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Abstract
Background: The 6-min walk distance (6-MWD) is a global
marker of functional capacity and prognosis in chronic obstructive pulmonary disease (COPD), but less explored in
other chronic respiratory diseases. Objective: To study the
role of 6-MWD in chronic hypercapnic respiratory failure
(CHRF). Methods: In 424 stable patients with CHRF and noninvasive ventilation (NIV) comprising COPD (n = 197), restrictive diseases (RD; n = 112) and obesity-hypoventilation-syndrome (OHS; n = 115), the prognostic value of 6-MWD for
long-term survival was assessed in relation to that of body
mass index (BMI), lung function, respiratory muscle function
and laboratory parameters. Results: 6-MWD was reduced in
patients with COPD (median 280 m; quartiles 204/350 m) and
RD (290 m; 204/362 m) compared to OHS (360 m; 275/440 m;
p ! 0.001 each). Overall mortality during 24.9 (13.1/40.5)
months was 22.9%. In the 424 patients with CHRF, 6-MWD
independently predicted mortality in addition to BMI, leukocytes and forced expiratory volume in 1 s (p ! 0.05 each). In
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COPD, 6-MWD was strongly associated with mortality using
the median [p ! 0.001, hazard ratio (HR) = 3.75, 95% confidence interval (CI): 2.24–6.38] or quartiles as cutoff levels. In
contrast, 6-MWD was only significantly associated with impaired survival in RD patients when it was reduced to 204 m
or less (1st quartile; p = 0.003, HR = 3.31, 95% CI: 1.73–14.10),
while in OHS 6-MWD had not any prognostic value. Conclusions: In patients with CHRF and NIV, 6-MWD was predictive
for long-term survival particularly in COPD. In RD only severely reduced 6-MWD predicted mortality, while in OHS
6-MWD was relatively high and had no prognostic value.
These results support a disease-specific use of 6-MWD in the
routine assessment of patients with CHRF.
Copyright © 2007 S. Karger AG, Basel

Introduction

The availability of noninvasive ventilation (NIV) techniques has evoked a large increase in the number of patients treated with home mechanical ventilation due to
chronic hypercapnic respiratory failure (CHRF) [1]. Owing to improved survival achieved in many diseases, the
prevalence of these patients is expected to rise progressively [2]. Most patients treated with home NIV suffer
from either severe chronic obstructive pulmonary disDr. Stephan Budweiser
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ease (COPD), restrictive disorders (RD) or obesity-hypoventilation syndrome (OHS) [1–5]. Until now, international guidelines for the specific assessment of patients
with CHRF undergoing NIV have not been firmly established and only few studies focused on clinical measures
that could be important for monitoring or estimation of
survival [3, 6].
The 6-min walk distance (6-MWD) is well established
as a global marker of functional capacity in the cardiorespiratory domain, having the advantage of integrating diverse physiological components [7, 8]. Most of the evidence favoring 6-MWD in the evaluation of treatment
effects [9–12] and prediction of survival has been obtained in COPD [8, 13, 14], consistent with the fact that
COPD exhibits multiple systemic manifestations beyond
the respiratory impairment itself [14–18], e.g. reductions
in body mass index (BMI) and fat-free mass [4, 18], which
affect 6-MWD [19].
Low BMI and nutritional depletion are also not uncommon in patients with RD and CHRF [4] and predictive for survival [3, 6]. Moreover, chronic or intermittent
hypoxia could evoke functional changes in skeletal or respiratory muscles similar to COPD [20–23] and, together
with a reduction in lung volume, affect exercise capacity.
Indeed, the 6-MWD has already been used as outcome
parameter in determining the efficacy of NIV in CHRF
and RD [9, 24–27]. Despite that, the clinical significance
(especially the prognostic value) of 6-MWD in patients
with CHRF without obstruction is not well explored [28].
Owing to differences in the pathophysiology of diseases
leading to CHRF, a separate evaluation of patients with
COPD, OHS and RD might provide further insights.
Based on this background, we analyzed the association between 6-MWD and long-term survival in the presence of CHRF and NIV in patients with RD and OHS
compared with COPD. To facilitate the comparison with
previous data, we also evaluated established risk factors,
e.g. lung function, BMI and laboratory parameters.

