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Abstract

Objectives: Exercise improves haemodynamic parameters in patients with chronic venous disease. There is a paucity of
evidence on its effect in post-thrombotic syndrome (PTS). The aim of this systematic review is to assess the impact of
exercise in PTS.

Methods: Adhering to PRISMA guidelines and following PROSPERO registration (CRD42021220924), MEDLINE, Co-
chrane Library, EMBASE database, and trial registries were searched on |9th May 2022.

Results: One article met the inclusion criteria and a narrative synthesis was carried out. The included randomised
controlled trial reported a between-group mean difference of 4.6 points (p = .027) in the VEINES-QOL score and —2.0
points (p = .14) in the Villalta score, in favour of exercise therapy. The statistical significance threshold was not reached.
Conclusion: Data on exercise in PTS remains sparse but exercise appears to be a safe intervention. In the context of this

literature, a potential future trial and outcome reporting measures are suggested.
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Introduction

Post-thrombotic syndrome (PTS) is a chronic consequence
of deep vein thrombosis (DVT), characterised by symptoms
of chronic venous insufficiency including leg pain, swell-
ing, heaviness and, if severe, venous ulceration.! The annual
incidence of DVT in the UK is 1-2 per 1000 people and an
estimated 52.6% of patients develop PTS within a few
months to a few years after DVT. It is estimated that 5-10%
of patients develops severe PTS with venous ulceration.”

PTS is a burdensome condition resulting in significantly
worse quality of life and disability compared to chronic lung
disease, angina and osteoarthritis.” It is also associated with
a considerable healthcare burden with an annual direct cost
of at least $200 million in the USA, mostly attributed to the
intensive wound care and other medical care required.*

The condition results from damage to venous valves
causing valvular reflux. Additionally, incomplete thrombus
clearance and venous scarring result in impaired venous
return. This subsequently results in venous hypertension
with the clinical signs and symptoms of PTS such as
redness, swelling, heaviness and pain.>*

Currently, there are limited evidence-based treatment
options for PTS; management is centred on compression

therapy.? Therefore, it is crucial to identify new adjunctive
treatment modalities that may reduce patient morbidity and
improve quality of life.

Exercise therapy has been shown to be effective in
treating arterial claudication and has the potential to im-
prove outcomes in PTS.” Potential mechanisms through
which exercise may alleviate the symptoms and severity of
PTS include improved endurance due to better aerobic
capacity, reduced swelling and discomfort from improved
calf muscle pump function, and reduced muscular effort due
to increased muscular strength.’
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However, there is a paucity of evidence on the use of
exercise in the management of PTS and, thus far, no rec-
ommendations have been proposed by the UK National
Institute for Health and Care Excellence.

The primary aim of this systematic review is to assess the
benefit of exercise in PTS, focusing on improvement of
quality of life and severity of signs and symptoms. Sec-
ondary aims are to assess improvement in leg strength,
flexibility, endurance, compliance with therapy and adverse
events.

Methods

This systematic review was performed with adherence to
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.® A pre-defined study protocol
was registered on PROSPERO (CRD42021220924).

Search strategy

The literature search was carried out on 19th May 2022. The
search strategy consisted of 37 terms for exercise inter-
ventions and PTS (Supplementary Table 1). Databases
reviewed included MEDLINE, EMBASE and The Co-
chrane Library. Trial registries including ClinicalTrial.gov,
European Union Clinical Trials and International Standard
Randomised Controlled Trial Number Registry were
searched for grey literature. The searches were performed
on an ‘All Fields’ basis. There were no restrictions re-
garding date of publication, language or study design. After
the primary search, the references of included articles and
relevant systematic reviews were reviewed for any other
eligible articles.

Eligibility criteria

Studies eligible for inclusion had the following
characteristics:
1. The use of exercise in the management of PTS.

2. Articles included details of exercise therapy (e.g.
supervised, non-supervised, physiotherapy, etc.)

3. Outcome of severity of PTS as measured by Villalta
scale.

4. A follow-up period to assess the outcomes of ex-
ercise intervention.

5. Randomised and non-randomised studies reporting
on cohorts of >10 participants.

Excluded articles had the following characteristics:

1. Chronic venous disease not caused by pre-
vious venous thrombosis.

2. Non-human studies, case reports, full-text not
available in English, conference abstracts,
non-original research, including narrative re-
view articles, duplicate publications.

