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Echocardiography and 6-Minute Walk Test in Left Ventricular Systolic
Dysfunction
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Summary
Background: Chronic heart failure is a major cardiovascular disorder.

Objective: The aim of this study was to prospectively examine whether a 6-min walk test (6-MWT) result correlates with
echocardiographic variables in patients with left ventricular systolic dysfunction and stable chronic heart failure.

Methods: We prospectively studied 52 patients (65% male; mean age 6011 years) who had chronic heart failure
secondary to ischemic heart disease or idiopathic cardiomyopathy. All patients had left ventricular systolic dysfunction
(ejection fraction <0.45), and were in stable NYHA class Il or Il heart failure. An echo-Doppler study and a 6-MWT
were performed on the same day.

Results: 6-MWT had moderate, but statistically significant correlation with end-systolic diameter (ESD) (r=-0.46;
p=0.0006), with shortening fraction-SF (r=0.52; p=0.0001), and with ejection fraction-EF (r=0.5; p=0.0001), whereas
it had poor, but statistically significant correlation with myocardial performance index-MPI (r=-0.39; p=0.0046), E/
A(tricuspid) ratio (r=-0.333; p=0.016), pulmonary acceleration time (r=0.328; p=0.018), and lateral long axis amplitude
(r=0.283; p=0.04). Linear regression model demonstrated that age (2=-0.59, p=<0.001), restrictive transmitral filling
pattern (y2=-0.44, p=0.004) and left ventricular end-systolic dimension (y?=-0.34, p=0.012) were independent factors
that influenced the 6-MWT.

Conclusion: In patients with heart failure due to left ventricular systolic dysfunction, the 6-MWT as a clinical assessment
tool of the functional capacity has a significant correlation with the most important global LV systolic function parameters,
as well as with LV MPL. In patients with LV systolic dysfunction, age, restrictive transmitral filling pattern, and left
ventricular systolic dimension, were independently associated with the 6-MWT. (Arq Bras Cardiol 2009;92(2):121-127)
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an important prognostic role in the diagnosis of heart failure®
and in the prediction of cardiac events in patients with acute
myocardial infarction®. The severity of congestive heart failure
is usually graded according to patients’ symptoms, in particular
to the physical activity that induces dyspnea or fatigue. The
NYHA functional heart failure classification meets only some
of these criteria. However, the NYHA classification is based on
the patient’s self-assessment and its reliability is still a matter of
debate’. The ideal instrument for risk stratification and optimal

Introduction

Chronic heart failure is a major cardiovascular disorder
with increasing incidence and prevalence’. Two-dimensional
and Doppler echocardiography is a sensitive and noninvasive
method of detecting cardiac abnormalities and systolic and/
or diastolic dysfunction?. Variables of diastolic filling allow
further identification of subgroups with divergent long-term
prognoses’. Recently, myocardial performance index (MPI)
has been suggested for the evaluation of ventricular function®.

MPI is calculated from the pulsed Doppler recordings of
ventricular inflow and outflow velocities, and thus combines
both systolic and diastolic ventricular performance. It reflects
global ventricular function and is less affected by localized
segmental wall motion abnormalities, in addition to playing
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clinical management of congestive heart failure patients should
be objective, as well as simple, inexpensive and safe. The peak
oxygen uptake, measured during cardiopulmonary exercise
testing is a more objective parameter to assess functional
capacity and to predict survival in patients with heart failure®°.
However, this method is limited only to specialized centers,
because it requires sophisticated equipment and specially
trained personnel.

The 6-min walk test (6-MWT) has been proposed as a
simple and accurate alternative technique for measurement
of submaximal exercise capacity in congestive heart failure
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patients'’. It is considered to be realistically related to daily
physical activity. Consequently, it has been incorporated into
studies of assessment of exercise capacity''?, of quality of
life', of efficacy of new therapeutic agents'>"”, including
beta-blockers'®2?, of physical training programs* and of
prognostic stratification?*2%.