The diagnosis of COPD was based on clinical history, symptoms and airway obstruction, i.e. forced expiratory volume in 1 s
(FEV1) to vital capacity !70% predicted after bronchodilator inhalation [29]. OHS was defined by a BMI 130, daytime arterial
carbon dioxide tension 645 mm Hg prior NIV therapy and clinical symptoms of CHRF in the absence of other known causes of
hypoventilation [30]. Patients with clinical signs of airway infection, current exacerbation, unstable cardiac arrhythmia or patients with invasive ventilation were excluded. Additionally, duration of nocturnal home NIV of 63 months was required. The
study was approved by the local Ethics Committee.
Assessments
On the day of admission, blood gases (Rapidlab; Bayer; East
Walpole, Mass., USA) were analyzed at rest from the hyperemic
earlobe. Samples were taken in the daytime during spontaneous
breathing of room air, if possible, or otherwise during the patients’ usual oxygen flow. Spirometry and body plethysmography
(MasterScreen, Viasys, Würzburg, Germany) were performed
following guidelines of the American Thoracic Society [31], using
reference values of the European Respiratory Society [32]. For
measurement of inspiratory mouth occlusion pressure at 100 ms,
plateau values from five qualitatively acceptable attempts were
taken. Maximal inspiratory pressure (PImax) was measured from
residual volume at maximal inspiratory effort [33], and the best
value of at least three reproducible attempts was documented [34].
Additionally an electrocardiogram was recorded.
After a phase of recovery, 6-MWD was determined based on
the guidelines of the American Thoracic Society [8] while patients
had their usual oxygen flow. The test was performed on a 30-meter corridor by nurses with specific experience, and its result was
recorded in absolute values and in percent of predicted (%pred)
[35]. Hemoglobin and leukocyte levels were measured using conventional procedures (Micros 60-CT, ABX, Montpellier, France).
Additionally, BMI calculated as weight/height 2 and comorbidities were documented.
Follow-Up
All patients were routinely readmitted to the hospital every 6
months for reevaluation of clinical state and treatment efficacy of
NIV. During these visits, adherence to NIV was assessed via the
time counter of the ventilator, and ventilation parameters were
adjusted according to nocturnal capillary blood gases and oxygen
saturation. For survival analysis, patients were followed until
death or until the end of the study period in January 1st, 2006, but
at least 3 months after discharge. Information on cardiopulmonary or all-cause mortality was obtained from the patients’ relatives and/or family doctors.

Patients and Methods
Study Population
Consecutive patients treated with NIV due to CHRF, who
were regularly admitted for follow-up to the Center of Pneumology, Donaustauf Hospital, University of Regensburg, between
March 2000 and December 2005, were selected retrospectively
from a survey data base. Patients were in a stable clinical condition of either COPD, OHS or RD comprising chest wall diseases
(CWD), non-progressive neuromuscular disorders (NMD) or interstitial lung diseases (ILD).
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Statistical Analysis
For data description, continuous variables are shown as median values and quartiles. The presence of normal distribution
was assessed by the Shapiro-Wilk test. Baseline characteristics of
groups were compared using the Mann-Whitney U test for quantitative variables or Fisher’s exact test for binary variables. Survival was calculated by Kaplan-Meier analysis, starting the day of
assessment of 6-MWD to the closing date (January 1st, 2006).
Cutoff values were derived from rounded median values, or from
the 25th or 75th population percentiles. The predictive value of
each single variable for all-cause mortality was analyzed by uni-
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Table 1. Baseline characteristics of the patients with RD, COPD or OHS

Characteristics

COPD (n = 197)

RD (n = 112)

OHS (n = 115)

Sex, females/males
Age, years
BMI, kg/m2
6-MWD, m
6-MWD, %pred
Hemoglobin, g/dl
Leukocytes, 103/l
FEV1, liters
VC, liters
sRaw, kPa ! s
RV/TLC, %
P0.1, kPa
PImax, kPa
pH
PaO2, mm Hg
PaCO2, mm Hg
BE, mmol/l
pH1
PaO2, mm Hg1
PaCO2, mm Hg1
BE, mmol/l1

58/139
66.7 (59.7; 72.6)
28.6 (23.4; 32.8)
280.0 (204.0; 350.0)
58.6 (40.5; 70.7)
13.6 (12.4; 14.8)
8.5 (7.0; 10.5)
0.85 (0.70; 1.17)
2.0 (1.6; 2.4)
3.8 (2.7; 6.3)
69.8 (63.2; 76.9)
0.50 (0.39; 0.62)
4.2 (3.1; 5.8)
7.42 (7.40; 7.44)
64.0 (55.0; 71.0)
44.0 (40.0; 47.0)
4.3 (2.1; 7.0)
7.43 (7.40; 7.45)
56.0 (51.0; 53.0)
44.0 (40.0; 47.0)
4.1 (2.2; 6.0)

60/52a
66.9 (58.8; 74.4)
28.3 (23.9; 31.8)
290.0 (204.0; 362.0)
61.3 (44.7; 78.6)
13.4 (12.4; 14.3)
7.2 (6.0; 8.6)a
0.97 (0.76; 1.23)
1.4 (0.98; 1.7)a
0.98 (0.7; 1.5)a
58.1 (53.5; 63.6)a
0.39 (0.27; 0.50)a
3.7 (2.5; 5.0)a
7.42 (7.40; 7.44)
65.0 (59.0; 72.0)a
44.0 (40.0; 47.8)a
3.7 (1.6; 5.4)
7.42 (7.40; 7.44)
62.0 (57.0; 68.0)a
44.0 (40.0; 47.0)
4.0 (1.7; 5.5)

