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Analysis of 6-Minute Walk Test Safety in Pre-Heart Transplantation
Patients

Gerson Cipriano Jr, Darlene Yuri, Graziella Franca Bernardelli, Vanessa Mair, Enio Buffolo, Joao Nelson Rodrigues Branco
Universidade Federal de Sdo Paulo, Universidade de Sao Paulo, Sao Paulo, SP - Brazil

Summary

Background: The 6-minute walk test (6WT) has been used as a means of assessment of the functional capacity, clinical
staging and cardiovascular prognosis. Its safety and metabolic impact have not been frequently described in the
literature, especially in patients with severe heart failure with clinical indication for cardiovascular transplantation.

Objective: To evaluate the occurrence of arrhythmias and cardiovascular changes during 6WT. To correlate 6WT
performance with clinical staging and cardiovascular prognosis.

Methods: Twelve patients, 10 of whom males, aged 52+8 years were evaluated at baseline. 6WT was performed with
telemetry electrocardiography, vital signs and lactate monitoring. The patients were followed-up for 12 months.

Results: The patients walked 399.4+122.5 (D, m), reaching a perceived exertion (PE) of 14.3+1.5 and a 34% baseline
heart rate variation. Two patients presented more severe pre-6WT arrhythmia which did not worsen with the exercice,
four patients presented a significant increase of blood lactate levels (>5 mmol/dl), and three interrupted the test.
The distance walked correlated with the ejection fraction (%) and functional class (NYHA). After 12-month follow-up,
three patients died and seven were rehospitalized for cardiac decompensation. The D/PE ratio and 2-minute heart rate
recovery (HRR2, bpm) were lower in the death group.

Conclusion: The clinical and electrocardiographic behaviors suggest that the method is safe, but it may be considered
too strenuous for some patients with severe heart failure. Variables related to 6WT performance may be associated with

the one-year follow-up mortality. (Arq Bras Cardiol 2009;92(4):294-300)
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Introduction

Refractory heart failure is an end-stage condition in several
heart diseases and is characterized by deterioration of the
clinical conditions and mortality'. Failure of compensatory
mechanisms for maintenance of the cardiac output facilitates
protein-energy malnutrition and reduction of the vascular
bed and functional capacity*®. Heart transplantation has
been an efficient therapeutic option, improving survival and
functional capacity (FC). However, after clinical indication,
the therapeutical follow-up in the pre-transplantation phase
is delicate and costly*°.

Cardiopulmonary evaluation is the most accurate method
in the assessment and follow-up of the functional capacity.
However, it is difficult to be performed periodically, and this
may impair a more detailed control of patients with this clinical
condition®”. In these cases, the 6-minute walk test (6WT) may
be indicated as an alternative simplified low-cost reproducible
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method?®, for the assessment of exercice tolerance, providing an
indirect estimate of different aspects such as clinical staging™®,
response to interventions, and quality of life'”'®, especially in
patients with a greater reduction of the functional capacity'®-2*.

The more specific scientific knowledge regarding safety and
major systemic adjustments in response to 6WT in patients with
refractory heart failure (HF) could minimize the occurrence of
adverse clinical responses® such as signs of exercice intolerance,
arrhythmias, and secondary complications, especially found
when reduced myocardial oxygen supply is present, which is
very frequent among this population?®?”.

The objective of the present study is to evaluate the
cardiovascular responses to 6WT and their possible correlations
with clinical staging and cardiovascular prognosis. Thereby we
believe we will contribute to the improvement of intervention
control and prescription in this population of heart disease
patients who await heart transplantation.

Methods
Study participants

Twelve patients (aged 52 =+ 8 years, 10 men, 2 women) seen
in the heart transplantation outpatient clinic of the university
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hospital of Universidade Federal de Sdo Paulo comprised the
study group. The patients were clinically diagnosed with
refractory heart failure with elective indication for heart
transplantation. The main causes of heart failure were related
to ischemic (58.3%) and idiopathic (25%) cardiomyopathies.
Eight patients (67.7%) were in functional class Ill and IV
(NYHA), 10 (83.3%) had associated comorbidities, and
nine (75%) had already undergone previous cardiovascular
procedures (five coronary artery bypass graftings and four
transluminal angioplasties) (Table 1). Consent was obtained
from all patients, and the study was approved by the Research
Ethics Committee.

