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ABSTRACT
Background: Diastolic dysfunction (DD) is a diagnostic challenge in clinical practice.

Aim: Our study aimed to evaluate the value of diastolic stress echocardiography (DSE) and heart
failure (HF) biomarkers in patients with preserved left ventricular ejection fraction (LVEF) and HF
symptoms.

Methods: All the consecutive patients with HF symptoms, preserved LVEF, and suspected DD were
examined on transthoracic echocardiography (TTE) and DSE using the protocol according to the
American Society of Echocardiography recommendations. Moreover, blood samples were taken
30 minutes before and after DSE for the following lab markers: N-terminal pro-B type natriuretic
peptide (NT-proBNP), mid regional pro-atrial natriuretic peptide (MR-proANP), and serum soluble
ST2 receptor (ST2).

Results: The study group included 80 patients (mean [standard deviation, SD] age, 69 (8.1) years;
25% males) with dyspnea (New York Heart Association classification lla— 53;1lb — 17; 1l — 10) and
risk factors: hypertension (96%), diabetes (41%), obesity (56%), and known coronary artery disease
(10%).The rest transthoracic echocardiography (TTE) showed preserved systolic function (mean [SD],
LVEF 61.1 [10.5]%) and normal or indeterminate diastolic function. DSE revealed a positive result
for diastolic dysfunction in 17 patients (21%). The receiver operating characteristic (ROC) analysis
showed that age (the area under the curve [AUC], 0.725; P <0.01), left atrial volume indexed for body
surface area [LAVI] rest (AUC, 0.722; P <0.01), E/e’rest (AUC, 0.790; P <0.01), and baseline NT-proBNP
(AUC, 0.713; P<0.01) predicted positive DSE. Other parameters, including body mass index, baseline
E/A, DT, or €' were not predictive of DSE results.

Conclusions: DSE revealed diastolic dysfunction in 21% of study patients and improved the diagnos-
tic value of echocardiography. Rest NT-proBNP, but not MR-proANP and ST2, provided a diagnostic
value for diastolic dysfunction.
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INTRODUCTION
Left ventricular (LV) diastolic function may
be evaluated noninvasively using transtho-
racic echocardiography (TTE) [1]. The main
symptoms suggesting diastolic dysfunction
(DD) are dyspnea, exertional fatigue, or
poor exercise tolerance. The key variables
recommended for assessment of LV diastolic
function include simple parameters of mitral

inflow and annular velocities, peak velocity of
tricuspid regurgitation jet, and the left atrial
volume index (LAVI) [2]. However, rest TTE may
provide borderline diastolic abnormalities or
inconclusive data. The gold standard for the
diagnosis of LV DD is invasive testing with
direct left ventricular pressures and/or pulmo-
nary capillary wedge pressure measurements
[1,3, 5]. Hence, this method is relatively rarely
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WHAT'S NEW?

Diastolic dysfunction is a diagnostic challenge in clinical practice. Transthoracic echocardiography in rest may provide border-
line diastolic abnormalities or inconclusive data. Therefore, the current European Society of Cardiology guidelines recommend
diastolic stress echocardiography (DSE) in patients with heart failure symptoms and normal or indeterminate diastolic function.
In our study, DSE revealed a diastolic dysfunction in every fifth patient with inconclusive rest echocardiography. N-terminal pro-
B-type natriuretic peptide (NT-proBNP) was the only lab marker that significantly increased early after the exercise. The utility
of DSE was similar despite various clinical characteristics. Rest NT-proBNP, but not mid-regional pro-atrial natriuretic peptide
(MR-proANP) and serum soluble ST2 receptor (ST2), was the only biomarker of heart failure predictive for exercise diastolic
dysfunction with similar predictive value to age, rest left atrium volume index, and E/€’ratio.

used in clinical practice, especially with invasive measure-
ments of the pressures during exercise stress. Therefore,
the current European Society of Cardiology guidelines
recommend diastolic stress echocardiography (DSE) in
patients with heart failure (HF) symptoms and normal or
indeterminate diastolic function [3]. A substantial number
of patients with hypertension, diabetes, or LV hypertrophy,
do not meet the criteria for DD on rest TTE [4].

The natriuretic peptides, including the N-terminal pro-B
type natriuretic peptide (NT-proBNP) and mid regional
pro-atrial natriuretic peptide (MR-proANP) are the most
important lab markers of myocardial overload and strain.
They are released to induce vasodilatation and diuresis [6].

Inflammation may be considered one of the mecha-
nisms leading to LVDD [7]. ST2 is an inflammatory cytokine,
which is involved in myocardial fibrosis, hypertrophy, and
cardiac remodeling [8, 9]. All three cytokines are perceived
as lab markers of left ventricular dysfunction and HF, which
can improve the clinical diagnosis or prognosis [10].

NT-proBNP is a major natriuretic peptide used in clinical
practice in contrast to the other two markers. Although
the data on the pharmacotherapy of HF with preserved
left ventricular ejection fraction (LVEF) are divergent and
we look forward to further trial results, proper diagnosis
will have an impact on the implementation of therapies
that may improve exercise tolerance and quality of life [11].