44/71b
58.1 (50.3; 67.5)b, c
43.3 (36.8; 47.6)b, c
360.0 (275.0; 440.0)b, c
76.6 (61.6; 90.4)b, c
13.5 (12.5; 15.3)
8.3 (6.7; 9.8)b
2.0 (1.6; 2.5)b, c
2.7 (2.2; 3.6)b, c
1.3 (0.9; 1.7)b, c
46.0 (42.0; 54.8)b, c
0.36 (0.24; 0.45)c
5.3 (4.0; 8.0)b, c
7.43 (7.41; 7.45)c
64.0 (58.5; 70.5)c
40.0 (38.0; 43.0)b, c
2.5 (0.5; 4.3)b, c
7.43 (7.41; 7.45)
62.0 (57.0; 68.8)
40.0 (38; 43.0)b, c
2.3 (0.7; 4.1)b, c

Data are shown as median values and quartiles (in parentheses), except for sex. Characteristics of the groups
were compared using the non-parametric Mann-Whitney U test. a p < 0.05 vs. COPD, b p < 0.05 vs. RD, and
c
p < 0.05 vs. COPD. VC = Vital capacity; sRaw = specific airway resistance; RV = residual volume; TLC = total
lung capacity; P0.1 = mouth occlusion pressure at 100 ms; PaO2 = arterial oxygen tension; PaCO2 = arterial
carbon dioxide tension; BE = base excess. Blood gas values of all patients were obtained either with oxygen
(median 2.0, quartiles: 1.0, 2.0 l/min) or without.
1
Values were obtained only without oxygen (191 RD patients and 118 with COPD).

variate regression using the log-rank test. Variables significant in
univariate analyses were entered into a stepwise multivariate Cox
regression analysis to identify independent predictors, using an
entry level of p ! 0.05 and a removal level of 0.10. For all tests, p
values !0.05 were considered statistically significant. Data were
analyzed using a statistical software package (version 12.0; SPSS,
Chicago, Ill., USA).

Results

Study Population
The study population comprised 424 patients (262
males and 162 females) with CHRF due to either severe
COPD (n = 197; stage IV according to the Global Initiative for Chronic Obstructive Lung Disease) [36], OHS
(n = 115) or RD (n = 112). In the group with RD, 68.8%
(n = 77) had CWD, 17.9% (n = 20) NMD and 13.4%
(n = 15) ILD.
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Nocturnal NIV had been initiated 5.6 (median; quartiles: 3.6; 24.5) months prior to enrolment in patients with
RD/OHS and 7.0 (3.7; 14.4) months in patients with
COPD; these values did not significantly differ between
groups. Patients were ventilated either in volume- or
pressure-cycled assist-controlled mode with an expiratory airway pressure of 4 (3; 5) cm H2O, an inspiratory
airway pressure of 22 (18; 24) cm H2O and a respiratory
frequency of 18 (16; 22) per minute. The daily duration of
ventilator use was 6.8 (4.8; 8.3) h/day. Ventilation parameters did not significantly differ between groups. 74.0%
of the patients with RD/OHS and 96.5% of the patients
with COPD were on long-term oxygen therapy (p !
0.001).
6-MWD in absolute values and %pred, as well as age,
BMI, lung function, mouth occlusion pressures, arterial
carbon dioxide tension and base excess of patients with
OHS differed significantly compared to those with COPD
and RD (table 1). However, no significant differences in
Budweiser et al.

Table 2. Significant prognostic factors according to univariate survival analyses in the total group of patients
(n = 424)

Variable

Median (quartiles)

6-MWD, m
6-MWD, %pred
Age, years
BMI, kg/m2
Leukocytes, 103/l
FEV1, liters
VC, liters
sRaw, kPa ! s
RV/TLC, %
P0.1, kPa

303.0 (232.3; 373.0)
64.8 (47.6; 80.0)
65.2 (57.1; 71.6)
30.9 (25.3; 37.8)
8.0 (6.7; 10.0)
1.1 (0.8; 1.6)
2.0 (1.5; 2.6)
2.0 (1.1; 3.7)
60.7 (52.3; 70.4)
0.43 (0.31; 0.54)

p value
<0.0001
<0.0001
0.0204
<0.0001
0.0081
<0.0001
0.0323
0.0391
0.0006
0.0252

HR

95% CI of HR

2.567
2.561
0.622
2.518
0.560
2.440
1.554
0.651
0.480
0.612

1.701–3.804
1.682–3.755
0.418–0.928
1.636–3.643
0.360–0.859
1.553–3.449
1.038–2.304
0.440–0.979
0.331–0.739
0.404–0.942

p values were according to univariate survival analysis (log-rank test) using the respective median value for
survival predictors. For abbreviations, please see table 1 and the text.

