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INTRODUCTION

In pulmonary hypertension (PH), the six-minute walk test (6-MWT) is frequently used as 

primary endpoint of clinical trials. The six-minute walk distance (6-MWD) is considered to reflect 

decreased maximal aerobic capacity due to the inability of the heart to sufficiently increase 

pulmonary blood flow, by increased pulmonary arterial pressure (1;2). This assumption holds 

for severely impaired PH patients (NYHA III and IV) where changes in 6-MWD are directly 

related to changes in hemodynamic severity of disease. In mildly impaired patients, however, 

obvious improvements in hemodynamics were reported to be accompanied by either no, or 

less markedly improvements in 6-MWD (3;4). This discrepancy has been attributed to the 

so called ceiling effect, i.e. the point at which performance is so good that further significant 

improvement becomes hard to detect. For mildly impaired PH patients this may mean that the 

6-MWT is just not demanding enough to evoke maximal aerobic capacity and corresponding 

maximal cardiac output. We hypothesized that the 6-MWT does not reflect maximal aerobic 

capacity in mildly impaired PH patients. Therefore, we studied aerobic capacity during both the 

6-MWT and an incremental cardio pulmonary exercise test (CPET) on a bicycle ergometer, in 

severely and mildly impaired PH patients, as well as healthy control subjects. The results of this 

study might have implication for the usefulness of the 6-MWT in clinical trials. 

METHODES

Subjects

This study included 21 adult patients with PH (NYHA II (n=8) and NYHA III (n=13)), associated 

with either congenital heart disease (CHD) (n=8) or associated with chronic thromboembolism 

(n=13), as well as 8 age and sex matched healthy controls. The diagnosis chronic thromboembolic 

pulmonary hypertension (CTEPH) was based on pulmonary angiography, ventilation perfusion 

scanning and by means of right heart catheterization (mean pulmonary arterial pressure > 

25 mmHg) (5). PAH due to congenital heart disease was established by echocardiography by 

means of the tricuspid regurgitation jet velocity (systolic pulmonary arterial pressure > 40 

mmHg). Patients with Down syndrome were excluded in this study. The research protocol was 

approved by the local institutional review board, and the study was carried out in accordance 

with the principles of the declaration of Helsinki.

Study design

This was a prospective, 3-group cross-sectional study. 6-MWT and CPET were performed within 

1 week. In case both tests were done at the same day, it was reasoned that the CPET had to be 

performed at least 60 minutes after the 6-MWT so ventilation and hemodynamics could return 

to baseline.
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Six-minute walk test

The 6-MWT was performed according to the guidelines of the American Thoracic Society (ATS) 

(6). At least one practice walk test was performed. Patients were instructed to walk at their 

own pace, along a 40 meter corridor and to cover as much ground as possible in 6 minutes. 

During the test patients were encouraged with standard phrases every minute, as stated in 

the ATS protocol. Patients were allowed to stop during the test, but were instructed to resume 

walking as soon as they felt possible. Dyspnea was evaluated with the Borg dyspnea scale at 

the beginning and end of the test.

During the 6-MWT oxygen uptake (V’O2), carbon dioxide production (V’CO2), minute ventilation 

(V’E) and heart rate (HR) were measured using a portable telemetric system (Cosmed K4b2; 

Cosmed, Rome, Italy). Oxygen pulse (O2-pulse), as a derivative of stroke volume, was calculated 

as the result of V’O2/HR. The ventilatory equivalent for CO2 (EqCO2) was calculated as V’E/V’CO2. 

Oxygen saturation (SpO2) was measured using a telemetric transcutaneous pulse oximeter 

(Nonin 8500 M, Nonin Medical, Minneapolis USA). 

 

Cardiopulmonary exercise testing

The symptom limited CPET was performed according to the guidelines of the American Thoracic 

Society (7). Briefly, patients were placed on a cycle ergometer in the upright position and 

continuous breath-by-breath measurements were made of V’E, V’O2, V’CO2, HR, O2-pulse, blood 

pressure and electrocardiography. Work load was increased by 5 to 15 Watt, depending on the 

predicted maximum exercise capacity and in such a way that maximal effort was attained within 

10-15 minutes. Peak oxygen consumption (V’O2-peak) was defined as the highest attained value 

averaged over 8 breaths.

Statistical analysis

All results are expressed as mean±SD. Analyses were performed with the SPSS statistical 

package (SPSS 13.0; Chicago, IL). The Jonckheere–Terpstra test was used to analyze the trend 

between the aerobic capacity (continuous variable) and NYHA functional class (discontinuous 

variable) (8). The differences between the groups were tested with a parametric 1-way analysis 

of variance. In case of an overall statistical difference, the differences between 2 groups were 

further analyzed with the Student t test. Moreover, a paired Student t-test was used to analyse 

the differences in cardio/ventilatory responses to both 6-MWT and CPET. A value of p<0.05 was 

considered statistically significant.

