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Background: Venous thromboembolism is a life-threatening disease. In survivors, different 

degrees of functional complaints need to be restored or prevented (eg, post-thrombotic syn-

drome, pulmonary hypertension). Therefore, rehabilitation after venous thromboembolism is 

recommended in Germany. However, a structured rehabilitation program has not been defined 

for this indication. Here, we present the experience of a single rehabilitation center.

Methods: Data from consecutive pulmonary embolism (PE) patients who were referred for a 

3-week inpatient rehabilitation program from 2006 to 2014 were retrospectively evaluated.

Results: In all, 422 patients were identified. The mean age was 63.9±13.5 years, the mean 

body mass index (BMI) was 30.6±6.2 kg/m2, and 51.9% were female. Deep vein thrombosis 

according to PE was known for 55.5% of all patients. We applied a wide range of therapeutic 

interventions such as bicycle training with monitored heart rate in 86.7%, respiratory training 

in 82.5%, aquatic therapy/swimming in 40.1%, and medical training therapy in 14.9% of all 

patients. Adverse events (AEs) occurred in 57 patients during the 3-week rehabilitation period. 

The most common AEs were cold (n=6), diarrhea (n=5), and infection of the upper or lower 

respiratory tract that was treated with antibiotics (n=5). However, three patients under antico-

agulation therapy suffered from bleeding, which was clinically relevant in one. Four patients 

(0.9%) had to be transferred to a primary care hospital for non-PE-associated reasons (acute 

coronary syndrome, pharyngeal abscess, and acute abdominal problems). No influence of any 

of the physical activity interventions on the incidence of any AE was found.

Conclusion: Since PE is a life-threatening disease, it seems reasonable to recommend rehabili-

tation at least in PE patients with an intermediate or high risk. It is shown for the first time in 

this study that a standard rehabilitation program after PE is safe. However, efficacy and safety 

in the long term need to be studied prospectively.
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Introduction
Pulmonary embolism (PE) represents a cardiovascular emergency and is one of the 

three most common causes of death from cardiovascular disease. One-year mortality 

after the target event is as high as 2.5%.1,2 Immediate and long-term anticoagulation 

therapy is indicated since, without anticoagulation, PE recurred within 3 months in 

approximately 50% of patients; however, clinically relevant and major bleedings 

occur in more than 8% of patients, especially in the initial phase of treatment.1–3 After 

initiating anticoagulation, immediate mobilization did not worsen outcome in patients 

with PE.4 Moreover, in low-risk patients early hospital discharge or even ambulatory 

 treatment is recommended.5 Early walking exercise is safe in patients with acute 
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deep vein thrombosis (DVT) and may help to reduce acute 

symptoms. Exercise training did not increase leg symptoms 

acutely in patients with a previous DVT and may help to 

prevent or improve the post-thrombotic syndrome.6 It seems 

reasonable to assume that PE patients with an intermediate or 

high risk will benefit from a rehabilitation program, which, 

at least in Germany, is already recommended. Here, the main 

objectives are to improve dyspnea and functional capacity in 

order to re-integrate patients into the work process.7

Some authors have reported the efficacy and safety of 

rehabilitation in patients with chronic thromboembolic 

pulmonary hypertension or other forms of pulmonary 

hypertension,8–10 but no studies have been published so far on 

rehabilitation after acute PE. Thus, in Germany, rehabilita-

tion after PE has been adapted to that for patients with other 

severe cardiovascular and pulmonary diseases. Here, strong 

data exist that rehabilitation will not only improve guideline 

adherence to optimal medical therapy, sports therapy, and 

nutrition but also improve outcome.10–12 Such an inpatient 

rehabilitation includes a sports program consisting, for 

example, of bicycle training, power endurance workout, 

swimming, Nordic walking, an educational program regard-

ing nutrition, medical therapy, pathophysiology, and medical 

treatment, and, last but not least, psychological and social 

support.

Materials and methods
To evaluate PE patient characteristics and safety of the 

rehabilitation process, data were analyzed from patients 

who underwent rehabilitation in the Paracelsus-Harz-Clinic 

Bad Suderode, Quedlinburg, Germany, from 2006 to 2014. 

