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Abstract

Background: Exercise is safe and effective in the short-term following pulmonary

embolism. To date, little is known about the long-term effects.

Objectives: The aim of the study was to investigate whether the effects of exercise-

based rehabilitation are maintained 6 months after completion in patients with

persistent dyspnea following pulmonary embolism when compared with usual care.

Methods: A 2-center, randomized controlled trial compared 8 weeks of exercise-based

rehabilitation with usual care. Patients were reassessed postintervention and 6 months

later. Exercise capacity was measured with the incremental shuttle walk test (ISWT).
behalf of International Society on Thrombosis and Haemostasis. This is an open access article under the CC BY-
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Dyspnea was assessed with the Shortness of Breath Questionnaire, and health-related

quality of life was assessed with disease-specific (Pulmonary Embolism Quality of Life

Questionnaire) and generic questionnaires.

Results: In total, 159 of 211 randomized patients attended follow-up 6 months post-

intervention. The significant improvement on the ISWT in the rehabilitation group was

maintained at the 6-month follow-up (96 m; SE: 15 m; 95% CI: 66, 127). There were no

changes on the ISWT in the control group at either time point. From postintervention

to 6×-month follow-up, the rehabilitation group had further improvements in dyspnea

compared with the control group (−3 points; SE: 1.4; 95% CI: −6, −1; P = .02). Health-

related quality of life improved in both groups although superior improvements were

seen in the rehabilitation group.

Conclusion: The improvement in exercise capacity after 8 weeks of exercise-based

rehabilitation in patients with pulmonary embolism and persistent dyspnea was

maintained at the 6-month follow-up, while no improvement was observed in the

control group, highlighting the relevance of offering rehabilitation to these patients.

K E YWORD S

dyspnea, exercise capacity, pulmonary embolism, rehabilitation, venous thromboembolism
m effect of exercise in patients with pulmonary embolism (PE).

cise-based program improves exercise capacity after PE.

xercise capacity was maintained at 6 months.

efits for people who have experienced PE.
1 | INTRODUCTION

Many pulmonary embolism (PE) survivors report persistent dyspnea,

reduced exercise capacity, functional limitations, and an impaired

health-related quality of life (HRQoL) more than 6 months following

the acute event [1–5]. The loss of physical capacity is, at least partly,

due to symptom-induced physical inactivity and may contribute to

ongoing persistent symptoms. Therefore, exercise training as part of a

rehabilitation program is a potential treatment for this patient group

[4,6]. Indeed, exercise training is a safe and effective short-term

intervention following PE [7–13]. However, evidence regarding the

effects of outpatient, supervised exercise training beyond the imme-

diate intervention phase in this patient group, is scarce.

The overall aim of rehabilitation is to achieve long-term, sus-

tainable benefits [14]. Findings in other patient groups with cardio-

respiratory disease suggest that the beneficial effects of rehabilitation

diminish with time when no maintenance intervention is provided

[15–20]. Our previous work demonstrated positive effects in exercise

capacity on completion of an exercise-based rehabilitation program in

patients with persistent dyspnea after PE [7]. However, it is currently

unclear whether and to what extent an exercise training program can

have effects beyond the intervention period in this patient group.

Therefore, the main aim of this preplanned 6-month follow-up of the
PE-rehabilitation study was to investigate whether the effects of

the previously studied 8-week exercise-based rehabilitation

program on exercise capacity was maintained 6 months after

completion in patients with persistent dyspnea following PE when

compared with those of usual care. Other aims were to determine the

effects on self-reported dyspnea scores and HRQoL at the 6-month

follow-up.
2 | METHOD

2.1 | Study design

This is the preplanned 6-month follow-up of the PE-rehabilitation

study, a 2-center single-blinded randomized controlled trial (RCT)

performed at the outpatient departments of Østfold Hospital Trust

and Akershus University Hospital in Norway [21]. Ethical approval was

obtained from The Regional Committee for Medical and Health

Research Ethics (2017/1940/REK South-East D), and all participants

provided written informed consent. The study was registered in

ClinicalTrials.gov (NCT03405480) and followed the tenets of the

Helsinki declaration. The baseline and short-term results have been

published previously [7,22].

http://ClinicalTrials.gov
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2.2 | Participants, randomization, and blinding

Based on an improvement of 60 m on the incremental shuttle walk

test (ISWT), the sample size calculations performed for the previously

published primary short-term analysis of the PE-rehabilitation study

showed that 190 patients were required [7,21]. Inclusion criteria for

participation were as follows: (1) age 18 to 75 years, (2) PE greater

than isolated subsegmental emboli diagnosed by computed tomogra-

phy pulmonary angiogram 6 to 72 months before inclusion, and (3)

dyspnea grade ≥1 on the modified Medical Research Council (mMRC)

dyspnea scale occurring or worsening at the time of PE diagnosis. The

mMRC is a short questionnaire that evaluates the limitation of ac-

tivities due to dyspnea. Scores range from 0 (not troubled by

breathlessness except on strenuous exercise) to 4 (too breathless to

leave the house or breathless when dressing or undressing) [23].

