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Background: Deep vein thrombosis (DVT) poses a considerable perioperative risk in patients who
undergo surgical procedures. This study set out to determine the efficacy of self-heating calf sleeves (SHCSs)
in preventing postoperative DVT in lung cancer patients undergoing VATS lobectomy.

Methods: This study included 557 participants who underwent video-assisted thoracoscopic surgery (VATS)
lobectomy between June, 2018 and June, 2019. The participants were randomly divided into two groups:
the SHCS group and the control group. SHCS was applied to the patients intraoperatively. Each patient was
subjected to Doppler ultrasound and D-dimer examination preoperatively and postoperatively. Signs and
symptoms of DVT were monitored daily. Incidences of DVT were compared between the two groups.
Results: Based on Color Doppler ultrasonography performed on day 2 after surgery, 42 of the 276 patients
(15.20%) in the control group developed DVT, compared to 12 out of 281 patients (4.27%) in the SHCS
group. There was significant difference in the incidence of DVT between the two groups (P<0.0001). The
use of SHCSs significantly enhanced venous blood flow compared to when no mechanical prophylaxis was
used (P<0.001). No significant difference in plasma D-dimer level was observed between the two groups. No
SHCS-related complications occurred in the study.

Conclusions: This study demonstrate that SHCSs are a satisfactory form of DVT prophylaxis method
that can improve venous blood flow and thus alleviate venous stasis in the lower extremities. SHCSs
offer a simple, inexpensive, and generally complication-free prophylactic method for lung cancer patients
undergoing VAT lobectomy.
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Introduction

Deep vein thrombosis (DVT), which refers to the formation
of a thrombus formed in a deep vein, typically in the lower
limbs or pelvis, is a life threatening event (1,2). Without
timely intervention, DVT ultimately leads to pulmonary
embolism (PE) and has a mortality rate as high as 30% (3).
Strong risk factors for venous thromboembolism include
active cancer, major surgery, reduced mobility, older age,
and a history of DVT (4). Among lung cancer patients,
those who undergo surgery are at increased risk of
developing DVT (5-8); as many as 16.2% of these patients
develop DVT (9).

The diagnosis of DVT is usually based on estimation
of clinical probability, the level of plasma D-dimer,
and Doppler ultrasonography. Due to the difference in
symptoms between patients and the unreliability and low
sensitivity of laboratory testing, diagnosing DV'T presents
a clinical challenge, and routine thromboprophylaxis is
fundamental to reducing the perioperative mortality (10).
Mechanical methods of DVT prophylaxis, such as
intermittent pneumatic compression (IPC) and graduated
compression stockings (GCSs), have been widely used
perioperatively, as they are free of the hemorrhagic
complications associated with pharmacologic prophylaxis.
However, issues with patient compliance often arise when
these methods are used.

To address the issue of compliance associated with the
existed mechanical DVT prophylaxis methods, we invented
a simple and economic mechanical DV'T prophylaxis device,
a self-heating calf sleeve (SHCS), which could maintain an
even temperature of about 38 °C to prevent the stasis of the
blood flow. This study aimed to evaluate the efficacy and
the potential application of our SHCS in the prevention of
DVT in lung cancer patients who underwent lung resection
by video-assisted thoracoscopic surgery (VATS).

We present the following article in accordance with the
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1165).

Methods
Patient recruitment

A total of 557 consecutive lung cancer patients (age range,
35-81 years old) who underwent VATS lobectomy in
Shanghai Pulmonary Hospital between June, 2018 and
June, 2019 were included in this study. A flow diagram
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Figure 1 Flow diagram of patient recruitment.

of the patient recruitment process is shown in Figure 1.
Inclusion criteria were as follows: (I) diagnosed with
primary lung cancer; (II) underwent VATS lobectomy; (I1I)
no chemical thromboprophylaxis received before or after
surgery; (IV) at least 18 years of age; and (V) signed written
informed consent. Exclusion criteria were: (I) presence of
previous VI'E and coagulation disorders; (II) uncontrolled
cardiovascular disease; or (III) underwent intraoperative
conversion to thoracotomy.

