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Prognosis of patients with pulmonary
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Introduction: Pulmonary embolism (PE) is a life-threatening disease; in Germany, therefore,
rehabilitation after PE is recommended in patients with intermediate- and high-risk PE. However,
no prospective data on PE after inpatient rehabilitation have been published so far.

Patients and methods: For this monocentric study, 70 patients with PE were prospectively
recruited between November 2013 and November 2014 after giving written informed consent.
This study was approved by the ethics committee of the Medical Association of Saxony-Anhalt.
Inclusion criteria were as follows: age 218 years and a stay at the Paracelsus-Harz Clinic in Bad
Suderode, Germany, with the main indication of PE. During the hospital stay, history-relevant
medical data and diagnostic findings were collected and documented. Furthermore, we recorded
whether patients were rehospitalized or died during the treatment period in the rehabilitation
clinic or during the 12-month follow-up.

Results: The mean age was 64.5 + 13.0 years, the mean body mass index (BMI) was 30.4 +
6.0 kg/m?, and 54.3% were women. During rehabilitation, two patients (3.9%) were transferred
to a primary care hospital; no patient died. However, four patients died (5.7%) in the 12-month
follow-up period. A total of 20 patients were hospitalized in the 12-month follow-up period
(hospitalization rate during the 12-month follow-up period: 28.6%). Of these 20 patients, one
patient was rehospitalized with a newly diagnosed PE (1.4%) and two patients were rehospital-
ized for bleeding events (2.8%).

Conclusion: PE is a life-threatening disease, and therefore it seems reasonable to recommend
rehabilitation at least in patients with an intermediate- or high-risk PE. In this study, death and
other serious event rates were low during the in-hospital rehabilitation and in the 12-month
follow-up period, which underlined the safety and importance of a standardized rehabilitation
program after survived PE.

Keywords: pulmonary embolism, rehabilitation, prognosis

Introduction
Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pul-
monary embolism (PE), is the third most frequent cardiovascular disease, and PE is a
major cause of mortality, morbidity, and hospitalization in Europe. Fatal events occurred
mostly as a result of sudden PE and ~60% resulted from undiagnosed PE. Age is an
important risk factor for developing a VTE, and older patients are at increased risk of
fatal outcome after PE.!

If PE is correctly diagnosed, immediate anticoagulation and compression therapy
of the limbs are indicated in the cases with DVT, where it is already present. Then,
mobilization is indicated in patients with VTE.? Early walking exercise is safe in patients

submit your manuscript
Dove

http:

Vascular Health and Risk Management 2018:14 183-187 183
© 2018 Amoury et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

TACTM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress

Amoury et al

Dove

with DVT and may help to reduce acute symptoms. Exercise
training prevents or improves post-thrombotic syndrome.? In
low-risk VTE patients, early hospital discharge or outpatient
treatment is recommended.!

Patients with an intermediate- or high-risk PE benefit
from intensive therapy, including initial in-hospital treat-
ment and a rehabilitation program after their hospital stay.
Rehabilitation after PE with intermediate or high risk is
recommended in Germany to improve dyspnea and functional
capacity so as to reintegrate patients into daily life.?

However, data on rehabilitation after PE are limited. In
a small study from the US, 19 of 239 patients who had suf-
fered PE or DVT were prospectively randomized either to
a 3-month outpatient sports program (n = 9) or to a control
group (n = 10). During the 3-month study period, no seri-
ous events were reported. Participants in the intervention
group showed a significant decrease in body mass index
(BMI) as well as a significant increase in physical activity
and the maximum oxygen consumption when compared to
the control group.*

Our group recently published a retrospective study on
422 patients with PE, who were treated in the Paracelsus-
Harz Clinic from 2006 to 2014. The rehabilitation program,
consisting of a wide range of therapeutic interventions such
as bicycle training and aquatic therapy/swimming, was safe
and effective, because during the rehabilitation program no
fatal events were retrospectively found and only four patients
(0.9%) had to be transferred to a primary care hospital for
non-PE-associated reasons.’

Patients and methods

For the current study, 70 patients with PE were included
between November 2013 and November 2014 in the Para-
celsus-Harz Clinic, Quedlinburg, Germany. Inclusion criteria
were as follows: admission to the Paracelsus-Harz Clinic for
inpatient rehabilitation with a main indication of PE and an
age of 218 years. The patients were included after giving writ-
ten informed consent. Patients were excluded from the study
if they could not or did not wish to give written informed
consent. The study was approved by the ethics committee of
the Medical Association of Saxony-Anhalt.

PE was previously diagnosed in all patients by computed
tomography (CT) angiography. DVT was additionally diag-
nosed in 30 patients (43%).

Inpatient rehabilitation for patients with PE is adapted
to the recommendations of the German Federal Pension
Insurance (Deutsche Rentenversicherung Bund) for reha-
bilitation. Diagnostic procedures such as cycle ergometry

(with blood gas analysis), echocardiography, and electro-
cardiogram (ECG) were included. For patients who were
not able to perform cycle ergometry, a 6-minute walk test
was conducted. Depending on physical fitness, severity of
primary disease, comorbidities, and other confounders, a
sports and rehabilitation program was set up. 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 and aquatic therapy.