Exclusion criteria were previously known pulmonary diseases

(such as chronic obstructive pulmonary disease [COPD] GOLD stage

of ≥2 or restrictive pulmonary diseases), heart failure and significant

valvular heart disease, chronic thromboembolic pulmonary hyper-

tension, active malignancy, life expectancy less than 3 months, and/or

pregnancy.

Patients were randomized to either the rehabilitation group or

the control group in a 1:1 ratio using a computer-generated allocation

sequence in blocks of 10 to ensure balanced recruitment. Randomi-

zation was performed separately at each hospital, and allocation codes

were stored in sealed, opaque envelopes. To prevent bias, the in-

vestigators conducting the follow-up assessments were blinded to

group allocation, and patients were encouraged not to discuss their

allocation with the investigator at assessment. Inclusion and follow-up

occurred from 2018 to 2023.
2.3 | Intervention

2.3.1 | Rehabilitation group

The intervention arm consisted of an exercise-based rehabilitation

program similar to current programs for patients with cardiopulmo-

nary disease [14]. Supervised, outpatient exercise sessions were pro-

vided for 1 hour twice weekly for 8 weeks, either at the respective

hospitals or at local physiotherapy clinics. Participants received indi-

vidually tailored exercise programs including both endurance and

resistance training as prescribed by experienced physiotherapists

based on the exercise protocol. Endurance training was performed on

a treadmill or exercise bike using intervals at moderate intensity (as

guided by patients’ self-reported dyspnea levels of 6-7 on the 0-10

Borg scale) for 4 to 8 work bouts lasting for 30 seconds to 4 minutes

depending on the patients’ capacity [24,25]. The average duration of

endurance training sessions was 25 to 30 minutes, with the physio-

therapist assisting progression during the intervention period by

increasing intensity, duration, and/or frequency of work bouts. The

resistance training was performed using 2 to 4 sets of 5 repetitions at

70% to 95% of 1 repetition maximum for lower limbs, such as leg
press and squats, and 2 to 3 sets of 10 to 12 repetitions at 65% to 75%

of 1 repetition maximum for the upper limbs, such as bicep curls and

shoulder press [26]. The physiotherapist assisted progression of the

resistance training during the intervention period by increasing load,

repetitions, or sets or by providing alternative exercises. In addition,

patients were given a simple home-based exercise program to be

performed once to twice weekly consisting of resistance exercises

that could be performed without equipment.

Participants attended 1 educational session provided by a medical

doctor and physiotherapist. The session covered topics such as normal

anatomy and physiology of the respiratory and circulatory system, PE,

breathing strategies, and benefits of exercise/physical activity.

Attendance was recorded by the supervising physiotherapist, and

adherence was defined as attendance to at least 80% of the exercise

sessions. The maximal extension of the intervention period was 2

weeks. Minimal actions (1 telephone call following more than 2 un-

attended sessions) were made to improve adherence.

Rehabilitation group participants received no active intervention

in the period between completion of the 8-week intervention and

follow-up 6 months later. They were encouraged to continue with

regular exercise and to increase their daily physical activity levels, but

participants had no contact with the physiotherapist after completion

of the rehabilitation program. No record of participants’ exercise and

physical activity behavior following completion of the RCT was made.
2.3.2 | Control group

Participants randomized to the control group received usual care

pathways including use of any medications, but no active intervention

was provided between baseline and the follow-up at 6 months. Con-

trol group participants were encouraged to continue their normal

lifestyle, without specific instructions to exercise. No record of their

exercise and physical activity behavior was made.
2.4 | Outcomes

All outcomes were assessed at baseline, after the intervention period

and 6 months after completion of the intervention period.
2.4.1 | Incremental shuttle walk test

As according to standardized guidelines as described in the study

protocol [21], exercise capacity was assessed by the ISWT. During the

ISWT, the patient walks between 2 shuttles along a 10-m track in at

speeds guided by audible signals. Walking speed is gradually increased

and reaches the maximal speed after 12 minutes. Participants per-

formed the ISWT twice at baseline, unless they reached the maximal

incremental shuttle walk distance (ISWD) of 1020 m on the initial test.

The minimal clinically important difference (MCID) for the ISWT is 70
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m for cardiac patients and 48 to 79 m for patients with COPD [27,28].