Design and protocol

This was a prospective cohort of 15 patients, of whom
three were excluded for cardiovascular decompensation;
therefore 12 remained in the protocol. The study comprised
a baseline clinical assessment with information on clinical
and cardiovascular staging, followed by a 6-minute walk test
(6WT). The patients were then clinically followed-up for 12
months after 6WT.

Baseline clinical assessment

The baseline clinical assessment included information
on the clinical and echocardiographic evaluations, such as
etiology, presence of comorbidities, previous cardiovascular
procedures, clinical treatment, cardiovascular function (%
ejection fraction) and functional class (NYHA)?®. The patients
were also evaluated as to the impact of heart failure on
their quality of life, by means of a specific questionnaire for
heart failure known as Minnesota Living with Heart Failure
questionnaire (MLHF)'2.

6-minute walk test

Rest electrocardiogram was initially obtained from the
patients in order to detect the existence of arrhythmias.
The 6WT was performed according to the Guidelines of
the American Association of Cardiovascular and Pulmonary
Rehabilitation (AACVPR)? and guidelines for the performance
of exercice tests of the Brazilian Society of Cardiology (SBC)’,
in a 30-m-long circular track with the patients unaccompanied
and receiving only standardized advices every minute. The
following parameters were monitored: heart rate (HR, bpm),
heart rate recovery (HRR, bpm), blood pressure (BE mmHg),
peripheral oxygen saturation (SpO,, %) and perceived exertion
(PE) scale®®. Continuous telemetry electrocardiography
(QUARK T12, model CO9055-32-99, Cosmed ™, Italy) was also
performed and allowed instant monitorization of events that
could indicate the need for test interruption. Also, peripheral
lactate values before and after 6WT were determined. The
baseline peripheral measurement was determined after
a minimum one-hour period without the performance of
exercices and/or exertion activities, and the final measurement
was determined right after the end of the test.

12-month post-6WT follow-up

The patients were followed-up for a 12-month period
after 6WT so that parameters regarding the clinical outcome

Baseline characteristics in the pre-heart transplantation

period of patients undergoing 6-minute walk (n=12)

Characteristics Mean + SD CV (%)
Age (years) 52 + 8.20 15.56
Weight (Kg) 67.83 + 12.89 19.01
Height (m) 1.64 + 0.10 6.08
BMI (Kg/m?) 2350 + 415 17.64
W/HR 0.97 + 0.06 6.51
Quality of life (QLS) Minnesota 31.00 + 3.33 37.21
Ejection fraction (%) 26.33 + 451 17.16
Time of diagnosis of CHF 98.75 + 2299 3155
(months)
Respiratory muscle strength
Pi-max (cmH,0) -89 + 25.79 29.09
Pi-max (% of expected) 80 + 27.23 34.03
Pe-max (cmH,0) 83 + 26.08 3143
Pe-max (% of expected) 109 + 31.08 28.53
No (%)
Gender
Male 10 (83.3)
Female 2 (16.7)
Functional class (NYHA)
Il 4 (33.3)
ll 5 @1.7)
v 3 (25.0)
Cause of CHF
Ischemic cardiomyopathy 7 (58.3)
Idiopathic cardiomyopathy 3 (25.0)
Congenital heart disease 2 (16.7)
Presence of comorbidities
Pulmonary disease 0 0.0
Renal failure 1 (8.3)
Diabetes Mellitus 1 (8.3)
Myocardial infarction 8 (66.7)
1 event® 2 (25.0)
2 events? 4 (50.0)
3 events® 1 (12.5)
4 events® 1 (12.5)
Risk factors
Cigarette smoking 7 (58.3)
Hypertension 7 (58.3)
Previous cardiac procedures
groarf?irrl;ry artery bypass 5 (417)
Use of 2 grafts® 3 (60.0)
Use of 3 grafts® 2 (40.0)
Angioplastiy 4 (33.3)
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Baseline characteristics in the pre-heart
transplantation period of patients undergoing 6-minute walk (n=12)

Medications used

ACE inhibitor 10 (83.3)
Digitalis 6 (50.0)
Diuretics 12 (100.0)
B-blocker 10 (83.3)
Vasodilator 2 (16.7)
Ca? channel blocker 0 0.0
Antiarrhythmic drugs 1 (8.3)
Anticoagulation drugs 0 0.0