Therefore, our study aimed to evaluate the clinical value
of diastolic stress echocardiography (DSE) and blood mark-
ers of HF in patients with preserved LVEF and HF symptoms.

METHODS
Eighty consecutive patients with exertional dyspnea and
suspected DD or borderline diastolic abnormalities on TTE
were enrolled in the study.

The main exclusion criteria were as follows: HF with
reduced ejection fraction (HfrEF; LVEF <45%), severe DD
considered as a restrictive filling pattern on TTE at rest,
significant valve disease (severe regurgitations, at least mild
valve stenosis), atrial fibrillation, severe chronic kidney dis-
ease (glomerular filtration rate [GFR] <30 ml/min/1.73 m?),
acute cardiovascular diseases in prior 8 weeks (e.g. acute
coronary syndrome, acute pulmonary embolism, stroke),

significant chronic pulmonary diseases, acute infectious
disease in prior 4 weeks.

For better characterization of functional capacity, we
used a modified New York Heart Association [NYHA] clas-
sification with class Il subgrouping in lla class defined as
dyspnea after running or climbing >2 flights of stairs, and
IIb class as dyspnea after fast walking or climbing 2 flights
of stairs [12].

Aroutine TTE screening was performed in all subjects
at the enrollment, which followed the ASE guidelines [1,
13]. All the subjects were scheduled for exercise echocar-
diography limited by symptoms and fatigue, according
to the ASE clinical recommendation, using a treadmill
ergometer (Aspel, Cardiotest B612, Poland) [14]. TTE was
performed at rest just before the exercise and at peak
stress. The workload was escalated in a stepwise fashion
adding 25W every 3 minutes according to the Bruce
protocol [14]. DSE test was considered positive when the
following conditions were met: average E/e’>14 and peak
TR velocity >2.8 m/s [1].

A Philips HD15 ultrasound system (Bothel, WA, US)
was used in all cases and anonymized echocardiographic
data were stored digitally. All the SE tests were performed
by one operator blinded to the lab tests results and ana-
lyzed offline.

Left ventricular diastolic dysfunction was assessed
according to the ASE guidelines [1]. In brief, if more than
50% of the following parameters were abnormal (average
E/e’ >14, septal e’ velocity <7 cm/s or lateral e’ velocity
<10 cm/s, TR velocity >2.8 m/s, and the LA volume index
>34 ml/m?), DD was confirmed. In other cases, diastolic
function was indeterminate (50% of abnormal parameters)
or normal (<50%).

The LV end-diastolic volume (EDV), end-systolic volume
(ESV), ejection fraction (EF), and LA — left atrial volume
(LAV) parameters were assessed using a 2D Simpson'’s
method. Transmitral inflow velocities and tissue Doppler
parameters were obtained according to the guidelines [13].

The blood specimens were obtained 30 minutes before
and 30 minutes after the SE in all the study patients. The
following markers of HF were assessed: NT-proBNP, MR-
proANP, and ST2 (BioVendro R&D, Cz).
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The study was conducted at the Department of Cardi-
ology at the Upper-Silesian Medical Center of the Medical
University of Silesia in Katowice in accordance with the
Declaration of Helsinki. The study protocol was approved
by the local ethics committee (no. KNW/0022/KB1/76/17)
and all subjects gave written informed consent before the
study enrollment. This work was supported by a non-com-
mercial research grant from the Medical University of Silesia
(KNW-1-026-K/9/K).

Statistical analysis

Qualitative parameters are presented as numbers and
percentages. Distributions of continuous variables were
analyzed using the Kolmogorov-Smirnov test. All continu-
ous variables normally distributed are presented as means
and standard deviations (SD) and non-normally distributed
as medians and interquartile ranges. Correlations between
clinical, echocardiographic, and biochemical continuous
parameters were tested using the Pearson coefficient
correlation test. The Student’s t-test, Mann-Whitney U test,
x> test, paired sample t-test, Wilcoxon signed-rank test, and
McNemar's test were used where appropriate to test the
differences among parameters and between groups.To de-
termine the best cut-off of baseline parameters, the receiver
operating characteristic (ROC) curves were used providing
sensitivity, specificity, and optimal predictive values for
diastolic dysfunction. A P-value <0.05 was considered
statistically significant. Statistical analysis was performed
using MedCalc software (version 19.1).