The MCID has not been verified for the PE population.
2.4.2 | Endurance shuttle walk test

The endurance shuttle walk test (ESWT) is a derivative of the ISWT

where the patient walks at 1 predefined speed, usually 85% of the

maximum speed achieved on the ISWT. Results are reported as time in

seconds with maximum score being 1200 seconds. The MCID for the

ESWT is reported to be 174 to 279 seconds for patients with COPD

who have attended rehabilitation [29–31].
2.4.3 | The Shortness of Breath Questionnaire

The Shortness of Breath Questionnaire (SOBQ) assesses dyspnea

associated with activities of daily living [32]. SOBQ includes 24 items,

with total scores ranging from 0 to 120 points. A higher score in-

dicates a higher degree of dyspnea, and the MCID is considered to be

a reduction of 5 points [33,34].
2.4.4 | The Pulmonary Embolism Quality of Life

Questionnaire

The Pulmonary Embolism Quality of Life Questionnaire (PEMB-QOL)

is a disease-specific patient-reported outcome measure used to assess

HRQoL following PE [35]. PEMB-QOL has 40 items over 6 domains

(frequency of complaints, intensity of complaints, social limitations,

activities of daily living limitations, work-related problems, and

emotional complaints). Scores for each domain were standardized to a

0 to 1 scale, with higher scores indicating poorer HRQoL. The MCID

for the PEMB-QOL is reported to be 15 points (equivalent to 15%)

[36] and is validated in Norwegian [37].
2.4.5 | EQ-5D-5L

The EQ-5D-5L is a generic measure of HRQoL with 5 different di-

mensions (mobility, self-care, usual activities, pain/discomfort, and

anxiety/depression), each scored on a 5-point ordinal scale. Higher

scores indicate more problems [38]. In addition, the instrument in-

cludes a visual analog scale (VAS) of overall general health (EQ-VAS)

from 0 (worst imaginable health) to 100 (best imaginable health) [38].

The 5-dimension scores are also aggregated to a cardinal utility score,

EQ-5D index, on a scale from −0.59 to 1 (maximal health). Death is

anchored at 0, and negative values indicate conditions that are

considered to be worse than death. The transformation of individual

dimension scores to EQ-5D index values was performed using cross-

walk to the UK EQ-5D-3L value set [39,40]. The MCID in pulmonary

rehabilitation in COPD has been suggested to be 0.05 for the EQ-5D

index and 8 points for the EQ-VAS [41,42].
2.5 | Statistical analysis

Categorical variables are presented as number (percentages) and

continuous variables as mean, SD, and range. Due to data not being

normally distributed, a nonparametric Mann–Whitney U-test was

used to test for differences in demographic variables between the 2

arms for continuous variables, and chi-squared test was used for

categorical variables.

Our aim was to assess the change in mean ISWD from baseline to

postintervention and the further course to 6 months in the inter-

vention and control groups. Notably, many participants reached the

maximum possible ISWD of 1020 m and were censored. We do not

know the walking distance these participants could have achieved if

they were allowed to continue. A Tobit regression model was used to

model the mean ISWD. This model accounts for the bias otherwise

induced by the censoring [43]. The correlation induced by each patient

having multiple measurements was accounted for by applying a

mixed-effects variant of the model. The initial model included age, sex

(sex assigned at birth), time points, randomization groups, and site

allocation as fixed effects, as well as an interaction between time and

group to allow for independent courses over time for the 2 groups.

Baseline, control groups, men, and Østfold Hospital were reference

categories for the time, group, sex, and hospital categorical variables,

respectively. As they are strong predictors of walking distance, we

further adjusted for age and sex [44,45]. The model used both baseline

ISWDs, 1 ISWD following the 8-week intervention period and 1 at the

6-month follow-up. The model was reduced using backward elimina-

tion until all remaining variables were significant (P < .05). The final

model was subsequently used for predicting mean differences in

ISWD with 95% confidence limits between groups at time points and

between time points within groups.

Subgroup analyses were performed to investigate the effect on

exercise capacity based on dyspnea levels at baseline (0-1 vs ≥2 on

the mMRC) and time since PE diagnosis (<12 and ≥12 months).

Dyspnea and HRQoL outcomes were analyzed with a mixed linear

regression analysis and adjusted for age, sex, and hospital allocation.

The model included SOBQ, PEMB-QOL, EQ-5D-5L index, EQ-VAS,

time points, randomization groups, and the time point–group inter-

action, age, sex, and site allocation. The models were reduced by

backward elimination similarly to the Tobit regression for the ISWT.

The significance level was set at 0.05. Normality of the residuals

was assessed and confirmed using Shapiro–Wilk test and quantile-

quantile plots. All analyses were performed using Stata version 17.0.
3 | RESULTS

3.1 | Observed baseline characteristics in the study

population

The 6-month follow-up was attended by 159 (75%) participants (80

from the rehabilitation group and 79 from the control group) (Figure 1),

with a mean age at baseline of 58 years (SD, 11 years; range, 21-75
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years), and 55% were men. The mean time since PE diagnosis was 17

months (SD, 15 months; range, 6-72 months). At inclusion, the majority

of participants reported mMRC dyspnea grade 1 (76%) and no

comorbidities (75%). No participants reported mMRC grade 4, and only

5% had ≥3 comorbidities. Nonattendees of the 6-month follow-up

(n = 52) were significantly younger, had fewer comorbidities, less
severe PE at diagnosis, and worse generic HRQoL, whereas attendees

had used anticoagulants for a shorter period and had lower self-

reported dyspnea scores (Table 1). Of the 80 rehabilitation group

participants who attended the 6-month follow-up, 86% (n = 69)

adhered to the protocol and attended all exercise sessions during the

intervention period (data not shown).



