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Abstract (in English):

Aim: A 6-minute walk test (6MWT) is a simple test in the diagnosis of heart failure (HF). The aim of
the study was to assess the effect of 6-minute walk distance on the occurrence of a major adverse cardiac
event (MACE), defined as cardiovascular death or hospitalization for HF exacerbation in patients with
HE, prequalified to heart transplantation.

Material and methods: 46 patients were subjected to a prospective one-year follow-up study. They were
diagnosed with HF with reduced left ventricular ejection fraction (LVEF) in NYHA class II and III, with
reduced LVEF < 35%. Each patient was initially subjected to a 6MWT, repeated every 3 months during
the follow-up visits.
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Results: During the 12-month period, a composite endpoint (MACE +) was observed in 23 patients
(50.0%), including 17 patients (37.0%) with HF exacerbation, 6 patients (13.0%) died. MACE (+) patients
covered a shorter distance than those in the MACE (-) group. A statistically significantly lower mean
value of the distance covered in the walk test was observed in the group of patients who died compared
to the group of patients without HF exacerbation. Also, at the level of a statistical trend, patients who
died had a lower mean value of the distance covered compared to patients with HF exacerbation.
Conclusions: The 6MWT is a useful and simple tool that allows to evaluate the prognosis in patients
with chronic HF with reduced LVEE. High specificity of the test is an additional advantage confirming its
diagnostic value.
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Introduction

Heart failure (HF) is a disease that affects around 1-2% of adults. The prevalence increases
with age - in a group of 70-year-olds people or over, reaches the level of >10% [1]. HF consisting
of specific symptoms and sings which are caused by structural and/or functional abnormality of
the heart. Typical symptoms are breathlessness, ankle swelling, and fatigue. Symptoms initially
appear during exercise, with subsequent intensification to symptoms at rest. The basic mechanisms
leading to HF are primary contractile failure, pressure or volume overload of the ventricles, impaired
diastolic function, and tachyarrhythmias and bradyarrhythmias. HF has been divided on the
basis of the measurement of the left ventricular ejection fraction in echocardiography - reduced
left ventricular ejection fraction is understood as a value of <40%. The most common cause of HF
with preserved ejection fraction is arterial hypertension, but in case of HF with reduced ejection
fraction - ischemic heart disease. HF is characterized by significant morbidity and mortality and
poor functional capacity and quality of life. Nowadays, due to its prevalence, it is a serious problem.
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Despite recent advances in the diagnosis and treatment of cardiovascular diseases, the prognosis
of HF still remains a challenge for modern medicine and the entire health care system. In the group of
patients with advanced HF the risk of death from cardiovascular causes is high, therefore prognostic
factors play a very important role allowing the identification of a patient subgroup who require
the most intensive treatment, including preparation for heart transplantation. The ECS guidelines
from 2021 for the diagnosis and treatment of acute and chronic HF include a comprehensive list of
factors with proven diagnostic significance in HF [1]. Newer, recently published studies assessing the
diagnostic value of, inter alia, various echocardiographic parameters and markers of inflammation
also did not show any significant advantage of a single prognostic factor, proving that the precise
assessment of the risk of death or rehospitalization in HF with reduced left ventricular ejection
fraction still remains a challenge and requires further observation [2-5].

6-minute walking test consists of measuring the walking distance (6-minute walking distance
- 6MWD) with turns in a long, straight corridor (=30 m), at the patient’s own pace[6]. It allows
to assess the submaximal exercise capacity corresponding to the ability to perform daily activities.
6MWD in healthy people depends on age and is ~600 m in men and ~500 m in women [7]. It is also
useful in assessing and monitoring chronic obstructive pulmonary disease. The test is generally safe,
but it is obvious that contraindications must also be taken into account.

The aim of the study is to show a prospective, one-year evaluation of the prognostic value of
the 6-minute walk test in the group of patients with chronic HF with reduced left ventricular ejection
fraction due to ischemic heart disease and dilated non-ischemic cardiomyopathy, prequalified for
heart transplantation.