Article screening

The articles identified during the searches were screened
against the inclusion criteria by two reviewers (SJ, BT)
independently using EndNote X9 and Covidence. Initial
screening was based on title and abstract. Following this,
full-text review was performed for all eligible articles by
two authors (SJ, BT). Any discrepancies were mediated by
an independent third reviewer (MM).

Data extraction

Two reviewers (SJ, BT) extracted the data using a pre-
defined template in Microsoft Excel 2013. Data retrieved
included first author, title, year of publication, location,
number of participants, intervention arm, control arm
standard, exercise programme used and its duration, length
of follow-up, definition of PTS used, change in PTS se-
verity, change in leg muscle strength and flexibility and
adverse events (if reported). The third reviewer (MM)
mediated any discrepancies in the data extraction.

Quality assessment

Grading of Recommendations Assessment, Development
and Evaluation (GRADE) assessment was undertaken on
the online GradePro platform to assess the quality of the
extracted data.

Data synthesis

The RevMan 5 platform was planned to be used for data
pooling, however, the data extracted were insufficient for
quantitative synthesis. Thus, a narrative synthesis was
performed.

Results

Searches of online databases and trial registries returned 561
articles, after full-text exclusions were completed, a narrative
synthesis was performed on a single eligible article. Details of
the screening process are presented in Figure 1.

Study characteristics

The only study that met the inclusion criteria was a pro-
spective, randomised controlled trial published in 2011
comparing an exercise therapy group to a control group
receiving a single educational session.” The study was a
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Figure |. PRISMA flow diagram demonstrating article screening and subsequent inclusion.

two-centre Canadian pilot trial assessing the feasibility and
effectiveness of a multicentre-based 6 months’ exercise
therapy programme to treat PTS. Forty-three patients met
the inclusion criteria but four dropped out of the exercise
group, resulting in 39 patients completing the 6-month
follow-up. Two patients dropped out because of time
constraints and two for unknown reasons. All patients in-
cluded in the study had PTS defined as Villalta score of 5 or
more and an ultrasound diagnosed DVT at least 6 months
previously. Patients who had contraindications to exercise
therapy (including lower extremity arthritis, angina, or
severe lung disease), pregnant patients and patients with
open venous leg ulcers were excluded from the study.
Additionally, all patients who failed exercise stress test for
reasons other than fatigue were excluded.

At baseline, the exercise group had a higher proportion of
males (52.4% vs 36.4%) and participants who reported high
levels of regular physical activity (45% vs 22.7%). The mean
age was also lower in the exercise group (44.9 years old vs
48.14 years old). Even though the mean Villalta score was
similar in both groups (10.05 in exercise group vs 9.36 in

control group), subjects in the exercise group were more
likely to have severe PTS (19% vs 4.5%), despite random-
isation. The mean time since the most recent DVT was
54.1 months in the exercise group and 38.8 months in the
control group. However, the statistical significance of the
differences in the baseline characteristics was not reported.

As the benefit of compression hosiery in PTS is unclear,
the authors documented stocking use but did not request that
patients wear compression during the trial.” At baseline,
57.1% of patients allocated to the exercise group and 72.7%
in the control group reported wearing compression stock-
ings. At 6 months, the reported use of compression
stockings was 52.4% and 68.2% of subjects in the exercise
and control groups, respectively. The grade and type of
compression stockings were not documented. Further study
characteristics are summarised in Table 1.

Quality of evidence

The GRADE assessment was performed for the improvement in
quality for life (VEINES-QoL score) and Villalta score change.
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Table I. Study characteristics for included article.

Number of Exercise Outcome Follow-
Study participants  Design Study traits intervention Compliance assessment up
Kahnetal. 39; 17 Assessor- Age 44.9 years vs 6-months exercise  61.9% in Villalta score, 6 months
2011, exercise blinded 48.14 years, severe programme exercise VEINES-
Canada vs 22 prospective  Villalta score 19% vs  including attended QOL, heel
control RCT 4.5%, time from the supervised and >60% of lifts, leg
last DVT 54.1 vs non-supervised training muscles
38.8 months in aerobic, sessions flexibility,
exercise vs control, stretching and time on
respectively strength treadmill
components

In light of the inconsistency, imprecision, and indirectness of the
results, the outcomes were graded as very low certainty.