BMI - body mass index; CV - coefficient of variation; W/HR - waist/ hip ratio;
NYHA - New York Heart Association; CHF - congestive heart failure; ACE -
angiotensin converting enzyme; Pi-max - peak inspiratory pressure; Pe-max -
peak expiratory pressure. Continuous parametric data are expressed as mean +
standard deviation; categorical or continuous data are expressed as N° - number
of patients (% of total) a, frequency in 8 patients with acute myocardial infarction,
b, frequency in 5 patients with coronary artery bypass grafting.

such as rehospitalization, decompensation of the clinical
manifestations and mortality could be observed.

Statistical methods

Continuous parametric data were expressed as mean and
standard deviation and compared throughout time using
ANOVA for repeated measurements with Newman-Keuls post-
test for more than two timepoints or, otherwise, with Sudent’s
t test. Non-parametric data were expressed as median and
percentile and compared throughout time using Friedman'’s
test with Muller-Dunn post-test for more than two timepoints
or, otherwise, with Wilcoxon’s test. Categorical data were
expressed as absolute frequency (n) and relative frequency
(%) and compared throughout time using Mc’Nemar's test, or
the chi-square test for independent groups. Pearson'’s linear
correlation analysis was used to verify the association between
the test variables with clinical and cardiovascular staging, with
values set at > 0.75, <0.40, and between 0.40 and 0.75 for
excellent, poor and moderate concordance, respectively. For
the entire study, the alpha risk was set at equal to or lower
than 5%, and beta risk at equal to or lower than 20%.

Results
Occurrence of arrhythmias

The occurrence of arrhythmia was evaluated in three
ways during 6WT. The descriptive analysis, represented by
the type of arrhythmia, did not show exacerbation with 6WT
(p=0.228). Qualitative analysis regarding change in risk
stratification during the test did not show exacerbation either,
and classifications were used regarding the origin (p=0.546)
or type (p=0.735) (Table 2).

Maximum performance in 6WT

Unlike SpO, and BPF, which did not change significantly
with exercice, HR adjusted efficiently and physiologically, and

Arq Bras Cardiol 2009;92(4):294-300

was the major responsible for the positive adjustment of the
double product (Table 3).

The mean distance walked was 399.4 = 122.5, with
significant increase in the perceived exertion (14 = 1.5)%
and evident variation in lactate levels. Greater than 4mmol/L
lactate levels were reached in four individuals, thus suggesting
higher utilization of anaerobic metabolism during the exercise.
Other three individuals interrupted the test early, the first
one due to dyspnea, dizziness, palpitation, and leg pain at
285 seconds; the second due to leg pain at 242 seconds;
and the third due to chest pain at 180 seconds, both with no
electrocardiographic changes characteristic of ischemia (Table
3). After interruption, the patients could continue the test so
as to complete the 360 seconds planned, and only then the
total distance walked was calculated.

Clinical staging and cardiovascular prognosis

Three patients died within the 12-month follow-up
period, two of them after rehospitalization for cardiovascular
decompensation while awaiting cardiovascular transplantation,
and one of late rejection following cardiovascular transplantation.
Conventional periodic outpatient clinical follow-up was carried
out, but only two patients underwent transplantation during the
follow-up period, and the mean waiting time was 21.5 = 4.95
months. Within this period, six (50%) patients had episodes of
deterioration of the clinical staging and required hospitalization,
five (41.67%) of them for heart failure decompensation and
one (8.33%) for renal failure.

The analysis of correlation of all variables obtained in 6WT
showed association only between the distance walked and
severity of arrhythmia at the end of 6WT, with EF (Ejection
fraction) (R: 0.7 and -0.83) and FC (Functional class) (R: 0.73
and 0.73) (Figure 1). Quality of life was moderately reduced
(31 = 3.33 out of 105 points); however, no correlation was
demonstrated in the comparison with the variables obtained
in the walk test.

Paired analysis of the characteristics studied before and
during the walk test showed a significant difference between
individuals who died within the 12 subsequent months and
the group of survivors in relation to characteristics such as
weight, waist/hip ratio, respiratory muscle strength (P,

i-max

P ) PE (Perceived Exertion), and 2-minute heart rate

and * e-max

recovery (Table 4).