Patients were retrospectively identified via the database of the 

clinic. The local ethics committee of the Medical Association 

of Saxony-Anhalt approved the study protocol.

Standard rehabilitation for patients with PE in the 

 Paracelsus-Harz-Clinic consists of medical history and elec-

trocardiogram (ECG) at admission and cycle ergometry (with 

blood gas analysis) and echocardiography the day after admis-

sion. For patients who were not able to perform cycle ergom-

etry, a 6-minute walking test was alternatively conducted. 

Depending on physical fitness, severity of primary disease, 

comorbidities, and other confounders, the sports and rehabilita-

tion program was set up the day after admission. Patients in 

good clinical condition participated every day (except Sunday) 

in heart rate-monitored 30-minute cycle ergometry training. 

Moreover, these patients participated in Nordic walking, 

medical training therapy, intensive gymnastics/exercise, and 

pulmonological functional exercise as aquatic therapy.

Patients who were less physically fit participated in group 

exercises, chair exercising, and walking exercises, and personal 

training sessions. All patients, independent of their physical 

fitness, received respiratory training and attended seminars and 

lectures as part of the 3-week rehabilitation program.

Statistical methods
Continuous variables are reported as mean ± standard devia-

tion (SD), skewed variables as median and interquartile range 

25/75, and categorical variables as percentage. Student’s 

t-test, Mann–Whitney U-test, and chi-square test were used 

to compare continuous, skewed, and categorical variables, 

respectively. A P-value ,0.05 was considered statistically 

significant. All computations were carried out with SPSS 

software (V22, SPSS Inc., Chicago, IL, USA).

Results
A total of 422 patients were identified. The mean age was 

63.9±13.5 years, 51.9% were female, and mean BMI was 

30.6±6.2 kg/m². DVT according to PE was diagnosed in 

55.5% of all patients. Heart rate at rest was 75.4±11.1 bpm at 

admission. Mean systolic blood pressure (135.3±19.1 mmHg) 

and mean diastolic blood pressure (80.7±10.8 mmHg) were 

in the normal range; however, arterial hypertension was 

reported in 72.7% of all patients at admission. Other car-

diovascular risk factors included active smoking in 6.2%, 

dyslipoproteinemia in 60.2%, and diabetes in 22.7%. Further 

comorbidities are presented in Table 1. Length of stay at the 

rehabilitation clinic was 21.8±3.1 days.

Table 1 Patient characteristics

Variable n=422

sociodemographic data 
 age (years) 
 Female sex (%) 
 BMi (kg/m²)

 
63.9±13.5 
51.9 
30.6±6.2

Patient history 
 Deep vein thrombosis related to Pe (%) 
 active smoking (%) 
 Hypertension (%) 
 Diabetes (%) 
 cOPD (%) 
  Renal insufficiency 
  Atrial fibrillation (%) 
 coronary heart disease (%)

 
55.5 
6.2 
72.7 
22.7 
13.0 
7.3 
9.7 
9.5

Vital parameters 
 BP systolic (mmHg)* 
 BP diastolic (mmHg)* 
 Heart rate (bpm)*

 
135.3±19.1 
80.7±10.8 
75.4±11.1

Notes: categorical variables are presented in percent; continuous normally 
distributed variables as mean ± standard deviation *at admission.
Abbreviations: BMi, body mass index; Pe, pulmonary embolism; BP, blood 
pressure; bpm, beats per minute.
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Drug treatment is outlined in Table 2. As expected, all 

patients were on anticoagulation therapy both at admis-

sion and at discharge. According to bridging therapy, 

low-molecular-weight heparin was delivered less often and 

vitamin K antagonist was prescribed more often at discharge 

than at admission. Only a few patients were on therapy with 

new oral anticoagulants.

Since hypertension was a common diagnosis in this 

patient cohort, beta-blocking agents, angiotensin-converting-

enzyme inhibitors, and angiotensin-receptor blockers were 

administered in the majority of patients (Table 2).