The aim of the present study was to asses the relationship
between 2-dimensional and Doppler echocardiographic
parameters and 6-MWT in patients with heart failure and left
ventricular systolic dysfunction. 6-MWT is used as a proxy
measure of the quality of life; therefore, echocardiographic
parameters that have independent association with 6-MWT
would facilitate prediction of the quality of life.

Methods

Study population

The study group included 52 patients with stable chronic
heart failure secondary to ischemic heart disease or idiopathic
cardiomyopathy, referred to the Second Division of Cardiology
at the Internal Medicine Clinic of the University Clinical Center
of Kosova, in Prishtina, Kosovo, between December 2005
and April 2007.

The mean age was 60=11 years. The cause of heart failure
was idiopathic dilated cardiomyopathy in 19 patients and
ischemic cardiomyopathy in 33 patients. All patients had an
enlarged left ventricle (left ventricular [LV] diastolic dimension
>5.7cm) and global left ventricular systolic dysfunction (left
ventricular ejection fraction [LVEF] <0.45), and all were in
stable New York Heart Association (NYHA) functional class Il or
[l heart failure. The functional capacity of 27 patients was class
Il'and that of the remaining 25 was class I1l. Table 1T summarizes
the patients’ clinical and laboratory characteristics.

Clinical and laboratory data of patients enrolled in the study

n 52
Age, years, (mean + SD) 60+11
Sex, %, M/IF 65/35
NYHA class (N (%))

[ 27 (52%)

Il 25 (48%)
Erythrocyte sedimentation (mm) 25.4+13.7
Hematocrit (%) 39.66.1
Erythrocytes (x 1012/L) 4.28+0.63
Hemoglobin (g/L) 129+20.3
Leucocytes (x103/L) 8.4+3.9
Fibrinogen (g/L) 3.72+1.6
Cholesterol (mmol/L) 4.23+1.22
Triglycerides (mmol/L) 157+0.5
Glucose (mmol/L) 6.97+3.7
BUN (mmoliL) 8.6+2.6
Creatinine (umollL) 108.3+30.6

Patients with rhythm disturbances (atrial fibrillation, serious
ventricular arrhythmias), patients who had decompensated
heart failure, limitation of physical activity due to factors
other than exertional dyspnea and fatigue (such as arthritis),
and those with moderate to severe renal failure, with chronic
obstructive pulmonary disease were excluded from the study.
We also excluded patients who had experienced unstable
angina, acute myocardial infarction or stroke, anemia, and
any febrile condition or infectious disease.

The study was approved by the Institutional Ethics Committee
and all patients gave their written informed consent. Standard
medical therapy with e.g. ACE-inhibitors, beta-blockers, digoxin
and diuretics was individually optimized based on symptoms
and renal function at least 2 weeks prior to exercise testing. All
patients continued to take their routine medication when the
echocardiography and 6-MWT were performed.

Data collection

The history and physical examination was performed
in all subjects. In all patients the routine biochemical
measurements were performed: the measurements of
erythrocytes, leucocytes, hemoglobin, hematocrit, erythrocyte
sedimentation, BUN, creatinine, blood glucose, cholesterol,
triglycerides and inflammatory blood analysis (fibrinogen,
CRP). Measurements of weight, height, waist and hip were
also performed.

Echocardiographic examinations

Echocardiographic examination was performed using
a Philips Intelligent E-33 echocardiograph with a multi-
frequency transducer, and harmonic imaging as appropriate.
All echocardiographic studies were performed by the same
investigator. The echocardiographic study was performed in
the left lateral decubitus in the parasternal long-axis and 4-
chamber views.