T AB L E 1 Baseline characteristics for participants who attended the 6-month follow-up (n = 159) by randomization groups and attendance
status at 6-month follow-up (n = 211).

Characteristic

Rehabilitation

group, n = 80

Control group,

n = 79

Attendees: 6-mo

follow-up, n = 159

Nonattendees: 6-mo

follow-up, n = 52

Randomization, rehabilitation — — 80 (50) 28 (54)

Age (y) 57 (11) [31, 75] 60 (11) [21, 75] 58 (11) [21, 75] 52 (13) [24, 74]a

Sex, men 45 (56) 42 (53) 87 (55) 30 (58)

Body mass index (kg/m2) 30.7 (6.2) [21.9, 51.4] 29.8 (5.2) [19.6, 46.3] 30.3 (5.7) [19.6, 51.4] 30.8 (6.0) [20.2, 44.0]

Smoking status

Never smoked 31 (39) 31 (39) 62 (38) 16 (31)

Former smoker 45 (56) 42 (53) 87 (55) 30 (58)

Current smoker 4 (5) 2 (3) 6 (4) 6 (12)

Missing data 0 (0) 4 (5) 4 (3) 0 (0)

Employment status

Employed/student 41 (51) 36 (46) 77 (48) 28 (54)

Unemployed 7 (9) 12 (15) 19 (12) 5 (10)

Retired 23 (29) 23 (29) 46 (29) 9 (17)

Sick leave 9 (11) 7 (9) 16 (10) 9 (17)

Missing data 0 (0) 1 (1) 1 (1) 1 (2)

Charlson comorbidity index

0 58 (73) 56 (71) 114 (72) 45 (87)a

1-2 18 (23) 17 (22) 35 (22) 7 (13)

≥3 4 (4) 6 (7) 10 (6) 0 (0)

Time since PE (mo) 18 (16) [6, 72] 15 (13) [6, 60] 17 (15) [6, 72] 16 (10) [6, 60]

<12 44 (55) 50 (63) 94 (59) 26 (50)

≥12 36 (45) 29 (37) 65 (41) 26 (50)

Residual pulmonary vascular obstruction 20 (25) 18 (23) 38 (24) 14 (27)

Missing 11 (14) 12 (15) 23 (14) 10 (19)

PESI score 67 (22) [35, 149] 70 (18) [25, 130] 68 (20) [25, 149] 62 (18) [24, 117]a

Missing data 8 (10) 9 (11) 17 (11) 8 (15)

Previous VTE 14 (18) 13 (16) 27 (17) 12 (23)

Missing data 0 (0) 1 (1) 1 (1) 2 (4)

Current anticoagulant use 57 (71) 60 (76) 117 (74) 41 (79)

Time anticoagulant used (mo) 8 (4) [3, 29] 9 (4) [3, 25] 8 (4) [3, 29] 11 (6) [3, 28]a

Missing data 22 (28) 17 (22) 39 (25) 7 (13)

mMRC (range, 0-4)

1 59 (74) 62 (78) 121 (76) 27 (52)a

2 20 (25) 14 (18) 34 (21) 22 (42)

3 1 (1) 3 (4) 4 (3) 3 (6)

4 0 (0) 0 (0) 0 (0) 0 (0)

SOBQ 22 (18) [0, 96] 21 (14) [0, 64] 21 (16) [0, 96] 28 (17) [2, 64]a

Missing data 2 (3) 1 (1) 3 (2) 9 (17)

PEMB-QOL 0.32 (0.08) [0.13, 0.52] 0.33 (0.08) [0.13, 0.56] 0.32 (0.08) [0.13, 0.56] 0.34 (0.09) [−0.01, 0.49]
Missing data 1 (1) 2 (3) 3 (2) 8 (15)

(Continues)
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T A B L E 1 (Continued)

Characteristic

Rehabilitation

group, n = 80

Control group,

n = 79

Attendees: 6-mo

follow-up, n = 159

Nonattendees: 6-mo

follow-up, n = 52

EQ-5D-5L

EQ-5D index (range, −0.594 to 1.0) 0.78 (0.14) [0.30, 1.0] 0.78 (0.15) [0.48, 1.0] 0.78 (0.14) [0.30, 1.0] 0.70 (0.18) [0.11, 1.0]a

Missing data 3 (4) 2 (3) 5 (3) 11 (21)

