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ABSTRACT

Background: Exercise training may have the
potential to improve post-thrombotic syn-
drome, a frequent, chronic complication of
deep venous thrombosis. We conducted a ran-
domized controlled two-centre pilot trial to
assess the feasibility of a multicentre-based
evaluation of a six-month exercise training
program to treat post-thrombotic syndrome
and to obtain preliminary data on the effec-
tiveness of such a program.

Methods: Patients were randomized to
receive exercise training (a six-month trainer-
supervised program) or control treatment (an
education session with monthly phone follow-
ups). Levels of eligibility, consent, adherence
and retention were used as indicators of study
feasibility. Primary outcomes were change
from baseline to six months in venous disease-
specific quality of life (as measured using the
Venous Insufficiency Epidemiological and Eco-
nomic Study Quality of Life [VEINES-QOL]
questionnaire) and severity of post-throm-
botic syndrome (as measured by scores on the
Villalta scale) in the exercise training group
versus the control group, assessed by t tests.
Secondary outcomes were change in generic

hronic post-thrombotic syndrome devel-

ops in up to one-half of patients with

deep venous thrombosis and is associ-
ated with varying combinations of leg pain,
heaviness, swelling, edema, hyperpigmentation
and varicose collateral veins. In severe instances,
lipodermatosclerosis and venous ulcers occur.*
Patients with post-thrombotic syndrome have
substantially impaired quality of life.>* Given
that effective treatments are lacking, new
approaches to managing post-thrombotic syn-
drome are needed.

Exercise training is an effective treatment for
arterial claudication®® and may also improve
post-thrombotic syndrome.” Potential mecha-
nisms include improved endurance resulting
from increased aerobic capacity, reduced mus-
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quality of life (as measured using the Short-
Form Health Survey-36 [SF-36] questionnaire),
category of severity of post-thrombotic syn-
drome, leg strength, leg flexibility and time
on treadmill.

Results: Of 95 patients with post-thrombotic
syndrome, 69 were eligible, 43 consented and
were randomized, and 39 completed the study.
Exercise training was associated with improve-
ment in VEINES-QOL scores (exercise training
mean change 6.0, standard deviation [SD] 5.1 v.
control mean change 1.4, SD 7.2; difference
4.6, 95% Cl 0.54 to 8.7; p = 0.027) and improve-
ment in scores on the Villalta scale (exercise
training mean change -3.6, SD 3.7 v. control
mean change -1.6, SD 4.3; difference 2.0, 95%
Cl -4.6 to 0.6; p = 0.14). Most secondary out-
comes also showed greater improvement in
the exercise training group.

Interpretation: Exercise training may improve
post-thrombotic syndrome. It would be feasible
to definitively evaluate exercise training as a
treatment for post-thrombotic syndrome in a
large multicentre trial. (Trial registered at www
.controlled-trials.com, no. ISRCTN56430072.)

cular effort from improved strength, reduced
swelling and discomfort via improved function
of the calf muscle pump and improved muscu-
loskeletal function via increased flexibility of
ankle and knee joints.®*

We performed a pilot trial to obtain data on
the effectiveness of exercise training to treat
post-thrombotic syndrome and to assess the fea-
sibility of performing a multicentre study to
address this question.

Methods

Setting and participants

Potential study participants were identified at
two Canadian study sites via physician referral
and posting of patient-directed recruitment fly-
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ers. Potentially eligible patients were those aged
18-75 years with unilateral, symptomatic deep
venous thrombosis objectively diagnosed at least
six months previously and current ipsilateral
manifestations in the leg consistent with post-
thrombotic syndrome. Patients meeting these cri-
teria were invited to a screening visit, where a
trained research coordinator administered the
Villalta scale for assessing post-thrombaotic syn-
drome.*® Those with a score of five or greater
were classified as having post-thrombotic syn-
drome. Patients were ineligible if they had con-
traindications to exercise training (e.g., lower-
extremity arthritis, angina, severe obstructive
lung disease), had a life expectancy of less than
six months, were pregnant or lactating, had an
open venous leg ulcer, were not English- or
French-speaking, were geographically inaccessi-
ble for follow-up visits, or were unwilling or
unable to provide signed informed consent.

