 88 42 86 11 100

DM 28 47 21 43 7 64

CAD 17 28 15 31 2 18

DSLP 36 60 30 61 6 54

n: absolute frequency; %: relative frequency; SAH: systemic arterial hypertension; DM: diabetes mellitus; CAD: coronary artery disease; DSLP: dyslipidemia.

Table 2 – Echocardiographic parameters

Parameters General population Symptomatic Asymptomatic

LVEF (%) 71.16 ± 5.06 70.51 ± 4.51 74.02 ± 6.51

LA (mm) 38.75 ± 4.27 38.75 ± 4.20 38.72 ± 4.77

LV diastolic diameter (mm) 46.13 ± 3.16 46.08 ± 3.09 46.36 ± 3.58

LV systolic diameter (mm) 27.42 ± 2.85 27.65 ± 2.69 26.36 ± 3.41

LVEF: left ventricular ejection fraction; LA:left atrium; LV: left ventricle.

Chart 3 – Association between LVDD and LA size.
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It was observed that patients with dyspnea from both group A 
and group B had a higher proportion of grade I LVDD, showing 
no linear relationship between the degree of dyspnea and the 
grade of LVDD – that is, patients with advanced grade LVDD 
cannot be expected to have dyspnea in its most severe form. 
However, the comparison between the case and control groups 
was statistically significant because it showed that no participant 
in the control (asymptomatic) group presented grade II LVDD, 

while 18% of the case group (symptomatic) presented it.  
The studies of Nasim et al.,11 2013 and Farag et al.,13 2017, 
who used the Borg scale and functional evaluations to 
determine the symptom of dyspnea, corroborate the outcome 
of the relationship between the presence of dyspnea and the 
evolution of LVDD.9 However, both found positive results of the 
association between symptom progression and the progression 
of LVDD,11,13 unlike what was found in this study. 
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It was not possible to differentiate LVDD according to LVEF, 
in addition to what is reported in the literature.2,8 However, the 
study design did not have this objective, since only participants 
with preserved LVEF were included, to guarantee greater 
accuracy in the evaluation of HFPEF in the study population.

It is known that age is related to changes in diastolic 
parameters of mitral velocity and flow, reduction of LV 
complacency and LA dilation. As aging is considered an 
independent determinant, a relationship between the 
progression of LVDD and older age is expected. In this study, 
whose participants were between 43 and 75 years of age, 
this association was not observed. However, the populations 
described in the literature present an older mean age than the 
mean of this study (61.7 years), which may have statistically 
strengthened the importance of age in the pathophysiology 
of LVDD in those reports.7,14

Regarding BMI, there was no significant difference between 
the grades of LVDD, regarding neither the individual values   
obtained nor the classification of BMI according to the WHO.10 
Despite such considerations, it is necessary to consider that 
ethnicity and age interfere with BMI and may interfere in 
the relationship with LVDD. Therefore, a more thorough 
evaluation is necessary to correct these factors and establish 
the role of BMI in the grade of LVDD.15,16

The presence of CAD was significant in the population 
with LVDD, but it is not possible to classify it as an 
independent risk factor for this population, since the 
presence of CAD was observed from the medical history 
of the participants. Other studies, however, performed 
laboratory and imaging tests to evaluate the same 
association, which is controversial.17,18

Although the E/e’ ratio is recommended in the evaluation 
of diastolic function, this parameter was not used in this study 
due to its low incidence (13%) among the reports collected. 
The E/e’ ratio is one of the numerical parameters of diastolic 
function evaluation, and it is a consensus among professionals 
in the HC Echocardiography laboratory to define the grade 
of LVDD according to the algorithm of the American Society 
of Echocardiography and the European Association of 
Echocardiography,4 although said relationship is not described 
in all reports. Therefore, other parameters were evaluated in 
this study, including the LA dimension, which is one of the 
well-established echocardiographic parameters for LVDD. 
The dilatation of this chamber reflects the evolution of LVDD 
by the decrease of ventricular complacency and chronic 
exposure to high filling pressures. This dimension tends to 
increase with the progression of LVDD, as the one found.4,7,19 
Therefore, it can be inferred that in the absence of tissue 
Doppler and other factors that increase LA, the analysis of 
the mitral flow associated with increased LA can corroborate 
the prediction of more advanced grades of LVDD, denoting 
increased intracavitary filling pressures.

In addition to that, the LA size was not positively associated 
with the presence of dyspnea in participants with LVDD. 
According to Ratanasit et al.,20 who used an exercise test to 
assess dyspnea, atrial dilatation (43 ± 6.1) can predict lower 

tolerance to exercise.20 However, this investigation of dyspnea 
was based only on clinical criteria (mMRC) and no significant 
difference was found between the LA dimensions of the case 
and control groups.

 
Limitations

To avoid sample selection bias, this study had a 
heterogeneous and limited population (60 participants). 
It had a small population in group B of dyspnea, since the 
echocardiographic data of LVED with preserved LVEF was 
considered a critical inclusion criterion – which may have 
interfered with the statistical analysis. On the other hand, 
this fact better reflects the reality addressed, which was the 
intention of the study.

Moreover, participants with no LVDD and dyspnea were not 
recruited because the purpose of this study was to address and 
evaluate participants with LVDD. Besides, the population served 
by the HC-UFPR Echocardiography Service hardly involves 
patients with normal diastolic function. Thus, the research 
methodology was designed considering the patterns dealt with 
in the HC.

Another limiting factor was the non-description of the E/e’ 
ratio in the diastolic function evaluation reports. However, 
defining the LVDD grade according to the algorithm of the 
American Society of Echocardiography and the European 
Association of Echocardiograph is a consensus among HC 
echocardiography laboratory team.4 That is, the E/e’ ratio 
is calculated to classify LVDD grade, but is not described 
in all reports.

Suggestions
Considering the study limitations, it is recommended that 

new approaches be carried out with the same objective, 
including longitudinal evaluation in a larger and more 
homogeneous group. In addition, it is interesting that dyspnea 
be evaluated with more clinical parameters to strengthen its 
relationship with HFPEF.

It is worth noting that for echocardiography services 
without access to tissue Doppler, it is suggested to evaluate 
the evolution of LVDD by left atrial size, in the absence of 
other factors that may increase it.

Conclusion
Dyspnea was very prevalent in the population with diastolic 

dysfunction, demonstrating an association between the 
presence of the symptom and dysfunction. However, there 
was no close association between the intensity of dyspnea and 
more advanced levels of diastolic dysfunction. However, this 
study demonstrated that the absence of dyspnea seems to be 
associated with a lower degree of diastolic dysfunction, since 
no asymptomatic patient had advanced diastolic dysfunction.

Enlarged left atrium and the presence of coronary artery 
disease were associated with the presence of higher grades 
of left ventricular diastolic dysfunction.
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