The cross-sectional, two-dimensionally guided M mode
recordings of LV short axis were performed using the left
parasternal long axis view with the cursor at the tips of the
mitral valve leaflets. Fractional shortening was calculated
as the percentage fall in LV cavity dimension during systole
in relation to that at end-diastole. Left ventricular ejection
fraction was estimated using Simpson’s biplane method. Left
atrial dimension was measured from M-mode recordings with
the cursor crossing the aortic root at the level of the aortic valve
leaflets. LV long axis M-mode recordings were obtained with
the cursor positioned at the lateral and septal angles of the
mitral ring and right ventricular long axis recording with the
cursor positioned at the lateral angle of the tricuspid ring. All
M-mode recordings were zoomed to obtain better images for
accurate measurements.

Diastolic function of the left and right ventricles was assessed
by pulsed Doppler. The pulsed Doppler sample volume was
positioned at the tips of the mitral and tricuspid leaflets,
respectively. We registered the E wave, A wave, from which the
E/A ratio was calculated, and the deceleration time of E wave
(DT-E). We also registered Er wave, Ar wave and Er/Ar ratio.

The MPI was measured from mitral inflow and LV outflow
velocity-time intervals as described by Tei et al**. The a interval
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measured from the cessation to the onset of mitral inflow is
equal to the sum of isovolumetric contraction time (ICT),
ejection time (ET), and isovolumetric relaxation time (IRT). Left
ventricular ejection time b is the duration of left ventricular
outflow velocity profile. Thus the sum of ICT and IRT was
obtained by subtracting b from a. The index of combined LV
systolic and diastolic function (the sum of ICT and IRT divided
by ejection time) was calculated as (a - b) / b (Fig.1). The IRT
can be measured by subtracting the d interval, between the
R wave and the cessation of LV outflow, from the ¢ interval,
between the R wave and the onset of mitral inflow. ICT was
calculated by subtracting the IRT from a-b.

Mitral regurgitation severity was assessed by color
and continuous wave Doppler and was graded as mild,
moderate, or severe according to the jet distance from
the valve orifice and flow velocity profile, respectively, in
line with the recommendations of the American Society of
Echocardiography?'. Likewise, tricuspid regurgitation was
assessed by color flow and continuous-wave Doppler from
the apical four-chamber view. Retrograde transtricuspid
pressure drop > 35 mmHg was taken as a sign of pulmonary
hypertension when the right atrium was not dilated.

6-min walk test

Within 24 h of echocardiographic examination, a 6-MWT
was performed on a level hallway surface; the test was
administered by a registered nurse blinded to the results of
echocardiography. According to the method of Cyatt et al'"'?
all patients were informed of the purpose, methods and use
of the 6-min walk test results. The 6-MWT was conducted
following a standardized protocol, between 10 am and
4 pm after usual medication'. A 15 m flat, obstacle-free
corridor, with chairs placed at either end was used. Patients
were instructed to walk as far as possible, turning 1802 every
15 m in the allotted time of 6 minutes. Patients walked
unaccompanied so as not to influence walking speed, and
they were asked to walk as far as possible within 6-minutes.

Figure 1- Schematic drawing of the myocardial performance index (MPI). The
index (ICT+IRT/ET) is derived as (a- b /b).
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Patients were permitted to rest, if needed, then they were
told of the remaining time at every two minutes. At the end of
the 6 min, the physician measured the total distance walked
by the patient.

Statistical analysis

Data are presented as mean = SD or proportions (% of
patients). Continuous data are compared with two-tailed
unpaired Student’s t test. Discrete data are compared with chi-
square test. Correlation between variables was performed using
Pearson’s correlation test. A p value < 0.05 was considered
to indicate statistical significance. Multivariate analysis was
performed using linear regression model. Factors included in
this model were age, restrictive transmitral filling pattern, left
ventricular systolic dimension, myocardial performance index
and diabetes mellitus.

