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Abstract. As a common clinical emergency, pulmonary
embolism (PE) is the third most fatal cardiovascular disease
worldwide. Although current sophisticated medical tech-
nology has considerably improved the prognosis of patients
with PE, they remain at risk of developing long-term compli-
cations such as post-PE syndrome. Pulmonary rehabilitation is
of great value for patients with chronic lung diseases since it
can improve their quality of life while also relieving clinical
symptoms. Rehabilitation therapy has been demonstrated to
improve recovery and prognosis of patients with PE. Due to
short implementation time and the small number of studies, its
effectiveness and safety in PE warrant further investigation.
The present review focused on elucidating PE pathogenesis,
post-PE syndrome and the clinical application of pulmonary
rehabilitation in patients with PE.
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1. Introduction

Pulmonary embolism (PE) is characterized by pulmonary
circulation and respiratory dysfunction caused by various
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emboli (1). The clinical symptoms of PE include chest
pain, hemoptysis and dyspnea. An analysis of vital registra-
tion data between 2013 and 2015 from the WHO Mortality
Database revealed that, between the ages of 15 and 55, 8-13
per 1,000 women and 2-7 per 1,000 men in Europe die due to
PE per year (2). The rapid advancement of medical diagnostic
technologies has resulted in a progressive increase in the rate
of PE diagnosis. Recent years have demonstrated a substantial
improvement in the prognosis of PE due to early effective
interventions, such as hemodynamics and respiratory support,
anticoagulation therapy and reperfusion therapy, which have
decreased the mortality rate of acute PE (3).

Although symptoms can generally be improved within
3-6 months following effective treatment, most acute PE
survivors are at risk of long-term adverse outcomes, such as
impaired quality of life and activity tolerance (4-6). The past
few decades have mainly focused on diagnosis and in-hospital
treatment; thus, by ignoring rehabilitation importance,
long-term adverse symptoms have remained unaddressed (7).
Sequential therapy for patients with PE outside hospital
and at home is equally important, which to a certain extent
could effectively reduce thrombosis recurrence and improve
prognosis.

In 2019, European Society of Cardiology guidelines
for diagnosis and management of acute PE recommended
an effective follow-up strategy for patients with persistent
symptoms following PE, including exercise rehabilitation,
treatment of comorbidities, behavioral education and modula-
tion of risk factors (3). As an important component of chronic
lung disease management, pulmonary rehabilitation is mainly
used for patients with chronic obstructive pulmonary disease
(COPD) (8), which can improve their long-term physical and
mental conditions, and quality of life (9-12). A retrospective
study determined that initiating pulmonary rehabilitation
within 3 months after hospitalization was significantly associ-
ated with lower mortality risk at 1 year of discharge from the
index hospitalization for patients with COPD (13).

Recently, applying pulmonary rehabilitation to patients with
other types of pulmonary diseases (such as PE) has garnered
considerable attention from clinicians (14,15). Similar to
COPD, patients with PE experience varying degrees of respi-
ratory symptoms and impaired motor function (16). A Chinese
study conducted a 6-week low-intensity exercise training
program on 80 patients with acute PE. The findings indicated
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that exercise training was beneficial to patient recovery (17).
Unfortunately, to the best of our knowledge, there remains no
unified standard of long-term rehabilitation for patients with
PE and only a few studies have investigated the efficacy and
safety of rehabilitation after PE (14,18,19). The present review
detailed the etiology, pathogenesis and susceptibility factors of
PE, post-PE syndrome and clinical application of pulmonary
rehabilitation in patients with PE. The details of the literature
search strategy are presented in Data SI.

2. Etiology, pathogenesis and susceptibility factors of PE

Venous thromboembolism (VTE) is a multifactorial disease
that involves deep vein thrombosis and PE, which is caused by
congenital or acquired pathophysiological changes that result
in venous blood flow disturbance or arrest (20). Typically, PE
is caused when pulmonary artery blockage, caused by a venous
embolus in the lower extremities, falls off, resulting in dysfunc-
tion of the pulmonary circulation and the right atrium (21).

