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management of heart failure patients

Sophia Giannitsi, Mara Bougiakli, Aris Bechlioulis

and Katerina K. Naka

, Anna Kotsia, Lampros K. Michalis

Abstract: Reduced functional ability and exercise tolerance in patients with heart failure

(HF) are associated with poor quality of life and a worse prognosis. The 6-minute walking

test (6MWT) is a widely available and well-tolerated test for the assessment of the functional
capacity of patients with HF. Although the cardiopulmonary exercise test (a maximal exercise
test] remains the gold standard for the evaluation of exercise capacity in patients with HF, the
6MWT (submaximal exercise test] may provide reliable information about the patient’s daily
activity. The current review summarizes the value of 6MWT in patients with HF and identifies
its usefulness and limitations in everyday clinical practice in populations of HF. We aimed

to investigate potential associations of MWD with other measures of functional status and
determinants of 6MWD in patients with HF as well as to review its prognostic role and changes

to various interventions in these patients.
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Introduction

Heart failure (HF) is a worldwide modern epi-
demic as it is estimated that about 2% of the pop-
ulation suffers from this clinical syndrome while
aging of the population is increasing. HF is asso-
ciated with a high economic burden on health
systems; this is mainly dependent on frequent and
repeated hospital admissions and long-duration
in-hospital stays.! Patients with HF commonly
report symptoms of reduced functional ability,
poor exercise tolerance and shortness of breath
on exertion resulting in poor quality of life.!
Reduced functional capacity in patients with HF
has been associated with a worse prognosis and
an increased socioeconomic burden and has been
the target of various medical and interventional
treatment modalities.!

Current methods for assessment of functional
capacity and exercise tolerance in patients with
HF are classified in three categories. First, the
self-assessed or physician-reported categorization
of patients’ physical status that is mainly depend-
ent on what the patient perceives as the limits of

his/her daily activities. New York Heart
Association (NYHA) classification of functional
status is well embraced by several medical socie-
ties worldwide and has been used in clinical stud-
ies that proved the beneficial effects of various
medications on mortality and morbidity in
patients with HF.! Second, the gold standard
measure of exercise capacity is the direct cardi-
orespiratory assessment of peak oxygen consump-
tion (peak VO,) in a maximal symptom-limited
exercise test (cardiopulmonary exercise test;
CPET). This modality offers the opportunity to
explain the actual reason of dyspnea and fatigue
based on the assessment of all systems involved in
physical activity (i.e. heart, circulation, lungs and
musculoskeletal system). On the other hand, it is
an expensive method that demands special equip-
ment and trained personnel, while its availability in
many hospital settings is limited. In addition,
patients often find it difficult to cooperate with the
test either due to the complexity of the test or the
severe impairment of their functional status. Third,
the assessment of daily activities performance
through submaximal exercise tests including the
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6-minute walking test (6MWT) which is a simple
and inexpensive test that is well-tolerated by the
patient. 6MWT is considered as an alternative to
CPET for risk stratification in patients with
HF .2+

The purpose of this article was to review the use of
6MWT in patients with HF and identify its use-
fulness and limitations in everyday clinical prac-
tice in populations of HF. Besides a brief review of
the methodological issues regarding 6MWT, we
aimed to investigate potential associations of
6MWT with other measures of functional status
and determinants of 6MWT in patients with HF
as well as to review its prognostic role and changes
to various interventions in HF.

6MWT: methodological issues

Guidelines about 6MWT have been published in
2002 from the American Thoracic Society and
describe the methodology, indications and con-
traindications of the test as well as practical recom-
mendations to ensure the quality and reproducibility
of the test.> Most recently, this methodology has
been updated in a new report from both American
Thoracic Society and European Respiratory
Society.® Although a standard methodology has
been proposed, there are many versions of the pro-
tocol used in various centers; nevertheless, it is
important to use the same, strictly standardized
protocol when comparing patients or following the
same patient before and after intervention in the
same center. The 6MWT is a simple test that
requires no specialized equipment or advanced
training for physicians and assesses the submaximal
level of functional capacity of an individual while
walking on a flat, hard surface in a period of 6 min
(6-minute walk distance; 6MWD). It evaluates the
responses of all systems involved during exercise
but does not provide specific information on the
function of each system as in the case of CPET.
Despite a significant correlation of 6MWD with
peak VO,, changes in the 6MWD are not a reliable
predictor of changes in peak VO, within individual
patients and cannot be considered as a substitute of
CPET in the assessment of patients with HF.?