Risk of bias assessment

The article was evaluated using the Cochrane Risk of Bias
tool. The risk of selection bias from random sequence
generation was low as a computerised sequence were used.

Group allocation was performed by a non-blinded as-
sessor after the baseline assessment was completed, re-
sulting in a low risk of bias from allocation concealment.
The study was at high risk of performance bias as neither the
participants nor researchers who administered the treatment
were blinded and there were systematic differences in the
care received by each group. Outcome assessors were
blinded and thus, detection bias was low. Modified
intention-to-treat analysis that included all participants with
data at baseline and 6 months was performed. Attrition was
unbalanced between the two groups with no participants lost
to follow-up in the control group and four lost to follow-up
in the exercise group and hence, the risk of attrition bias was
high. The study adhered to the pre-registered protocol and
the risk of bias from selective reporting was low. Full details
are presented in Supplementary Table 2.

Exercise intervention

The article compared a structured 6-month exercise therapy to
a single educational session. The exercise programme included
physiotherapist supervised and unsupervised strengthening,
stretching and aerobic components. Patients were asked to
attend a total of 15 one-to-one sessions with a trainer, with
duration and frequency decreasing incrementally on a weekly
basis. The non-supervised component involved the strength-
ening programme 3—4 times per week, stretching 7 times a
week and aerobic programme for 60—120 min per week. The
control intervention was a one-hour educational slide pre-
sentation on PTS followed by phone calls at one, two, four and
five months to assess general well-being and leg symptoms.

Quality of life

Change in Venous disease-specific quality of life score at
6 months was assessed by the validated VEINES-QOL
questionnaire, with a difference of three points considered
clinically relevant.'® The mean difference in score from
baseline to 6 months was 6.0 (SD 5.1) for the exercise group
and 1.4 (SD 7.2) for the control group, with a between-
group difference of 4.6 points (95% CI 0.54-8.7, p = .027)
in favour of exercise therapy.

Severity of PTS signs and symptoms

The mean difference in Villalta score from baseline to
6 months was —3.6 (SD 3.7) in the exercise group and —1.6
(SD 4.3) in the control patients. The between-group differ-
ence was —2.0 points (95% CI—4.6 to 0.6, p = .14), showing
a greater improvement in symptoms in the exercise group.

Leg strength

The heel-lift test was used to measure the strength of calf
muscles. The Habedometer device was used. The mean dif-
ference in maximum number of heel lifts performed from
baseline to 6 months was 5.2 lifts in the exercise group and —2.5
lifts in the control group, with a between-group difference of 7.7
lifts (95% CI 0.7-14.7, p = .03) in favour of exercise therapy.

Leg flexibility

Muscle flexibility was measured with a handheld incli-
nometer. The mean quadriceps flexibility improved by 10.2°
in the exercise group and 0.3° in the control group, with a
between-group difference of 9.9° (95% CI —-1.0-20.7, p =
.04) favouring exercise therapy. The improvement in the
flexibility of hamstring, soleus and gastrocnemius muscles
was higher in the exercise group, though the increase in
flexibility was much smaller compared to quadriceps
flexibility.
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Endurance

Time on treadmill was used as a proxy for exercise capacity.
The mean change in treadmill time at 6 months was
—0.5 min in exercise group and 0.03 min for control group,
with a between-group difference of —0.53 (95% CI —1.76—
0.69, p = .33) marginally in favour of the control group.

Compliance

Sixty-two percent of patients reached the pre-specified
minimal adherence level set as attendance at >60% of su-
pervised sessions. Compliance with the non-supervised
exercise therapy was assessed using a self-reported exer-
cise log. Over 60 percent of participants completed their
exercise log during the first five months, and 40% com-
pleted it during the last month of the study. Of those who
completed their exercise log, the mean number of sessions
was 3.1 per week of strengthening training, 5.1 per week of
stretching exercise, and 3.8 per week of aerobic exercise
with a mean duration of 150.5 min per week.

Adverse events

No adverse events were reported for participants in either group.