6-MWD (absolute values and %pred) between patients
with COPD and RD were observed, while sex, leukocyte
levels, mouth occlusion pressures and lung function were
different between these groups (table 1). When comparing single diagnoses within RD, only 6-MWD of patients
with ILD (median 195 m; quartiles 100, 295 m, or 42.0;
20.7, 70.4%pred) was shorter (p ! 0.05) compared to patients with CWD (300 m; 231, 360 m, or 64.2; 50.8,
79.1%pred) or NMD (290 m; 240, 408 m, or 64.2; 48.5,
87.1%pred).
Predictors of Long-Term Survival in the Total
Population
Overall (n = 424), the mean observation time between
the end of the study period or until patients died was 24.9
(13.1; 40.5) months. Within this period, 59 patients with
COPD and 38 patients with RD/OHS died, corresponding to an overall mortality of 22.9%. Deaths resulted predominantly from respiratory causes (n = 75; 77.3%), including respiratory or right heart failure, pulmonary embolism or pneumothorax. The other patients died from
non-respiratory (n = 15; 15.5%) or unknown causes (n =
7; 7.2%).
In univariate analyses of the total population, using
median values as cutoff, 6-MWD (absolute and %pred;
p ! 0.001 each; table 2; fig. 1), age, BMI, leukocytes,
specific airway resistance, residual volume to total lung
capacity, FEV1, vital capacity and mouth occlusion pressure at 100 ms (table 3) predicted long-term survival.
Similar associations were found using the %pred values.
There were no significant associations of survival with
Six-Minute Walk Test in Chronic
Respiratory Failure

hemoglobin (p = 0.119), pH (p = 0.948), arterial oxygen
(p = 0.756) and carbon dioxide tension (p = 0.558), base
excess (p = 0.203) and PImax (absolute and %pred; p =
0.071 and 0.137). In a stepwise multivariate Cox regression analysis, only 6-MWD, BMI, leukocyte number and
FEV1 remained as independent predictors of mortality
(p ! 0.05 each; table 3).
Prognostic Value of 6-MWD in Different Diseases
6-MWD was a strong predictor of long-term survival
in COPD (n = 197) using the respective median values
(280 m or 58.6%pred) as cutoff [p ! 0.001, hazard ratio
(HR) 3.75, 95% confidence interval (CI) 2.24–6.38; or p !
0.001, HR 3.48, 95% CI 2.06–5.85]. Using quartiles of 6MWD, increasing 6-MWD was associated with stepwise
improved survival (comparison between quartiles: p !
0.001; fig. 2).
In contrast, 6-MWD was not predictive for survival in
patients with RD using the median values (290 m or
61.3%pred) as cutoff. However, using quartiles of 6-MWD
demonstrated that 6-MWD was significantly associated
with impaired survival in RD patients when it was reduced to 204 m or less (1st quartile; p = 0.003, HR 3.31,
95% CI: 1.73–14.1) compared with subjects with a 6MWD of more than 204 m (p = 0.003, fig. 3). The 2nd,
3rd and 4th quartiles of 6-MWD did not significantly
differ regarding survival. In patients with OHS, 6-MWD
did not have any prognostic value using either the median value of this population (360 m) or the quartiles
(fig. 4) as cutoff values.
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Fig. 1. Prognostic value of either absolute (a) or %pred (b) values of 6-MWD in CHRF patients (n = 424) using

the respective median values as cutoff (303 m; p ! 0.001, and 64.8%pred; p ! 0.001).

Table 3. Prognostic value of baseline parameters in the total group of patients (n = 424) according to a stepwise
Cox multivariate regression analysis

Parameter

Cutoff

B

SE

Exp (B)

95% CI of Exp(B)

p value

6-MWD, m
BMI, kg/m2
Leukocytes, 103/l
FEV1, liters

303.0
30.9
8.0
1.1

–0.609
–0.731
0.572
–0.603

0.246
0.263
0.229
0.282

0.544
0.481
1.773
0.547

0.336–0.880
0.287–0.807
1.131–2.773
0.315–0.951

0.013
0.005
0.013
0.032

B = Estimate of regression coefficient; SE = standard error of estimate.