PE might share the pathogenic factors with VTE, which can
be roughly divided into congenital and acquired factors (22).
A previous statement revealed that certain genetic factors may
increase VTE and PE risks, such as factor V Leiden muta-
tions, activated protein C resistance, prothrombin (factor II)
G20210A mutation, protein S deficiency and antithrombin
deficiency (23). The acquired risk factors include postopera-
tive states, pregnancy, malignancy and age (24). Major trauma,
surgery, lower-limb fractures, joint replacements and spinal
cord injury are also strong risk factors for PE (3).

3. Post-PE syndrome

Following the occurrence of acute PE, ~50% of patients expe-
rience a series of clinical manifestations, such as persistent
dyspnea and impaired activity tolerance and quality of life
due to abnormal pulmonary hemodynamics, gas exchange and
cardiopulmonary function (25,26). If the residual symptoms
and defects are not effectively improved, they eventually lead
to chronic thromboembolic pulmonary hypertension (CTEPH)
and even death. In China, 614 cases of acute PE were followed
up for a median of 3.3 years, the results of which revealed that
the 1-, 2- and 3-year cumulative incidences of CTEPH were 0.8,
1.3 and 1.7%, respectively (27). A meta-analysis also revealed
that up to 3% of patients with PE suffer from CTEPH (28).

In 2014, Klok et al (29) first proposed the concept of
‘post-PE syndrome’, which guides the long-term monitoring,
management and follow-up of patients with PE. Its definition
specifically refers to clinical syndromes lasting >3 months
following acute PE occurrence and are mainly manifested by
dyspnea, activity limitation and decline in physical function
status or quality of life (29). The occurrence and develop-
ment of post-PE syndrome are mainly influenced by residual
thrombosis after PE, hemodynamic changes and changes in
cardiopulmonary function (29). After receiving appropriate
treatment, up to 50% of patients continue to experience these
residual symptoms and defects (30). For instance, compared
with the general population and matched controls, patients
with a history of PE have a reduced functional capacity and
persistent dyspnea, resulting in impaired health-related quality
of life (26).

Inrecent years, the occurrence of such clinical sequelae has
garnered increasing attention (31-33). The prospective multi-
center cohort study (Evaluation of Long-term Outcomes after
Pulmonary Embolism study) revealed that 46.8% of patients
with PE had movement limitation, dyspnea and reduced
quality of life at the onset of a 1-year follow-up. In addition,
male sex, low age of onset, high BMI and smoking history
were independent predictors of post-PE syndrome (34,35).
According to a Follow-up after Acute Pulmonary Embolism
study, the median PE-quality of life score decreased from 3 to
12 months (from 19.4 to 13.0%) (36). To reverse this trend, a
multidisciplinary team (including physicians, qualified nurses
and other associated professionals) should provide comprehen-
sive treatment for patients with PE during hospitalization and
after discharge, and also optimize long-term management to
improve prognosis.

4. Pulmonary rehabilitation

Pulmonary rehabilitation is a comprehensive intervention
program that combines multiple measures and disciplines,
including but not limited to exercise training, education and
behavioral changes (Fig. 1) (37). Its objectives are to enhance
the physical and mental status of patients with chronic respira-
tory diseases, and promote long-term health (38). Although
pulmonary rehabilitation is mainly applied in patients with
COPD, it also includes patients with other chronic respiratory
diseases, such as asthma, pulmonary hypertension, interstitial
lung disease, pneumoconiosis and even those with end-stage
lung disease (37).

Exercise training. As the core of pulmonary rehabilitation
therapy, exercise training can improve skeletal muscle func-
tion, cardiopulmonary adaptability and exercise tolerance
while also relieving dyspnea symptoms. The content of
exercise training is diverse, including interval training and
resistance training. Notably, exercise training should ensure
the rationality of the training program, allowing for smooth
long-term and stable training and thereby improving the effect
of the training.