Discussion

The present study showed that unaccompanied 6WT is
a safe measurement regarding the electrocardiografic and
cardiovascular changes in the assessment of patients with
refractory heart failure, but underscores the importance
of preliminary clinical and functional assessment for risk
stratification. Additionally, some variables related to 6WT
performance seem to be indeed associated with the current
clinical staging and with one-year follow-up mortality.

6WT is a simple, reproducible, low-cost, easy-to-operate
test that has a significant correlation with clinical variables
such as functional capacity, cardiorespiratory conditioning,
functional class, quality of life, and cardiovascular



Cipriano et al
Walk test in the pre-heart transplantation assessment

Original Article

Comparison between frequency, characteristic and severity of arrhythmias instantly monitored by telemetry at rest, during and after

6WT of patients in the pre-heart transplantation period. (n=12)

Electrocardiographic behavior Rest During 6WT After 6WT p value
Type of Arrhythmia (descriptive) No (%) No (%) No (%)
Single extrasystole 5 (41.7) 6 (50.0) 3 (25.0)
Unifocal ventricular extrasystole 2 (16.7) 2 (16.7) 1 (8.3)
Fascilar block 2 (16.7) 1 (8.3) 1 (8.3)
Atrial fibrilation 3 (25.0) 3 (25.0) 3 (25.0)
Complete right bundle branch block 1 (8.3) 1 (8.3) 1 (8.3)
Sinus pause 0 0.0 1 (8.3) 0 0.0
Multifocal ventricular extrasystole 1 (8.3) 2 (16.7) 2 (16.7)
Non-sustained ventricular tachycardia 1 (8.3) 0 0.0 0 0.0
Total of Patients with arrhythmia? 9 (75.0) 9 (75.0) 8 (66.7) 0.228
Severity of Arrhythmia a (based on the origin) 0.546
0, Absent 3 (25.0) (25.0) 4 (33.3)
1, Supraventricular 2 (16.7) 2 (16.7) 1 (8.3)
2, Ventricular 7 (58.3) 7 (58.3) 6 (50.0)
Severity of Arrhythmia (Low’s classification)
Grade 0, no extrasystoles 6 (50.0) 6 (50.0) 8 (66.7)
Grade 1, < 30 extrasystoles per hour 4 (33.3) 5 #1.7) 2 (16.7)
Grade 2, > 30 extrasystoles per hour 0 0.0 0 0.0 0 0.0
Grade 3, polymorphic extrasystoles 1 (8.3) 1 (8.3) 2 (16.7)
Grade 4A, coupled extrasystoles 0 0.0 0 0.0 0 0.0
Grade 4B, ventricular tachycardia (> 3) 1 (8.3) 0 0.0 0 0.0
Grade 5, R-on-T phenomenon 0 0.0 0 0.0 0 0.0
Total of arrhythmias 0,5 (0-1.0) 05 (0-1.0) 0,0 (0-1.0) 0.7351

6WT - 6-minute walk test. Categorical or continuous data are expressed as N° number of patients (% of total), continuous non-parametric data are expressed as median

(25th-75th percentile).  Friedman; ® Mc'Nemar.

prognosis*®13171924 The present study was the first to use
a telemetry electrocardiographic monitoring system during
6WT on the floor, thus permitting real-time observation of
possible arrhythmias or signs suggestive of ischemia that
could indicate the need for test interruption. Additionally, a
simplified analysis of peripheral lactate was also carried out
in order to obtain acute information on modulations of the
energy metabolism.

The individuals had a common history of presence of risk
factors, previous procedures and associated comorbidities, as
well as a significant reduction of the cardiovascular function,
and were concentrated mainly in functional classes Ill and
IV, whose main cause was myocardial ischemic diseases.
Historically, one third of hospitalized patients diagnosed with
heart failure spend approximately 55 billion US dollars anually
in ambulatory treatment’, and these expenses concentrate
mainly in functional class Ill and IV patients. Thus, simple,
reproducible and efficient measures for the assessment of
and support to cardiovascular treatment seem very relevant
and could minimize these costs and provide a more qualified
follow-up. Quality of life was only moderately reduced in this

study, and did not correlate with 6WT variables, unlike what
was demonstrated in other studies. This is probably due to
the fact that we evaluated only a small number of patients in
different functional classes'.