EQ-VAS (range 0-100) 66 (17) [15, 100] 63 (15) [30, 95] 65 (17) [15, 100] 56 (19) [20, 95]a

Missing data 2 (3) 2 (2) 4 (3) 8 (15)

Hospital allocation

Østfold Hospital Trust 59 (74) 56 (71) 115 (72) 32 (62)

Akershus University Hospital 21 (26) 23 (29) 44 (28) 20 (38)

Regular exercise at inclusion 25 (31) 28 (35) 53 (33) 12 (23)

Missing data 8 (10) 8 (10) 16 (10) 15 (29)

Results are presented as mean (SD) [range] or n (%).

mMRC, modified Medical Research Council dyspnea score; PE, pulmonary embolism; PEMB-QOL, The Pulmonary Embolism Quality of Life

Questionnaire; PESI, Pulmonary Embolism Severity Index; SOBQ, The Shortness of Breath Questionnaire; VAS, visual analog scale; VTE, venous

thromboembolism.
aP < .05.
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3.2 | Observed exercise capacity at the 6-month

follow-up

Of the 159 attendees at the 6-month follow-up, 132 performed

the ISWT (Table 2). In total, 32 participants (20%) achieved the

maximal ISWD at baseline and 43 (33%) at the 6-month follow-up

(Table 2). Compared with baseline, more patients in the rehabilita-

tion group achieved the maximal ISWD at the 6-month follow-up

(20% to 37% vs 20% to 28% in the control group) (Table 2). The

ESWT was not included in the analyses due to a substantial ceiling

effect with 45% of participants achieving the maximal distance at

baseline and 65% in the rehabilitation group and 63% in the control

group achieving the maximal distance at the 6-month follow-up

(Table 2).
3.3 | Estimated exercise capacity at the 6-month

follow-up

The initial Tobit mixed-effects model allowed for independent effects

of the 2 groups at all 3 time points while adjusting for potential effects

of age, sex, and site allocation. After reduction by backward elimina-

tion, the ISWD was estimated to improve by 96 m (SE, 15 m; 95% CI:

66, 127) from baseline to postintervention for patients subjected to

rehabilitation (Table 3). No significant changes were found in ISWD

between postintervention and 6-month follow-up, indicating that the

improvement was maintained. In the control group, no significant

differences in ISWD could be detected among the 3 time points. The

estimates of the final model are listed in Table 3.

Figure 2 presents the predicted ISWDs for the 2 groups at the

3 time points from the mixed Tobit model. CIs for the predicted
ISWDs based on the estimates in Table 3 are presented in

Supplementary Table. As no significant changes in the control group

over the 3 time points could be detected, this is represented by a

constant straight line in Figure 2. The rehabilitation group had a sig-

nificant improvement from baseline to postintervention, which was

maintained at the 6-month follow-up. At postintervention and the 6-

month follow-up, we found no significant differences, and the 2

groups coincided. In conclusion, the rehabilitation group showed a

significant improvement at postintervention, which was maintained at

the 6-month follow-up and no change could be detected for the

control group throughout the course of the study. Significant differ-

ences do not imply nonoverlapping 95% CIs [46]. The only other sig-

nificant effects in the model were age, sex, and the intercept term

(Table 3).
3.4 | Patient-reported outcome measures

All 4 outcomes showed significant dependence of age (P < .01), and

none of them showed significant dependence on sex (Table 4).
3.4.1 | Shortness of Breath Questionnaire

The control group showed a reduction of symptoms at post-

intervention relative to baseline of 3 points (P < .001) and maintained

this at 6-month follow-up (P = .001). The rehabilitation group was not

significantly different from the control group at postintervention, but

showed an additional reduction of −3 points at 6-month follow-up (P =

016).



T AB L E 2 Observed data for the ISWT, ESWT, and patient-reported outcome measures for attendees at the 6-month follow-up (n = 159) by intervention groups.

Observed data

Baseline Postintervention 6-mo follow-up

Rehabilitation, n = 108 Control, n = 103 Rehabilitation, n = 94 Control, n = 98 Rehabilitation, n = 80 Control, n = 79

ISWTa (m) 701 (233) [150, 1020] 716 (248) [140, 1020] 758 (243) [180, 1020] 715 (266) [140, 1020] 783 (231) [310, 1020] 727 (254) [140, 1020]

Missing 0 (0) 1 (1) 4 (5) 10 12 (15) 15 (19)

Maximal ISWT 16 (20) 16 (20) 26 (34) 20 (29) 25 (37) 18 (28)

ESWT (s) 763 (427) [120, 1200] 786 (431) [78, 1200] 831 (437) [42, 1200] 855 (421) [65, 1200] 934 (400) [85, 1200] 914 (406) [47, 1200]

Missing 4 (5) 1 (1) 10 (11) 18 (18) 17 (21) 20 (25)

Maximal ESWT 44 (44) 46 (46) 45 (54) 45 (56) 41 (65) 37 (63)