Results

The clinical and laboratory characteristics of the 52
patients enrolled in the study are shown in Table 1, and the
echocardiographic and Doppler measurements are shown
in Table 2. There was a moderate, but statistically significant
correlation of 6-MWT with LV posterior wall thickness ( r=
0.49; p<0.001), left ventricular end-systolic dimension (r=-
0.46, p<0.001, Fig.2), LV fractional shortening (r = 0.517,
p<0.001, Fig. 3), and LVEF (r = 0.50, p<0.001), whereas
there was a poor, but statistically significant correlation with
myocardial performance index-MPI (r=-0.39; p=0.0046,
Fig. 4), E/A (tricuspid) ratio (r=-0.333; p=0.016),
pulmonary acceleration time (r=0.328; p=0.018), and
lateral long axis amplitude (r=0.283; p=0.04) (Table 3).
The dimensions of aorta, left atrium, interventricular septal
thickness, E wave, A wave, E/A ratio, deceleration time of E
wave, E (tricuspid) wave, A (tricuspid) wave, E (tricuspid)
/A (tricuspid) ratio, deceleration time of E (tricuspid) and
LV septal long axis amplitude had no significant correlation
with 6-MWT (Table 3).

Multivariate analysis was performed using linear regression
model. Results of this model (Table 4) demonstrated that age,
restrictive transmitral filling pattern and left ventricular end-
systolic dimension were independent factors that influence
the 6-MWT. All these parameters were inversely related to
the 6-MWT. Age of the patients emerged as the strongest
independent predictive factor, followed by restrictive filling
pattern and left ventricular end- systolic dimension.

Discussion

To our knowledge, this is the first study to correlate 6-
MWT performance in patients with chronic heart failure.
The main finding of our study is that the 6-MWT has a
moderate, but statistically significant correlation with LV
systolic dimension, global LV systolic function parameters,
LV MPI, as well as with long axis systolic function of left and
right ventricles in patients with chronic stable heart failure
due to LV systolic dysfunction.

Another finding of our study was that age, restrictive
transmitral filling pattern, and left ventricular systolic
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Figure 2 - Correlation between 6-minute walk test (6-MWT) distance (in meters) and end systolic diameter (in centimeters).
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Figure 3 - Correlation between 6-minute walk test (6-MWT) distance (in meters) and left ventricular shortening fraction (in %).

dimension are independently related to the 6-MWT in stable
chronic heart failure patients due to left ventricular systolic
dysfunction, without rheumatic valvular heart disease.

Heart failure is an epidemiological entity that is increasing
worldwide, and now represents a major health problem in
most developed countries'. The measurement of quality of
life in heart failure patients has proved more elusive than what
was anticipated. It is still unclear which one is better for the
assessment of grading of heart failure: if the judgment of the
physician, the use of the NYHA classification or the use of
many sophisticated questionnaires.

The 6-MWT was originally used by physicians to assess
patients with lung disease****, and later was introduced as

an alternative objective measure of submaximal exercise
capacity of congestive heart failure patients''. Previous studies
show controversial results about the correlation of 6-MWT
with functional exercise capacity in chronic heart failure
patients. The 6-min walk test was shown to be correlated
with peak oxygen uptake in dilated cardiomyopathy and to
have a predictive value in these patients****. The 6-MWT
was also shown to be a useful prognostic marker in these
patients**?”%”._ However, Opasich et al** demonstrated that
in moderate to severe chronic heart failure patients, the
6-min walk test is not related to cardiac function and only
moderately related to exercise capacity.

It was also proven that the 6-MWT distance was improved
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Figure. 4 - Correlation between the 6-minute walk test (6-MWT) distance (in meters) and myocardial performance index (MPI).