The 6MWT may be used as a tool for the meas-
urement of functional status of a patient espe-
cially in the case of advanced diseases with
multiple comorbidities who cannot perform more
complex exercise tests, such as patients with HF,
chronic obstructive pulmonary disease or cystic

fibrosis.8-1© The prognostic role of 6MWT in
terms of morbidity and mortality has been evalu-
ated especially in patients with pulmonary arterial
hypertension!! and in HF populations!%13 as will
be discussed further below. Furthermore, the test
has been indicated before and after treatment to
assess the response to various medical interven-
tions in many patient populations!* including
HF?> but also to guide cardiac rehabilitation.

The 6MWT should be performed preferably
indoors, on a flat, straight, hard-surfaced corridor
usually at least 30 m long. The patient is told to
be calm, to have taken his/her medications and to
wear comfortable clothing and shoes. The super-
visor records baseline oxygen saturation, heart
rate and brachial arterial blood pressure and the
Borg scale rating for dyspnea and fatigue. Once
the patient has understood the instructions, he/she
is ready to begin the test. The walking course must
be marked every 3m and it is advisable to place
cones in the turnarounds . During the test the
participants have to walk at a rate suitable to their
condition and they are allowed to stop or slow
down if they feel like doing so and resume walk-
ing as soon as possible. The supervisor is always
present giving encouragement to the patient
with standard phrases such as “You are doing
well’, ‘Keep up the good work’. Encouragement
has been shown to affect the distance covered,
especially in pediatric populations.1® At the end of
the test the supervisor again records the Borg
scale for dyspnea and fatigue and then optionally
measures arterial blood pressure, heart rate and
oxygen saturation. The number of laps and the
additional distance covered are recorded and the
6 MWD is calculated.5-% A learning effect has been
suggested and two measurements have been pro-
posed at the initial assessment to ensure accu-
racy;!” this effect may be less important in older
patients with severe respiratory impairment and
severe HF.18

As for safety, absolute contraindications for the
6MWT include acute myocardial infarction or
unstable angina (acute phase), uncontrolled
arrhythmias causing symptoms or hemodynamic
compromise, acute myocarditis or pericarditis,
uncontrolled acutely decompensated HF (acute
pulmonary edema), acute pulmonary embolism,
suspected dissecting aneurysm, severe hypoxemia
at rest or acute respiratory failure, acute noncar-
diopulmonary disorder that may affect exercise
performance or be aggravated by exercise (such
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as infection, renal failure, thyrotoxicosis) or men-
tal impairment leading to inability to cooperate.
Relative contraindications are resting heart rate
>120beats/min, systolic blood pressure >180 mm
Hg or diastolic pressure >100mmHg. On the
other hand, a test should be immediately stopped
in case of chest pain, intolerable dyspnea, leg
cramps, diaphoresis or any report of not feeling
well.5:6

The reproducibility of the 6MWT is very good in
the hands of physicians or nurses or any other
operator that perform it regularly based on an
established protocol.!® It is not known whether
the changes in 6MWD should be reported as an

absolute value, a percentage change, or a change
in the percentage of predicted values.? The
6MWD in healthy adults has been reported to
range from 400 to 700m.2! There are several
nonstandardized reference equations for 6MWD
from healthy adult populations; their value has
not been established due to high variation mainly
attributed to the fact that different methodologies
were used in various studies (Table 1).22-38 Age,
height, weight, sex, corridor distance, impaired
cognition and need for continuous oxygen sup-
plementation may independently affect the
6MWD in patients and therefore these factors
should be taken into consideration when inter-
preting the results of 6MWT .56

Table 1. Studies in healthy adult populations that produced equations for reference values of six-minute walking distance.

Study Reference equations Age range Number of R?