RESULTS
The baseline characteristics of the study population are
presented in Table 1. In brief, the study group included
80 patients (mean [SD] age, 69 (8) years; 25% males) with
dyspnea (NYHA lla—53;1lb — 17; 1ll— 10) and the follow-
ing risk factors: hypertension (96%), obesity (56%), diabetes
(41%), coronary artery disease (10%), and chronic kidney
disease (26%). The rest TTE showed a preserved systolic

Table 2. Echocardiography at rest and peak stress test

Table 1. Demographic and clinical characteristics of the study group

Age, years, mean (SD) 69 (8.1)
Male sex, n (%) 20 (25)
BMI, kg/m? mean (SD) 31.3(4.9)
Obesity, n (%) 45 (56)
Hypertension, n (%) 77 (96)
Diabetes, n (%) 33(41)
Dyslipidemia, n (%) 70 (87)
Nicotinism, n (%) 5(6)
CAD, n (%) 8(10)
Previous M, n (%) 2(2.5)
Previous PCl, n (%) 4(5)
Previous CABG, n (%) 0
Cardiovascular pharmacotherapy

B-blockers, n (%) 70 (87)
ACE-, n (%) 54 (67)
ARB, n (%) 13(16)
Aldosterone - antagonist, n (%) 5(6)
Diuretics, n (%) 34 (42)
Calcium antagonist, n (%) 37 (46)
Nitrate, n (%) 1(1.25)
Antidiabetic drugs, n (%) 17 (21.25)
Insulin, n (%) 8(10)
Hypolipidemic drugs, n (%) 60 (75)

Abbreviations: ACE-l, angiotensin-converting inhibitor; ARB, angiotensin receptor
blockers; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary
artery disease; MI, myocardial infarction; PCl, percutaneous coronary intervention

function (mean [SD] LVEF, 61.1 [10.5]1%) and normal or
indeterminate diastolic function in all patients. Normal LV
geometry was found in 19 (23%) patients and normal LV
mass index in 48 subjects (60%). Most patients revealed
either concentric remodeling (36%) or concentric hyper-
trophy (33%) of LV.

Table 2 presents all the major echocardiographic
parameters obtained at rest and peak stress during DSE.
As expected, there were significant differences in most of
the parameters, except for diastolic blood pressure, left
ventricular end-diastolic volume, Tei index, and LAVI.

All the patients completed their DSE and positive results
for diastolic dysfunction were found in 17 patients (21%).

L e | ke s ] ke

Heart rate, beats/min, mean (SD)
SBP, mm Hg, mean (SD)
DBP, mm Hg, mean (SD)
LV EDV, ml, mean (SD)
LVEF, %, mean (SD)

TDI Tei index, mean (SD)
E/A, mean (SD)

E/e, mean (SD)

TDI €, mean (SD)
E/e'<7,n (%)

E/e'>14, n (%)

LAV index, mean (SD)
LAVI >34 ml/m?, n (%)
TRVmax >2.8 m/s, n (%)

74.1(10.4)
131.2(16)
77.1 (8.5)
91.2(29)
61.1(10.5)
0.37(0.04)
0.9 (0.47)
11.5 (3.95)
6.1(0.9)
64 (80)
16 (20)
36.1(9.2)
40 (50)
11(13.7)

122.1(17)
159.2(21.1)
78.5(7.1)
89.7 (29.3)
71.3(9.2)
0.38 (0.04)
1.23(0.47)
13.9(4.3)
8.1(1.46)
23 (287
35(43.8
34.8(9.5)
41(51)
27 (33.7)

)
)

<0.001
<0.01
03
0.7
<0.0001
0.7
<0.0001
0.001
<0.001
<0.0001
0.001
0.76
0.9
0.01

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; EDV, end-diastolic volume; EF, ejection fraction; LAV, left atrial volume; LAVI, left atrial volume index;
LV, left ventricle; SBP, systolic blood pressure; TDI, tissue Doppler imaging; TR, tricuspid regurgitation
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Table 3. Laboratory markers of heart failure at rest and peak stress test

Variables Rest

NT-proBNP, pg/ml, median (IQR)
NT-proBNP >125 pg/ml, n (%)
MR-proANP, pmol/l, median (IQR)
MR-proANP >60 pmol/I, n (%)
MR-proANP >120 pmol/I, n (%)
ST2, ng/ml, median (IQR)

ST2 >35 ng/ml, n (%)

64 (80)

24 (30)
24 (30)

4(5)

273(161-517)

16.8 (7.9-501.7)

16.2(12.1-21.5)

Stress P-value
317 (176-521) <0.001
67 (83) 0.6
15.3 (6.2-634.2) 0.5
25(31) 0.9
25(31) 0.9
16.3(12.6-21.1) 0.7
3(3.7) 0.7

Abbreviations: MR-proANP, mid-regional pro atrial natriuretic peptide; NT-proBNP, n-terminal pro B-type natriuretic peptide

Table 4. Laboratory markers of heart failure — the comparison between the subgroup with (DD+) and without diastolic dysfunction (DD-)

in stress echocardiography

DD (+) DD (+)
=17 =17

443.8 (316.2-781.2)
17.2(8.4-598.2
16.4(12.2-18.7)

NT-proBNP, pg/ml, median (IQR)
MR-proANP, pmol/l, median (IQR)
ST2, ng/ml, median (IQR)

240.9 (142.1-438.7)
14.9 (7.25-642.7) 0.4
16.2(12.1-23.6)

