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Vascular boot warming improves clinical outcomes of
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Abstract: Objective: Vascular boot warming can increase venous return from the lower extremities, which may im-
prove clinical outcomes of patients with deep vein thrombosis (DVT). In this study, we included vascular boot (Boot)
warming in the standard of care (SOC) of patients with DVT and explored its safety and efficacy. Methods: Subjects
diagnosed with acute DVT of the lower extremities were included in this study. The subjects (n=104) were then
randomized into the SOC group (n=51) and the SOC + Boot group (n=53) and followed up for 3 months. All subjects
received anticoagulants as standard of care. The patients in the SOC + Boot group wore vascular boots for a mini-
mum of 3 times in a day, for 45 minutes each time for the first 14 days. Pain, swelling, major bleeding, pulmonary
embolism (PE), extended proximal DVT, and mortality were evaluated at day 1, day 14 and at 3 months. Results:
Compared with the patients in the SOC group, the patients in the SOC + Boot group had a lower rate of pain (3.8+1.5
vs 5.4+0.9 by 14 days, 2.3+0.9 vs 3.1+1.2 by 3 months, all P<0.05), faster swelling reduction (circumference dif-
ference compared to day 1 at the ankle level was -0.29+0.44 cm vs 1.21+0.63 cm by 14 days, -0.45+0.43 cm vs
0.15+0.19 cm by 3 months, all P<0.05), lower incidence of PE (1.9% vs 3.9%, RR 2.0% by 14 days, 2.8% vs 5.9%,
RR 3.1%, by 3 months, both P<0.05), lower incidence of proximal DVT (1.9% vs 5.9%, RR 4%, by 14 days, 3.8% vs
7.8%, RR 4% by 3 months, both P<0.05), and lower mortality (1.9% vs 3.9% by 14 days and 3 months, P<0.05). No
major bleeding was observed in either group. These results suggest that implementing vascular boot warming in
SOC can improve clinical outcomes in patients with lower extremity DVT. Conclusion: Vascular boot warming, as an
add-on to SOC, is safe and effective for patients with lower extremity DVT and can help to prevent post-thrombotic
events.
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Introduction to warm the cold extremities after surgery.
Later on, it was used to boost distal skin perfu-
sion and off-load lower extremity pressure to
reduce ulcers. Vascular boot warming helps to
vasodilate the distal arterial bed, improves per-
fusion, raises tissue pressure, and increases
venous blood return from the lower extremities,

thus improving clinical outcomes of DVT [3]. So

Deep vein thrombosis (DVT) is a common cause
of death for inpatients. Regardless of the effort
for prevention, the incidence of DVT remains
high, and the clinical outcomes of treating lower
extremity DVT are not excellent [1]. Compared
with bed rest, intermittent pneumatic compres-

sion (IPC) plus walking can achieve better out-
comes, especially for pain relief and swelling
reduction, in patients with DVT. However, it
doesn’t seem to reduce the risks of pulmo-
nary embolism, extended DVT, or mortality [2].
Therefore, more effective mechanical methods
are needed to improve the clinical outcome of
DVT in the lower extremities.

Vascular boot, also known as a Rooke boot,
was firstintroduced in 1987 [3]. It was designed

far, no data on vascular boot warming for DVT is
available. In this study, we included vascular
boot warming (Boot) in the standard of care
(SOC) to explore its safety and efficacy.

Materials and methods
Study design

This study was approved by the institutional
review board and the Ethics Committee of
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Figure 1. Study design and flowchart. DVT: deep vein thrombosis; SOC: stan-

dard of care; VAS: Visual Analogue Scale.

Clinical Medical College & Affiliated Hospital
of Chengdu University. Informed consent was
obtained from all subjects. From January 6%,
2016 to June 26", 2020, all subjects who were
diagnosed with acute lower extremities DVT
were identified with phlebography or ultrasound
scan.

Inclusion criteria: 1) Patients over 21 years old;
2) Patients who were expected to tolerate the
vascular boot; 3) Patients diagnosed with acute
DVT and anticoagulant therapy was initiated
within 24 hours.