The exercise training can be divided into upper and lower
limb muscle strength training. Upper limb training includes
dumbbell lifting and chest expansion exercises, whereas
lower limb training includes walking, cycling, straight leg
raising exercises and knee extension training. The Pulmonary
Rehabilitation Guidelines of the American Thoracic Society
and the European Respiratory Society revealed that lower
extremity muscle exercise is important in improving the
dyspnea symptoms of patients and enhancing exercise endur-
ance (8). Moreover, upper limb training can improve fatigue.
Therefore, upper and lower extremity muscle exercises should
be simultaneously conducted to improve the effectiveness of
exercise therapy.

Respiratory training. Respiratory training is an important
component of pulmonary rehabilitation since it focuses on
strengthening breathing muscles. Load training can drill
the inspiratory auxiliary muscles and diaphragm muscles
to increase endurance and the strength of muscles, thereby
improving respiration. Several studies have demonstrated that
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Figure 1. Diagram of pulmonary rehabilitation treatment for pulmonary embolism. Pulmonary rehabilitation is a comprehensive intervention program,
mainly including exercise training, respiratory training, non-invasive ventilation, health education, psychological intervention and nutritional supplementation.

Exercise training is the core of pulmonary rehabilitation.

respiratory training can significantly increase the maximum
inspiratory pressure and maximum tidal volume for patients
with chronic respiratory diseases, eventually improving their
inspiratory muscle endurance, exercise endurance and quality
of life (39-41). For patients with PE, respiratory exercises should
be performed if the condition permits. According to rehabilita-
tion physician assessment, patients with PE may benefit from
increasing their breathing muscle training or exercising with a
breathing training device, improving breathing endurance and
relieving dyspnea symptoms (42,43).

Non-invasive ventilation. Non-invasive ventilation is a common
pulmonary rehabilitation measure, which can stabilize internal
environment, improve lung function and increase oxygen

output (44). Applying non-invasive ventilation in patients
with COPD has been developed, and studies have demon-
strated its significant beneficial impact on quality of life by
improving exercise capacity, respiratory function and reducing
dynamic malignant inflation and dyspnea (44,45). A novel
form of home non-invasive ventilation has emerged, bringing
convenience to the pulmonary rehabilitation of patients (46).
However, non-invasive ventilation also has certain risks, such
as diaphragm damage (47). As a result, exploring solutions to
reduce mechanical ventilation injuries is required in the future.

Health education. Health education is a systematic, planned
and organized process for educating patients on the disease
itself and how to prevent embolism recurrences, as well as the
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significance of pulmonary rehabilitation treatment (37). Health
education can enable patients to clarify treatment methods and
precautions of the disease and improve their consciousness
of respiratory rehabilitation and exercise training. It can also
motivate patients to regulate medication and develop healthy
living habits, thereby delaying the decline in lung function (48).
Therefore, it is important to provide adequate health education
for patients to improve treatment compliance, prompt patients
to change unhealthy lifestyles and improve healthy daily life
behaviors or activities (49).

Psychological intervention. Due to long-term suffering,
patients frequently exhibit depression or irritability in
addition to physical discomfort (50,51). The majority of
patients with acute PE are afraid of the direct trauma caused
by the disease and the potential for death. Even survivors
will experience long-term psychological imbalances due
to their fear of recurrence, which eventually results in
lifestyle and behavioral changes (30,52). An observational
study of patients with acute PE with a median follow-up
of 60 months revealed that patients usually experience
changes in behavior, reduced physical activity and even
post-traumatic stress (53). A nested qualitative study was
conducted to observe the thoughts, feelings and experiences
of patients throughout the early stages of acute PE recovery
and to explore strategies for restoring daily life behavior
and physical activity (54). During hospitalization, clinical
symptoms are gradually alleviated with the help of profes-
sional doctors and nurses. However, after being discharged
from hospital, they may continue to experience anxiety
due to a lack of opportunity for close communication with
specialists (54). A systematic review and meta-analysis
revealed that patients with mental illnesses are at increased
risk of VTE due to hypercoagulability and stasis (55). This
is a vicious circle that not only aggravates symptoms of PE
but also deteriorates the mental state. Accordingly, mental
health cannot be ignored during the PE treatment process.
In pulmonary rehabilitation, patients should learn to better
regulate their emotions to improve their depression and
anxiety, such as training on emotional awareness, selecting
and attending to stressors and modulating emotional reac-
tions (56). In addition, physicians should routinely evaluate
whether patients have psychological disorders.