Before randomization, potentially eligible
patients were given a physician-supervised exer-
cise stress test using the modified Bruce ramp
protocol.'* Patients whose exercise test was
stopped for reasons other than fatigue alone
(e.g., severe dyspnea, chest pain, electrocardio-
graphic coronary ischemia or arrhythmia) were
excluded from the trial.*> Written informed con-
sent was obtained from all patients before partic-
ipation in the study, and ethics approval was
obtained from the Jewish General Hospital
Research Ethics Board and the Ottawa Hospital
Research Ethics Board.

Study protocol

Randomization and blinding

Patients were randomized to exercise training or
control via a web-based program (Dacima Soft-
ware Inc.) that ensured concealment of treatment
allocation. Randomization was stratified by study
centre. Each study site had two research assis-
tants, one unblinded and one blinded to treatment
allocation. The unblinded assistant notified
patients of their allocated treatment only after the
baseline assessment was completed, interacted
with the exercise training facility to arrange
appointments for exercise-training patients and
administered the control treatment to control
patients. The blinded assistant performed the
baseline, three-month and six-month assessments
of all patients, who were instructed not to reveal
their allocated treatment.

Intervention and control treatments

The intervention was an exercise training program
consisting of a six-month program with strength-
ening, stretching and aerobic components
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designed to improve leg strength, leg flexibility
and overall cardiovascular fitness. Patients were
asked to attend 15 one-on-one sessions with an
exercise trainer (3 sessions per week in the first
two weeks, 2 per week in the third week, 1 per
week in the fourth week and 1 per month there-
after). The first three sessions lasted 60 minutes,
and subsequent sessions lasted 45 minutes.

During the first session, patients were given an
individualized exercise prescription and a super-
vised training session. Exercise prescriptions fol-
lowed the guidelines of the American College of
Sports Medicine for achieving and maintaining car-
dio-respiratory fitness (60-120 minutes per week
of aerobic exercise performed to within 60%—85%
of maximal heart rate).” Prescriptions were individ-
ualized based on results of the pre-randomization
exercise stress test and the type of aerobic activity
preferred (e.g., walking, jogging). Patients were
instructed to do the strengthening program three to
four times per week, the stretching program seven
times per week and the aerobics program for 60—
120 minutes per week. Each patient was given a
digital heart-rate monitor to verify that he or she
was training at the prescribed intensity level, and
was asked to keep a daily log of frequency, dura-
tion and type of exercise performed.

In the second and subsequent sessions, the
trainer provided support, addressed difficulties
and gradually increased exercise intensity. After
a few sessions, if the trainer judged that the
patient understood the principles of modifying
the program to ensure a training effect continued
to be achieved, some face-to-face sessions were
replaced by phone calls.

The control treatment was a standardized,
one-hour educational slide presentation on post-
thrombotic syndrome followed by phone calls at
one, two, four and five months to inquire about
general well-being and leg-related symptoms. It
aimed to simulate the attention and contact
received by exercise training patients. Control
group patients were asked not to alter their usual
level of physical activity during the study.

Wearing elastic compression stockings during
exercise has neither harmful nor beneficial
effects in patients with post-thrombotic syn-
drome.** We did not require patients to wear
compression stockings during the trial; however,
we documented their use.

Outcomes

Feasibility indicators

Criteria were established a priori as indicators of
the feasibility of our study design (Appendix 1,
available at www.cmaj.ca/cgi/content/full
/cmaj.100248/DC1).
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Effectiveness of intervention

The following outcomes were assessed in all
patients at baseline and at the three- and six-
month visits by the blinded study coordinator,
who received standardized training on perform-
ing these measures:

Quality of life: Venous disease-specific qual-
ity of life (the primary outcome) was measured
using the validated Venous Insufficiency Epi-
demiological and Economic Study Quality of
Life (VEINES-QOL) questionnaire.* A differ-
ence of three points is considered clinically rele-
vant.*>*¢ Generic quality of life was measured
using the Short-Form Health Survey-36 (SF-36)
questionnaire,*” which produces two (physical
component and mental component) summary
scores that reflect physical status and mental
health status. A difference of four points is con-
sidered clinically relevant.”” For both measures,
lower scores indicate poorer quality of life.