(years) patients
Enright and M: 7.57 X Height(cm)-5.02 X Age-1.76 X Weight(kg)- 309 >40 290 M: 0.42
colleagues?' F: 2.11 X Height(cm)- 2.29 X Weight(kg)-5.78 X Age + 667 F:0.38
Troosters and 218 + [5.14X Height(cm)-5.32 X Age]-1.8 X Weight(kg) + 51.31 X Sex, ~ 90-85 53 0.66
colleagues?? Sex: F=0,M=1
Gibbons and 794.1-2.99 X Age + 74.7 X Sex, Sex: F=0, M=1 20-80 79 0.41
colleagues®
Enright and M: 539 + 6.1 X Height(cm)-0.46 X Weight(kg)-5.8 X Age =68 752 M: 0.20
colleagues? F: 493 + 2.2 X Height(cm)-0.93 X Weight(kg)-5.3 X Age F:0.20
Chetta and 479.78 +1.25 X Height(cm)-2.82 X Age + 39.07 X Sex, Sex: F=0,M=1  20-50 102 0.42
colleagues®
Camarri and 182.86 + 4.12 X Height(cm)-1.75 X Age- 55-75 70 0.36
colleagues? 1.15 X Weight(kg) + 34.04 X Gender, Sex: F=0, M=1
Poh and 5.50 X (HRmax/HRmax Predicted) + 6.94 X Height(cm)-4.49 X Age- 45-85 35 0.78
colleagues?’ 3.51 X Weight(kg)-473.27
Masmoudiand  299.8-4.34 X Age + 3.43 X Height(cm)-1.46 X Weight(kg) + 62.5 X 40-80 155 0.60
colleagues® Sex, Sex: F=0, M=1
Alameri and 2.81 % Heightlcm) +0.79 X Age-28.5 16-50 298 0.25
colleagues?
Ben Saad and 560.50-5.14 X Age-2.23 X Weight(kg) + 2.72 X Height(cm) + 160 X =40 229 0.77
colleagues®® Sex, Sex: F=0, M=1
Iwama and 622.46-1.85 X Age + 61.50 X Sex, Sex: F=0, M=1 13-84 134 0.30
colleagues®
Casanovaand  341- 4 X Age + 2X Height(cm)-1.5 X Weight(kg) + 3 X (HRmax/ 40-80 440 0.38
colleagues® HRmax predicted)-30(if Female)

[Continued)
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Table 1. (Continued)

Study Reference equations Age range Number of R?
(years) patients

Dourado and 299.30-2.73 X Age-2.16 X Weight(kg) + 361.73 X Height + 56.39 X =40 90 0.55

colleagues® Sex, Sex: F=0, M=1

Soaresa and 5114 [0.0066 X Height(cm)2]-0.068 X (Age? X 0.03-BMI2) 20-80 132 0.55

colleagues®

Britto and 890.46-6.11 X Age + 0.035 X Age? + 48.87 X Sex -4.87 X BMI, Sex: =18 617 0.46

colleagues® F=0,M=1

Duncan and M: 290.6 X [Height (cm) X 0.525] X [Weight(kg)-0.317] X e-0.009xAge 50-85 246 0.53

colleagues® F: 260.3 X [Height (cm) x 0.525] X [Weight(kg)-0.317] x e-0.009 < Age

Oliveira and 787.2-2.0 X Age-4.4 X BMI +58.4 X Sex, Sex: F=0, M=1 18-70 158 0.38

colleagues®”

BMI, body mass index; F, female; HR, heart rate; M, male; R2, a measure of the variance explained by the model/equation.

6MWT in populations with HF

Correlation with other established markers of
functional capacity

It has been reported that 6MWD is associated
with the functional status of patients with HF and
relates to established CPET measures, while it
adds prognostic information over and beyond
these measures. Previous studies have shown only
a mild-to-moderate inverse correlation between
the functional status assessed by NYHA classifi-
cation and 6MWD.3:10:18,39 I 3 recent systematic
review, an inverse correlation between NYHA
class II-IV and 6 MWD (mean values ~400m,
320m and 225 m, respectively for NYHA class II,
III and IV) was observed while an overlap in
6MWD between NYHA class I and II patients
with HF (mean value ~400 m) was shown.40

It has been previously shown that CPET param-
eters such as VO, peak, VO, max and anaerobic
threshold are the best indicators of functional
capacity in patients with HF.441 Several studies
have shown moderate-to-strong correlations of
6MWD with peak aerobic capacity (peak VO,) in
CPET in HF populations (Table 2);2%7.10,13,18,42-51
in patients with HF being evaluated for transplan-
tation, a 6MWD < 350m has a sensitivity of
71% and specificity of 60% for predicting VO,
max <14 ml/kg/min.>>2 Maximal power output
during the CPET was found to be also indepen-
dently associated with 6MWD.!®8 A high VE/
VCO, slope, an important prognostic marker in
patients with HF, derived from CPET,%#! has

Table 2. Studies providing a correlation between
6-minute walking distance and peak VO, in patients
with heart failure.