Adverse events
AEs occurred in 57 patients during rehabilitation. No 

indication-related complication was observed but four 

patients had to be re-hospitalized; all of them returned to 

the rehabilitation clinic for further treatment. One patient 

suffered from unstable angina, which was related to a newly 

diagnosed coronary heart disease and treated by a percu-

taneous intervention with stent implantation. One patient 

developed an abscess of the pharynx, which was surgically 

treated. Two patients suffered from severe abdominal pain, 

one related to subileus and the other to a severe urinary 

tract infection; both were treated conservatively.  Bleedings 

occurred in three patients: two cases of epistaxis and one 

patient with anemia in whom occult blood in the stool was 

newly diagnosed. This patient rejected a direct referral for 

endoscopy, and therefore this was recommended in the 

discharge letter.

The most common AEs were common cold (n=6), diar-

rhea (n=5), and infection of the upper or lower respiratory 

tract that was treated with antibiotics (n=5). AEs (n$3) are 

presented in Figure 1.

Since risks and benefits of physical activity after PE were 

not well known, we further analyzed AEs during the patients’ 

stay at the rehabilitation clinic in relation to the therapeutic 

interventions which were performed. A wide range of 

therapeutic physical activity was applied, such as bicycle 

training with monitored heart rate in 86.7%, respiratory 

therapy in 82.5%, aquatic therapy/swimming in 40.1%, and 

medical training therapy in 14.9% of all patients (Table 3). 

Interestingly, patients without AEs participated in Nordic 

walking (30.7% in patients without AEs vs 10.5% in patients 

with AEs during the rehabilitation, P=0.002) and in the 

group gymnastics (12.3% in patients without AEs vs 3.5% in 

patients with AEs during the rehabilitation, P=0.049, Table 3) 

more often. On the other hand, patients with AEs participated 

significantly more often in chair exercises (37.5% in patients 

without AEs vs 56.1% in patients with AEs, P=0.008) and 

walking exercises (6.6% in patients without AEs vs 17.5% 

in patients with AEs, P=0.005). Both are possibly related 

to other risk factors, ie, increased age in patients with AEs 

during the rehabilitation (63.9±13.5 years in patients without 

AEs vs 67.6±12.1 years in patients with AEs, P=0.024). No 

influence on the occurrence of AEs related to participating 

in aquatic therapy or swimming was found (Table 3).

To investigate the impact of age on AEs, patients with 

or without AEs were divided into different groups according 

to age. Here, a nonsignificant trend (P=0.105 by chi-square 

test) for a higher prevalence of AEs was found in patients 

at higher age. The incidence of AEs increased from 6% in 

patients under 50 years (n=79) to 13.5% in patients above 50 

and below 65 years (n=104), and to 14.4% in patients with 

an age above 65 and below 75 years (n=167). The highest 

incidence was found in the group of 71 patients who were 

older than 75 years (19.7%).

Discussion
The main findings of this analysis, which to date comprises 

the first dataset for patients with the diagnosis of PE partici-

pating in an inpatient rehabilitation program, were: 1) inci-

dence of serious AEs that complicated the rehabilitation 

process were rare and recurrent venous thromboembolism 

(VTE), severe bleedings, or deaths were not found; and 2) the 

suggested standard rehabilitation program including intensive 

sports therapy was safe.

German,13 European,1 and US14,15 guidelines on VTE 

have no provisions concerning rehabilitation after DVT or 

PE. However, according to the medical requirements for 

rehabilitation issued by the federal pension funding agency 

in Germany according to the German Social Code Book 

Table 2 Drug treatment at admission and discharge

Drug Admission Discharge

lMWH (%) 16.1 3.8
Oral anticoagulants 
 VKa (%) 
 Rivaroxaban (%) 
 Dabigatran (%)

 
79.4 
9.0 
0.5

 
85.8 
10.0 
0.5

aspirin (%) 7.6 4.3
Beta-blockers (%) 51.7 59.5
ace-inhibitors (%) 35.8 37.0
aRBs (%) 26.1 28.9
statins (%) 21.8 44.1
insulin (%) 8.8 8.5
antidiabetics (%) 8.3 8.8
antidepressives (%) 7.3 7.3

Abbreviations: lMWH, low-molecular-weight heparin; VKa, vitamin K antagonist; 
ace, angiotensin-converting-enzyme; aRB, angiotensin-receptor blocker.
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(Sozialgesetzbuch IX = SGB IX), rehabilitation is recom-

mended for patients with moderate to severe PE although 

data in support of this recommendation do not exist.