0.007 481.1(343.3-824.8) 261.8(158.2-492.3) 0.005
17.1(8.3-444.2) 14.7 (5.7-670.4) 0.53
0.32 15.2(12.6-19.9) 16.4 (12.5-22.4) 0.56

Abbreviations: DD, diastolic dysfunction; other — see Table 3

Table 5. The ROC analysis in the prediction of the diastolic dysfunction on stress echocardiography

Patient’s age, years 0.725 (0.613-0.819) 0.0004
LAVI rest, ml/m? 0.722 (0.610-0.816) 0.0016
E/e’rest 0.791 (0.686-0.874) 0.001
NT-proBNP rest, pg/ml 0.713 (0.601-0.809) <0.01

>42 53 89 56 88
>11 88 66 42 95
>283.5 82 64 38 93

Abbreviations: see Tables 2 and 3

NT-pro BNP was the only lab marker of HF, which increased
significantly after DSE (Table 3). The other markers (MR-
proANP and ST2) revealed similar serum levels before and
after DSE.

Afterward, patients were divided into two subgroups:
with and without diastolic dysfunction (DD+ and DD-).
Patients with DD revealed significantly higher NT-proBNP
serum levels both before and after DSE (Table 4). However,
MR pro ANP and ST2 serum levels were not different in
both subgroups.

The study group was divided into subgroups based on
age (<71vs.>71 years), obesity, or diabetes. There were no
differences between those subgroups in echocardiograph-
ic parameters of DSE obtained at rest or peak exercise (data
not shown).

The NT-proBNP serum levels were significantly higher
in the subgroup =71 years compared to subjects <71 years
both at rest (median [interquartile range, IQR], 389 [228-
589] pg/mlvs. 188.7 [83.1-388.5] pg/ml; P <0.001) and stress
(median [IQR], 432.6 [262.4-600] pg/ml vs.212.1 [97.3-392]
pg/ml; P <0.001). Moreover, patients with normal LAVI
showed significantly lower NT-pro BNP serum values
compared to patients with enlarged LAVI: at rest (median

www.journals.viamedica.pl/kardiologia_polska

[IQR], 238.7 (131-383.6) pg/ml vs.398.1 (192-552.6) pg/m|;
P=0.01) and after stress (median [IQR], 260.2 [133.5-402]
pg/ml vs. 442 [232.1-614.9] pg/ml; P=0.01).

Moreover, NT-proBNP serum levels showed a significant
association with LAVI at rest (r=0.4; P=0.001) and a trend
towards association with patients’ age (r = 0.2; P = 0.07).
There was also a trend towards association between serum
ST2 levels and the LV mass index (r = 0.2; P = 0.06). There
was a positive correlation between stress NT-proBNP and
stress LAVI (r=0.3; P <0.05) and stress E/e’(r = 0.5; P <0.05).

Receiver Operating Characteristic analysis

The ROC analysis was performed to verify the predictive
values of TTE parameters obtained at rest and lab markers
for DD. It showed that age (AUC, 0.725; P <0.01), LAVI rest
(AUC, 0.722; P <0.01), E/e’ rest (AUC, 0.790; P <0.01), and
baseline NT-proBNP (AUC, 0.713; P <0.01) predicted posi-
tive DSE (Table 5, Figure 1). The predictive values (AUC) of
those baseline parameters were similar (P >0.05). Other
parameters, including body mass index (BMI), baseline
E/A, DT, or € were not predictive for DSE results. Finally, if
more than one of the baseline criteria were fulfilled, the
sensitivity for DD was 100%.
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Figure 1. ROC analysis — diastolic stress echocardiography

Abbreviations: LAV, left atrial volume indexed; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; ROC, receiver operating
characteristic

DISCUSSION

Our study showed a few interesting findings important
for clinical practice. First, DSE reveals a DD in every fifth
patient with inconclusive rest TTE. Second, NT-pro BNP
was the only lab marker, which significantly increased early
after exercise echocardiography. Third, the utility of DSE
was similar despite various clinical characteristics. Fourth,
rest NT-proBNP was the only biomarker of HF predictive
for exercise DD with a similar predictive value to age, rest
LAVI, and E/e"

In our study, DSE revealed DD in 21% of patients with
HF symptoms and suspected DD or borderline diastolic ab-
normalities on rest TTE. There is considerable heterogeneity
among other studies in the rates of abnormal LV diastolic
function on exercise echocardiography related to study
groups and various echocardiographic parameters used as
markers of diastolic function [15, 16]. Therefore, the rates of
positive diastolic stress tests varied from a few percent [17]
to nearly half of the study group [18]. Nishi et al. [19] found
that 16% of asymptomatic patients with DM and normal rest
diastolic function showed a positive DSE. Gharacholou et al.
[18] retrospectively analyzed a large group of 2835 patients,
who had had exercise echocardiography. In the subgroup of
patients with normal systolic function and no wall motion
abnormalities, mild DD was noted in up to 40% of partic-
ipants. Moreover, impaired exercise diastolic reserve was
found to be more frequent in patients with DM [20]. DD is
akeyfactorin the pathogenesis of HF. Frequently, symptoms
of DD occur only during exercise, as LV filling pressure is
normal at rest but increases with exercise [21]. Major risk
factors for diastolic dysfunction include age, hypertension,
diabetes mellitus, and LV hypertrophy [22]. Asymptomatic