Study Peak VO,

Guyatt and colleagues? r=0.42, p<0.001

Cahalin and colleagues'? r=0.64, p<0.001

Roul and colleagues*! r=0.65,p=0.011"

Lucas and colleagues*? r=0.28, p=NS
Rostagno and colleagues? r=0.56, p<0.05
Zugck and colleagues’ r=0.68, p<0.01

Opasich and colleagues* r=0.59, p<0.001

Cheetham and colleagues® r=0.81, p<0.001
Guazzi and colleagues* r=0.68, p<0.001

Jehn and colleagues®® r=0.72, p<0.001

Carvalho and colleagues“ r=0.70, p=0.0002
Forman and colleagues® r=0.54, p<0.001
Deboeck and colleagues’ r=0.52, p<0.05
Omar and colleagues*® r=0.40, p<0.001

Uszko-Lecer and
colleagues'

r=0.58, p<0.001

Yoshimura and colleagues*? r=0.62, p<0.001

*Only in patients with low activity status.
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been inversely associated with 6MWD.%3° On the
other hand, in a randomized trial, in older patients
with HF with preserved ejection fraction, 6MWD
did not correlate with measures obtained from
CPET and thus its usefulness as a test of func-
tional capacity in this population has been
challenged.>3

Although both 6MWT and CPET define two dis-
tinct domains of functional capacity, it has been
suggested that the 6MWT provides prognostic
information very similar to peak oxygen uptake in
patients with HF and reduced ejection fraction.>!
This predictive value has been shown to be fur-
ther improved by combining the 6MWT with
other variables, such as left ventricular ejection
fraction or cardiac index.!° 6MWT, as a submaxi-
mal test, may provide prognostic information that
can complement or substitute the information
given by peak VO, in the case when CPET is una-
vailable. On the other hand, in severely impaired
patients with advanced HF, in whom a maximal
exercise test cannot be obtained, 6MWT may
serve as an indicator of maximal exercise.

Determinants of the MWD in patients with HF

It has been previously shown that various clinical,
biochemical and echocardiographic parameters
may affect and predict the results of the 6MWT.
Several studies have identified clinical parame-
ters, serum biomarkers or echocardiographic
markers that were related to the distance walked
in 6MWT in patients with HF. Older age, female
sex, low body mass index, anemia, increased
heart rate at rest and diabetes have been shown to
relate to decreased 6MWD in patients with HF in
various studies;351,5%55  gimilar findings were
reported in patients without HF.55 Depression in
patients with HF not only determines symptoms
such as fatigue and the sense of physical wellbeing
but also contributes to functional performance, as
assessed by a decreased 6MWD independently of
the presence of other confounders.4%55> Estimated
glomerular filtration rate was identified as an
important determinant of the distance covered
during the 6MWT.18 Renal insufficiency has been
suggested as a limiting factor to exercise capacity
in patients with HF%% and a reduction in esti-
mated glomerular filtration rate may be used as
an early marker to identify declining functional
capacity in these patients.’” Furthermore, in
patients with chronic HF, N-terminal prohor-
mone of brain natriuretic peptide, a biomarker of

HF severity, was found to be a significant predic-
tor of 6MWD, but this relationship was substan-
tially less strong than that seen for peak VO,.>8

Furthermore, in patients with HF with reduced
left ventricular systolic function, decreased 6MWD
was associated with lower ejection fraction, longer
total isovolumic time, higher Tei index, increased
left atrial dimensions and left ventricle mass, mitral
inflow E/A ratio and higher E/E’ ratio.46:59:60
However, in multivariate analysis, only the E/E’
ratio and total isovolumic time independently pre-
dicted poor exercise performance suggesting that
higher left ventricle filling pressures and more
asynchronous left ventricle, were associated with
decreased 6MWD® although not consistently.>®
In asymptomatic patients with hypertensive cardi-
omyopathy and preserved systolic heart function,
6MWD was also associated with the degree of
diastolic dysfunction; independent predictors for
abnormal 6MWT were increased E/E’ and
decreased deceleration time of E-wave.®! Finally,
not only cardiac function, but also peripheral vas-
cular function may affect exercise capacity in
patients with HF. Improvement in ventricular-
arterial coupling and aortic elastic properties in
patients with HF, as assessed by a greater decrease
in aortic pulsatile load using vasodilator therapy,
has been related to improved submaximal exercise
capacity assessed by 6MWT.62

Prognostic role of SMWT test in patients

with HF

The prognostic role of the 6MWT in patients
with HF has been thoroughly investigated both in
the chronic stable state and following a decom-
pensation of acute HF, and specific cut-off
6 MWD values as well its changes through time,
have been associated with impaired prognosis.