Echocardiographic and Doppler measurements in patients Relationship of Echocardiographic and Doppler
enrolled in the study measurements with the 6-minute walk test in patients enrolled in
the study
Parameter Patients
(n=52) 6-minute walk test
Left ventricular end-diastolic diameter (cm) 6.66+0.74 R value P value
Left ventricular end-systolic diameter (cm) 5.52+0.93 Aorta 0.063 066
Left ventricular fractional shortening (%) 16.03+5.03 Left atral dimension 0032 082
. . . Interventricular septal thickness 0.249 0.075
Left ventricular ejection fraction (%) 32.7+9.5
: ; Posterior wall thickness 0.490 <0.001
Interventricular septal thickeness (cm) 1.2+0.12
- - Left ventricular end-diastolic dimension -0.214 0.135
Posterior wall thickeness (cm) 0.99+0.12
Left ventricular end-systolic dimension -0.46 <0.001
Left atrial dimension (cm) 4.66+0.57 - - -
Left ventricular fractional shortening 0.517 <0.001
Aorta (cm) 3.54+0.54 - — -
Left ventricular ejection fraction 0.504 <0.001
Early diastolic flow velocity in mitral valve (cm/s 70.8+27
y y (cm’s) Pulmonary acceleration time 0.328 0.018
I i ity i i =+,
Late diastolic flow velocity in mitral valve (cm/s) 58.15+27.7 Early diastolic flow velocity in mitral valve -0.0219 0155

Early diastolic flow velocity in mitral valve /

o o . 1.54+0.94 Late diastolic flow velocity in mitral valve 0.2227 0.112
late diastolic flow velocity in mitral valve ratio
o o P Early diastolic flow velocity in mitral valve /
\?aeﬁ:lz:fstl)on fime of early diastolic flow velocity in mitra 133+43.4 Late diastolic flow velocity in mitral valve ratio 0138 0329
. o Deceleration time of early diastolic flow velocity
Isovolumetric relaxation time (ms) 112.4+34.4 in mitral valve 0.227 0.106
Pulmonary acceleration time (ms) 90.5+28.8 Isovolumetric relaxation time -0.269 0.054
Myocardial performance index 0.996+0.58 Myocardial performance index -0.388 0.045
Early diastolic flow velocity in tricuspid valve (cm/s) 39.9+5.96 Early diastolic flow velocity in tricuspid valve -0.119 0.4008
Late diastolic flow velocity in tricuspid valve (cm/s) 40.7£9.1 Late diastolic flow velocity in tricuspid valve 0.2005 0.155
Early C'IIaStO.hC flow velot.;ltyl in tlrlcuspld valve / ' 1.0240.29 Early c_hastolllc flow Ve|0(-)Ity.In trlcuspld valve / ‘ 0333 0.016
Late diastolic flow velocity in tricuspid valve ratio Late diastolic flow velocity in tricuspid valve ratio
Lateral long axis amplitude (cm) 0.91+0.32 Deceleration time of early diastolic flow velocity 0192 0177
; - in tricuspid valve ’ '
Septal long axis amplitude (cm) 0.72+0.24
- - - - Lateral long axis amplitude (cm) 0.283 0.04
Right ventricular long axis amplitude (cm) 1.99+0.69
Septal long axis amplitude (cm) 0.108 0.446
Right ventricular long axis amplitude (cm) 0.270 0.053
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Results of Multivariate Linear Regression Model for the
6-Minute Walk Test in Patients with Heart Failure

95% confidence

1 2

Variable X interval P
Age 050 (0.265)- (3248)  <0.001
Restictive transmitral 0442 (189271)-(37.827) 0004
filling pattern
('fﬂ ventricular systolic 0343 (78727)-(10.574) 0012

imension
Myocardial performance 150 (101846)-47934 0469
index
Diabetes Melltus 0060  (-82.908)-54108 0672

after a follow-up in patients with LV systolic dysfunction that
received ACE-inhibitors**#, new-generation beta-blockers's22,
and underwent exercise training?.

There are several clinical implications that could be
suggested from this study. Several important echocardiographic
parameters are independently related to 6-MWT and therefore
can be used to predict the quality of life of the patients. Age
emerged as an independent factor inversely related to 6-MWT.
Therefore, independently from echocardiographic results, the
quality of life deteriorates with age probably due to complex
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