Exclusion criteria: 1) Patients weighed over
150 kg; 2) Patients who had history of DVT or
pulmonary embolism (PE); 3) Patients who we-
re on anticoagulants for other reasons; 4) Pa-
ients who had thrombectomy; 5) Patients who
had severe concomitant diseases such as liver
diseases, cardiovascular diseases, or cancer.

Eligible subjects were enrolled and scheduled
for baseline tests. The baseline tests included
medical history, lower extremities ultrasound,
and blood test. Figure 1 shows the overall stu-
dy design and flowchart.

Based on a computerized randomization sch-
edule with a ratio of 1:1, the eligible subjects
(n=104) were randomized into the standard of
care (SOC) group (n=51) and the SOC + Boot
group (n=53) and were followed up for 3 mon-
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dical, USA) for a minimum of 3
times a day, 45 minutes each
time, for the first 14 days or
until drop-out or thrombi re-
solved. These boots were one-size-fits-all. They
had insulated fleece padding and cell foam to
enhance and maintain the warmth of lower
extremities and had no pressure points on the
limbs [3]. Skin temperature was measured with
FDA approved digital infrared skin temperature
scanner (ICl, Inc., USA) at the insteps of both
feet in the morning before and immediately
after walking with boots on day 1 and day 14.

Primary and secondary outcome measures

Primary outcome measures included pain, in-
cidences of pulmonary emboli and extended
DVT, and mortality. Secondary outcome mea-
sures included occurrences of bleeding and
swelling. Pain was evaluated at the same time
of the day on day 1 and day 14 and in the 3rd
month using Visual Analogue Scale (VAS). The
scale range was on a scale of O to 10, with O
representing the least pain and 10 represent-
ing the worst pain. Swelling was observed by
measuring leg circumference at the ankle and
calf level using a soft tape in the early mornings
on day 1 and day 14 and in the 3rd month.
Incidence of major bleeding and mortality were
collected. Pulmonary emboli and extension of
DVT were evaluated with ventilation-perfusion
(V/Q) scans and sonography in a blinded man-
ner on day 1 and day 14, in the 3rd month, and
whenever patients were suspected to have PE.
The distance from the saphenofemoral junction
to the thrombus tip was measured to determine
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Table 1. Characteristics of the patients at baseline

SOC + Boot

was 13.5 days (SD 0.9 days)
and the median was 13 days

SOC (n=51) (n=53) P (range 8-14 days). About 92%
Age (years) 51.7¢+7.5 52.146.9 0.48 ;’_f the p;t'e”'_‘fh‘:’ha'k:d f’ or j
) imes a day wi e boots, an

Weight (k 81.245.5 83.1+4.7 0.39 .
. 'gl ( g)l 05/96 06/27 0.87 89% of the patients walked at
emale/male / / . least 45 minutes each time.
Proximal/Calf 45/6 47/6 0.86
Left side 22 25 0.29 Skin temperature
Current smoker 4 5 0.97 ) )
Immobility, trauma or surgery or travel 3 4 0.45 Compared with the Sk_m tem-
Cancer 5 3 0.47 perature before wearing the
oral . 1 1 '1 boots, there was an increase

ral contraceptive in the skin temperature in
Dyspnea upon admission 1 1 1

the patients after wearing the

Note: SOC: standard of care; DVT: deep venous thrombosis; PE: pulmonary

embolism.

Table 2. Boot wearing information for patients
in the SOC + Boot Group

Boot wearing

Days (X + sd) 13.5+0.9
Days (Median, range) 13, 8-14
Times 3 or 4 (%) 92%
Duration (>45 minutes) % 89%

Note: SD: standard deviation.

if DVT was extended, and a distance over 1 mm
indicated extension of DVT [2].

Statistical analysis

SAS v9.2 (SAS Institute Inc, Cary, NC, USA) was
used for analysis. One-way ANOVA was used for
numerical data, and x2 tests were used for
nominal data. Data are presented as mean +

standard deviation (X + sd). P<0.05 was re-
garded as statistically significant.