Discussion

Patients affected by PTS suffer from lifelong debilitating
symptoms that considerably reduce their quality of life and
can result in serious complications such as venous ulceration
in 29% of patients, according to population cohort studies.’
Clinical practice guidelines on the management of PTS re-
main largely inconsistent and fail to cover a wide range of
therapeutic options.'' Treatment options are sparse and have
only been evaluated in low-quality trials. Despite the severe
impact of PTS on patients and the lack of evidence-based
treatments, there was only one RCT assessing the use of
exercise in the management of PTS identified by this review.
Even though this systematic review yielded a single paper, it
is still a valid review which summarises the most up to date
evidence on the effect of exercise in management of PTS
which will serve as a foundation for future studies.

Exercise therapy has been shown to be an effective
treatment for arterial claudication and may also improve
symptoms of PTS. Potential mechanisms include reduced
swelling, improved calf muscle strength and increased ankle
and knee flexibility.'” Additionally, supervised exercise
therapy in patients with PTS in the acute setting showed that
exercise did not exacerbate symptoms and it may have a role
in reducing calf stiffness."?

The trial included in this review provides useful data on
the feasibility and clinical outcomes of a 6-month exercise
programme in a PTS patient cohort. The improvement in

symptoms severity and quality of life observed in the exercise
group was attributed to increased leg strength and flexibility
combined with possible psychobiological mechanisms.

Additionally, compliance with the supervised exercise
component was expressed as a percentage of participants
who exceeded the pre-specified compliance threshold rather
than an absolute value, which makes the estimation of the
true treatment effect of exercise as treatment for PTS very
challenging. Thus, in future trials the use of absolute values
when reporting compliance should be used. The compliance
with exercise programmes decreased during the 6th month
of the study included in this review and thus, researchers
postulated that future studies could investigate the effec-
tiveness of shorter programmes, for example, 3 months.

Future clinical trials should be designed as assessor-blind,
randomised trials of at least 3 months duration and a follow-
up evaluation at 6 months. A pilot study should be carried out
to allow for sample size calculation and adequate powering of
the study. The participants should be randomly allocated (1:1)
into treatment and control groups. The intervention should
consist of physiotherapist supervised and unsupervised
components carried out for at least 30 min at least 3 times a
week, as reported by previous trials investigating the role of
exercise in peripheral arterial disease.'* Possible exercise
types which should be incorporated into the exercise regime
include aerobic training, strengthening and stretching.

The Villalta scale has been reported to be a reliable, valid,
and acceptable measure for PTS but a point of criticism has
been that it was not developed via formal psychometric
analysis and it tends to overcapture mild disease which is
not clinically significant.'” In future trials, the Villalta scale
should be used as a primary outcome measure, in con-
junction with a patient-reported venous disease-specific
quality of life score.'® The secondary outcomes should
include changes in exercise capacity, ankle flexibility, lower
limb muscle strength and adverse outcomes.

Compliance with the unsupervised component of the exer-
cise therapy should be monitored with validated exercise diaries
and reported as an absolute number rather than a proportion of
individuals who met the pre-specified compliance threshold.

Limitations

Only one RCT was included in this review, which highlights
that there is a lack of evidence supporting the use of exercise
in the management of PTS. Therefore, conclusions that can
be drawn on the effectiveness of exercise therapies in
treatment of PTS are very limited. Additionally, the in-
cluded study reported outcomes for a small cohort and the
majority of outcomes failed to reach statistical significance.

Furthermore, the cohort of patients investigated in the
included study was younger than the average population
affected by PTS, which makes the generalisability of data to
a wider population difficult.
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Conclusion

This systematic review has highlighted the paucity of ev-
idence on the use of exercise in the management of PTS.
Therefore, the effectiveness of exercise therapies in PTS
remains unclear.

This review provides an update of the available evidence
and offers a basis for future RCTs. Adequately powered
single-blinded RCTs are required to provide Level 1 evi-
dence to support the use of exercise in PTS patients. Su-
pervised exercise programmes may have the potential to
offer the support and motivation patients need when ex-
ercising and home-based unsupervised programmes may
allow patients to exercise at a time convenient for them.
Future studies should explore both types of exercise and
investigate which options are favoured by patients and
result in the highest compliance rates.
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