SOBQ 24 (18) [0, 96] 21 (14) [0, 64] 20 (19) [0, 89] 19 (15) [0, 63] 15 (17) [0, 75] 17 (16) [0, 72]

Missing 7 (6) 5 (5) 6 (6) 7 (7) 6 (8) 2 (3)

PEMB-QOL 0.33 (0.08) [0.13, 0.52] 0.32 (0.08) [0.13, 0.56] 0.31 (0.08) [0.17, 0.58] 0.32 (0.08) [0.14, 0.55] 0.29 (0.08) [0.18, 0.58] 0.29 (0.08) [0.13, 0.55]

Missing 6 (6) 5 (5) 8 (9) 7 (7) 5 (6) 3 (4)

EQ-5D index 0.75 (0.17) [0.11, 1.0] 0.77 (0.14) [0.45, 1.0] 0.80 (0.16) [0.30, 1.0] 0.78 (0.16) [0.19, 1.0] 0.80 (0.17) [−0.002, 1.0] 0.81 (0.19) [0.20, 1.0]

Missing 9 (8) 7 (7) 9 (10) 7 (7) 5 (6) 4 (5)

EQ-5D VAS 63 (19) [15, 100] 63 (16) [25, 90] 70 (17) [20, 100] 65 (17) [25, 95] 71 (18) [5, 100] 70 (15) [40, 100]

Missing 7 (6) 5 (5) 9 (10) 7 (7) 5 (6) 6 (8)

Results are presented as mean (SD) [range] or n (%).

ESWT, endurance shuttle walk test (range, 0-1200 s); ISWT, incremental shuttle walk test (range, 0-1020 m); PEMB-QOL, Pulmonary Embolism Quality of Life Questionnaire; SOBQ: Shortness of Breath

Questionnaire; VAS, visual analog scale.
aBest performance on ISWT.

TA B L E 3 Mixed-effects Tobit model for the incremental shuttle walk test.

Outcome Predictors β-Coefficient SE 95% CI P

ISWT Intercept 1555 114 1332, 1778 <.001a

Rehabilitation at baseline −96 15 −127, −66 <.001a

Age (y) −12 2 −15, −8 <.001a

Sex: women −229 43 −313, −145 <.001a

Adjusted for age, sex, and site allocation. Final model after backward elimination of nonsignificant terms (n = 132). The β-coefficients are the estimated effect of predictors that remained significant in the final

mixed-effects Tobit model. The intercept term represents the predicted ISWT baseline value (in meters) for males at age 0 in the control group. The rehabilitation at baseline term represents the group

difference at baseline (in meters), irrespective of age and sex. The age (y) term represent predicted change in ISWT by 1-y increase in age and the sex: women, the predicted difference in ISWT between men

and women.

ISWT, incremental shuttle walk test.
aP < .05.
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F I GUR E 2 The predicted mean performance on the incremental shuttle walk test (in meters) at baseline, postintervention, and 6-month

follow-up by group (for men at the age of 58 years). Predicted values of incremental shuttle walk distance for men aged 58 years (mean age

among the sample) are shown. Other ages will merely imply vertical shifts of the graphs, while the structure would remain unchanged. Vertical

lines represent 95% CIs.
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3.4.2 | Pulmonary Embolism Quality of Life

Questionnaire

The control group showed no significant change at postintervention

relative to baseline, but a reduction of 0.02 points was seen at the 6-

month follow-up as compared with that at baseline (P < .001). The

rehabilitation group showed a borderline significant reduction of 0.01

from baseline to postintervention (P = .052). The groups shared the

same reduction at the 6-month follow-up.
3.4.3 | EQ-5D index

The control group showed no significant change at postintervention

relative to baseline, but an increase of 0.02 points at the 6-month

follow-up (P = .004). The rehabilitation group showed an increase of

0.03 at postintervention (P = .002). The groups shared the same in-

crease at the 6-month follow-up.
3.4.4 | EQ visual analog scale

The control group showed a borderline significant increase in scores

of 2.2 points at postintervention (P = .062) and an increase of 5.6

points on the EQ-VAS at the 6-month follow-up (P < .001). The

rehabilitation group showed an additional improvement of 3.6 points
(P = .027) relative to the control group at postintervention. At the 6-

month follow-up, the rehabilitation group did not differ from the

control group.
3.4.5 | Subgroup analyses

Subgroup analyses were performed comparing the improvement in

exercise capacity based on dyspnea levels at baseline (0-1 vs ≥2 on

the mMRC) and time since PE diagnosis (<12 vs ≥12 months). No

significant differences were observed between the subgroups (data

not shown).
4 | DISCUSSION

In this study, our main finding was that the significant improvement in

exercise capacity after an 8-week exercise-based rehabilitation pro-

gram was maintained at the 6-month follow-up, whereas no significant

changes were seen in the control group throughout the course of time.