Proefschrift Mart van der Plas.indd   79 22-10-2010   10:03:17



 80 Chapter 6

RESULTS

Baseline characteristics for the patients with PH, both mild ( NYHA II) and more severe (NYHA 

III), as well as for the control subjects are summarized in Table 1. Systolic pulmonary arterial 

pressure (sPAP), measured with trans-thoracic echocardiography, was significantly higher in 

the more severely impaired patients compared with the mildly impaired patients. Although 

it was not measured, sPAP was considered normal in the healthy control subjects. There was 

no significant difference in age, height or weight and other resting parameters between the 

mildly and more severely impaired PH patients, although there was a significant predominance 

of females in the NYHA III group (11 vs. 2 in the NYHA II group; Pearson Chi-Square p<0.01). The 

total PH group did not differ from the group with healthy controls, except for resting oxygen 

saturation (90±6% vs. 97±1%; p<0.01). 

Table 1 baseline characteristics

 Controls NYHA II NYHA III
Subjects, n 8 8 13
CTEPH/CHD, n 6/2 7/6
Demographics
Age, yrs 41±13 54±12 45±10
Female/male, n 4/4 2/6 11/2#

Weight, kg 71±11 72±13 73±19
Height, cm 176±9 169±11 167±8
Resting parameters
sPAP, mmHg 71±15 88±14
HR, beats.min-1 77±15 71±16 76±12
V’O2, ml.min-1 342±85 285±95 309±102
SpO2, % 97±1 93±4* 90±6*

Definition of abbreviations: CTEPH = chronic thromboembolic pulmonary hypertension; CHD = congenital 
heart disease; sPAP = systolic pulmonary arterial pressure; HR = heart rate; V’O2 = oxygen consumption; 
SpO2 = transcutaneous oxygen saturation. # significant difference between NYHA II and NYHA III; * significant 
difference between PH patients and healthy controls

Physiological responses to the 6-MWT

In the total group with PH patients, there was no significant difference in 6-MWD with portable 

telemetric measurements (476±102) and the a priori performed 6-MWT without (487±90). We 

found, however, significant higher 6-MWD and cardio/ventilatory responses to 6-MWT with 

decreased disease severity (table 2). For both EqCO2 and O2-pulse the Jonckheere–Terpstra test 

was significant (both p <0.01), indicating a significant increase in EqCO2 and decrease in O2-

pulse with increased disease severity. The additional Student t test, however, only showed a 

significantly difference between the healthy control subjects and PH patients, but not among 

the PH patients. V’E and HR did not significantly differ among the groups.
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Physiological responses to CPET

Physiological responses to CPET for both the patients with PH and the control subjects are also 

summarized in Table 2. Maximal power output was significantly higher with decreased severity 

of disease, as was the corresponding V’O2, V’E, HR and O2-pulse. EqCO2 was significantly higher in 

the group of PH patients, compared to the healthy control subjects, but did not differ between 

the NYHA II and NYHA III PH patients. 

Comparison CPET and 6-MWT

The differences in physiological responses to CPET and 6-MWT of all three groups are presented 

in table 2. In both the group of healthy control subjects as the group of mild PH patients, the 

V’O2, V’E, HR and RER were significantly higher during CPET than during 6-MWT. In the more 

severe PH group, no significant difference was found in V’O2 and HR between CPET and 6-MWT, 

although V’E and RER were significant higher and the O2-pulse was significant lower during 

CPET. 

  The difference in V’O2 and V’E increased with decreasing severity of disease (figure 1). 

Although the Jonckheere–Terpstra test showed a significant trend for the difference in HR, 

EqCO2 and O2-pulse no significant differences between the successive groups were found with 

the additional Student t test. 

Chapter 6 
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Figure 1. Difference in peak oxygen consumption (V’O2-peak) between cardio 

pulmonary exercise testing (CPET) and the six-minute walking test (6-MWT) 

against severity of disease. 

Figure 1  Difference in peak oxygen consumption (V’O2-peak) between cardio pulmonary 

exercise testing (CPET) and the six-minute walking test (6-MWT) against severity of 

disease. 
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Table 2 Physiologic responses exercise 

Controls NYHA II NYHA III

6-MWT

Distance, m  739±73 563±68 a 423±82 b

V’O2, ml.min-1  2115±266 1376±397 a 1007±336 b

V’E, l.min-1 62.4±13.9 59.2±19.7 48.8±15.2

HR, min-1  149±21 134±24 126±24

EqCO2 30.8±4.4 49.3±11.2 a 56.3±11.6

O2-pulse, ml 15.0±2.6 10.6±2.9 a 8.4±2.6

RER 0.92±0.09 0.84±0.11 0.80±0.06

CPET

Load, Watt  236±65 128±42 a 63±18 b

V’O2, ml.min-1  2853±713 1632±456 a 993±343 b

V’E, l.min-1 115.2±26.3 85.7±25.5 a 55.2±18.6 b

HR, min-1  174±14 154±10 a 132±27 b

EqCO2  26.7±4.1 45.4±7.5 a 46.7±11.0

O2-pulse, ml 16.5±4.3 10.7±3.2 a 7.7±2.5 b

RER 1.14±0.07 0.98±0.04 a 0.95±0.07

Difference (CPET-6MWT)