Severity of post-thrombotic syndrome: The Vil-
lalta scale, a reliable and valid standard to measure
post-thrombotic syndrome,**** was used to grade
the severity of post-thrombotic syndrome. This
scale rates the intensity, from 0 to 3, of five venous
symptoms and six signs. Points are summed into a
total score. The Villalta scale yields a continuous
score (the co-primary outcome; range 0-33) that
can also be used to categorize the severity of post-
thrombotic syndrome (none = a score of 0—4; mild
= 5-9; moderate = 10-14; severe = > 15 or pres-
ence of ulcer).*

Leg strength: Strength of the gastrocnemius—
soleus calf muscle complex was measured with a
Haberometer device (Michael Haber—Scientific
Animation, Illustration and Webdesign, Mon-
tréal, Quebec), using a simple and reliable heel-
lift test.”* When the patient can no longer achieve
the required heel-lift height or rate of lifting, the
test is stopped and the total number of heel lifts
performed is recorded.

Leg flexibility: Flexibility was assessed in the
quadriceps, hamstring, gastrocnemius and soleus
muscles with a handheld calibrated portable incli-
nometer (Saunders Group, Inc., Chaska, USA)
using standard positions and manoeuvers.?
According to the manufacturer, the instrument is
accurate to £ 5°, or 10%. For each muscle group, a
mean value (degrees) was recorded based on the
average of three readings. For all measures, a
larger angle indicates greater flexibility.

Time on treadmill: Exercise stress tests were
performed before randomization and after com-
pletion of the six-month study intervention. A
modified Bruce ramp protocol, designed for
patients with low fitness levels, was used.'**
Time on treadmill (in minutes) was used as an
estimate of exercise capacity.

Assessed for eligibility
n=295

Y

— Excluded n =49

Ineligible n = 23*

e Acute DVT within previous 6 mo
n=1

e Contraindications to exercise

training n=5

Pregnant or lactating n=3

Open venous leg ulcer n=1

Geographic inaccessibility n= 10

Nonconversant in English or

French n =1

e Other n=4

Refused participation n =26

e Unwilling to exercise n=3

e Unable to attend exercise
sessions n=5

e Concern exercise would worsen
condition n=1

e Notinterested n=5

e Unknown n=1

e Other n=11

Compl

prerandomization EST
n =46

eted

Excluded n =3
¢ Did not pass EST

Control

4

Exercise training
n=21

A

Completed baseline
visit n =22

Completed baseline
visit n =21

Y

| — Excluded n=3

e Withdrew because of
time commitment n =2
¢ Withdrew for unknown
reason n=1

A

Completed three-month
follow-up n=19

Completed three-month
follow-up n=16

Y

— Excluded n=1
e Lost to follow-up

Y

Completed six-month
follow-up n =22
(completed EST at six-
month follow-up n =20)

Completed six-month
follow-up n=17
(completed EST at six-
month follow-up n =15)

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) diagram of
patient flow through the trial. DVT = deep venous thrombosis, EST = exercise

stress test. *More than one reason could be marked off on the screening log.
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Statistical analysis

Using a modified intent-to-treat analysis that
included all participants with data at baseline
and six months, we compared within-patient
change from baseline to six months (mean,
standard deviation [SD]) in the exercise train-
ing versus control groups in the following mea-
sures, using t tests: VEINES-QOL score, Vil-
lalta score, SF-36 physical and mental
component scores, number of heel lifts, stretch
angles for quadriceps, hamstring, gastrocne-
mius and soleus muscles, and time on treadmill.
Subsequently, we used analysis of covariance
to perform age- and sex-adjusted comparisons
of the above measures, and we conducted linear
regression analysis of the effect of treatment
group (exercise training v. control) on change
in VEINES-QOL score and in Villalta score,

adjusted for baseline scores. Finally, we used %2
tests to compare change in category of severity
of post-thrombotic syndrome over time in exer-
cise training versus control groups.

In planned exploratory analyses, we per-
formed repeated-measures analysis of variance
(ANOVA) that included data from the three-
month visit in addition to baseline and six-month
data, and assessed the relation between change in
VEINES-QOL score or Villalta score and
change in leg strength, leg flexibility and time on
treadmill.

