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Abstract

Post-thrombotic syndrome (PTS) is a common complication after deep vein throm-
bosis (DVT) and has a major impact on physical symptoms, quality of life (QoL)
and economic costs. Relatively simple lifestyle interventions as physical exercise
might reduce PTS severity and increase QoL. To evaluate the direct and long-term
effects of physical activity in patients with an acute or previous DVT. We conducted
a systematic review through an additional search from 2007 up to March 2022, to
complement the comprehensive systematic review of Kahn et al. Articles evaluating
the effect of exercise after a DVT including symptoms, QoL and the incidence and
severity of PTS, were included. Quality of the studies was assessed using a GRADE-
like checklist and results were reported according to the PRISMA Statement. Ten
studies were included, seven randomized controlled trials and three cohort studies.
We identified three types of physical activity based on timing and duration; (1) early
mobilisation in the acute phase of the DVT; (2) short duration exercise 1year after
DVT and (3) prolonged exercise during follow-up after a previous DV T. Early mobi-
lisation showed improvement in QoL and pain reduction and after 2 years it resulted
in a significant reduction of PTS severity. Prolonged supervised exercise resulted in
improvement of QoL. In addition, positive effects on symptoms of venous insuffi-
ciency and muscle functions were observed. None of the included studies reported
an increased risk of PTS or worsening of symptoms due to physical activity. Physical
exercise after a DVT is safe, improves QoL, reduces pain and decreases PTS sever-
ity. Lifestyle intervention such as guided individualized training programs can be a
useful supplementary therapy for patients after a DVT or for PTS patients. Optimal
training programs may be identified by further studies that improve patient-oriented
outcomes for both adults and children after a DVT.

INTRODUCTION

Deep vein thrombosis (DVT) is a common condition, de-
spite primary and secondary prevention, and may lead to the
post-thrombotic syndrome (PTS). PTS can be described as a
set of symptoms and signs of impaired venous outflow as a
result of deep venous obstruction and/or reflux following
a DVT."? It occurs in 20%-50% of DVT patients, of which
5%-10% develops severe PTS, including venous leg ulcers.
PTS usually occurs in the first years after a DVT, but may
develop even after 10-20years.>® PTS patients not only

have a lower quality of life (QoL) compared to DVT patients
without PTS,** they also impose a burden on the healthcare
system due to high medical costs, lost workdays and loss of
employment.” Different medical specialties such as general
practitioners, dermatologists, phlebologists, angiologists
and vascular surgeons encounter patients in different phases
of the disease for treatment and interventions.

While a DVT has to be prevented by all means, once it
occurs, the risk or severity of PTS can be decreased by dif-
ferent types of therapy, including optimisation of anticoagu-
lant therapy, compression therapy, endovascular or surgical
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techniques to restore venous patency and lifestyle interven-
tions such as weight loss and exercise.>” Walking exercises
improve ankle function and increase calve muscle pump
(CMP) functionality, stimulating venous return.® On the
other hand, impaired CMP functionality delays venous leg
ulcer healing and increases its recurrence.”

Unfortunately, there is a misconception among patients
and physicians that exercise is harmful in the acute and
chronic phase after a DVT, while there is evidence to sup-
port the opposite.g’9 A supervised exercise training program
is recommended for PTS patients by the American Heart
Association,” based on the findings of the review of Kahn
et al.” We aimed to further evaluate the direct and long-term
effects of physical activity in patients with an acute or pre-
vious DVT including symptoms, QoL and the incidence and
severity of PTS.

METHODS
Search strategy and data sources

A systematic search of PubMed and Embase was performed
until 14 March 2022. Limits to publication date were ap-
plied from 1 July 2007 based on the inclusion period (until
July 2007) of the systematic review of Kahn et al.” The main
search terms comprised thromboembolism, physical activity
and randomized controlled trials (RCT; see Table S1 for the
complete search strategy). We included studies from this re-
view according to our selection criteria as mentioned in the
next paragraph. The current review was reported according
to the guidelines for reporting systematic reviews in accord-
ance with Preferred Reporting Items for Systematic reviews
and Meta-Analysis (PRISMA) guideline."