V’O2, ml.min-1 737±618 + 257±231 a+ -14±148 b

V’E, l.min-1 52.8±26.4 + 26.4±17.2 a+ 6.4±10.4 b+

HR, min-1  25±12 + 20±18 + 6±16

EqCO2  4.0±4.7 + 3.2±7.2 0.3±8.6

O2-pulse, ml 1.5±2.9 0.1±1.7 -0.7±0.8 +

RER 0.22±0.13 + 0.15±0.09 + 0.15±0.10 +

Definition of abbreviations: V’O2 = oxygen consumption; V’E = minute ventilation; HR = heart rate; EqCO2 = 
breathing equivalent for CO2 (V’E/V’CO2); O2-pulse = oxygen pulse (V’O2/HR); RER = respiratory exchange 
ratio (V’O2/V’CO2)
a significant difference between healthy control group and group with NYHA II PH patients. b significant 
difference between group with NYHA II PH patients and group with NYHA III PH patients. + significant 
difference between CPET and 6-MWT
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DISCUSSION

In this study we assessed aerobic capacity during the 6-MWT in severely and mildly impaired PH 

patients, as well as healthy control subjects. In line with our hypothesis, we reported increasing 

difference between maximal aerobic capacity and the aerobic capacity attained during 6-MWT, 

with decreasing severity of disease. In mildly impaired PH patients, the 6-MWT did not reflect 

maximal aerobic capacity. The 6-MWD might therefore not be the most appropriate parameter 

of outcome in this group. 

  Although designed to assess the sub maximal level of functional capacity (6), the 6-MWT 

is considered to reflect decreased maximal aerobic capacity in patients with PH (9;10). In the 

current study, 6-MWT indeed required maximal attainable aerobic capacity, however, only 

in the more severely impaired PH patients. This observation is partly in concurrence with 

an earlier report by Deboeck and co-workers (9). They reported patients with pulmonary 

arterial hypertension to exercise at higher aerobic capacity but lower metabolic stress during 

the 6-MWT than during a CPET (9). Surprisingly, the majority of their patients were in NYHA 

functional class I or II, with only a smaller part in NYHA functional class III. However, in their 

total analysis, no further division was made between the different functional class groups. 

 

  The mildly impaired patients (NYHA II) in our study, as well as our healthy control subjects, 

showed an increased difference between aerobic capacity measured during 6-MWT and CPET, 

as V’O2-peak increases. This indicates that the NYHA II functional class PH patients are limited 

in their 6-MWT for other reasons than their oxygen delivery capacity. It might, therefore, 

be questionable whether the 6-MWD is the most appropriate parameter of outcome in this 

group, as has already been discussed by Frost and co-workers (11). They reported the existence 

of the so called “ceiling effect” when 6-MWD was used as the endpoint in pulmonary arterial 

hypertension clinical trials. A ceiling effect is that point at which the performance is so good 

that further significant improvement becomes hard to detect. As the result of this ceiling effect, 

treatment effect was found to be lower when less severe (NYHA II) patients were enrolled in 

their study (11). 
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With the use of the 6-MWD as primary endpoint in clinical trials, the cause of the ceiling effect 

lies in increasing discrepancy between maximal aerobic capacity and aerobic capacity needed 

during 6-MWT, with decreasing severity of disease. Since aerobic capacity and cardiac output 

are directly related, the inability of the heart to sufficiently increase pulmonary blood flow will 

result in decreased maximal aerobic capacity. When 6-MWD is not limited by maximal aerobic 

capacity, further improvement of maximal aerobic capacity will not increase 6-MWD. This may 

explain the findings of earlier studies where obvious improvements in hemodynamics were 

reported to be accompanied by either no, or less markedly improvements in 6-MWD (3;4). At 

the same time, the absence of improvement in 6-MWD may not exclude an improvement in 

maximal aerobe capacity. Other parameters may be needed to evaluated changes in maximal 

aerobic capacity in mildly impaired PH patients.

  Although the presented results might have implication for the usefulness of the 6-MWT 

in clinical trials, there are some considerations that have to been taken into account. Firstly the 

relatively small number of patients. The distinctness of the results, however, may indicate that 

the results will only be confirmed by larger numbers. Secondly, the homogeneity of the studied 

group needs to be taken into consideration. However, although only PH patients associated 

with either congenital heart disease or chronic thromboembolism were studied, there are no 

reasons to believe that the found mechanisms may differ in other groups of PH patients.

Conclusion

In mildly impaired PH patients, the 6-MWT is not demanding enough to evoke maximal aerobic 

capacity. These observations indicate that the 6-MWD may not be an appropriate parameter 

of outcome in mildly impaired PH patients. The absence of improvement in 6-MWD does not 

exclude an improvement in maximal aerobe capacity in these mildly symptomatic PH patients.
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