The analysis of the occurrence of arrhythmias was
carried out in three ways: using the classification proposed
by Low??, which considers the severity of ventricular
arrhythmias; the atrioventricular (AV) classification, which
divides arrhythmias into ventricular and supraventricular
arrhythmias?*’; and qualitative (descriptive) analysis of
the electrocardiographic findings*. Both show a higher
incidence of arrhythmias in patients with reduced
myocardial oxygen supply. In the present study, the
analysis showed a high probability of the occurrence of
arrhythmias in this population, though without exacerbation
with 6WT. This suggests that the method is safe, but we
emphasize the need for a preliminary clinical and functional
assessment for stratification. However, the routine use of
electrocardiographic monitoring systems should be carefully
considered, since the principle of the walk test is to be
simple and easy to reproduce.

Arq Bras Cardiol 2009;92(4):294-300
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Characteristics and relative changes between the end of
the exercise and resting

Characteristics after 6WT Mean ES SD CV (%)
Maximum distance (m) 399.4 + 122.50 30.67
Perceived exertion (PE) 14.3 + 1.55 10.86
Exertion/Max. Dist. ratio (PE/m) 0.036 + 0.013 87.50
Peak HR after 6WT (bpm) 1114 + 25.13 22.56
% of HRmax (%) 66.3 + 12.83 19.34
HRmax/Max. Dist. Ratio (bpm/m) 0.1 + 0.07 66.22
Maximum lactate after 6WT 32 + 1.04 32.75

Pre and post-6WT A Lactate
variation (mmol/l)

Pre and post-6WT A Blood

1.3 + 1.15 91.28

glucose variation 107 * 27.91 3125
No (%)

Lactate > 4 (mmol/l) post-6WT 4 (33.3)

Tests interrupted early 3 (25.0)

CV - coefficient of variation; 6WT - 6-minute walk test; PE - perceived exertion
scale; Max. Dist - maximum distance walked in meters; HRmax - maximum heart
rate. Continuous parametric data are expressed as Mean + Standard Deviation;
Categorical data are expressed as N°, number of patients (% of total).

In the analysis of the cardiovascular adjustment to 6WT, HR
was the variable that showed the most significant adjustment
to 6WT. This behavior is translated into the influence of
HR on the double product variations, since these patients
already present a diminished cardiovascular function, which
is evidenced by a reduced ventricular ejection fraction. Thus,
as we had expected, the chronotropic response was more
important than the inotropic response in this population’.
HRR2 was higher in the group of patients who died within the
12-month follow-up period. Some studies have described the
relationship of the heart rate recovery (HRR) behavior with
cardiovascular function, where slower reductions are directly
related to function deterioration and cardiovascular mortality,
a phenomenon that is linked to an autonomic nervous
system imbalance, usually resulting from overstimulation of
the sympathetic nervous system and reduction of the vagal
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Figure. 1 - Correlation between maximum distance walked at the end of 6WT
and previous clinical characteristics. 6WT - 6-minute walk test; 6WT distance
- maximum distance walked in meters; NYHA - New York Heart Association. EF
- gjection fraction. Pearson’s correlation test, EF (%): 0.70; FC: 0.73.

activity?"*, in addition to measuring functional capacity
changes after exercise training®*.

Also, the simplified lactate assessment permitted the supply
of additional information regarding the energy metabolism
behavior in response to the walk test. We could observe
that although the maximum heart rate (HR ) had reached
only 66.3% of the predicted value, on average, four of these
patients had higher than 4mmol/l levels of lactate, thus
suggesting greater utilization of anaerobic metabolism. Recent
studies demonstrated the relationship between anaerobic
metabolism and functional capacity as an important predictor
of mortality®*>®. Even so, after 6WT, the individuals reported
a mean perceived exertion of 14.3 = 1.55, with 20 points
corresponding to a closer to tiresome exertion, a result that
is compatible with the exertion reported in other studies®.
Based on these findings we can presume a possible error in
the estimate of the maximum heart rate for these patients with
significant functional limitation who, in their majority (83.3%),
were being treated with beta-blockers373.