Study selection and eligibility criteria

We included studies that investigated the effect of exercise or
physical activity in DVT patients (with an acute or previous
DVT) on the incidence of PTS, indicators of PTS and QoL.
Studies preferably used a general accepted and predefined,
well-described definition of PTS, such as the definition rec-
ommended by the International Society on Thrombosis and
Haemostasis (ISTH),' or a commonly accepted instrument
to assess venous symptoms of PTS that is regularly used in
the literature such as the Venous Clinical Severity Scores
(VCSS). Studies focussing on other outcomes related to PTS
development or symptoms (e.g. leg flexibility, leg circumfer-
ence, recanalisation of the affected thrombotic veins) and/
or QoL, were also included. Studies with more than 50% of
the included patients having other causes of chronic venous
insufficiency than DVT, were excluded. Studies published
in another language than English were excluded, as well as
review articles. Kahn et al.’ conducted a complete and com-
prehensive review of the literature until July 2007.

Screening

Two authors (BR and MR), independently screened the
search results, following a pre-determined protocol. First,
studies were screened by title. If it was clear from the title
that the study was not relevant for our review, no further
screening was done. If the title was potentially relevant or
unclear, the abstract was read. After all potentially relevant
studies were selected by title and abstract, they were checked
on availability and whether they matched the eligibility cri-
teria using the full-text article. All full-text articles were
screened independently by two reviewers (BR and MR). In
case of disagreement, a third reviewer (CvM) was consulted.

Data extraction

Characteristics of each included study were extracted using
a standard form and included the number of patients, mean
age, sex, length of follow-up, type and duration of interven-
tion, study population, study design and outcome tools used
(presence and/or severity of DVT, presence and/or symptoms
of PTS or PTS-related outcomes, QoL). Data were adopted
and used as published in the original article.

Different primary and secondary outcomes were used in
the included studies. In Table S2, a list with the most im-
portant primary and secondary outcomes that were used is
shown. In this table we describe the outcomes such as PTS,
chronic venous insufficiency and venous parameters along
with their scoring methods. Moreover, questionnaires on
QoL such as the VEINES-QoL or the SF-36 and on habitual
exercise levels like the Godin Leisure Time Questionnaire
are also shown and clarified.

Methodological quality assessment

Two authors (BR, MR) assessed the methodological quality
of the included studies using a 13-item checklist with cri-
teria based on a quality assessment instrument' and using
the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework. Studies received 1
point for each criterion that was met: 0-4 points was defined
as a poor-quality study, 5-7 defined a fair quality study, 8-10
defined a good study and 11-13 defined a study of excellent
quality. The items were classified into four factors: study aims
and design, descriptions of treatment protocol, descriptions
of methods, therapeutic/side effects and conduct of the study.

Summary measures

Variables are presented as mean or median with standard
deviation (SD) or range if available, and dichotomous out-
comes as percentages. Detailed explanations of results are
presented in tables. p-values, odds ratio's and 95% confidence
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interval (CI) are presented if these statistics could be ex-
tracted from the original articles.

RESULTS
Study identification and selection

The search results are presented in a PRISMA flow diagram
(see Figure 1). PubMed and the EMBASE database search re-
sulted in 3154 publications. Search results were exported to
EndNote and after eliminating duplicates and studies pub-
lished before July 2007, 2506 publications were screened on title
and, if necessary, on abstract, after which 100 studies remained.

These studies were evaluated in more detail and 12 articles were
left for full-text review. Three studies met the eligibility criteria.
Seven out of 10 studies included in the systemic review of
Kahn met our predefined eligibility criteria. Two studies fo-
cussing on pulmonary embolisms and one study investigating
the effect of compression therapy during exercise therapy, were
not included in our review. In total, 10 studies were included in
our systematic review for further analysis and assessment.'* !