A great number of studies have assessed the prog-
nostic role of 6MWT mainly in stable patients
with chronic HF; there are several inconsistencies
in the associations observed in these studies and
these may be attributed to differences in study
design, cut-off values for 6MWD, population dif-
ferences etc. In patients with HF with reduced
ejection fraction, decreased performance in
6MW'T has been related to increased mortality,
nonfatal cardiovascular events and HF hospitali-
zations12:39:44,51,54,63-65 mainly in populations with
mild-to-moderate HF (NYHA class II-III) with a
similar prognostic accuracy to VO, peak.’! On
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the contrary, only few older studies reported a
lack of prognostic role of 6MWD in patients with
HF.43:66 Most of the studies showing a prognostic
role agree that a 6MWD < 300m is indicative of
poor prognosis!3#%4463 while an even lower
6MWD < 200m could identify patients with sta-
ble HF who are at markedly increased risk of
death.5* Accordingly, in a pediatric population
diagnosed with dilated cardiomyopathy, a
6MWD < 63% of the predicted value was inde-
pendently associated with increased mortality and
heart transplantation.5’

Changes in 6MWT performance and their prog-
nostic role are less well studied. A stable 6MWD
over 1year in patients with HF and reduced ejec-
tion fraction was suggestive of increased survival
rates.%® On the other hand, a recent meta-analysis
of trials in patients with HF using 6 MWT showed
a low level of association between improvements
in 6MWD and mortality/hospitalizations and
moderate levels of correlation between 6MWD
with quality of life.®® The magnitude of 6MWD
improvement to show a benefit in quality of life is
~80m which is higher than a 30-50m increase in
6 MWD observed in HF trials showing a favorable
treatment effect on morbidity and mortality.6%70

The implementation of 6MWT in the setting of
acutely decompensated HF is less studied. During
decompensation it is difficult to accurately and
safely estimate the functional status of the patient
while the prognostic role of such an assessment
does not have an established value. In this setting,
the 6MW'T was performed close to the discharge
date after the initial stabilization of the HF
patient. Decreased 6MWD has been shown to be
one of the strongest independent predictors of
long-term mortality and HF hospitalizations37! in
patients hospitalized for acute HF, although this
was not a consistent finding in all studies.’?

The role of SMWT in the assessment of
interventions in patients with HF

The 6MWT has been extensively used in various
clinical studies in the assessment of response to
interventions in patients with HF as a measure to
evaluate the effect of the treatment on a patient’s
functional status. It is considered to be an easy,
widely available and well-tolerated tool, yet with a
questionable role in patients with HF, in contrast
to populations of pulmonary arterial hypertension

in whom 6MWT has been established as an
important endpoint in clinical studies that led to
therapy approval.!l In general, variation of
6MWD in stable patients with HF over
6—12 months periods has been shown to be as low
as ~36m;’3 this finding may be relevant for the
follow up of patients with HF as well as the inves-
tigation of clinically important changes in 6 MWD
following various interventions.

Traditionally, the 6MWT has been used to evalu-
ate the effect of various exercise and rehabilitation
programs in patients with HF with quite promis-
ing results.”475 In an early review,’® clinical trials
that were conducted to assess the effectiveness of
treatments using 6MWT found contradictory
results for various established life-saving treat-
ments in HF. No significant improvement in
6 MWD was observed in most of the studies using
angiotensin-converting-enzyme inhibitors and
beta blockers. On the other hand, the 6MWD
was improved in the majority of studies using car-
diac resynchronization therapy. In fact, decreased
6MWD (<350m) could identify a group of
patients that derived the most pronounced bene-
fit from cardiac resynchronization therapy as
manifested by a significant reduction in mortal-
ity.”7 Modern medical therapies in patients with
HF, such as intravenous iron supplementation and
sacubitril/valsartan treatment have been associated
with an improvement in 6MWD (by ~35-40m)
although this improvement has not been directly
related to prognosis in these patients.”87°
Furthermore, novel treatments with transcatheter
mitral or aortic valve interventions have been
shown to improve 6MWT performance in
patients with HF indicating a significant benefi-
cial effect on the functional status of these
patients.8%:8! In a recent meta-analysis of percuta-
neous mitral intervention using Mitra Clip in
patients with HF and functional mitral regurgita-
tion a mean increase of ~100m in 6MWD was
reported.8!

Summary

The 6MWT is an easily performed, widely avail-
able and well-tolerated test for assessing the func-
tional capacity of patients with HF in everyday
clinical practice. Although maximal exercise tests,
such as CPET, are the gold standard for assessing
functional capacity, the 6MWT may provide reli-
able information about the patient’s daily activity
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and the short-term prognosis especially in patients
with HF and reduced ejection fraction, either in a
chronic stable state or after an acute decompensa-
tion. Future studies are needed to standardize the
methodology of 6MWT and establish the prog-
nostic role of 6MWD in patients with HF with
either reduced or preserved ejection fraction as
well as the importance of changes in 6MWD in
these patients.
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