Nutritional supplementation. In addition to the gradual
decrease of lung function in patients with PE, malnutrition is
a typical complication, impairing the disease's outcome (57).
Therefore, nutritional assessment and intervention should
be initiated promptly for patients with PE. Previous studies
suggested that patients should achieve nutritional interven-
tions by adjusting their diet, such as low-carbohydrate and
high-protein diets supplemented with potassium, magnesium,
phosphorus, zinc and other trace elements and vitamins (58,59).
Increased protein intake in the diet increases the total muscle
mass, which improves respiratory muscle function (57).
However, there are currently few studies on nutritional inter-
ventions for patients with PE. Therefore, additional research
is required to confirm the impact of nutritional interventions
on patient recovery in order to rationally apply nutritional
interventions in the future.

In summary, pulmonary rehabilitation requires interdisci-
plinary collaboration to provide a full range of interventions
for patients with PE regarding disease management, symptom
alleviation, respiratory function maintenance, psychological
intervention and nutritional supplementation. American
College of Chest Physicians/American Association of
Cardiovascular and Pulmonary Rehabilitation proposes that
the content of level A in pulmonary rehabilitation is exercise
training. Level B is non-invasive ventilation, breathing muscle
exercises and health education, whereas level C is nutritional
supplementation (60). Furthermore, clinicians should choose
appropriate individualized treatment methods to improve
dyspnea and functional ability and, thus, reintegrate patients
into daily life.

5. Clinical implications of pulmonary rehabilitation

As the importance of rehabilitation in the long-term
management of PE has been recognized by the international
community, it has gradually become more prevalent in clinical
practice. Appropriate pulmonary rehabilitation could relieve
acute symptoms and prevent or improve post-PE syndrome.
However, the current data on pulmonary rehabilitation are
limited in patients with PE (Table I).