Discussion

The present study aimed to evaluate the prognostic value of 6-MWD in patients with CHRF treated with NIV.
Within the total population, 6-MWD was an independent
predictor of mortality in addition to known risk factors
such as BMI and FEV1 or leukocyte count. This result was
mainly attributable to the patients with COPD in whom
6-MWD was highly predictive for long-term survival
throughout the whole range of values. In contrast, in patients with RD and CHRF, only a markedly decreased 6422
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MWD predicted increased mortality, while any association with OHS was lacking. Thus the prognostic role of
6-MWD depended on the underlying disease and could
not be extrapolated from the results obtained in COPD.
Patients with CHRF are commonly considered to be at
high risk for death and hospitalization [3, 37] and NIV is
often used in the various underlying disorders. As reflected in our population, many patients are characterized by a restrictive ventilatory pattern resulting predominantly from chest wall deformations, post-tuberculosis
syndrome or neuromuscular disorders [38]. More recentBudweiser et al.
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197) comparing the quartiles of 6-MWD (0–204, quartile 1; 205–
280, quartile 2; 281–350, quartile 3, and 1350 m, quartile 4; logrank test; p ! 0.001). Significant differences in long-term survival were present between quartile 1 and 2 (p = 0.015), 3 (p ! 0.001)
and 4 (p ! 0.001), quartile 2 and 4 (p ! 0.001), quartile 3 and 4
(p = 0.047), but not between quartile 2 and 3 (p = 0.207).
Fig. 3. Prognostic value of 6-MWD in patients with RD (n = 112)
comparing the quartiles of 6-MWD (0–204, quartile 1; 205–290,
quartile 2; 291–362, quartile 3, and 1362 m, quartile 4; log-rank
test; p = 0.003). Significant differences in long-term survival were
obtained when comparing quartile 1 to each of the other quartiles
(p ! 0.05 each). Survival was not significantly different between
the 2nd, 3rd and 4th quartile.
Fig. 4. Prognostic value of 6-MWD in patients with OHS (n = 115)
comparing the quartiles of 6-MWD (0–275, quartile 1; 276–360,
quartile 2; 361–440, quartile 3, and 1 440 m, quartile 4; log-rank;
p = 0.783). Survival was not significantly different between each
of the quartiles.
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ly, OHS also became a major indication [1, 5]. Recent
findings have indicated that long-term NIV has an impact on survival in many of these diseases [39–41], consequently knowledge of outcome parameters is essential
to best utilize the potential of NIV therapy.

In the present study, BMI, leukocyte counts and FEV1
were found to be major predictors for long-term survival
in CHRF patients. Evidence has already been provided
that nutritional depletion and systemic inflammation are
common in patients with respiratory failure and, there-
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fore, represent important risk factors beyond the respiratory impairment [3, 6]. In previous analyses partially including the same patients, we also found associations between survival, inflammatory markers and BMI [41, 42].
Based on the concept that 6-MWD is an integrative measure comprising different physiologic components, it
seems plausible that 6-MWD was an independent predictor of long-term mortality within the total group of patients with CHRF and NIV.
To further elucidate this novel finding, we separately
analyzed patients with either COPD, RD or OHS, revealing that the associations of 6-MWD with long-term survival observed in the overall population were to a great
extent due to the COPD subgroup. In line with this, 6MWD in COPD is known to be valuable for clinical assessment, monitoring and prediction of survival [10–14,
43–45]. Recent data even suggest that 6-MWD can indicate clinical changes not detectable in the sequential evaluation of pulmonary impairments alone [44]. Our findings additionally elucidated 6-MWD as a sensitive measure with regard to long-term survival in patients with
COPD and CHRF. As shown by the analysis of quartiles,
6-MWD was highly predictive of mortality throughout
its rather small range independent of lung function impairment.
Associations of 6-MWD with mortality have also been
detected in primary pulmonary hypertension [46], chronic heart diseases [47] or, more recently, idiopathic pulmonary fibrosis [48], but knowledge on the role of 6-MWD
in other, particularly restrictive, chronic respiratory disorders is rather limited. Our data indicated that the median 6-MWD in RD (290 m) was as low as in COPD
(280 m) and that the two groups did not significantly differ in BMI, although BMI might obscure a loss of fat-free
mass [4]. Nevertheless, compared to COPD, the prognostic value of 6-MWD was lower in RD and present only
when using the 1st quartile as cutoff. In OHS, knowledge
on the significance of 6-MWD is scarce, and we could not
reveal any prognostic value. These patients showed a relatively high 6-MWD, which seemed plausible in view of the
low age but high BMI, lung volumes and PImax, all of which
predict high exercise capacity in chronic respiratory diseases [7, 49]. Of course, our data do not implicate that 6MWD has no value in the assessment of treatment effects
in OHS or RD, as particularly these patients showed improved walking distances after initiation of NIV [9].
Different factors might explain the weaker impact of
6-MWD on survival in RD or OHS compared to COPD.
As recent data suggest, patients with RD or OHS have a
favorable prognosis while using NIV [39–41], which
424
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might have rendered it more difficult to reveal an association with 6-MWD. This argument does, however, not
invalidate our conclusion, as a weaker statistical association also implies a lower predictive power in practice.
Secondly, systemic inflammation is thought to play a role
in nutritional depletion, skeletal muscle dysfunction and
mortality [16]. Correspondingly, leukocyte numbers were
highest in COPD. Thirdly, most of the patients with RD
suffered from CWD with large skeletal deformities which
may affect 6-MWD without being reflected in survival.
To our knowledge, there is one comprehensive study
of similar size (n = 446) considering the relationship between 6-MWD and long-term survival in patients with
chronic respiratory diseases receiving long-term oxygen
therapy and/or home mechanical ventilation [6]. 6-MWD
turned out as a prognostic factor in univariate analyses
but was no independent predictor, possibly due to the
lower proportion of COPD (42.8 vs. 53.5% in the present
study). The study did not report data on restrictive and
obstructive disorders separately. A previous study comprising 149 patients with chronic respiratory diseases after pulmonary rehabilitation (89% COPD, 8% asthma,
2% CWD and 1 patient with ILD) demonstrated 6-MWD
to be strongly related to survival, again supporting its role
particularly in COPD [45]. Our data extend these findings by demonstrating that in CHRF 6-MWD has prognostic value mainly in COPD or in severe RD.
While our study had the advantage of comprising large
patient cohorts with RD or COPD, some aspects require
attention in interpretation. Limitations of our study were
the retrospective design and the fact that all patients were
under NIV treatment. We only included patients who
continuously used NIV documented in regular follow-up
visits. It is thus not possible to compare our findings with
that of a control group without NIV. As the great majority of patients with CHRF is treated with NIV, we thus
assured a rather homogeneous condition with regard to
the treatment considered most effective in CHRF. The
data obtained in COPD also served to assess the validity
of the analysis. Indeed, they turned out to be fully consistent with previously published reports.
In summary, the present study comprising patients
with CHRF under NIV treatment demonstrated 6-MWD
to be an independent predictor of long-term survival.
This result was mainly attributable to COPD, while in RD
the prognostic value of 6-MWD was limited to severely
impaired patients. In OHS, 6-MWD was rather high and
not predictive of mortality. In conclusion, our data suggest a disease-specific use of 6-MWD to assess and monitor NIV-treated patients with CHRF.
Budweiser et al.