Results
Baseline characteristics of the subjects

As shown in Table 1, the baseline characteris-
tics were well balanced in the two groups. The
past medical history was well matched. No dif-
ferences were observed between the two
groups in the risk factors for DVT, such as
smoking, cancer, and immobility.

Boot wearing for patients in the SOC + Boot
group

Table 2 shows the data about the patients’
walking with vascular boots. Most subjects
walked in the morning and 30 minutes after
each meal. The mean duration of boot wearing
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boots (Day 1: 0.25+0.06°C,
P=0.047; Day 14:0.27+0.09°C,
P=0.049). There was no differ-
ence in the temperature between the foot with
DVT and foot without DVT. There was no change
in skin temperature of the patients in the SOC
group.

Pain scores

As shown in Table 3, compared with the pain
score on day 1, both groups had decreased
pain on day 14 and in the third month (P<0.05).
Compared with the SOC group, the Boot group
had significantly less pain on day 14 (3.8+1.5
vs 5.4+0.9, P=0.023) and in the 3rd month
(2.3+0.9 vs 3.1+1.2, P=0.034).

Swelling

Differences in the swelling reduction between
the SOC group and the SOC + Boot group were
observed from day 14 to the 3rd month (Table
4). The circumferences at calf and ankle levels
were shorter in the SOC + Boot group compared
with the SOC group (compared to day 1 at an-
kle level, the change was -0.29+0.44 cm vs
1.21+0.63 cm by day 14, -0.45+0.43 cm vs
0.15+0.19 cm by 3 months, P=0.002, P<0.001
respectively; compared to day 1 at calf level,
the change was 0.05+0.09 cm vs 1.11+0.14
cm by day 14, -0.21+0.07 cm vs 0.18+0.10 cm
by 3 months, P=0.001, 0.001 respectively).
Compared to day 1, the SOC + Boot group had
significant reductions of ankle and calf circum-
ferences, while the changes in the SOC group
were not statistically significant.

Side effects

Two patients in the SOC + Boot group (3.8%)
and five patients in the SOC group (9.4%)
reported local irritation (Risk reduction of 5.6%,
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Table 3. Pain Scores by VAS
Pain score by VAS SOC SOC + Boot P (SOC vs SOC + Boot) P (vs Day 1 for SOC) P (vs Day 1, for SOC + Boot)

Day 1 7.3+1.2 7.7+1.0 0.095
Day 14 5.41+0.9 3.8+1.5 0.023 0.031 0.013
Months 3 3.1+1.2 2.3+0.9 0.034 0.025 0.011

Note: VAS: Visual Analogue Scale; SOC: standard of care.

Table 4. Circumference differences at ankle and calf levels compared to day 1
SOC (cm)  SOC + Boot (cm) P (SOC vs SOC + Boot) P (vs Day 1 for SOC) P (vs Day 1, for SOC + Boot)

Ankle Day 14 1.21+0.63 -0.29+0.44 0.002 0.12 0.03
Calf Day 14 1.11+0.14 0.05+0.09 0.001 0.08 0.04
Ankle, 3 Months  0.15+0.19 -0.45+0.43 <0.001 0.23 <0.001
Calf, 3 Months 0.18+0.10 -0.21+0.07 0.001 0.11 0.002

Note: SOC: standard of care.

Table 5. Adverse events by day 14 and 3 months Discussion

SOC_ SOC+Boot RR P Subcutaneous low-molecular-we-
New PEs day 14 (n, %) 2(3.9) 1(1.9) 2%  0.032 ight heparin for treating uncom-
New PEs months 3 (n, %) 3(5.9) 2(2.8) 21% 0.021 plicated DVT or PE can achieve
Extended DVT day 14 (n, %) 3(5.9) 1(1.9) 3.0% 0.037 safe and effective outcomes [4].
Extended DVT months 3 (n, %) 4 (7.8) 2(3.8) 4.0% 0.016 Wearing compression stockings
Death by day 14 (n, %) 2(3.9) 1(1.9) 2.0% 0.039 plus walking can significantly re-

duce the post-thrombotic syndro-
mes [5]. Yet, due to the fear of PE
and pain, bed rest and immobili-
zation are still common in most
medical centers [6, 7]. Vascular

Death by months 3 (n, %) 2(3.9) 1(1.9) 2.0% 0.039

Note: SOC: standard of care; PE: pulmonary emboli; DVT: deep vein thrombo-
sis; RR: Risk Reduction.