mild LV DD was found in 21%, and moderate or severe di-
astolic dysfunction is present in 7% of the population [23].
Diastolic filling can be compensated at the resting state,
butthe LVis unable to enhance diastolic filling and increase
cardiac output without an abnormal elevation in left atrial
pressure and pulmonary artery wedge pressure (PAWP)
during exercise [24]. There are several patients in clinical
practice with symptoms but with normal or indeterminate
function in rest echocardiography. In these patients, it is
important to evaluate filling pressure with exercise [25].
An important role of diastolic exercise echocardiography
is to provide an accurate diagnosis of DD and HF [26]. The
exercise echocardiography and the E/e'ratio were found to
have a good correlation with LV filling pressures obtained
simultaneously in cardiac catheterization [27]. Finally, DSE
was found to predict clinical outcomes. The meta-analysis
by Sud et al. found that exercise-induced DD was associat-
ed with a higher likelihood of cardiovascular mortality or
hospitalization [15].

Our study showed that rest NT-proBNP predicted pos-
itive DSE, but stress NT-proBNP did not add a diagnostic
value. Thus, rest levels of NT-proBNP helped to predict an
exercise-induced DD. It could be used in addition to major
echocardiographic indices of diastolic dysfunction (E/€,
LAVI) in patients unable to perform an exercise protocol.
In patients with normal left ventricular function at rest
but elevated filling pressures at exercise, NT-proBNP levels
were also found to be increased compared to controls with
normal filling pressures at exercise [28, 29]. Similarly, there
was an association of an elevated E/E'-ratio with increased
BNP levels after exercise in patients with DD or suspected
diastolic heart failure (DHF) [28, 301.

The other natriuretic peptide (MR-proANP) did not
show any associations with DD and failed to predict exer-
tional DD. Moreover, stress MR-proANP obtained early after
the exercise load was also similar to its rest serum levels,
which is in line with no significant changes in rest-stress
LAVI. It also suggests that baseline MR-proANP does not
have sensitivity to reflect DD in non-acute settings. Both
natriuretic peptides are recommended to be used in clini-
cal practice, especially in patients with acute dyspnea and
suspicion of acute HF [3]. The increased NT-proBNP serum
levels originate from the LV as a response to ventricular
pressure and volume overload [31-33]. Atrial natriuretic
peptide and the increased MR-proANP originate mainly
from healthy and overloaded atria and also from the LV with
systolic dysfunction [33]. Those differences in natriuretic
peptides may explain our findings. Finally, the exact chang-
es and dynamics of serum levels of natriuretic peptides in
response to exercise load are unknown. So the optimum
time to take blood after the exercise is also unknown and
could affect our findings. Serum ST2 level is a novel marker
of cardiac remodeling with suggested diagnostic (acute HF)
and predictive (HF, death) values [10].

However, our study does not support the diagnostic
value of ST2 in stable patients with exertional dyspnea
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and suspicion of DD. Serum levels of ST2 were not affected
by exercise load, either. A clinical follow-up of the study
patients will verify if baseline ST2 serum concentrations
may provide any prognostic data.

CONCLUSIONS

DSE revealed DD in 21% of study patients and improved
the diagnostic value of echocardiography. Rest NT-proBNP,
but not MR-proANP and ST2, provided a diagnostic value
towards DD. Our study may help to establish a strategy
for the prediction and diagnosis of DD to explain patients’
symptoms and HF with preserved ejection fraction. Further
clinical follow-up should assess any predictive value of DSE
and exertional lab markers of HF.

Article information
Conflict of interest: None declared.
Funding: None.

Open access: This article is available in open access under Creative
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and
share them with others as long as they credit the authors and the
publisher, but without permission to change them in any way or use
them commercially. For commercial use, please contact the journal
office at kardiologiapolska@ptkardio.pl.

REFERENCES

1. Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations for the
Evaluation of Left Ventricular Diastolic Function by Echocardiography: An
Update from the American Society of Echocardiography and the European
Association of CardiovascularImaging.J Am Soc Echocardiogr. 2016; 29(4):
277-314,doi: 10.1016/j.ech0.2016.01.011,indexed in Pubmed: 27037982.

2. StuderBruengger AA, Kaufmann BA, Buser M, et al. Diastolic stress echo-
cardiography in the young: a study in nonathletic and endurance-trained
healthy subjects. J Am Soc Echocardiogr. 2014; 27(10): 1053-1059, doi:
10.1016/j.ech0.2014.06.016, indexed in Pubmed: 25087079.