References
1 Lloyd-Owen SJ, Donaldson GC, Ambrosino
N, Escarabill J, Farre R, Fauroux B, Robert D,
Schoenhofer B, Simonds AK, Wedzicha JA:
Patterns of home mechanical ventilation use
in Europe: results from the Eurovent survey.
Eur Respir J 2005;25:1025–1031.
2 Farre R, Lloyd-Owen SJ, Ambrosino N, Donaldson G, Escarrabill J, Fauroux B, Robert D,
Schoenhofer B, Simonds A, Wedzicha JA:
Quality control of equipment in home mechanical ventilation: a European survey. Eur
Respir J 2005;26:86–94.
3 Chailleux E, Fauroux B, Binet F, Dautzenberg B, Polu JM: Predictors of survival in patients receiving domiciliary oxygen therapy
or mechanical ventilation. A 10-year analysis of ANTADIR Observatory. Chest 1996;
109:741–749.
4 Cano NJ, Roth H, Court-Ortuné I, Cynober
L, Gérard-Boncompain M, Cuvelier A, Laaban JP, Melchior JC, Pichard C, Raphaël JC,
Pison CM; Clinical Research Group of the
Société Francophone de Nutrition Entérale
et Parentérale: Nutritional depletion in patients on long-term oxygen therapy and/or
home mechanical ventilation. Eur Respir J
2002;20:30–37.
5 Janssens JP, Derivaz S, Breitenstein E, De
Muralt B, Fitting JW, Chevrolet JC, Rochat
T: Changing patterns in long-term noninvasive ventilation: a 7-year prospective study in
the Geneva Lake area. Chest 2003; 123: 67–
79.
6 Cano NJ, Pichard C, Roth H, Court-Fortuné
I, Cynober L, Gérard-Boncompain M, Cuvelier A, Laaban JP, Melchior JC, Raphaël JC,
Pison CM; Clinical Research Group of the
Société Francophone de Nutrition Entérale
et Parentérale: C-reactive protein and body
mass index predict outcome in end-stage respiratory failure. Chest 2004;126:540–546.
7 Solway S, Brooks D, Lacasse Y, Thomas S: A
qualitative systematic overview of the measurement properties of functional walk tests
used in the cardiorespiratory domain. Chest
2001;119:256–270.
8 ATS Committee on Proficiency Standards
for Clinical Pulmonary Function Laboratories: ATS statement: guidelines for the sixminute walk test. Am J Respir Crit Care Med
2002;166:111–117.
9 Schonhofer B, Zimmermann C, Abramek P,
Suchi S, Kohler D, Polkey MI: Non-invasive
mechanical ventilation improves walking
distance but not quadriceps strength in
chronic respiratory failure. Respir Med 2003;
97:818–824.
10 Kossler W, Lahrmann H, Brath H, Wei T,
Frank W, Wild M, Zwick H, Wanke T: Feedback-controlled negative pressure ventilation in patients with stable severe hypercapnic chronic obstructive pulmonary disease.
Respiration 2000;67:362–366.