Furthermore, there was an improvement in self-reported dyspnea at

the 6-month follow-up only in the rehabilitation group. Both groups

had significantly improved HRQoL at the 6-month follow-up, but no

between-group differences were detected.

This is, to the best of our knowledge, the first study to report on

effects of an outpatient, supervised program beyond the intervention



T AB L E 4 Mixed-model linear regression for patient-reported outcome measures.

Outcome Predictors β-Coefficient SE 95% CI P

Shortness of Breath Questionnaire Intercept 43 5 32, 53 <.001a

Postinterventionb −3.0 0.7 −4, −1 <.001a

6 mob −3.0 1.0 −5, −1 .001a

Rehabilitation at 6 moc −3.0 1.4 −6, −1 .016a

Age (y) −0.3 0.1 −0.5, −0.2 <.001a

PE Quality of Life Questionnaire Intercept 0.41 0.03 0.36, 0.46 <.001a

6 mob −0.02 0.01 −0.03, −0.02 <.001a

Rehabilitation at postinterventionc −0.01 0.01 −0.02, 0.01 .052

Age (y) −0.01 0.01 −0.01, −0.01 .001a

EQ-5D index Intercept 0.62 0.05 0.52, 0.72 <.001a

6 mob 0.02 0.01 0.01, 0.04 .004a

Rehabilitation at postinterventionc 0.03 0.01 0.01, 0.05 .002a

Age (y) 0.01 0.1 0.01, 0.01 .006a

EQ-VAS Intercept 48 5.5 37, 59 <.001a

Postinterventionb 2.2 1.2 −0.1, 4.5 .062

6 mob 5.6 0.9 3.7, 7.4 <.001a

Rehabilitation at postinterventionc 3.6 1.6 0.4, 6.8 .027a

Age (y) 0.3 0.1 0.1, 0.4 .007a

Adjusted for age, sex and site allocation. Final model after backward elimination of nonsignificant terms (n = 159). The term intercept represents the

control group at baseline for a male aged 0 y.

PE, pulmonary embolism; VAS, visual analog scale.
aP < .05.
bEstimated change in response of time points for both groups relative to baseline.
cEstimated additional change in response of being allocated to the rehabilitation group at the given time point.
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period in this patient group. Despite no maintenance intervention

being provided after completion of the intervention period, the

improvement on the ISWT in the rehabilitation group (96 m) was

higher than the postrehabilitation MCID in similar patient groups,

such as cardiac rehabilitation (70 m) and COPD (48-79 m) [27,28]. This

is consistent with previous studies in chronically ill patient groups,

showing that the effects of rehabilitation may be preserved for 6 to 12

months [19,47,48]. A previous RCT by Rolving et al. [13] compared the

effect of an 8-week home-based exercise program following PE in

combination with nursing consultations vs nursing consultations alone.

At 6 months, both groups had improvements in exercise capacity and

HRQoL on the ISWT, and PEMB-QOL and EQ-5D-5L, respectively.

However, there were no significant differences between the groups.

Rolving et al. [13] also experienced a substantial ceiling effect on the

ISWT, and their findings were not fully conclusive. In comparison with

this study, Rolving et al. [13] enrolled patients within 2 to 3 weeks

following the acute PE and included those with and without dyspnea.

The improvements in dyspnea scores on the SOBQ in the rehabil-

itation group were small, but greater than the reported MCID [33,34].

Our findings support previous suggestions that physical deconditioning

mayat least partly be responsible for post-PEdyspnea. Reassurance and

increased confidence regarding the safety of performing exercise and
physical activity among patients in the rehabilitation group may further

explain the improvements in dyspnea scores [49]. Previous reports

show that patients experience worrisome thoughts following PE, lead-

ing to uncertainty and avoidance of exercise and physical activities

[50–52]. Moreover, a large proportion of patients attending cardio-

pulmonary rehabilitation programs report fear of exercise, which pro-

vokes their dyspnea [53]. Rehabilitationmay have improved confidence

in performing physical activity, both through attendance to supervised

exercise sessions and information received in the education session.

Consequently, thismay alter exercise and physical activity behaviors on

completion of the intervention period. The improvements in SOBQ

scores observed at the 6-month follow-up in the rehabilitation group

were not seen directly following rehabilitation [7]. This may be related

to the natural history of the illness with time positively affecting dys-

pnea. However, due to the large variation in time since PE diagnosis,

some participants had already experienced persistent dyspnea for

several years before recruitment to this study, suggesting that time

alone was not responsible for the improvements in dyspnea observed 6

months following rehabilitation.

We observed small but significant changes in disease-specific and

generic HRQoL at 6-month follow-up in both groups when compared

with baseline and postintervention. Participants recruited to the study
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generally had low symptom burden and good HRQoL at baseline, thus

the potential of detecting change following the intervention period

may have been limited. Other factors such as patients’ coping mech-

anisms, self-efficacy, illness perceptions, anxiety, and self-management

behavior may play a greater role in improving HRQoL than exercise

training [54–56]. Therefore, including more educational sessions and

individualized interventions focusing more on behavioral change in

the rehabilitation program may be more effective at increasing

HRQoL than the current intervention [14,57].