Sample size

We aimed to generate effect sizes to aid with
sample-size calculation for a larger, more defini-
tive trial for which the likely primary outcome
would be VEINES-QOL score. Based on practi-

Table 1: Baseline characteristics of study patients
Exercise training, Control, Exercise training, Control,
no. (%)* no. (%)* no. (%)* no. (%)*
Characteristic n=21 n=22 Characteristic n=21 n=22
Age, yr, mean (SD) 44,90 (11.34) 48.14 (10.65) PTS severity category, no. (%)t
Age group, no. (%) Severe 4 (19.0) 1 (4.5)
<40 yr 7 (33.3) 5(22.7) Most recent DVT was first DVT, 16 (76.2) 16 (72.7)
40-65 yr 13 (61.9) 17 (77.3) no. (%)
> 65 yr 1 (4.8) 0 Time since most recent DVT, mo
Sex, male, no. (%) 11 (52.4) 8 (36.4) Mean (SD) 39.9 (54.1) 38.1(38.8)
BMI, kg/m’, mean (SD) 31.3(7.6) 30.6 (6.1) Range 5.0-194.0 5.0-145.0
Level of education, no. (%) Side of DVT, no. (%)
No school or grade school 1 (4.8) 1 (4.5) Left 15 (71.4) 13 (59.1)
High school 2 (9.5) 2 (9.1) Right 6 (28.6) 9 (40.9)
College or university graduate 18 (85.7) 19 (86.4) DVT, highest segment affected,
Employment status, no. (%) 10O _(%)t )
Full-time 14 (66.7) 17 (77.3) e 15.0) =157
Part-time 2 (9.5) 2 (9.1) Common femoral vein 6 (30.0) 6 (33.3)
Not employed 5 (23.8) 3 (13.6) Superficial femoral vein 3(15.0) 4(22.2)
Comorbid conditions, no. (%) Popliteal vein 5(25.0) 1 (5.6)
Hypertension 3(14.3) 5 (22.7) Galiveints) 2\(15.0) b
Diabetes 3(14.3) 3 (13.6) VTE risk factors in most recent
.. . DVT, no. (%)
Hyperlipidemia 4 (19.0) 2 (9.1) Acti
Asthma 1 (4.8) 2 (@.1) ctive cancer§ or 0 0
: chemotherapy
History of Ml 0 (0.0) 1 (4.5) Pregnancy 1 5 @
Previous stroke 0 (0.0) 0 (0.0) L (4.8) 0.1
Immobilization, trauma or 6 (28.6) 9 (40.9)
Current smoker 4 (19.0) 1 (4.5) surgeryd]
Severity of PTS and Hormone therapy (amon
character.istics of prior DVT women)q| Py s 2200} Hlela
PTS §eventy IVC filter 0 1 (4.5
V|I.Ialta total score, mean (SD) 10.05 (4.44) 9.36 (4.47) Factor V Leiden mutation, if 5 (35.7) 4 (25.0)
Min-max 5.0-19.0 5.0 - 26.0 known
PTS severity category, no. (%)t Prothrombin gene mutation, if 1 (7.1) 0
Mild 9 (42.9) 13 (59.1) known
Moderate 8(38.1) 8 (36.4) Family history of DVT 7 (33.3) 9 (40.9)
Note: BMI = body mass index, DVT = deep venous thrombosis, IVC = inferior vena cava, MI = myocardial infarction, PTS = post-thrombotic syndrome, SD = standard
deviation, VTE = venous thromboembolism.
*Unless otherwise indicated.
tVillalta scale categories of severity of post-thrombotic syndrome: mild = 5-9 points, moderate = 10-14 points, severe = > 15 points.
$Data on anatomical extent of previous DVT was missing for four patients in the control group and one patient in the exercise training group.
§Represents patients who had cancer diagnosed within the last six months, had metastatic cancer, were receiving ongoing treatment or were in palliative care.
\Within three months before DVT.
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physical component score on the SF-36 (5.4
points, 95% CI 0.5 to 10.4, p = 0.03), leg strength
(7.7 heel lifts, 95% CI 0.7 to 14.7, p = 0.03) and
quadriceps flexibility (9.9 degrees, 95% CI -1.0
to 20.7, p = 0.04). Adjustment for age and sex
gave similar results (Table 2). Hamstring and gas-
trocnemius flexibility also tended to improve
more in the exercise training group, though not
significantly. There was no difference between
groups in change in time on treadmill.

Results were qualitatively similar when
repeated-measures ANOVA incorporating data
from the three-month visit was performed (data
not shown) and when linear regression was per-
formed (VEINES-QOL 4.23 points, 95% CI -
0.06 to 8.64, p = 0.034; Villalta scale —1.82
points, 95% Cl —4.56 to 0.94, p = 0.18). Finally,
exercise training patients were more likely to
show improvement in category of severity of
post-thrombotic syndrome, with greater
improvement seen at three months (exercise
training 65% improved v. control 26%, p =
0.021) than at six months (exercise training 61%
improved v. control 45%, p = 0.32).