After 3 months of follow-up, a randomized clinical trial
for patients with acute VTE revealed that neither the exercise
intervention group nor the control group experienced serious
adverse events (18).In addition, the exercise intervention group
had a significantly reduced BMI and significantly increased
physical activity and maximum oxygen consumption compared
with the control group. Nopp et al (19) revealed that the
exercise capacity of 22 patients with PE exhibiting persistent
symptoms and undergoing an out-patient multi-professional
6-week pulmonary rehabilitation program were significantly
improved. In the Netherlands, an observational cohort study
revealed that a 12-week out-patient pulmonary rehabilitation
program that included sports and psychological counseling,
effectively improved patient symptoms (14). Noack et al (61)
retrospectively analyzed the role of a 3-week in-patient reha-
bilitation program for patients with PE, which suggested that
pulmonary rehabilitation programs following PE might be
considered safe. Low-to-moderate-intensity exercise therapy
following acute PE is considered safe in the United States (62).
German researchers have established a personalized exercise
and rehabilitation program for intermediate- and high-risk
patients with PE based on their clinical characteristics
(physical fitness, primary disease severity, comorbidities
and other confounding factors) (63). The results indicated
no serious adverse events during rehabilitation processes,
such as bleeding, rehospitalization or death due to VTE.
Furthermore, the mortality rate of patients receiving rehabili-
tation during hospitalization and at 12 months follow-up was
0 and 5.7%, respectively. This prospective study demonstrated
that pulmonary rehabilitation is both safe and effective for
patients with PE (63), implying the potential application
value of pulmonary rehabilitation. However, the conclusion
was limited by the small number of patients and the lack of a
control group. Large-scale prospective studies are required to
identify the benefits of pulmonary rehabilitation for patients
with PE.
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Table I. Clinical implications of pulmonary rehabilitation for patients with PE.
Author Year Region Research type Rehabilitation program Results (Refs.)
Lakoskieral 2015 USA Randomized The program included exercise Early initiation of exercise (18)
clinical trial ~ training and a behavioral weight  training improved physical
loss program focused on activity and fitness without
moderate-intensity, high-volume  adverse events
physical activity to increase
energy expenditure and promote
weight loss
Noack et al 2015 Germany Retrospective A 3-week in-patient rehabilitation = The standard rehabilitation (61)
study program including Nordic program after PE was safe
walking, medical training therapy,
intensive gymnastics/exercise
and pulmonological functional
exercise
Amoury etal 2018 Germany Prospective A personalized Mortality and other serious (63)
study rehabilitation program, including  event rates (hospital admission,
exercise training, breathing bleeding complications and
training, attending seminars and thromboembolic events) were
lectures, and psychosocial low during hospital admission
support and in the 12-month follow-up
period
Rolving eral 2020 Denmark Randomized A brief nurse consultation and an  Exercise capacity and dyspnea  (64)
clinical 8-week home-based exercise symptoms did not improve. No
trial program additional adverse events were
documented
Nopp et al 2020 Austria  Prospective  Endurance, strength and The 6 min walk experiment (19)
study inspiratory muscle training over at demonstrated improved results.
least 6 weeks (three times a week ~ Maximum strength, endurance
for 3-4 h); individualized patient  and inspiratory muscle strength
education including disease- and ~ was also improved. The health
medical treatment-specific of 78% of patients improved
seminars, nutritional counseling during long-term follow-up
and smoking cessation sessions
Cires-Drouet 2020 USA Prospective A 3-month exercise program Low-to-moderate intensity (62)
etal study (exercise training was conducted  exercise therapy was safe after
in three phases) acute PE
Boon et al 2021 Nether-  Observational A 12-week out-patient pulmonary Improved training intensity, (14)
lands cohort study  rehabilitation program, including  PE-specific quality of life,
endurance exercise training, fatigue and functional status
strength exercise training,
pulmonologist consultation,
physiotherapist consultation
Haukeland- 2021 Norway Randomized A basic pulmonary rehabilitation  The trial has not been (65)
Parker et al control program consisting of a completed

trial

supervised, out-patient exercise
program for 1 h twice weekly
for eight weeks and an
educational session

PE, pulmonary embolism.

Rolving et al (64) conducted a randomized controlled
trial on patients that were newly diagnosed with PE to study
the effect of rehabilitation intervention on early physical

fitness and quality of life. After 8 weeks of home-based
exercise with nurse consultation, the results indicated that
home-based exercise did not further improve exercise
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capacity or dyspnea symptoms of patients with PE but
also did not cause additional adverse events. Nevertheless,
this trial had a short follow-up time and included patients
with newly diagnosed PE. For newly diagnosed patients
with PE, their acute symptoms can be relieved after active
early clinical intervention (7). As the disease continues,
the impact of rehabilitation therapy on patients with PE
may become increasingly evident (64). A two-center
randomized controlled trial is ongoing (Clinical Trial
no. NCT03405480). The intervention involves individually
adapted exercises based on existing pulmonary rehabilita-
tion programs (relaxation, interval and resistance training)
and an educational session (8 weeks). The physical capacity,
dyspnea and quality of life of intervention and control
groups were compared after 12 and 36 weeks (65).

6. Discussion

As a cardiovascular disease, PE is a common emergency in
internal medicine, ranking third in terms of mortality after
myocardial infarction and stroke in China (from 1997 to 2008)
and Europe (in 2014) (66,67). With the continuous advance-
ment of medical standards, clinicians not only focus on early
diagnosis and treatment of PE but also on long-term prog-
nosis (68). Although the majority of patients with PE resume
their daily routines within 6 months to 1 year after discharge,
their daily activities remain limited and maintaining adequate
physical activity is difficult (54). As a result, new guidelines
emphasize the need for rehabilitation during long-term
follow-up of patients with PE (3).