Patients and methods

The prospective analysis included 46 patients (7 female and 39 male) aged 27-63 years (the
mean age at the beginning of the follow-up was 50.7 + 8.3 years, median 52 years) with advanced
HF with reduced left ventricular ejection fraction (mean left ventricular ejection fraction assessed
by echocardiography was 22.7 + 5.1%), clinically stable: 16 patients (35%) in NYHA class II, 30
patients (65%) in NYHA class III, hospitalized to consider prequalification for heart transplantation.
The diagnosis of chronic HF with reduced left ventricular ejection fraction was based on the ECS
criteria: the symptoms of HF with objectively confirmed impaired left ventricular systolic function
at rest. Patients were hemodynamically stable and had been taking stable doses of drugs for at
least 2 weeks prior to the examination. Treatment was modified based on the clinical status during
further outpatient follow-up. All patients underwent coronary angiography before the test. Ischemic
cardiomyopathy was diagnosed in 21 patients and non-ischemic in 25. The exclusion criteria were:
pregnancy, breastfeeding, symptoms of an active infection, contraindications to heart transplantation
(despite hemodynamic contraindications assessed during cardiac catheterization). The tests were
conducted using a 30-meter long section of a hospital corridor in the Department of Cardiology.
Before the test, all patients were informed how to perform it and then began walking at their usual
pace, covering the distance they could in 6 minutes. When patients felt tired, they could rest and
then continued the walk. The test was stopped after 6 minutes or at a patient's request. After getting
acquainted with the terms of the walk test and signing the informed consent, the patients underwent
the 6-minute walk test 5 times (during the visit number “0” and after 3, 6, 9 and 12 months).
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Statistical analysis

The obtained test results were analyzed statistically. The survival function was estimated
using the Kaplan-Meier method. In order to find the best parameters and the optimal cutoff value
differentiating the study group in terms of the occurrence and non-occurrence of MACE, ROC curves
were plotted and the area under the curve (AUC) was calculated. The p = 0.05 threshold was used
as a border of statistical significance. The calculations were made with the use of the STATISTICA
v.10.0 PL software by StatSoft, Inc.

Results

The composite endpoint MACE (+) was observed in 23 (50.0%) out of 46 patients enrolled in
the study during the 12-month follow-up period, including 17 (37.0%) patients with HF exacerbation
and 6 (13.0%) patients who died. At the start of the follow-up period, the patients covered the
distance from 180 m to 550 m, on average 378 + 90 m. The distance covered in the 6MWT (the
6-minute walk test) is presented in figure 1.
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Fig. 1. The distance covered by the patients in the walk test at the beginning of the follow-up
period (N = 46).

The walk test results in the MACE (-) and MACE (+) groups of patients at the beginning of
the follow-up period is presented In figure 2. The mean result of the walk test at the beginning of
the follow-up period in the MACE (-) and MACE (+) groups of patients did not differ significantly
(p=0,1391) (table 1).
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Fig. 2. The walk test results in the MACE (-) and MACE (+) groups of patients at the beginning
of the follow-up period.

Table 1. The mean result of the walk test at the beginning of the follow-up period in the MACE
(-) and MACE (+) groups of patients.

MACE(-) MACE(+)
N=23 N=23 B
Walk test [m] 398 +90 359 + 88 0.1391

Figure 3 shows the mean value of the walk test results at the beginning of the follow-up period
in the group without MACE (-) events, in the MACE (+) group with HF exacerbation and in the
group of patients who died during the follow-up period - MACE (+) group (death). Compared to
the group without HF exacerbation, patients who died had a statistically significantly lower mean
value of the distance covered in the walk test (p = 0.0252) and at the level of a statistical trend they
also had a lower mean value of the distance covered than the group with HF exacerbation (p =
0.0729).
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Fig. 3 The mean distance covered by patients in the walk test at the beginning of the follow-
up period in MACE (-) group, MACE (+) group with HF exacerbation and MACE (+) group
(death).
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Fig. 4 The distance covered by patients in the walk test during 12 months of follow-up in MACE
(-) group, MACE (+) group with HF exacerbation and MACE (+) group (death).

Figure 4 shows the changes in the mean values of the walk test during the 1-year follow up
at 3-month intervals. The analysis included 40 patients for whom results were obtained after the
12-month follow-up period. The mean value of the walk test in the MACE (-) group and the MACE
(+) group with HF exacerbation did not differ significantly at the beginning (p = 0.4821) and after 12
months of follow-up (p = 0.9392).
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Table 2. The distance covered by patients in the walk test at the beginning and after the
12-month follow-up.