Methodology quality assessment

Table 1 shows the results of the quality assessment. Table S3
provides a detailed overview of the conducted quality
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c
S
=
[+]
o
=
=
[=
O
3

Studies removed before screening
(n=753)
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* 5 studies published before 2007
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title and abstract
(n = 2401)

Studies excluded after title and

\ 4
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Studies assessed by
detailed evaluation
(n =100)

Studies excluded after detailed
evaluation, (n = 85)
e 27 with other research question

e 20 clinical overview articles
¢ 15 review studies

\

* 10 inappropriate research
outcome
9 with different aetiologies of CVI

Full text review assessed
for eligibility
(n=12)

3 inappropriate study designs
2 inappropriate methodology
2 study protocol
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2
2
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Studies excluded after extensively
full text review
(n=9)

\

¢ 5 <50% CVI patients with prior
DVT

¢ 3 unsuitable research outcomes

* 1 different intervention

Studies included in
systematic review
(n=3)

Studies excluded after extensively
full text review of all (n = 10)

including studies in review by Kahn
etal. (n=3)

<
<

\

e 2 focussing on pulmonary
embolisms
* 1 study investigating the effect of

Total studies included
in systematic review
for analysis
(n=10)

only compression therapy during
exercise

FIGURE 1 Flowchart study selection.
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TABLE 1

Study Poor quality (0-4)
Jiinger (2006)"?

Blittler (2003)"

Partsch (2004)"

Kahn (2003)"

Results of quality assessment of included studies.

Fairly good quality (5-7)

X (7 points)
X (6 points)
X (7 points)

Shrier (2005)'
Shrier (2009)"7
Isma (2007)"
Kahn (2011)"*
Padberg (2004)%
Hasan (2020)*'

X (7 points)

Good quality (8-10) Excellent quality (11-13)

X (10 points)

X (9 points)
X (10 points)
X (9 points)
X (8 points)
X (11 points)

assessment, using a 13-item checklist."" One study was as-
sessed as a study of excellent quality,*’ five were rated as good
quality studies'>'®" and four studies were assessed as of
fairly good quality.”*>?!

Study designs

15-17

We included three cohort studies and seven randomized

controlled trails (RCTs).!2 141821

Study characteristics

The characteristics of the studies are outlined in detail in
Table 2. All 10 studies assessed the effect of physical exercise
after a DVT with different primary and secondary outcomes.
Exercise was investigated as habitual physical exercise levels,
short interventional exercises or individualized long-term ex-
ercise programmes. To assess how exercise could affect patients
with a (previous) DVT, we present the results of studies that in-
vestigated the effect of (1) early mobilisation in the acute phase
of the DVT; (2) short duration exercise 1year after DVT and
(3) prolonged exercise during follow-up after a previous DVT.

Study results

A summary of the results of the included studies is presented
in Table 3. As the outcomes differed among the 10 included
studies, we summarized the results of all 10 studies indi-
vidually. We ranked the studies in order of size according
to the number of patients included or chronicity in case of
follow-up studies.

Effect of early mobilisation in the acute
phase of the DVT

A multicentre prospective study randomized 103 in-hospital
patients, after a confirmed DVT, in an intervention group
that could mobilize around the ward for at least 5days and

a control group that was prescribed strict bedrest.'” Both
groups were prescribed anticoagulation and compression
stockings. The combined primary outcome consisted of rel-
evant pulmonary embolisms (PE), diagnosis of PE, progres-
sion of thrombus, nosocomial infections, serious adverse
events or death. Although not significant, less of the mobile
patients reached the combined endpoint; 13.5% versus 28%
bedrest patients (p=0.09) and the mobile patients less often
had thrombus progression (7.7% vs. 20%, p=0.09). There
was no significant difference between the groups in change
of VAS pain scores at 12 days of follow-up.

In another RCT, 53 patients were randomized to (1) keep
bedrest for 9days, (2) perform walking exercises with thera-
peutic elastic stockings (TEK) or (3) perform walking exer-
cises with compression bandages.”” The QoL, the VAS pain
score (in the compression bandage group) and reduction of oe-
dema was significantly higher at Day 9 in the groups that did
walking exercises. The relative risk of thrombus progression
was lower in the exercise and compression groups (p <0.01).

The long-term follow-up was reported of these pa-
tients."* The two groups that immediately mobilized were
combined and all patients were allowed to mobilize after
9days and were stimulated to wear compression stock-
ings for the next 2years. Follow-up visits were performed
in 70% of the patients. A significant lower median (inter-
quartile range (IQR)) Villalta score was found in the two
combined walking exercise groups (5 [3-6.5]) compared
to the bedrest group (8 [6.5-11], p<0.01), despite a lower
adherence to compression therapy for more than 1year
(50%) in the walking group compared with the bedrest
group (73%). The incidence of PTS was lower in the ex-
ercise group (54%) compared with the bedrest patients
(82%), although this was not statistically significant. No
differences between the groups were found for pain scores,
leg circumference and thrombus regression.