3. Seferovic PM, Ponikowski P, Anker SD, et al. 2016 ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure: The Task
Force for the diagnosis and treatment of acute and chronic heart failure
of the European Society of Cardiology (ESC)Developed with the special
contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart
J.2016; 37(27): 2129-2200, doi: 10.1093/eurheartj/ehw128, indexed in
Pubmed: 27206819.

4. HaJW,Oh K Pellikka PA, et al. Diastolic stress echocardiography: a novel
noninvasive diagnostic test for diastolic dysfunction using supine bicycle
exercise Doppler echocardiography. J Am Soc Echocardiogr. 2005; 18(1):
63-68, doi: 10.1016/j.ech0.2004.08.033, indexed in Pubmed: 15637491.

5. Lancellotti P, Pellikka PA, Budts W, et al. The clinical use of stress echo-
cardiography in non-ischaemic heart disease: recommendations from
the European Association of Cardiovascular Imaging and the American
Society of Echocardiography. Eur Heart J Cardiovasc Imaging. 2016; 17(11):
1191-1229, doi: 10.1093/ehjci/jew190, indexed in Pubmed: 27880640.

6.  Nakao K, Ogawa Y, Suga S, et al. Molecular biology and biochemistry of
the natriuretic peptide system. II: Natriuretic peptide receptors. J Hyper-
tens. 1992;10(10): 1111-1114, doi: 10.1097/00004872-199210000-00002,
indexed in Pubmed: 1334991.

7. Kloch M, Stolarz-SkrzypekK, Olszanecka A, et al. Inflammatory markers and
left ventricular diastolic dysfunction in a family-based population study.
Kardiol Pol. 2019; 77(1): 33-39, doi: 10.5603/KP.a2018.0214, indexed in
Pubmed: 30406940.

8. SchmitzJ,Owyang A, OldhamE, et al. IL-33, an interleukin-1-like cytokine
that signals via the IL-1 receptor-related protein ST2 and induces T
helper type 2-associated cytokines. Immunity. 2005; 23(5): 479-490, doi:
10.1016/j.immuni.2005.09.015, indexed in Pubmed: 16286016.

20.

21.

22.

23.

24,

25.

26.

Sanada S, Hakuno D, Higgins LJ, et al. IL-33 and ST2 comprise a critical
biomechanically induced and cardioprotective signaling system. J Clin
Invest. 2007; 117(6): 1538-1549, doi: 10.1172/JCI30634, indexed in
Pubmed: 17492053.

Igbal N, Wentworth B, Choudhary R, et al. Cardiac biomarkers: new tools
for heart failure management. Cardiovasc Diagn Ther.2012; 2(2): 147-164,
doi: 10.3978/j.issn.2223-3652.2012.06.03, indexed in Pubmed: 24282708.
Zhuang C, Luo X, Wang Q, et al. The effect of exercise training and
physiotherapy on diastolic function, exercise capacity and quality of life
in patients with heart failure with preserved ejection fraction: a system-
atic review and meta-analysis. Kardiol Pol. 2021; 79(10): 1107-1115, doi:
10.33963/KP.a2021.0101, indexed in Pubmed: 34472077.

Spoladore R, Fragasso G, Montanaro C, et al. NYHA Class Il subgrouping:
correlation with left ventricular dysfunction questionnaire (LVD-36) and
ejection fraction. Minerva Cardioangiol. 2010; 58(4): 441-448, indexed
in Pubmed: 20938411.

Mitchell C, Rahko PS, Blauwet LA, et al. Guidelines for performing a com-
prehensive transthoracic echocardiographic examination in adults:
recommendations from the American Society of Echocardiography. J
Am Soc Echocardiogr.2019;32(1): 1-64, doi: 10.1016/j.ech0.2018.06.004,
indexed in Pubmed: 30282592.

Pellikka PA, Arruda-Olson A, Chaudhry FA, et al. Guidelines for per-
formance, interpretation, and application of stress echocardiography
in ischemic heart disease: from the American Society of Echocardi-
ography. J Am Soc Echocardiogr. 2020; 33(1): 1-41.e8, doi: 10.1016/j.
ech0.2019.07.001, indexed in Pubmed: 31740370.

Sud K, Bhatia KS, Vogel B, et al. Prognostic significance of exercise-in-
duced diastolic dysfunction: A systematic review. Echocardiography.
2020; 37(10): 1594-1602, doi: 10.1111/echo.14841, indexed in Pubmed:
32892393.

Jong-Won H, Andersen OS, Simseth OA. Diastolic stress test. Invasive and
noninavsive testing. JACC Cardiovasc Imaging. 2020; 13(1): 272-282, doi:
10.1016/j,jcmg.2019.01.037, indexed in Pubmed: 31202741.

Fitzgerald BT, Presneill JJ, Scalia IG, et al. The prognostic value of the
diastolic stress test in patients undergoing treadmill stress echocardiog-
raphy. J Am Soc Echocardiogr. 2019; 32(10): 1298-1306, doi: 10.1016/j.
ech0.2019.05.021, indexed in Pubmed: 31377071.