At the beginning of the | After the 12-month follow-
n follow-up up P
Mean + standard deviation | Mean + standard deviation
The whole group 40 390 + 88 415 +97 0.1256
MACE(-) 23 398 £ 90 416 + 99 0.3727
MACE (+) with HF exacerbation 17 378 + 86 413 £ 98 0.1761

No statistically significant differences were observed between the mean values of the walk test
at the beginning and after 12 months of follow-up both in the whole group and in the group of
MACE (-) patients, and MACE (+) patients with HF exacerbation (Table 2).

14 out of 40 patients (35.0%) had worse results in the walk test after the 12-month follow-up
period, including 8 patients out of 23 (34.8%) in the MACE (-) group and in 6 out of 17 (35.3 %) in
the MACE (+) group with HF exacerbation (p = 0.9733).

ROC curves (Receiver Operating Characteristics Curve) were plotted in order to assess the
usefulness of the walk test in determining the probability of MACE. They are based on the determined
values of sensitivity and specificity for various cutoff points. The size of the area under the curve
above the diagonal illustrates the classification quality of the diagnostic variable. The analysis of ROC
curves enables the determination of the optimal values of the analyzed parameters (cutoft points),
which best divide the study group into a subgroup at higher risk for MACE and into a subgroup with
lower risk of MACE.

Table 3 presents the results of the ROC curve analysis, in which the area under the curve
(AUCQ), sensitivity, specificity, accuracy, positive and negative predictive value as well as likelihood
ratio (LR) were calculated for all parameters and their cutoft points.

Table 3. The evaluation of the predictive value of the walk test at the determined cutoff value.

2 = ) Z oy g > S
Y s Q = 2 ] 5 9 g
g e ) = € 5 =2 | B2 1~
g S < z2 2 S 8T | 23 =
A 3 & & < s s
el I
=¥ (=¥
The walk test 340 0648 | 0478 | 0.826 | 0652 | 0733 | 0.613 2.8

In the presented study, the AUC value for the walk test indicates the mean value of the decision
model based on it. The LR = 2.8 indicates that a walk test result below 340 m is almost 3 times more
likely in patients who developed MACE than in those who did not develop it.

Based on the determined cutoff point, the study group was divided and the survival functions
were estimated using the Kaplan-Meier method. A difference was observed at the level of a statistical
trend between the survival curves for patients in the subgroups of the walk test (p = 0.0862). At the
beginning of the follow-up, the course of the survival function was similar. Later, patients, who did
not reach 340 m in the walk test, were more likely to develop MACE.

The probability of surviving 365 days without MACE was 0.267 in the group of patients with
the baseline walk test result below 340 m and 0.613 in the group of patients with the baseline walk
test result above 340 m. The difference between the survival curves for patients in the walk test
subgroups reached the level of a statistical trend (p = 0.0862) which is depicted in figure 5.
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Figure 5. Kaplan-Meier survival functions during the group division based on the designated
cutoff point for the walk test

Table 4 shows the numerical distribution of patients who had and did not have MACE, with
the walk test results below and above the critical point. MACE (+) was statistically significantly more
frequent in the group with the walk test result below 340 m (73.3%) than in patients with the result
above 340 m (38.7%) (p = 0.0277).

Table 4. The occurrence of MACE in groups with the walk test results below and above 340 m

(p=0,0277).
The walk test result
N <340 m 2340 m
MACE (-) 23 4(26.7%) 19 (61.3%)
MACE (+) 23 11 (73.3%) 12 (38.7%)
The whole group 46 15 (100%) 31 (100%)

Discussion

The prognostic value of the walk test among patients with HF in NYHA class II and III has
been confirmed in studies dating back to the 1990s [8,9]. In the publication by Ingle et al. regarding
the 5-year follow-up in patients with systolic HE, the walk test (similarly to NT-proBNP) turned out
to be an independent prognostic factor for all-cause mortality [10].

In our study, a statistically significantly lower mean value of the distance covered in the walk
test (303 = 76 vs 398 £ 90, p = 0.0252) was observed in the MACE (+) group (death) compared to
the MACE (-) group. Moreover, at the level of a statistical trend, the MACE (+) group (death) had
a lower mean value of the distance covered compared to the group of patients with HF exacerbation
(303 £ 76 vs. 378 + 86 p = 0.0729). The SOLVD study was the first large study in which a relationship
between the 6MWT result and the incidence of death / hospitalization due to HF exacerbation in

53



Jarostaw Pietrzakl, Lukasz Wolowiec, Joanna Banach, Wojciech Gilewski, Wtadystaw Sinkiewicz, Joanna Osiak, i in.