Study protocol

On the day of admission, patients were randomly assigned
to the SHCS group or the control group using sealed
envelopes containing a slip indicating the allocation, which
had been derived from a computer-generated sequence. All
of the participants received routine nursing measures and
performed preoperatively and postoperative foot and ankle
exercises. The participants in the SHCS group, had SHCSs
(Figure 2), which were made of self-heating element and
cotton, applied to both legs between anesthesia induction
and patient positioning. The protocol was approved by the
Institutional Review Board (IRB) of Shanghai Pulmonary
Hospital (Tongji University) (No. K18-126). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Ann Palliat Med 2020;9(5):2693-2698 | http://dx.doi.org/10.21037/apm-20-1165


http://dx.doi.org/10.21037/apm-20-1165
http://dx.doi.org/10.21037/apm-20-1165

Annals of Palliative Medicine, Vol 9, No 5 September 2020

2695

Figure 2 Representative images of self-heating calf sleeves (SHCSs). A pair of SHCSs (A). Administration of the SHCSs to a patient (B).

Outcome measurements

Postoperatively, the patients underwent close observation
for signs and symptoms of DVT. Signs and symptoms
flagged as suspicious included redness or swelling in the
foot and ankle, pain or tenderness in the leg, and dyspnea.
Plasma D-dimer level was determined by Enzyme-linked
immunosorbent assay (ELISA). A D-dimer ELISA kit
(VIDAS, Biomerieux, France) was used to measure D-dimer
concentration according to the manufacturer’s instructions.
The absorbance was read in an automated immunoassay
analyzer (VIDAS, Biomerieux, France) at a wavelength
of 450 mm. The D-dimer concentration was obtained by
extrapolation from the standard calibration curve obtained
by plotting the absorbance against the concentration of the
reference standard. The cutoft value was set at 500 ng/mL.
Color Doppler ultrasonography was carried out by the
same examiner who was blinded to the group status
preoperatively and postoperatively to determine the
presence or absence of DV'T. Blood flow in the lower limbs
was detected three times preoperatively and postoperatively
with a Doppler ultrasound by a 4-8 MHz linear transducer.
The mean of the three measurements was used for analysis.
Primary outcomes were any DVT as determined by
bilateral ultrasonography on postoperative day 2.

Statistical analysis

The sample size was calculated based on the assumption
that without prophylaxis, about 16% of the patients develop
DVT (9) and 5% of patients using SHCS would develop
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DVT. This calculation was performed by chi-square test,
assuming an o value of 0.05 and a power of 80%.

The patients’ baseline characteristics were tested for
normal distribution. Continuous variables were expressed
as mean = standard deviation (SD) and categorical variables
were expressed as counts and proportions. Differences in
categorical and continuous variables were compared by
Student’s z-test and the y’ test. All reported P values were
two-tailed. All statistical analyses were performed using
SPSS version 22 software (SPSS, Chicago, IL, USA).
P<0.05 was considered to represent statistical significance.

Results

No SHCS-related complications were observed in this
study.

Baseline characteristics of the patients

The baseline characteristics of the included patients are
summarized in Table 1. The risk of DVT was individually
assessed for each patient based on risk factors, including
sex, age, and comorbidities. There were no significant
differences in baseline characteristics, operation time, or
duration of hospital stay between the SHCS group and the
control group.

Incidence of DVT
Table 2 shows the incidence of DVT in the entire cohort. Of
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Table 1 Baseline characteristics of patients who underwent VATS
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Variable SHCS (n=281) Control (n=276) P value
Gender (male/female) 135/146 133/143 0.9726
Age () 64.54+10.13 64.82+6.265 0.6956
BMI (kg/m?) 23.77+8.001 23.55+3.047 0.6640
Smoking 77 (27.4%) 80 (29.0%) 0.6779
Hypertension 51 (18.1%) 52 (18.8%) 0.8336
Diabetes 18 (6.4%) 14 (5.1%) 0.4990
Blood transfusion 1(0.4%) 1 (0.4%) 0.9795
Operation time (min) 107.4+33.70 109.6+34.99 0.4501
Length of hospital stay (day) 7.367+2.636 7.717+2.521 0.1091

Values are presented as mean + SD or number (%). VATS, video-assisted thoracoscopic surgery; SHCS, self-heating calf sleeve; BMI,

body mass index.