P<0.001). No major bleeding or skin breaks boot warming can increase blood flow and
were observed. venous return from the peripheral branches
and lower compartmental pressure, thus ame-
PE or extension of DVT liorating pain [8].
As shown in Table 5, by day 14, 1 patient devel- The present study has been the first study so
oped PE (1.9%) and 1 had extended DVT (1.9%) far to evaluate the safety, efficacy and impact
in the SOC + Boot group, while 2 patients devel- of vascular boot warming on post-thrombotic
oped PE (3.9%) and 3 had extended DVT (5.9%) syndrome in DVT. Pain and swelling are two
in the SOC group, revealing a significant risk critical concerns for patients and are closely

reduction in the SOC + Boot group compared correlated to their quality of life. In line with pre-

with the SOC group (2.0% and 4.0%, P=0.032 vious studies on walking with compression, our
0.037 respectively). By 3 months, 2 patients results suggest that vascular boot warming can

had PE in the SOC + Boot group and 3 had PE reduce pain and swelling much faster than SOC
in the SOC group (2.8% vs 5.9%, RR 3.1% alone, and it doesn’t increase bleeding.

P=0.021). Lower incidence of proximal DVT was There was no difference in pulmonary embo-
also observed in the SOC + Boot group. (2 vs 4, lism (PE) at the baseline between the two
3.8% vs 7.8%, RR 4%, P=0.016). groups. No fatal PE was detected in our study.

More incidences of PE and extended DVT were
Mortality detected in the SOC group compared with the

SOC + Boot group. Vascular boot warming can
There was 1 death in the SOC + Boot group and reduce the incidences of PE or extended DVT
2 in the SOC group by day 14 and 3 months possibly through regulating the levels of in-
(1.9% vs 3.9%, RR 2.0%, P=0.039). No death flammatory cytokines and fibrinolytic factors
was associated with boot wearing. [9]. Moreover, our results suggest that vascular
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boot warming can reduce mortality. However,
due to the relatively small sample size, this pilot
study warrants further investigation.

Compared to other mechanical methods such
as intermittent compressing stocking, the vas-
cular boot is relatively more comfortable to
wear as it has less pressure on the heel and
other bony areas. Walking around with a vascu-
lar boot is like receiving an external foot “mas-
sage” with warming pads [10]. This message
has physical effects. Thrombus propagation
can happen in 20% of patients, but only in 1% if
they start walking around early [11-13]. To pre-
vent thrombus progression, it is very important
to start intravenous heparin within 24 hours
[14-16]. Thrombus propagation depends on an-
ticoagulation but is influenced by venous stas-
is [17-20]. Walking while wearing the warming
boot helps with the rhythmic acceleration of
venous flow and promotes thrombi degrada-
tion, while preventing venous stasis, and reduc-
ing swelling and pain [21-23]. Walking with this
effective warming boot can be helpful for pri-
mary prevention and is strongly recommended.
The warming boot is similar to intermittent com-
pression but it also has unique convenience.
Including vascular boot warming in the SOC can
be performed on an outpatient basis at any
time. It improves the quality of care. This has
lots of economic advantages and may change
the practice of DVT treatment in the hospital
[24-286].

The study still has some limitations. As these
boots were visible for technicians and caregiv-
ers, it was hard to be blind in the analysis, and
there may be some bias in the assessments.
More studies are needed in the future to verify
impact of vascular boot warming on clinical
scores, the relationship of the sources or loca-
tion of DVT, and the comorbidities.

To sum up, including vascular boot warming in
SOC is a safe, effective method for patients
with lower extremities DVT. It can ameliorate
pain, reduce swelling, lower the risk of pulmo-
nary embolism or extended DVT, and potential-
ly decrease mortality, and as such can be rec-
ommended for most patients with lower ex-
tremity DVT.