With regard to potential mechanisms of the
training effect, plots of change in VEINES-QOL
score or Villalta score from baseline to six-
month visit against change in number of heel
lifts, flexibility of the various muscle groups or
time on treadmill did not show any significant
correlations (R? ranged from 0.003 to 0.086).

Use of elastic compression stockings was
reported by 57.1% of patients in the exercise
training group at baseline, by 42.9% at three
months and by 52.4% at six months. Stocking
use was reported by 72.7% of control group
patients at baseline, 50% at three months and
68.2% at six months.

Interpretation

Results of our trial suggest that a six-month
exercise training program designed to increase
leg strength, leg flexibility and overall fitness
may be an effective treatment for post-throm-
botic syndrome, with improvement in many
measures, particularly venous disease-specific
quality of life and severity of post-thrombotic
symptoms and signs.

Although the rate of patient dropout was low, all
dropouts occurred in the exercise training group.
An exercise program that requires less time with an
exercise trainer and can be done independently at
home or work may lead to better adherence. The
design of our training program was drawn from
studies of patients with arterial claudication, where
maximal improvement occurred with sessions at
least three times weekly for more than 30 minutes

CMAJ, January 11, 2011, 183(1)

and continued for six months or longer.®” In future
studies involving patients with post-thrombotic
syndrome, it would be worth investigating potential
benefits of programs of shorter duration (e.g., three
months) and evaluation of carryover or, conversely,
washout effects once training is completed.

In exploring potential mechanisms for the
effectiveness of exercise, we did not find associa-
tions between improvement in leg strength, leg
flexibility or time on treadmill and improvement
in VEINES-QOL score or severity of post-throm-
botic syndrome. Mechanisms of improvement in
the exercise group may not be attributable to
increased exercise capacity, or the exercise group
may have had improved individual anaerobic
threshold that was not captured as a change in
treadmill time. Perhaps the combined effect of
increased leg strength and leg flexibility explains,
at least in part, the improvement noted in the
exercise training group. It is also possible that a
physiologic effect was mediated through psy-
chobiological (i.e., placebo) mechanisms.?

Our patients had post-thrombotic syndrome
of varying severity and were likely representa-
tive of outpatients with this condition. We
excluded patients older than 75 years because we
were uncertain how well the exercise-based
intervention would be tolerated. The average age
of our participants was similar to that in other tri-
als of interventions to treat post-thrombotic syn-
drome,®?* but it was about eight years younger
than that of recent cohorts of unselected patients
with deep venous thrombosis,*# which suggests
that younger patients with post-thrombotic syn-
drome may be more motivated than older
patients to participate in treatment studies.

Two previous small trials assessed structured
exercise programs in patients with venous disease.
In the first, 72 patients with acute venous throm-
bosis were randomly assigned to daily walking
plus physiotherapist-supervised exercise sessions,
or to no exercise. At six months, vein recanaliza-
tion, leg circumference and quality of life
improved similarly in both groups.?” Exercise was
of lower frequency and duration than in our study,
and adherence was not reported. In the second
trial, 30 men with severe chronic venous insuffi-
ciency of diverse causes were randomly assigned
to six months of exercise training (three months
with supervision, then three months without
supervision) or to no exercise. Exercise training
improved calf muscle strength and pump function,
but not valvular reflux, venous severity scores or
quality of life.® Adherence to exercise in the sec-
ond trial was similar to that in our study, but
patients were older, only half had post-thrombotic
syndrome and women were excluded; hence, it is
difficult to compare its results with ours.
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Limitations

The findings of our small trial should be inter-
preted with caution and require confirmation in
a larger study.®* Given that most of our patients
were young, well-educated and active (Appen-
dix 1), the results we obtained may not be gen-
eralizable to patients with post-thrombotic syn-
drome at other centres.

Conclusion

In this two-centre, randomized controlled trial of a
six-month exercise training program involving
patients with post-thrombotic syndrome, our trial
design was shown to be feasible and our exercise
training intervention achieved an effect that was
clinically and statistically (for some outcomes) sig-
nificant. These results provide the rationale to
move forward with a larger, definitive trial of exer-
cise training to treat post-thrombotic syndrome.
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