Effect of short duration exercise after a DVT

The single study included is a cohort study that analysed the
effects of 30 min treadmill exercise in 41 patients witha DVT
lyear earlier,”” of which 19 (46.3%) had PTS and 22 (53.7%)
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did not. To examine whether the presence of PTS limited the
ability to exercise, the primary outcome included VAS scores
and muscle functions. No difference at baseline between pa-
tients was found in habitual activity levels using the Godin
questionnaire. Severity of symptoms did not differ between
the affected and unaffected leg after exercise and this was
not influenced by the presence or severity of PTS. In PTS pa-
tients, there was a significant increase in muscle flexibility in
the affected leg for the gastrocnemius muscle (4.5°, p=0.003)
and the soleus muscle (5.7°, p=0.001) after treadmill exer-
cise. Leg volume in PTS patients increased significantly more
in their affected leg versus their unaffected leg (mean be-
tween leg difference+ 53+ 108 mL), compared with patients
without PTS (mean between-leg difference—15+64mlL,
p=0.018). The increase was most prominent in severe PTS.

Effect of prolonged physical exercise after a DVT

First, a cohort study of 301 patients evaluated whether the
level of self-reported physical activity at 1 month after an
acute DVT led to worsening of PTS severity at 4months
of diagnosis, defined by an increase of the Villalta score.'®
Three groups, (1) inactive (Godin score 0, n=99), (2) mild
to moderate active (0-20, n=97) and (3) highly active (>20,
n=102) were identified at 1 month after DVT. At 4 months
follow-up no positive or negative effect on PTS severity was
shown. Former active patients (Godin >0 pre DVT (n=220))
had self-reported activity levels at 4 months after DVT diag-
nosis that were either similar (42.3%, n=93) or showed an
increase (13.2%, n=29), meaning that 44.5% (n=98) had a
decreased activity level at 4 months. Fifty-five of those 98 pa-
tients stated that the decrease of their activity levels was due
to exercise-induced leg symptoms, while the rest had reasons
unrelated to their DVT.

The same research group investigated if the self-reported
physical activity levels were associated with the risk of PTS
occurrence at any moment within the first 2 years after DVT
using the Villalta score'” for 387 patients, an extended patient
cohort of their prior study. Physical activity at 1 month after
the DVT was not significantly associated with an increased
risk of PTS occurrence in the next 2years. Comparable re-
sults were shown after adjusting for potential confounders
such as PTS severity, age, sex, BMI, pre-DVT physical ac-
tivity level and disease-specific QoL scores. At 2years fol-
low-up, patients who had developed PTS were less physically
active. This decrease in physical activity was greater among
moderate and severe PTS patients than in patients with mild
PTS (p=0.002).

Another RCT randomized 72 patients to investigate the
effect of supervised physical exercise on venous symptoms
and recanalisation of the prior thrombosed vein after a
first episode of acute DVT."® All patients received antico-
agulation therapy and TEK whereas the intervention group
(n=32) in addition performed daily walking exercises and
weekly supervised exercises for 6 months. Of the total of
67 (93%) patients who completed follow-up, the Bjorgell

phlebographic score showed no statistically significant dif-
ference at 6 months between the intervention group 3.0 (SD
4.9) and the control group 1.1 (SD 2.8). Overall, QoL on a
VAS scale of 0-100 improved and calf circumference in cm
was reduced in both groups without any significant differ-
ence between the groups. There were no reports of recurrent
DV, PE or other complications.

In an RCT studying the effect of a 6-month super-
vised exercise training program to improve leg strength,
leg flexibility and overall cardiovascular fitness, 43 pa-
tients diagnosed with PTS at least 6 months after a DVT
were randomized into an intervention group (n=21) and
a control group (n=22)."° A significant between-group
difference in disease-specific QoL, using the VEINES-
QoL questionnaire, was shown in favour of exercise of 4.6
points (95%CI: 0.54-8.7, p=0.03). A difference of 3 points
was considered clinically relevant. The effect of exercise
on severity of PTS was not significantly different between
the exercise group and the control group. However, the
physical component score on the SF-36, leg strength and
quadriceps flexibility were all statistically significant in
favour of the exercise group.