Gharacholou SM, Scott CG, Takahashi PY, et al. Left ventricular diastolic
function and long-term outcomes in patients with normal exercise echo-
cardiographic findings. Am J Cardiol. 2013; 112(2): 200-207, doi: 10.1016/j.
amjcard.2013.03.009, indexed in Pubmed: 23611754.

Nishi T, Kobayashi Y, Christle JW, et al. Incremental value of diastolic
stress test in identifying subclinical heart failure in patients with diabe-
tes mellitus. Eur Heart J Cardiovasc Imaging. 2020; 21(8): 876-884, doi:
10.1093/ehjci/jeaa070, indexed in Pubmed: 32386203.

Leung M, Phan V, Whatmough M, et al. Left ventricular diastolic reserve in
patients with type 2 diabetes mellitus. Open Heart. 2015; 2(1): 000214,
doi: 10.1136/openhrt-2014-000214, indexed in Pubmed: 25893102.

Ha JW, Andersen OS, Smiseth OA. Diastolic stress test: invasive and non-
invasive testing. JACC Cardiovasc Imaging. 2020; 13(1 Pt 2): 272-282, doi:
10.1016/j,jcmg.2019.01.037, indexed in Pubmed: 31202741.

Jeong EM, Dudley SC. Diastolic dysfunction. Circ J. 2015; 79(3): 470-477,
doi: 10.1253/circj.CJ-15-0064, indexed in Pubmed: 25746522.

Redfield MM, Jacobsen SJ, Burnett JC, et al. Burden of systolic and
diastolic ventricular dysfunction in the community: appreciating the
scope of the heart failure epidemic. JAMA. 2003; 289(2): 194-202, doi:
10.1001/jama.289.2.194, indexed in Pubmed: 12517230.

Talreja DR, Nishimura RA, Oh JK. Estimation of left ventricular filling
pressure with exercise by Doppler echocardiography in patients with
normal systolic function: a simultaneous echocardiographic-cardiac
catheterization study. J Am Soc Echocardiogr. 2007; 20(5): 477-479, doi:
10.1016/j.ech0.2006.10.005, indexed in Pubmed: 17484986.

Oh JK, Park SJ, Nagueh SF. Established and novel clinical applications
of diastolic function assessment by echocardiography. Circ Cardiovasc
Imaging. 2011; 4(4): 444-455, doi: 10.1161/CIRCIMAGING.110.961623,
indexed in Pubmed: 21772012.

Kim KH, Kane GC, Luong CL, et al. Echocardiographic diastolic stress
testing: what does it add? Curr Cardiol Rep. 2019; 21(9): 109, doi:
10.1007/511886-019-1187-8, indexed in Pubmed: 31377869.

www.journals.viamedica.pl/kardiologia_polska 565


http://dx.doi.org/10.1016/j.echo.2016.01.011
https://www.ncbi.nlm.nih.gov/pubmed/27037982
http://dx.doi.org/10.1016/j.echo.2014.06.016
https://www.ncbi.nlm.nih.gov/pubmed/25087079
http://dx.doi.org/10.1093/eurheartj/ehw128
https://www.ncbi.nlm.nih.gov/pubmed/27206819
http://dx.doi.org/10.1016/j.echo.2004.08.033
https://www.ncbi.nlm.nih.gov/pubmed/15637491
http://dx.doi.org/10.1093/ehjci/jew190
https://www.ncbi.nlm.nih.gov/pubmed/27880640
http://dx.doi.org/10.1097/00004872-199210000-00002
https://www.ncbi.nlm.nih.gov/pubmed/1334991
http://dx.doi.org/10.5603/KP.a2018.0214
https://www.ncbi.nlm.nih.gov/pubmed/30406940
http://dx.doi.org/10.1016/j.immuni.2005.09.015
https://www.ncbi.nlm.nih.gov/pubmed/16286016
http://dx.doi.org/10.1172/JCI30634
https://www.ncbi.nlm.nih.gov/pubmed/17492053
http://dx.doi.org/10.3978/j.issn.2223-3652.2012.06.03
https://www.ncbi.nlm.nih.gov/pubmed/24282708
http://dx.doi.org/10.33963/KP.a2021.0101
https://www.ncbi.nlm.nih.gov/pubmed/34472077
https://www.ncbi.nlm.nih.gov/pubmed/20938411
http://dx.doi.org/10.1016/j.echo.2018.06.004
https://www.ncbi.nlm.nih.gov/pubmed/30282592
http://dx.doi.org/10.1016/j.echo.2019.07.001
http://dx.doi.org/10.1016/j.echo.2019.07.001
https://www.ncbi.nlm.nih.gov/pubmed/31740370
http://dx.doi.org/10.1111/echo.14841
https://www.ncbi.nlm.nih.gov/pubmed/32892393
http://dx.doi.org/10.1016/j.jcmg.2019.01.037
https://www.ncbi.nlm.nih.gov/pubmed/%2031202741
http://dx.doi.org/10.1016/j.echo.2019.05.021
http://dx.doi.org/10.1016/j.echo.2019.05.021
https://www.ncbi.nlm.nih.gov/pubmed/31377071
http://dx.doi.org/10.1016/j.amjcard.2013.03.009
http://dx.doi.org/10.1016/j.amjcard.2013.03.009
https://www.ncbi.nlm.nih.gov/pubmed/23611754
http://dx.doi.org/10.1093/ehjci/jeaa070
https://www.ncbi.nlm.nih.gov/pubmed/32386203
http://dx.doi.org/10.1136/openhrt-2014-000214
https://www.ncbi.nlm.nih.gov/pubmed/25893102
http://dx.doi.org/10.1016/j.jcmg.2019.01.037
https://www.ncbi.nlm.nih.gov/pubmed/31202741
http://dx.doi.org/10.1253/circj.CJ-15-0064
https://www.ncbi.nlm.nih.gov/pubmed/25746522
http://dx.doi.org/10.1001/jama.289.2.194
https://www.ncbi.nlm.nih.gov/pubmed/12517230
http://dx.doi.org/10.1016/j.echo.2006.10.005
https://www.ncbi.nlm.nih.gov/pubmed/17484986
http://dx.doi.org/10.1161/CIRCIMAGING.110.961623
https://www.ncbi.nlm.nih.gov/pubmed/21772012
http://dx.doi.org/10.1007/s11886-019-1187-8
https://www.ncbi.nlm.nih.gov/pubmed/31377869