Six-Minute Walk Test in Chronic
Respiratory Failure

11 Carter R, Holiday DB, Nwasuruba C, Stocks
J, Grothues C, Tiep B: 6-minute walk work
for assessment of functional capacity in patients with COPD. Chest 2003; 123: 1408–
1415.
12 Romagnoli M, Dell’Orso D, Lorenzi C, Crisafulli E, Costi S, Lugli D, Clini EM: Repeated pulmonary rehabilitation in severe and
disabled COPD patients. Respiration 2006;
73:769–776.
13 Celli BR, Cote CG, Marin JM, Casanova C,
Montes de Oca M, Mendez RA, Pinto Plata
V, Cabral HJ: The body-mass index, airflow
obstruction, dyspnea, and exercise capacity
index in chronic obstructive pulmonary disease. N Engl J Med 2004;350:1005–1012.
14 Pinto-Plata VM, Cote C, Cabral H, Taylor J,
Celli BR: The 6-min walk distance: change
over time and value as a predictor of survival in severe COPD. Eur Respir J 2004;23:28–
33.
15 Agusti AG, Sauleda J, Miralles C, Gomez C,
Togores B, Sala E, Batle S, Busquets X: Skeletal muscle apoptosis and weight loss in
chronic obstructive pulmonary disease. Am
J Respir Crit Care Med 2002;166:485–489.
16 Agusti AG, Noguera A, Sauleda J, Sala E,
Pons J, Busquets X: Systemic effects of chronic obstructive pulmonary disease. Eur Respir
J 2003;21:347–360.
17 Marquis K, Debigare R, Lacasse Y, LeBlanc P,
Jobin J, Carrier G, Maltais F: Midthigh muscle cross-sectional area is a better predictor
of mortality than body mass index in patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2002;
166:809–813.
18 Vestbo J, Prescott E, Almdal T, Dahl M, Nordestgaard BG, Andersen T, Sorensen TI,
Lange P: Body mass, fat-free body mass, and
prognosis in patients with chronic obstructive pulmonary disease from a random population sample: findings from the Copenhagen City Heart Study. Am J Respir Crit Care
Med 2006;173:79–83.
19 Schols AM, Mostert R, Soeters PB, Wouters
EF: Body composition and exercise performance in patients with chronic obstructive
pulmonary disease. Thorax 1991; 46: 695–
699.
20 Sauleda J, Garcia-Palmer FJ, Tarraga S,
Maimo A, Palou A, Agusti AG: Skeletal muscle changes in patients with obstructive sleep
apnoea syndrome. Respir Med 2003;97:804–
810.
21 Rabinovich RA, Ardite E, Mayer AM, Polo
MF, Vilaro J, Argiles JM, Roca J: Training depletes muscle glutathione in patients with
chronic obstructive pulmonary disease and
low body mass index. Respiration 2006; 73:
757–761.

22 Barreiro E, de la PB, Minguella J, Corominas
JM, Serrano S, Hussain SN, Gea J: Oxidative
stress and respiratory muscle dysfunction in
severe chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2005; 171:
1116–1124.
23 Koechlin C, Maltais F, Saey D, Michaud A,
LeBlanc P, Hayot M, Prefaut C: Hypoxaemia
enhances peripheral muscle oxidative stress
in chronic obstructive pulmonary disease.
Thorax 2005;60:834–841.
24 Schonhofer B, Wallstein S, Wiese C, Kohler
D: Noninvasive mechanical ventilation improves endurance performance in patients
with chronic respiratory failure due to thoracic restriction. Chest 2001;119:1371–1378.
25 Ergun P, Aydin G, Turay UY, Erdogan Y, Caglar A, Biber C: Short-term effect of nasal intermittent positive-pressure ventilation in
patients with restrictive thoracic disease.
Respiration 2002;69:303–308.
26 Fuschillo S, De Felice A, Gaudiosi C, Balzano
G: Nocturnal mechanical ventilation improves exercise capacity in kyphoscoliotic
patients with respiratory impairment. Monaldi Arch Chest Dis 2003;59:281–286.
27 Highcock MP, Smith IE, Shneerson JM: The
effect of noninvasive intermittent positivepressure ventilation during exercise in severe scoliosis. Chest 2002;121:1555–1560.
28 Mascolo MC, Truwit JD: Role of exercise
evaluation in restrictive lung disease: new
insights between March 2001 and February
2003. Curr Opin Pulm Med 2003; 9: 408–
410.
29 Standards for the diagnosis and care of patients with chronic obstructive pulmonary
disease. American Thoracic Society. Am J
Respir Crit Care Med 1995;152:S77–S121.
30 Olson AL, Zwillich C: The obesity hypoventilation syndrome. Am J Med 2005;118:948–
956.
31 Standardization of spirometry, 1994 update.
American Thoracic Society. Am J Respir Crit
Care Med 1995;152:1107–1136.
32 Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yernault JC: Lung volumes and forced ventilatory flows. Report
Working Party Standardization of Lung
Function Tests, European Community for
Steel and Coal. Official Statement of the European Respiratory Society. Eur Respir J
Suppl 1993; 16:5–40.
33 Windisch W, Hennings E, Sorichter S,
Hamm H, Criee CP: Peak or plateau maximal inspiratory mouth pressure: which is
best? Eur Respir J 2004;23:708–713.
34 Criee CP: Analysis of inspiratory mouth
pressures. Prax Klin Pneumol 1988;42(suppl
2):820–826.
35 Enright PL, Sherrill DL: Reference equations
for the six-minute walk in healthy adults.
Am J Respir Crit Care Med 1998; 158: 1384–
1387.