It seems reasonable according to published data to opti-

mize treatment of patients with moderate to severe PE and 

include rehabilitation since VTE represents a significant 

risk for morbidity and mortality.14 In the German MAPPET 

(Management Strategy and Prognosis of Pulmonary Embo-

lism) Registry of more than 1,000 patients with acute PE, 

in-hospital mortality was 8.1% for stable patients, 25% for 

patients with cardiogenic shock, and 65% for patients after 

cardiopulmonary resuscitation. Moreover, major bleeding 

was found in 9.2% and PE recurred in 17%.16

Since early mobilization is safe after PE,4 ambulatory 

treatment of PE in low-risk patients is possible,5 and patients 

with other cardiovascular diseases profit from mobilization 

and sports therapy after the index event.11,12 Early physical 

activity including well-dosed and monitored sports therapy 

seems to be a reasonable treatment in patients after PE. 

This hypothesis can be confirmed in the present analysis 

of consecutive patients with PE in a German rehabilitation 

clinic. Patients in good condition participated in an intensive 

sports program including once-daily heart rate-monitored 

cycle ergometric training, Nordic walking, medical training 

therapy, aquatic therapies, and swimming. Patients in poorer 

general condition also participated in a less-intensive physical 

exercise program. These programs were well tolerated and 

safe since no serious AEs related to the basic disease PE such 

as recurrent DVT/PE or severe bleedings developed and no 

patient died during the 3-week rehabilitation program.

Another finding of this study is the low incidence of 

bleeding complications. In the first 2 weeks after the index 

event, patients were admitted to the rehabilitation program, 

which lasted for 21.8±3.1 days (Table 1). In this period only 

two minor bleedings and one clinically relevant bleeding (see 

Results section) were found, which means a low bleeding 

incidence of approximately 0.7%. In the Einstein PE study 

on the efficacy and safety of rivaroxaban in comparison to 

warfarin, clinically relevant bleedings in the first 30 days after 

the index event were as high as approximately 5% in both 

study arms.17 Thus, we hypothesize that the rehabilitation 

process provides another safety measure for patients after 

PE as shown in this analysis.

Common cold

n=4

n=5n=5

n=6

n=4

n=3 n=3

Diarrhea Pharyngitis AllergyUrinary tract
infection

Symptomatic
tachycardia

Antibiotic
treatment,
infection of

the respiratory
tract

Figure 1 adverse events.

Table 3 Therapeutic interventions and adverse events

Variable All No AEs AEs P-value

Bicycle training with monitored  
heart rate (%)

86.7 88.2 77.2 0.220

Medical training therapy (%) 14.9 15.6 10.5 0.316
group exercising (%) 60.7 61.4 56.1 0.452
chair exercises (%) 40 37.5 56.1 0.008
group gymnastics (%) 11.1 12.3 3.5 0.049
group aquatic therapy (%) 28.7 29 26.3 0.672
Pulmonological functional exercise (%) 14.9 15.6 10.5 0.316
Pulmonological functional exercise  
as aquatic therapy (%)

9 9.3 7 0.573

Walking exercise (%) 8.1 6.6 17.5 0.005
Respiratory therapy/training (%) 82.5 81.9 86 0.455
nordic walking (%) 28 30.7 10.5 0.002
Reflective respiratory therapy (%) 10.4 9.3 17.5 0.059
swimming (%) 40.8 41.6 35.1 0.349

Abbreviation: aes, adverse events.
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Limitations
The study is limited by its retrospective and monocentric 

nature, which has the potential for under-reporting (eg, bleed-

ing events) as compared with prospective clinical trials and 

which may explain the small number of bleeding events 

reported in this study. Other limitations were the lack of a 

control group and the missing comparison of baseline data 

versus rehabilitation data.

Conclusion
Although limited by its retrospective and monocentric design, 

this observational study showed that rehabilitation programs, 

which are recommended by the German federal pension funding 

agency for patients after PE, are safe. However, the long-term 

safety and, moreover, efficacy need to be evaluated in a prospec-

tive study. (clinicaltrials.gov. Identifier: NCT02002351).
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