As we could observe, in the baseline clinical evaluation,
the variables showing the most significant differences in the

Characteristics associated with mortality in patients followed-up for 12 months after 6-minute walk test

Survivor (n=9) Death (n=3)
Characteristics associated with mortality p
Mean + SD Mean kS SD
Weight (Kg) 70.71 + 13.70 59.17 + 3.75 *
W/HR 0.94 + 0.03 1.05 + 0.07 b
MIP (cmH,0) -98.33 + 2.1 -59.67 + 4.51 e
Perceived exertion (PE) 13.67 + 1.00 16.33 + 1.15 *
Exertion/Max.Dist ratio (PE/m) 0.08 + 0.03 0.21 + 0.08 *
HRR2 80.44 + 18.13 113.00 + 27.07 *

Continuous data are expressed as Mean + Standard Deviation; Non-paired t test, sig. (2-tailed), * P<0.05; **, P<0.01; ***, P<0.001; W/HR - waist/hip ratio; HRR2 - 2-minute

heart rate recovery; MIP - maximum inspiratory pressure.

Arq Bras Cardiol 2009;92(4):294-300
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individuals who died in the 12 subsequent months in relation
to those who survived were weight, muscle strength, and waist/
hip ratio. Weight and muscle strength are important markers
in this population, since with the progression of heart failure
the patients develop an increased metabolic energy demand
associated with a noticeable muscle-skeletal deterioration,
which can lead to a functional stage known as cardiac
cachexia that negatively interferes with the cardiorespiratory
conditioning and, consequently, with the quality of life and
cardiovascular prognosis**.

The analysis of the relationship between 6WT and the
clinical staging and cardiovascular prognosis, in turn, primarily
revealed that despite belonging to an apparently homogeneous
group, all being equally eligible to heart transplantation, the
patients presented very different functional capacities, as
estimated by the distance walked, especially the four patients
who walked a shorter than 300-m distance. We currently know
that individuals with heart failure who walk less than 300
meters have a very poor prognosis''¢. Also, in our study, the
maximum distance walked in the 6WT showed an important
correlation with some classical clinical characteristics such
as ejection fraction (r=0.70) and functional class (r=0.73).
Although some studies question the usefulness of this test
as a measure of cardiovascular clinical staging, most of the
randomized clinical trials support its diagnostic value in
patients with heart failure'.

Finally, in the comparison between the survivor group and
the death group, we could observe that the distance walked
and the perceived exertion ratio (meters/PE), perceived
exertion (PE) and heart rate recovery (HRR, bpm) were the
variables that showed the most significant differences when
individuals who died were compared with the survivors.

The present study had some limitations. Initially, we

References

1. Mady C. Currentsituation of the treatment of heart failure in Brazil. Arq Bras
Cardiol. 2007; 89 (4): e84-6.

2. AnkerSD, Coats AJ. Cardiac cachexia: a syndrome with impaired survival and
immune and neuroendocrine activation. Chest. 1999; 115 (3): 836-47.

3. Juenger ], Schellberger D, Kraemer S, Haunstetter A, Zugek C, Herzog W,
et al. Health related quality of life in patients with congestive heart failure:
comparison with other chronic diseases and relation to functional variables.
Heart. 2002; 87 (3): 235-41.

4. Myers ], Geiran O, Simonsen S, Ghuyoiemi A, Gilles-Tad L. Clinical and
exercise test determinants of survival after cardiac transplantation. Chest.
2003; 124 (5): 2000-5.

5. Sociedade Brasileira de Cardiologia. | Guidelines of the Brazilian Cardiology
Society for Heart Transplantation: IX. Organization of heart transplantation
in Brazil. Arq Bras Cardiol. 1999; 73 (Suppl 5): 56-7.

6. Bettencourt P, Ferreira A, Dias P, Pimenta ), Frides F Martins L, etal. Predictors
of prognosis in patients with stable mild to moderate heart failure. ) Card Fail.
2000; 6 (4): 306-13.

7. Sociedade Brasileira de Cardiologia. Il Guidelines on Ergometric Tests of the
Brazilian Society of Cardiology. Arq Bras Cardiol. 2002; 78 (Suppl 2): 1-17.