Patients who were less physically fit participated in group
exercises, chair exercises, walking exercises, and personal
training sessions.

All patients, irrespective of their physical fitness, received
respiratory training and attended seminars and lectures as
part of the 3-week rehabilitation program.

In addition, psychosocial support was offered to all
patients (social worker and/or psychologists).

During inpatient rehabilitation, the data relevant to the
study such as medical history, drug treatment, results of ECG,
echocardiography (according to the standard procedures of
the clinic), and events such as need for hospitalization dur-
ing rehabilitation were recorded and entered into a database
(Microsoft Excel®, Microsoft Excel 2016, Microsoft Corpo-
ration, Redmond, WA, USA).

For acquiring follow-up data, a standardized question-
naire was sent out at 3 and 12 months after inpatient reha-
bilitation at the Paracelsus-Harz Clinic, which included
questions concerning adverse events such as hospital admis-
sion, bleeding complications, and thromboembolic events. If
the patients did not send back the questionnaires, a telephone
interview was conducted with the patient or his/her relatives,
or the patient’s physician was contacted. If this information
could not be obtained from these persons, civil registration
offices were contacted, and information was requested about
current address or date of death.

Statistical analyses

Continuous variables were described as mean and SD and
skewed variables as median and 25% and 75% quartiles.
Categorical variables were documented as a percentage.
Analyses were carried out with SPSS software (version 24;
IBM Corporation, Armonk, NY, USA).

Results
A total of 70 patients were included. The mean age was 64.6
+ 13.0 years, 54.3% were women, and the mean BMI was
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30.2 £ 5.8 kg/m?. The length of stay at the rehabilitation clinic
was 23.2 £ 4.0 days (Table 1). Heart rate at rest was 74.5
12.5 bpm at admission, mean systolic blood pressure (132.8
+ 19.0 mmHg) and mean diastolic blood pressure (80.3 *
10.9 mmHg) were in the normal range and did not change
during the 12-month study period (Table 2).

Other comorbidities, such as drug therapy, echocar-
diographic findings, and laboratory data are presented in
Tables 1-5.

Most of the patients participated in therapeutic inter-
ventions such as bicycle training with monitored heart
rate (89.9%), medical training therapy (84.1%), swimming
(87.0%), and others (Table 4).

Serious adverse events

associated reasons during the 3-week rehabilitation period
(2.8%; Figure 1). One patient suffered from a diverticulitis
which was surgically treated. Another patient developed
acute renal failure. Both patients returned to the rehabilita-
tion clinic. No bleeding events occurred during in patient
rehabilitation.

Four patients died during the 12-month follow-up (5.7%;
Figure 1). A total of 20 patients were admitted to the hospital
during the 12-month follow-up (28.6%; Figure 1). The most
common reasons were orthopedic problems. Bleeding requir-
ing hospitalization developed in two patients: one case with

Table 3 Laboratory parameters

Variables All patients (N = 70)

. . . el e . Creatinine (umol/L 85.7 £32.1
No patient died during rehabilitation. Two patients had (.p )
) ) GFR (mL/min) 80.2 £23.9
to be transferred to a primary care hospital for non-PE-  cpp (mg1) 29 (5.9/7.4)
Leukocytes (gpt/L) 6.6+ 1.3
Table | Patient characteristics Hemoglobin (mmol/L) 83+09
Variables All patients (N = 70) Glucose (mmol/L) 53+1.0
Age (years) 646+ 13.0 Total cholesterol (mmol/L) 56+ 1.1
Women (%) 543 LDL cholesterol (mmol/L) 37+ 1.0
Length of inpatient rehabilitation 23.2+40 Note: Continuous variables are reported as mean * SD; skewed variables are
Patient history repor‘ted‘ as.median (interquar‘til.e range 2'5/75). ‘
K A Abbreviations: CRP, C-reactive protein; GFR, glomerular filtration rate; LDL,

Active smoking (%) 7. low-density lipoprotein.
Hypertension (%) 68.6
Coronary heart disease (%) 10.0
Atrial fibrillation (%) 5.7
Diabetes (%) 20.0
Renal insufficiency (%) 15.7 Table 4 Therapeutic interventions
DVT (%) 428 Variables All patients
Echocardiographic data (N = 70)
TAPSE +
Pul (mm) H 234 ; 43 Bicycle training with monitored heart rate (%) 89.9