Table 2 Incidence of DVT in the SHCS and control group

Group Non-DVT DVT Total DVT incidence OR (95% ClI) P value
Control 234 42 276 15.20% 1 (reference)
SHCS 269 12 281 4.27% 0.2485 (0.1278, 0.4834) <0.0001
DVT, deep vein thrombosis; SHCS, self-heating calf sleeve; OR, odds ratio; Cl, confidence interval.
Table 3 Flow velocity of the femoral vein (cm/s, mean + SD)
Pre-operation Post-operation

Group

Vmax Vmin Vmax Vmin
SHCS 21.91+3.32 7.96+2.53 23.17+2.18 10.42+2.64
Control 22.34+3.18 8.23+2.64 20.13+1.93 6.73+2.94
P value 0.7708 0.8180 0.0040 0.0085

SHCS, self-heating calf sleeve.

the 557 patients included in this study, 54 developed DVT.
In the control group, 42 of the 276 patients developed DVT
(15.20%), compared to 12 out of 281 patients (4.27%) in
the SHCS group. There was a significant difference in the
incidence of DVT between the two groups (P<0.0001).

Lower limb bhemodynamics

As shown in Table 3, the preoperative flow velocity of
the femoral vein in the SHCS group was comparable to
that in the control group. While the postoperative blood
flow in the femoral vein was decreased in the control
group, the blood flow in the femoral vein was enhanced

© Annals of Palliative Medicine. All rights reserved.

by intraoperative administration of SHCSs, which
demonstrated the positive impact of the SHCSs on blood
flow in the lower extremities.

Plasma D-dimer concentration

As shown in Figure 3, the preoperative D-dimer concentration
in the SHCS group (168.4+224.3 ng/mL) was comparable
to that in the control group (221.0£723.5 ng/mL).
On day 2 post-operation, D-dimer concentration was
significantly elevated in both groups (554.9£927.6 ng/mL
in the SHCS group and 662.4+972.4 ng/mL in the control
group); however, no significant difference was found.
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Figure 3 Plasma D-dimer concentration in the self-heating calf
sleeves (SHCSs) and the control group. ***, P<0.001. ns, not

significant.

Discussion

DVT, a common surgical complication, is one of the leading
causes of death in cancer patients who undergo surgery.
Subsequent complications of DVT, such as postthrombotic
syndrome, can profoundly impact a patient’s quality of
life (11). Even in an era of minimally invasive surgery and
advanced perioperative care, the development of DVT
still poses a high risk for lung cancer patients who receive
surgery (12). Therefore, routine prophylaxis is essential for
lung cancer patients who receive surgery.

In this study, we evaluated the efficacy of SHCSs in
preventing DVT in lung cancer patients who underwent
VATS lobectomy. The incidence of postoperative DVT
decreased from 15.20% in the control group to 4.27% in
the SHCS group without causing any complication such
as bleeding. Furthermore, SHCSs significantly improved
the venous blood flow, which was shown by hemodynamic
assessment. However, there was no statistical difference
between the D-dimer levels in the two groups. This was
most likely a consequence of the low specificity nature
of the test itself, as D-dimer elevation can be caused by
several factors, including anesthetic stimulation, tumor,
surgical injury, and older age (13,14). In our previous study,
we found that IPC could reduce the incidence of DVT to
0.8% (15), which indicated that SHCSs give a more modest
performance in DV'T prevention than IPC.

Optimal thromboprophylaxis in patients who undergo
major surgery should take into account the risks of DVT
and adverse effects, as well as the financial cost and patient
compliance. While SHCSs might be less effective than IPC
in reducing the risk of DV'T, SHCSs have more favorable
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usability characteristics and are not accompanied by the
issues seen with IPC, such as cutaneous complications and
noise (16,17), which would make a higher level of patient
compliance likely. SHCSs are also cheaper than IPC (the
cost of a pair of SHCSs is ¥168, while IPC costs ¥45,000).
In addition, SHCSs are portable and their application
does not require clinical expertise, which makes them an
attractive alternative to IPC for use at home.

One major limitation of the present study was that due
to the short duration of hospital stay of the patients who
received VATS, ultrasonography was only performed on
day 2 post-operation. With up to 23% of postoperative
thrombotic events occurring after discharge (18), some
DVT cases which occurred in the post-discharge period
may have been missed in this study.

In conclusion, our results demonstrate that SHCSs are
a satisfactory form of DVT prophylaxis that can improve
venous blood flow and thus alleviate venous stasis in the
lower extremities. SHCSs offer a simple, inexpensive,
and generally complication-free prophylactic method for
surgical patients, presenting a viable alternative to IPC in
both the clinical and home settings.
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