8. Troosters T, Gosselink R, Decramer M. Six minute walking distance in healthy

evaluated a relatively small sample of patients with elective
indication for a heart transplant. However, although relevant
results were shown in this study, we point out the difficulty in
reaching this population, since during the entire study period
the Brazilian Association of Organ Transplant (Associagao
Brasileira de Transplante de Orgaos - ABTO), registered only
60 heart transplantations in the State of Sdo Paulo, for a total
of 98 individuals enrolled®. Thus, the population assessed
accounted for 12% of the total number of patients enrolled,
which shows the importance of further multicenter studies.
And the simplified analysis for cross-sectional comparison in
place of a detailed analysis on mortality was also justified by
the fact that we had a small number of patients, which led
to a less affirmative degree of inference, though relevant for
reassessment in prospective studies.

In conclusion, the clinical and electrocardiographic
behaviors suggest that the method is safe but can be
considered strenuous for some patients with severe heart
failure. Variables related to the performance in 6WT may be
associated with the one-year follow-up mortality.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Sources of Funding
There were no external funding sources for this study.

Study Association

This article is part of the thesis of doctoral submitted by
Gerion Cipriano Jr, from Unifesp.

elderly subjects. Eur Respir ). 1999; 14 (2): 270-4.

9. Delahaye N, Cohen-Solal A, Faragi M, Czutrom D, FoultJM, Daou D, et al.
Comparison of left ventricular responses to the six-minute walk test, stair
climbing, and maximal upright bicycle exercise in patients with congestive
heart failure due to idiopathic dilated cardiomyopathy. Am | Cardiol. 1997;
80 (1): 65-70.

10. Demers C, McKelvie RS, Negassa A, Yusuf S, Resolvd Pilot Study Investigators.
Reliability, validity, and responsiveness of the six-minute walk test in patients
with heart failure. Am Heart ). 2001; 142 (4): 698-703.

1

-

. Kervio G, Ville NS, Leclerq C, Daubert JC, Carre F. Cardiorespiratory
adaptations during the six-minute walk test in chronic heart failure patients.
Eur ) Cardiovasc Prev Rehabil. 2004; 11 (2): 171-7.

12. Olsson LG, Swedberg K, Clark AL, Witte KK, Cleland JG. Six minute
corridor walk test as an outcome measure for the assessment of treatment in
randomized, blinded intervention trials of chronic heart failure: a systematic
review. Eur HeartJ. 2005; 26 (8): 778-93.

13. Rubim VS, Drumond Neto C, Romeo JL, Monteiro MW. Prognostic value of the
six-minute walk test in heart failure. Arq Bras Cardiol. 2006; 86 (2): 120-5.

14. Bittner V. Determining prognosis in congestive heart failure: role of the 6-
minute walk test. Am Heart ). 1999; 138 (4 Pt 1): 593-6.

Arq Bras Cardiol 2009;92(4):294-300

299



300

Cipriano et al
Walk test in the pre-heart transplantation assessment

Original Article

15.

16.

17.

1

O

20.

2

=

22.

23.

24.

25.

26.

Rostagno C, Olivo G, Comeglio M, Boddi V, Bauchelli M, Galanti G, et
al. Prognostic value of 6-minute walk corridor test in patients with mild
to moderate heart failure: comparison with other methods of functional
evaluation. Eur J Heart Fail. 2003; 5 (3): 247-52.

Roul G, Germain P, Bareiss P. Does the 6-minute walk test predict the
prognosis in patients with NYHA class Il or Il chronic heart failure? Am Heart
J.1998; 136 (3): 449-57.

Hegbom F, Stavem K, Sire S, Heldal M, Clrming OM, Gjesdal K. Effects of
short-term exercise training on symptoms and quality of life in patients with
chronic atrial fibrillation. Int ) Cardiol. 2007; 116 (1): 86-92.

. Rector TS, Cohn JN. Assessment of patient outcome with the Minnesota Living

with Heart Failure questionnaire: reliability and validity duringa randomized,
double-blind, placebo-controlled trial of pimobendan. Pimobendan
Multicenter Research Group. Am Heart ). 1992; 124 (4): 1017-25.

. Cahalin LP Mathier MA, Lemigran MJ, Dec GW, De Salvo JG. The six-minute

walk test predicts peak oxygen uptake and survival in patients with advanced
heart failure. Chest. 1996; 110 (2): 325-32.

Lucas C, Stevenson LW, Johnson W, Hartley H, Hamilton MA, Walden J, et
al. The 6-min walk and peak oxygen consumption in advanced heart failure:
aerobic capacity and survival. Am Heart J. 1999; 138 (4 Pt 1): 618-24.