Respiration 2008;75:418–426

425

36 Fabbri L, Pauwels RA, Hurd SS: Global Strategy for the Diagnosis, Management, and
Prevention of Chronic Obstructive Pulmonary Disease: GOLD Executive Summary
updated 2003. COPD 2004;1:105–141.
37 Aida A, Miyamoto K, Nishimura M, Aiba M,
Kira S, Kawakami Y: Prognostic value of hypercapnia in patients with chronic respiratory failure during long-term oxygen therapy. Am J Respir Crit Care Med 1998; 158:
188–193.
38 Budweiser S, Heinemann F, Fischer W, Dobroschke J, Wild PJ, Pfeifer M: Impact of ventilation parameters and duration of ventilator use on non-invasive home ventilation in
restrictive thoracic disorders. Respiration
2006;73:488–494.
39 Gustafson T, Franklin KA, Midgren B,
Pehrsson K, Ranstam J, Strom K: Survival of
patients with kyphoscoliosis receiving mechanical ventilation or oxygen at home.
Chest 2006;130:1828–1833.
40 Bourke SC, Tomlinson M, Williams TL,
Bullock RE, Shaw PJ, Gibson GJ: Effects of
non-invasive ventilation on survival and
quality of life in patients with amyotrophic
lateral sclerosis: a randomised controlled trial. Lancet Neurol 2006;5:140–147.

426

41 Budweiser S, Riedl SG, Jorres RA, Heinemann F, Pfeifer M: Mortality and prognostic
factors in patients with obesity-hypoventilation syndrome undergoing noninvasive ventilation. J Intern Med 2007;261:375–383.
42 Budweiser S, Jorres RA, Riedl T, Heinemann
F, Hitzl AP, Windisch W, Pfeifer M: Predictors of survival in chronic hypercapnic patients with COPD undergoing non-invasive
home ventilation. Chest 2007;131:1650–
1658.
43 Sciurba F, Criner GJ, Lee SM, Mohsenifar Z,
Shade D, Slivka W, Wise RA: Six-minute
walk distance in chronic obstructive pulmonary disease: reproducibility and effect of
walking course layout and length. Am J
Respir Crit Care Med 2003;167:1522–1527.
44 Casanova C, Cote CG, Marin JM, de Torres
JP, Aguirre-Jaime A, Mendez R, Dordelly L,
Celli BR: The 6-min walking distance: longterm follow up in patients with COPD. Eur
Respir J 2007;29:535–540.
45 Bowen JB, Votto JJ, Thrall RS, Haggerty MC,
Stockdale-Woolley R, Bandyopadhyay T, ZuWallack RL: Functional status and survival
following pulmonary rehabilitation. Chest
2000;118:697–703.

Respiration 2008;75:418–426

46 Miyamoto S, Nagaya N, Satoh T, Kyotani S,
Sakamaki F, Fujita M, Nakanishi N, Miyatake K: Clinical correlates and prognostic
significance of six-minute walk test in patients with primary pulmonary hypertension. Comparison with cardiopulmonary
exercise testing. Am J Respir Crit Care Med
2000;161:487–492.
47 Bittner V, Weiner DH, Yusuf S, Rogers WJ,
McIntyre KM, Bangdiwala SI, Kronenberg
MW, Kostis JB, Kohn RM, Guillotte M: Prediction of mortality and morbidity with a 6minute walk test in patients with left ventricular dysfunction. SOLVD Investigators.
JAMA 1993;270:1702–1707.
48 Lederer DJ, Arcasoy SM, Wilt JS, D’Ovidio F,
Sonett JR, Kawut SM: Six-minute-walk distance predicts waiting list survival in idiopathic pulmonary fibrosis. Am J Respir Crit
Care Med 2006;174:659–664.
49 Cahalin L, Pappagianopoulos P, Prevost S,
Wain J, Ginns L: The relationship of the 6min walk test to maximal oxygen consumption in transplant candidates with end-stage
lung disease. Chest 1995;108:452–459.

Budweiser et al.