lmonary artery pressure (mmFig) 31.3£107 Medical training therapy (%) 84.1
Left ventricular ejection fraction (%) 628+54 Group exercising (%) 78.3
E/A 1.0£03 Chair exercises (%) 46.4
B/ 120+42 Group gymnastics (%) 17.4
Left atrial diameter (mm) 387+53 Group aquatic therapy (%) 43
Right ventricle dilated (%) 224 Pulmonological functional exercise as aquatic 76.8
Right atrium dilated (%) 28.4 therapy (%)
Tricuspid regurgitation (%) 53.7 Walking exercise (%) 159
Diastolic dysfunction (%) 40.0 Respiratory therapy/training (%) 95.7
Note: Continuous variables are reported as mean + SD and categorical variables Nordic walking (%) 62.3
as percentage. Swimming (%) 87.0
Abbreviations: DVT, deep vein thrombosis; TAPSE, tricuspid annular systolic
movement.
Table 2 Vital parameters during the study period
Variables Admission Discharge 3-month follow-up 12-month follow-up
BMI (kg/m?) 30.2+5.8 302+5.8 29.31£48 293147
Weight (kg) 875+ 174 868+ 16.7 86.5t 16.8 85.1 £13.5
Systolic blood pressure (mmHg) 1328 £ 19.0 1304 £ 15.9 129.1 £15.3 127.8 £ 13.5
Diastolic blood pressure (mmHg) 803+ 109 779199 76.5+9.4 77.1 £9.6
Heart rate (bpm) 745+ 125 758+ 13.2 726 £ 12.0 733%11.0

Abbreviation: BMI, body mass index.
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Table 5 Drug treatment during the study period

Variables Admission Discharge 3-month follow-up 12-month follow-up
Oral anticoagulants* (%) 100 100 100 67.3
Aspirin (%) 1.4 29 5.4 77
Beta-blockers (%) 37.1 47.1 50.0 442
ACE inhibitors (%) 21.4 229 23.2 26.9
ARBs (%) 329 329 339 36.5
Calcium channel blockers (%) 243 30.0 26.8 23.1
Statins (%) 18.6 30.0 232 23.1
Insulin (%) 5.7 57 3.6 1.9
Oral antidiabetics (%) 12.9 12.9 14.3 9.6
Antidepressants (%) 14.3 14.3 8.9 1.5
Note: *Rivaroxaban in all patients.
Abbreviations: ACE, angiotensin-converting-enzyme; ARB, angiotensin receptor blocker.
5.7
Death
0
14
Recurrent VTE
0
2.8
Bleeding
0
28.6
Rehospitalization
1 l
0 5 10 20 25 30 35

12-month follow up (%)

® In-patient rehabitation (%)

Figure | Serious adverse events during inpatient rehabilitation and 12-month follow-up periods.

Abbreviation: VTE, venous thromboembolism.

epistaxis and one with gastrointestinal bleeding. Another
patient was rehospitalized because of recurrent PE.

Discussion

The results of the current analyses, which represent the first
prospective study of inpatient rehabilitation patients after
PE, show that 1) rehabilitation is safe as serious adverse
events during the rehabilitation process, such as bleeding,
rehospitalization for VTE reasons, or deaths, were not found;

2) rehospitalization for mainly non-PE reasons is common in
12 months after rehabilitation (28.6%); and 3) prognosis of
patients after rehabilitation is good as within the 12-month
follow-up period only two patients had to be rehospitalized for
bleeding complications and one patient for new PE and only
four patients (5.7%) died during the 1-year follow-up period.

Since prospective data on the effect of rehabilitation on the
outcome of patients with PE are lacking, international guide-
lines do not recommend rehabilitation after PE.%” However,
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in Germany, rehabilitation is indicated in patients with serious
cardiac and pulmonary diseases such as moderate-to-severe PE
according to the medical requirements for rehabilitation issued
by the federal pension funding agency (Sozialgesetzbuch IX =
Social Code Book IX). Data supporting this recommendation
came only from two single-center studies**: safety and efficacy
of an outpatient rehabilitation program were found in a small
prospective study with 19 patients from the US* and safety
was shown in a retrospective study from a larger cohort of 422
patients from Germany.® The prognosis of patients after PE
after a rehabilitation program has not been investigated so far.
The current analysis shows 5.7% l-year mortality in
patients after rehabilitation in our analysis which is markedly
low in comparison to other data. In the PE-guideline from
the European Society of Cardiology from 2014, “30-day all-
cause mortality rates between 9% and 11%, and three-month
mortality ranging between 8.6% and 17%” were summarized.!
Data from Denmark showed a 30-day mortality of 31.1%
and a 1-year mortality of ~44% in 54.066 patients after PE.8
However, in selected populations represented in clinical
studies, total mortality was lower, for example, in the EIN-
STEIN-PE study comparing rivaroxaban with warfarin. In
that study, 2.2% of patients died during the study period,® and
in the AMPLIFY study comparing apixaban with warfarin
~1.7% died.'® However, in these studies, the rate of recurrent
VTE was comparable (~2.0% in EINSTEIN-PE and ~2.5%
in AMPLIFY) to that in the current analysis (one patient with
a recurrent PE representing 1.4% of the study population).

Limitations

The study is limited by the small number of patients and
monocentric nature, which has the potential for underreport-
ing of bleeding events as compared to other trials. Another
limitation is the lack of a control group.

Conclusion
The current data underline the safety and importance of
rehabilitation programs in patients with PE.
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