patients with HF in NYHA class II and III was found [6]. The Polish study by Kidawa et al. assessed
the value of various prognostic factors in 56 patients in NYHA class III / IV with systolic (EF <30%)
ischemic HE. During the 12-month follow-up, a multivariate analysis showed that the 6SMWT was
the only significant predictor of the composite endpoint and there was no significant correlation
between the occurrence of MACE and, inter alia, systolic blood pressure, CKMB or BNP values.
Based on the ROC curves, a threshold value of 380 m was determined, allowing for the differentiation
of the MACE (+) and MACE (-) groups with 79% sensitivity and a specificity of 80% [11]. Perhaps
the high predictive value of the walk test was caused by the selection of patients — in the study by
Kidawa et al., all patients had HF of ischemic origin, so the incidence of different stages of lower
limb atherosclerosis was probably higher, which translated into the distance covered in the walk
test. The results obtained by Roul [7] in the study, where in a group of 121 patients with systolic HF
in NYHA class II / III (mean EF 30%, mean follow-up 1.5 years) the 6SMWT distance < or = 300 m
predicted the endpoint (death, hospitalization for HF), were similar to the results of our study (mean
6MWT distance in the MACE (+) subgroup (death) was 303 m, where a cutoff point differentiating
the MACE groups amounted to 340 m). In addition, the difference in the distance covered in the
MACE (+) and (-) groups in the study by Roul and in the presented study was almost identical and
amounted to approximately 40 m [9]. Also, in the study by Cahalin et al. the authors noted that the
distance of < 300 m was associated with an increased risk of death and hospitalization due to HF
exacerbation requiring the administration of positive inotropic drugs [12]. Lower mean values of
the 6SMWT (310 m) and VO2 peak (12.2 mL / kg / min), compared with our study, may result from
a higher NYHA class (3.3 + 0.6) and a lower LVEF (20 +/- 6%) of patients included in the study.
Nevertheless, in the presented paper, similarly as in the observations by Lucas and Pulz, the 6SMWT
was characterized by worse prognostic power for predicting MACE than VO2 [13,14]. We found that
among all assessed prognostic factors, the 6SMWT was characterized by the lowest ability to predict
the occurrence of MACE. What is worth emphasizing is the high specificity of the walk test, which
amounted to 0.826% based on the analysis of ROC curves. In the case of severe chronic diseases,
this feature is more important than the sensitivity and therefore the 6-minute walk test is a valuable
supplement to other diagnostic methods of HE.

Searching for new prognostic factors, which could be used in diagnostic and therapeutic
process in HF is extremely important. In addition to NT-proBNP, the concentration of other markers
such as catestatin has also been assessed as a prognostic marker in HF in recent years [15]. The
Wolowiec et alia study showed that catestatin concentration is a valuable prognostic parameter in
predicting death from any cause and unplanned hospitalization in a group of patients with HF with
reduced ejection fraction in a 2-year follow-up [16]. Also, an elevated procalcitonin level may be
a predictor of worse prognosis in patients hospitalized with HF with reduced ejection fraction [17].
Other parameters such as red cell distribution width (RDW) or tumor markers such as CA125 as
well as the melanoma cell adhesion molecule (MCAM) were also tested [18,19]. For the time being,
BNP and NT-proBNP are the most reliable markers for the diagnosis, prognosis and monitoring of
HF. However, it is noteworthy that epigenetic tests may be used extensively in the future - different
combinations of miRNAs were investigated in the study by Watson et al. — it was noticed that
miRNAs may be useful also in the differentiation HF with reduced ejection franction and HF with
preserved ejection fraction [20-22]. Abovementioned researches are proof of the great interest of
HF among researchers - its diagnosis, monitoring and treatment. So far, the use of tests such as the
6-minute walk test is a simple and cheap method of prognosis in patients with HE
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Conclusion

HF remains a highly prevalent disorder worldwide and it is associated with increase mortality
and significantly worsens the quality of life. Despite recent advances in diagnosis and treatment of
cardiovascular diseases, the prognosis for HF remains unsatisfactory, therefore, identifying patients
with the highest risk of early death is of particular importance. A 6-minute walk test, also known as
a corridor test, is a recognized and simple prognostic test for patients with HE. Due to its simplicity,
the walk test is a good tool that allows to evaluate the prognosis in patients with chronic HF with
reduced left ventricular ejection fraction. The high specificity of the test is an additional advantage
confirming its diagnostic value.
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