Next, 30 male veterans with chronic venous insufficiency
(CVI), 50% of whom had a history of DVT, were included
in a RCT to compare the effect of a structured exercise pro-
gram, consisting of individualized physical training sessions
versus TEK only.’ The 17 patients in the intervention group
followed weekly training sessions for 3 months, after which
they were encouraged to continue for another 3 months. Of
the 28 (93%) patients who completed follow-up, there was a
significant difference in venous ejection fraction (p=0.03),
residual volume fraction (p=0.03) and measurements of the
isokinetic peak torque per body weight, used to test muscle
strength of different angular velocities at both slow (p=0.05)
and fast speed (p=0.03), all in favour of the exercise group.
No effect was found on CVI severity, functional mobility or
QolL.

To investigate the feasibility of an individualized exer-
cise program for paediatric and adolescent patients after
an acute DV'T, 23 patients (age 7-21 years) were random-
ized into two groups at 3 months after diagnosis.”’ Both
groups were educated on the positive effects of physical
exercise and were stimulated to exercise. The intervention
group was also stimulated to increase activity level by 25%
for 8 weeks to each individual's target level based on their
baseline activity level of the previous 4 weeks tracked by
a Fitbit tracking device. After the 8-week ‘active’ period
patients could choose to maintain their increased exercise
levels or return to their baseline levels. Besides feasibil-
ity, change in PTS score, assessed by the Manco-Johnson
Instrument, was measured. A higher score indicates worse
PTS severity. In total 15 of 23 patients completed the trial,
and only 3 of 11 patients in the intervention group fol-
lowed the 8-week prescribed regimen. During the trial
self-reported physical activity did not differ between the
groups, although the mean change (SD) in PTS scores
at 6 months follow-up in the intervention group was 0.0
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TABLE 2 (Continued)

Patient population, + inclusion criterium,

— exclusion criterium

Main outcomes Follow-up

Comparison

Intervention

Study design Study aim

Study

6months

Calf pump function

No additional exercise with

+ Patients with advanced CVI (CEAP 4-6) Three months of structured

+ CVI evidence with duplex ultrasound

Single centre RCT ~ To study the effect of a

Padberg

Calf muscle strength

VCSS

compression stockings

supervised exercise program

followed by 3 months of

supervised exercise
program on calf

(2004)*°

or APG

— Painful or excessive (>4 cm) ulceration

— Recognized non-compliance

Quality of life

unsupervised exercise and
compression stockings

muscle strength and

haemodynamics

— Absence of an objective evidence of a

venous cause

— Recent acute thrombosis

— ABI<0.9

9months

Feasibility outcomes: eligibility,
consent, compliance and trial

completion

Habitual activity after education

16 week period with 8 weeks

To study the eligibility of and + outpatient subjects between 7 and

Pilot RCT

Hasan (2020)*

on benefits of physical

of individualized physical

21years of age with a new, first lower

extremity DVT

adolescents as well as the — Unable to exercise

compliance to exercise

activity and encouragement

to exercise

aerobic activity and education

therapy in children and

Changes in PTS (Manco-Johnson
Instrument)

on benefits of physical activity
initiated 3 months post DVT

— Contra-indications to increasing activity

PTS incidence and QoL

in this group

Changes in QOL

that could impair existing medical

conditions

Abbreviations: CI, confidence interval; DVT, deep vein thrombosis; EF, ejection fraction; IQR, interquartile range; NS, not significant; OR, odds ratio; PTSs, post-thrombotic syndrome; QoL, quality of life; RVF, residual volume fraction;

SD, standard deviation; SEM, standard error of the mean; VAS, visual analogue scale; VCSS, Venous Clinical Severity Score.

(SD=0.50) versus an increase of 1.3 (SD =0.8) in the con-
trol group (p <0.05).