As an inexpensive and high-efficiency treatment strategy,
pulmonary rehabilitation can significantly improve dyspnea
symptoms, overall health and exercise endurance in patients
with PE (64). However, due to short application time of
pulmonary rehabilitation in patients with PE, no unified reha-
bilitation model and evaluation criteria have been developed.
According to current research results, pulmonary rehabilita-
tion therapy will have no adverse outcomes in patients with
PE (62). While the effectiveness is questionable, the majority of
research suggests that pulmonary rehabilitation is feasible for
patients with PE to improve exercise capacity, relieve dyspnea
symptoms and enhance quality of life. Unfortunately, these
studies generally suffer from small sample sizes and short
follow-up times. In the future, more large-sample, multicenter
and rigorous trials are required to investigate more optimized
pulmonary rehabilitation programs.

The content of the pulmonary rehabilitation project has
garnered particular attention. Exercise training is dominant
in pulmonary rehabilitation therapy and works to improve the
exercise capabilities of patients to a certain extent (69). There are
still some patients who do not improve their lung function with
training, and other interventions including health education and
psychological intervention, should be implemented to improve
pulmonary rehabilitation's effectiveness (37). A previous study
demonstrated that <50% of patients can maintain pulmonary
rehabilitation for >1 year (70). For instance, in the implemen-
tation plan of pulmonary rehabilitation, continuous exercise
training (usually walking and cycling) is important for main-
taining benefits and reducing readmission rates (71). It implies
that future rehabilitation approaches should prioritize exercise

status while also emphasizing health education and psycho-
logical counseling for patients with PE. Moreover, previous
studies were mainly performed to assess whether the safety
and effectiveness of pulmonary rehabilitation program can be
adapted to patients with PE or not. Future research should focus
on comparing the efficacy and safety of different pulmonary
rehabilitation programs head-to-head in patients with PE.

As a serious adverse reaction after a PE, CTEPH can
develop into right-sided heart failure, which has a poor prog-
nosis (72). Some researchers have incorporated pulmonary
rehabilitation into the treatment plan of patients with CTEPH.
A preliminary investigation revealed that home-based, closely
supervised pulmonary rehabilitation therapy can safely improve
exercise capacity and health-related quality of life in patients
with CTEPH (73). In addition, a retrospective analysis demon-
strated that a 3-week structured in-patient program (including
incremental exercise training, abdominal, upper and lower limb
muscle activities, education, nutritional programs and psychoso-
cial counseling) can improve exercise capacity for patients with
CTEPH following pulmonary endarterectomy (74). For inop-
erable CTEPH, 12 weeks of rehabilitation training following
balloon pulmonary angioplasty can significantly improve
athletic performance and heart failure symptoms with a good
safety level (75). The available evidence indicates that patients
with acute PE and CTEPH (advanced stage) can benefit from
pulmonary rehabilitation.

According to our current knowledge, there are still some
unanswered questions: i) Whether the acute period or the
stable period is the most beneficial time to allow for pulmonary
rehabilitation in patients with PE; ii) whether the intensity of
exercise training is comparable to or less than that of daily
activities; iii) what duration pulmonary rehabilitation should
occur for; and iv) new interventions for patients with PE should
be explored in addition to the above six interventions (exercise
training, respiratory training, non-invasive ventilation, health
education, psychological intervention and nutritional supple-
mentation).

7. Conclusion

Pulmonary rehabilitation is an emerging field to be applied
in studying patients with PE. Nevertheless, there are presently
few studies available on this topic and sufficiently powerful
randomized controlled trials are limited. The existing
evidence suggests that pulmonary rehabilitation is a potential
treatment for alleviating post-PE syndrome, which improves
the quality of life and prognosis of patients with PE. More
and high-quality prospective studies are required to provide
stronger evidence.
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