Disclosure of conflict of interest

None.

3804

Address correspondence to: Yan Zhang, Depart-
ment of Thoracic and Cardiac Surgery, Clinical
Medical College & Affiliated Hospital of Chengdu
University, No.82 North Section 2, Second Ring
Road, Chengdu 610081, Sichuan Province, China.
Tel: +86-18140148633; E-mail: zhangyancdc2@
163.com

References

[1]  Tritschler T, Kraaijpoel N, Le Gal G and Wells
PS. Venous thromboembolism: advances in di-
agnosis and treatment. JAMA 2018; 320:
1583-1594.

[2] Partsch H and Blattler W. Compression and
walking versus bed rest in the treatment of
proximal deep venous thrombosis with low mo-
lecular weight heparin. J Vasc Surg 2000; 32:
861-9.

[3] \Vella A, Carlson LA, Blier B, Felty C, Kuiper JD
and Rooke TW. Circulator boot therapy alters
the natural history of ischemic limb ulceration.
Vasc Med 2000; 5: 21-5.

[4]  Young AM, Marshall A, Thirlwall J, Chapman O,
Lokare A, Hill C, Hale D, Dunn JA, Lyman GH,
Hutchinson C, MacCallum P, Kakkar A, Hobbs
FDR, Petrou S, Dale J, Poole CJ, Maraveyas A
and Levine M. Comparison of an oral factor xa
inhibitor with low molecular weight heparinin
patients with cancer with venous thromboem-
bolism: results of a randomized trial (SELECT-
D). J Clin Oncol 2018; 36: 2017-2023.

[5] Lobastov K, RyzhkinV, Vorontsova A, Schastlivt-
sev |, Barinov V, Laberko L and Rodoman G.
Electrical calf muscle stimulation in patients
with post-thrombotic syndrome and residual
venous obstruction after anticoagulation ther-
apy. Int Angiol 2018; 37: 400-410.

[6] Romera-Villegas A, Cairols-Castellote MA, Vila-
Coll R, Gomez AP, Marti-Mestre X, Bonell-Pas-
cual A and Lapiedra-Mur O. Early mobilisation
in patients with acute deep vein thrombosis
does not increase the risk of a symptomatic
pulmonary embolism. Int Angiol 2008; 27:
494-499.

[71 Mugeni R, Nkusi E, Rutaganda E, Musafiri S,
Masaisa F, Lewis KL, Simpao M, Tugirimana PL
and Walker TD. Proximal deep vein thrombosis
among hospitalised medical and obstetric pa-
tients in Rwandan university teaching hospi-
tals: prevalence and associated risk factors: a
cross-sectional study. BMJ Open 2019; 9:
e032604.

[8] Appelen D, van Loo E, Prins MH, Neumann MH
and Kolbach DN. Compression therapy for
prevention of post-thrombotic syndrome. Co-
chrane Database Syst Rev 2017; 9: CD0O04174.

Am J Transl Res 2021;13(4):3800-3805


mailto:zhangyancdc2@163.com
mailto:zhangyancdc2@163.com

(9]

[10]

(11]

[12]

[13]

[14]

[15]

(16]

(17]

Effect of vascular boot warming in patients with DVT of the lower extremities

Mukhopadhyay S, Johnson TA, Duru N, Buzza
MS, Pawar NR, Sarkar R and Antalis TM. Fibri-
nolysis and inflammation in venous thrombus
resolution. Front Immunol 2019; 10: 1348.
Dillon RS. Effect of therapy with the pneumatic
end-diastolic leg compression boot on periph-
eral vascular tests and on the clinical course of
peripheral vascular disease. Angiology 1980;
31: 614-638.

Kahn SR, Shrier | and Kearon C. Physical activ-
ity in patients with deep venous thrombosis: a
systematic review. Thromb Res 2008; 122:
763-773.

Weitz JI and Chan NC. Novel antithrombotic
strategies for treatment of venous thromboem-
bolism. Blood 2020; 135: 351-359.