DISCUSSION

In this review of 10 studies focussing on physical exercise
after a DVT, we found that the relatively ‘simple’ interven-
tion of exercise had positive effects on both short- and
long-term outcomes. Short-term outcomes after early mo-
bilisation in the acute phase of the DVT included a reduc-
tion in PTS severity, an increase in QoL and a reduction
of pain and oedema. Long-term outcomes after exercise
training in the chronic phase after a DVT continued to im-
prove QoL as several secondary outcomes associated with
severity of PTS such as improved venous haemodynam-
ics and enhanced muscle strength and muscle flexibility.
Interestingly, higher levels of physical activity did not re-
sult in an increase of PTS severity. Patients with PTS tend
to have a lower activity level than patients without PTS,
which is more prominent with increasing PTS severity. In
paediatric and adolescent patients adherence to a super-
vised physical exercise program proved to be difficult for
this younger patient group.

Based on their systematic review of 2008 Kahn et al.’
already promoted a positive role for exercise in patients
with an acute or previous DVT without worsening of
PTS symptoms. Our review supports these conclusions.
Moreover, both Kahn et al. in their review and others also
studied the incidence of complications like PE or recur-
rent venous thrombotic events (VTE), which did increase
with increased physical exercise.>” The additional studies
we included in this review did not described these possi-
ble side effects. The positive effect of exercise on QoL was
found both for exercise in the acute phase of a DVT, as
well as in patients that had already developed PTS. The
RCT performed by Kahn in 2011 confirmed the conclu-
sions from their 2008 review and showed that a well super-
vised 6-month exercise training program in PTS patients
improved QoL, leg strength and quadriceps flexibility,
the latter being associated with improvement of venous
return.’

Shrier et al."” demonstrated that nearly half of the pre-
viously active patients had a reduction in physical activity
level after a DVT and patients appeared to be less active with
increasing PTS severity. This might be out of fear for wors-
ening of symptoms or to avoid pain, which both are known
to predict low physical activity in leg ulcer patients.”* 25%
of patients in the cohort study of Shrier with reduction of
their physical activity levels after DVT diagnosis stated that
exercise-induced leg symptoms were responsible for this re-
duction. A session of treadmill exercises in another study
showed no worsening of symptoms in the patient's affected
leg compared to the unaffected leg. Worsening or develop-
ment of PTS after longer follow-up was not shown in any
study in our review. Thus, the specific cause of being less
active after a DVT, or in case of PTS, is unclear and should
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EXCERCISE AFTER DVT

their results. Apart from the studies by Shrier et al., all stud-
ies were performed in <100 patients which is low when con-
sidering the high prevalence of DVT. The studies by Shrier
et al. were performed in >300 patients, although these were
cohort studies and so did not randomize patients to inter-
vention and control groups. The authors only recorded the
levels of habitual activity. In the cohort study of Shrier just
71% of the patients reached the end of the 2-year follow-up."”
Strict inclusion and exclusion criteria (e.g. exclusion of
older patients, inclusion of only veterans or a fairly good
tolerance to exercise) could also have influenced the out-
comes, as this is not a representation of the average patient
suffering from PTS. Moreover, of the included children in
the pilot RCT 83% was overweight, which might have intro-
duced significant bias in a study on physical activity. Lastly,
exercise exposure among the trials was often not verified
accurately.

CONCLUSION

The relatively ‘simple” intervention of exercise has positive
effects in the acute and chronic phase after a DVT, on both
short- and long-term outcomes. A positive recommendation
for treating PTS with a supervised exercise program, has
been incorporated in the American Heart Association docu-
ment on the prevention, diagnosis and treatment of PTS.?
In analogy to peripheral arterial disease, physical exercise
therapy could be a good supplementary therapy for DVT pa-
tients. Because patients may have an anxiety towards physi-
cal activity, especially when this temporarily increases pain
or leg swelling, physicians should explicitly tell their patients
exercise is not harmful. Further research is needed, focus-
sing on the effects of different supervised exercise programs
as part of the treatment for acute DVT as well as for patients
suffering from PTS. With the upcoming popularity of ac-
tivity tracking devices and the availability of apps, motivat-
ing patients to exercise and track lifestyle interventions may
become much more easily accessible as well as more playful
and fun.
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