. Meyer K, Schwarbold M, Westbrook S, Beneke R, Hajric R, Lehmann M, et

al. Effects of exercise training and activity restriction on 6-minute walking test
performance in patients with chronic heart failure. Am Heart J. 1997; 133
(4): 447-53.

Witham MD, McMurdo ME. Don’tshoot the messenger: the 6-minute walk test
is a useful outcome measure in exercise trials. Am Heart ). 2003; 146 (2): E7.

Zugck C, Kriiger C, Durr S, Gerber SH, Haunstetter A, Hemig K, et al. Is the
6-minute walk test a reliable substitute for peak oxygen uptake in patients
with dilated cardiomyopathy? Eur Heart ). 2000; 21 (7): 540-9.

Araujo CO, Makdisse MR, Peres PA, Tebexreni AS, Ramos LR, Matsushita
AM, et al. Different patterns for the 6-minute walk test as a test to measure
exercise ability in elderly with and without clinically evident cardiopathy. Arq
Bras Cardiol. 2006; 86 (3): 198-205.

Hambrecht R, Adams V, Gielen S, Linke A, Wendlers S, Yu J, et al. Exercise
intolerance in patients with chronic heart failure and increased expression
of inducible nitric oxide synthase in the skeletal muscle. ] Am Coll Cardiol.
1999; 33 (1): 174-9.

Belardinelli R. Arrhythmias during acute and chronic exercise in chronic heart
failure. IntJ Cardiol. 2003; 90 (2-3): 213-8.

Arq Bras Cardiol 2009;92(4):294-300

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

Galante A, Pietrowist A, Cavazzini C, Magrini A, Bergamaschi A, Sciarra L,
etal. Incidence and risk factors associated with cardiac arrhythmias during
rehabilitation after coronary artery bypass surgery. Arch Phys Med Rehabil.
2000; 81 (7): 947-52.

Fisher JD. New York Heart Association Classification. Arch Intern Med. 1972;
129 (5): 836.

AACVPR Guidelines for cardiac rehabilitation and secondary prevention
programs. 4th ed. Champaing: Human Kinetics; 2004.

Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc.
1982;14(5): 377-81.

. Guimaraes GV, Bellotti G, Bacal F, Mocelin A, Bocchi EA. Can the

cardiopulmonary 6-minute walk test reproduce the usual activities of patients
with heart failure? Arq Bras Cardiol. 2002; 78 (6): 553-60.

Lown B, Wolf M. Approaches to sudden death from coronary heart disease.
Circulation. 1971; 44 (1): 130-42.

Kligfield P McCormick A, Chai A, Jacobson A, Feurstadt P Hao SC. Effect of age
and gender on heart rate recovery after submaximal exercise during cardiac
rehabilitation in patients with angina pectoris, recent acute myocardial
infarction, or coronary bypass surgery. Am J Cardiol. 2003; 92 (5): 600-3.

Myers ], Hadley D, Oswald U, Bruner K, Kottnan W, Hsu L, et al. Effects of
exercise training on heart rate recovery in patients with chronic heartfailure.
Am Heart]. 2007; 153 (6): 1056-63.

Arena R, Myers J, Abella J, Peberdy MA, Bensimhon D, Chase P, et al.
Development of a ventilatory classification system in patients with heart
failure. Circulation. 2007; 115 (18): 2410-7.

Arena R, Myers J, Williams MA, Gulati M, Kligfield P, Balady CJ, et al.
Assessment of functional capacity in clinical and research settings: a
scientific statement from the American Heart Association Committee
on Exercise, Rehabilitation, and Prevention of the Council on Clinical
Cardiology and the Council on Cardiovascular Nursing. Circulation. 2007;
116 (3): 329-43.

Heck H, Mader A, Hess G, Miicke S, Miiller R, Hollmann W. Justification of
the 4-mmol/l lactate threshold. Int] Sports Med. 1985; 6 (3): 117-30.

Wasserman K. The anaerobic threshold measurement in exercise testing. Clin
ChestMed. 1984; 5 (1): 77-88.

Associagao Brasileira de Transplante de Orgaos (ABTO). Registro Brasileiro
de Transplantes. 2006; 12 (2): 5-6.