Naeem MA, Usman M, Latif MK and Aamir M.
The relationship of D-dimer levels with risk for
developing deep-vein thrombosis and/or pul-
monary thromboembolism after orthopaedic
trauma surgery. J Ayub Med Coll Abbottabad
2009; 21: 113-116.

Righini M, Galanaud JP, Guenneguez H, Brisot
D, Diard A, Faisse P, Barrellier MT, Hamel-Des-
nos C, Jurus C, Pichot O, Martin M, Mazzolai L,
Choquenet C, Accassat S, Robert-Ebadi H, Car-
rier M, Gal GL, Mermilllod B, Laroche JP, Bou-
nameaux H, Perrier A, Kahn SR and Quere I.
Anticoagulant therapy for symptomatic calf
deep vein thrombosis (CACTUS): a randomised,
double-blind, placebo-controlled trial. Lancet
Haematol 2016; 3: e556-e562.

Jehan F, O’Keeffe T, Khan M, Chi A, Tang A, Kul-
vatunyou N, Gries L and Joseph B. Early throm-
boprophylaxis with low-molecular-weight hepa-
rin is safe in patients with pelvic fracture
managed nonoperatively. J Surg Res 2017;
219: 360-365.

Kearon C, Kahn SR, Agnelli G, Goldhaber S,
Raskob GE and Comerota AJ. Antithrombotic
therapy for venous thromboembolic disease:
American College of Chest Physicians Evi-
dence-Based Clinical Practice Guidelines (8th
Edition). Chest 2008; 133 Suppl: 454S-545S.
Skarupa D, Hanna K, Zeeshan M, Madbak F,
Hamidi M, Haddadin Z, Northcutt A, Gries L,
Kulvatunyou N and Joseph B. Is early chemical
thromboprophylaxis in patients with solid or-
gan injury a solid decision? J Trauma Acute
Care Surg 2019; 87: 1104-1112.

3805

(18]

[20]

[21]

[22]

(23]

(24]

[25]

[26]

Yip J, Bruno DA, Burmeister C, Kazimi M, Yo-
shida A, Abouljoud MS and Schnickel GT. Deep
vein thrombosis and pulmonary embolism in
liver transplant patients: risks and prevention.
Transplant Direct 2016; 2: e68.

Bain E, Wilson A, Tooher R, Gates S, Davis LJ
and Middleton P. Prophylaxis for venous throm-
boembolic disease in pregnancy and the early
postnatal period. Cochrane Database Syst Rev
2014; CD001689.

Becattini C and Agnelli G. Acute treatment of
venous thromboembolism. Blood 2020; 135:
305-316.

Tamir L, Hendel D, Neyman C, Eshkenazi AU,
Ben-Zvi Y and Zomer R. Sequential foot com-
pression reduces lower limb swelling and pain
after total knee arthroplasty. J Arthroplasty
1999; 14: 333-338.

Partsch H and Blattler W. Compression and
walking versus bed rest in the treatment of
proximal deep venous thrombosis with low mo-
lecular weight heparin. J Vasc Surg 2000; 32:
861-869.

Blattler W and Partsch H. Leg compression
and ambulation is better than bed rest for the
treatment of acute deep venous thrombosis.
Int Angiol 2003; 22: 393-400.

CLOTS Trials Collaboration, Dennis M, Sander-
cock P, Reid J, Graham C, Forbes J and Murray
G. Pneumatic compression in reduction of risk
of deep vein thrombosis in patients who have
had a stroke (CLOTS 3): a multicentre ran-
domised controlled trial. Lancet 2013; 382:
516-524.

Huse DM, Cummins G, Taylor DC and Russell
MW. Outpatient treatment of venous thrombo-
embolism with low-molecular-weight heparin:
an economic evaluation. Am J Manag Care
2002; 8 Suppl: S10-S16.

Kemmak AR, Abutorabi A and Alipour V. Eco-
nomic evaluation of rivaroxaban versus enoxa-
parin for prevention of venous thromboembo-
lism after total knee replacement and total hip
replacement: a systematic review. Clin Drug
Investig 2020; 40: 715-725.

Am J Transl Res 2021;13(4):3800-3805