While preparing this analysis, we faced several challenges, mainly

considerable loss-to-follow-up due to the COVID-19 pandemic,

missing data from the ISWT in some patients and a ceiling effect on

the ISWT. It is very unlikely that both the pandemic-related dropout

and patients achieving a maximal ISWD are random occurrences, so

simple comparisons of between or within groups are inappropriate.

We handled the ceiling effect issue by applying a Tobit model and

adjusted for all relevant determinants, allowing us to estimate ISWD

differences between the relevant time points in both groups. In

addition, the randomization process in the study was stratified by site

allocation only. However, as age and sex are known factors to affect

exercise capacity [58,59], stratifying by these factors may have been

more optimal given the age range in our study population.
4.1 | Strengths and limitations

The main limitation in this study is the use of the ISWT as the primary

outcome measure. There is currently no consensus regarding objective

measures of exercise capacity in the post-PE population [60]. However,

field walking tests have known clinical transfer, are commonly used in

studiesmeasuring the effect of rehabilitation, and allow for comparison

with previous studies. Similar to recent reports,we founda considerable

ceiling effect at all time points [61]. Therefore, using the ISWT most

likely underestimated the effect size andmay have limited our ability to

measure improvements in exercise capacity among the relatively young

and healthy participants in this study. The ESWT had an even more

substantial ceiling effect and was therefore excluded from the final

analyses. The ISWTmaybeappropriate in studies includingmultimorbid

patients or those with more severe dyspnea and lower exercise toler-

ance following PE. However, in this study, alternative outcome mea-

sures may have been more appropriate, such as the modified ISWT

[62,63], including 3 extra levels of increased walking speed. However,

using a cardiopulmonary exercise test, the gold standard for measuring

cardiorespiratory fitness [64], may be preferable in further studies in

this patient group.

The post-PE population with persistent dyspnea is heterogeneous.

Compared with previous reports [2–4], the participants in this study

had lower dyspnea levels, fewer comorbidities, and better physical

function and HRQoL than expected. This difference was possibly

related to the exclusion of patients with conditions such as COPD

and cardiac disease, which may contribute to persistent dyspnea.

Considering that these comorbidities are common in the PE popula-

tion [65–67], this may reduce the generalizability of our findings. In
addition, although baseline values were similar, a subgroup analysis

based on time since PE diagnosis showed that patients included at 6 to

12 months after the acute event achieved greater improvements in

exercise capacity compared with those diagnosed more than 1 year

before inclusion. However, the differences between the subgroups

were not significantly different (data not shown). This suggests that

time may affect the response to rehabilitation, and further studies

may consider exploring the optimal timing for rehabilitation.

Adherence to the protocol was very good, with 86% of the reha-

bilitation group participants attending more than 80% of the exercise

sessions. The dropout rate, partly due to the COVID-19 pandemic, was

similar in both groups and considered acceptable at 25% [68,69]. There

were small, but statistically significant differences in age, PE severity,

comorbidities, dyspnea grades, and generic HRQoL between partici-

pants who did and did not attend the 6-month follow-up.Moreover, the

7-point difference in mean SOBQ scores between participants who did

and did not attend the 6-month follow-up is higher than the MCID for

the SOBQ [34] and may suggest that dyspnea affected compliance.

Furthermore, previous studies in other patient groups suggest

that the effect of rehabilitation diminishes after 1 to 2 years

[15,17,70,71]. As our follow-up was 6 months postintervention only,

we do not know whether the effects of rehabilitation would be

maintained for longer periods than currently investigated or whether

maintenance programs may be required for sustained benefits [72,73].

No data were collected on patients’ exercise habits between post-

intervention and the 6-month follow-up, and we do not know how and

to what degree they engaged in exercise and physical activity during

this period. This knowledge would have been useful for understanding

the sustained improvements in the rehabilitation groups to guide

future rehabilitation interventions and research. In addition, data

were not collected regarding race and ethnicity, which may affect the

generalizability of our findings as we are unable to consider the so-

ciocultural determinants of health.
5 | CONCLUSION

We demonstrated that the improved exercise capacity achieved by a

standardized rehabilitation program was maintained over time in pa-

tients with PE and persistent dyspnea, highlighting the relevance of

offering rehabilitation to this patient group. In addition, the outcome

measures used in our study bring relevant methodologic challenges to

the analysis of the study outcomes. Future studies should therefore

explore the optimal timing, exercise regime, and training intensities

for patients after PE, using more appropriate measures of functional

capacity, as well as the inclusion of the more general PE population

including patients with more severe symptoms and comorbidities.
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