KARDIOLOGIA POLSKA

27.

28.

29.

30.

566

Burgess M, Jenkins C, Sharman JE, et al. Diastolic stress echocardiog-
raphy: hemodynamic validation and clinical significance of estimation
of ventricular filling pressure with exercise. J Am Coll Cardiol. 2006;
47(9): 1891-1900, doi: 10.1016/j.jacc.2006.02.042, indexed in Pubmed:
16682317.

Barmeyer A, Miillerleile K, Mortensen K, et al. Diastolic dysfunction in
exercise and its role for exercise capacity. Heart Fail Rev. 2009; 14(2):
125-134,doi: 10.1007/510741-008-9105-y,indexed in Pubmed: 18758943.
Tschope C, Kasner M, Westermann D, et al. Elevated NT-ProBNP levels in
patients with increased left ventricular filling pressure during exercise
despite preserved systolic function.J Card Fail. 2005; 11(5 Suppl): 528-5S33,
doi: 10.1016/j.cardfail.2005.04.013, indexed in Pubmed: 15948097.
Fukuta H, Little WC. Elevated left ventricular filling pressure after maximal
exercise predicts increased plasma B-type natriuretic peptide levels in
patients with impaired relaxation pattern of diastolic filling. J Am Soc

31.

32.

33.

Echocardiogr. 2007; 20(7): 832-837, doi: 10.1016/j.ech0.2007.01.004,
indexed in Pubmed: 17617309.

O'Hanlon R, O'Shea P, Ledwidge M, et al. The biologic variability of B-type
natriuretic peptide and N-terminal pro-B-type natriuretic peptide in
stable heart failure patients. J Card Fail. 2007; 13(1): 50-55, doi: 10.1016/j.
cardfail.2006.09.003, indexed in Pubmed: 17339003.

Christenson RH, Azzazy HME, Duh SH, et al. Impact of increased body
mass index on accuracy of B-type natriuretic peptide (BNP) and
N-terminal proBNP for diagnosis of decompensated heart failure and
prediction of all-cause mortality. Clin Chem. 2010; 56(4): 633-641, doi:
10.1373/clinchem.2009.129742, indexed in Pubmed: 20167699.

Woods RL. Cardioprotective functions of atrial natriuretic peptide and
B-type natriuretic peptide: a brief review. Clin Exp Pharmacol Physiol.
2004; 31(11): 791-794, doi: 10.1111/}.0305-1870.2004.04073.%, indexed
in Pubmed: 15566395.

www.journals.viamedica.pl/kardiologia_polska


http://dx.doi.org/10.1016/j.jacc.2006.02.042
https://www.ncbi.nlm.nih.gov/pubmed/16682317
http://dx.doi.org/10.1007/s10741-008-9105-y
https://www.ncbi.nlm.nih.gov/pubmed/18758943
http://dx.doi.org/10.1016/j.cardfail.2005.04.013
https://www.ncbi.nlm.nih.gov/pubmed/15948097
http://dx.doi.org/10.1016/j.echo.2007.01.004
https://www.ncbi.nlm.nih.gov/pubmed/17617309
http://dx.doi.org/10.1016/j.cardfail.2006.09.003
http://dx.doi.org/10.1016/j.cardfail.2006.09.003
https://www.ncbi.nlm.nih.gov/pubmed/17339003
http://dx.doi.org/10.1373/clinchem.2009.129742
https://www.ncbi.nlm.nih.gov/pubmed/20167699
http://dx.doi.org/10.1111/j.0305-1870.2004.04073.x
https://www.ncbi.nlm.nih.gov/pubmed/15566395

