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Background: Pharmaco-mechanical prophylaxis has been recommended for venous thromboembolism (VTE) prevention in
surgical patients. The rate of receiving pharmacological prophylaxis was low due to the bleeding concern. The mechanical prophylaxis;
either intermittent pneumatic compression (IPC) or graduated compressive stocking (GCS), becomes a preferred method, although
its VTE incidence was higher than pharmaco-mechanical prophylaxis. The combination of IPC and GCS had a lower risk of DVT than
GCS alone. We examined the efficacy of combining mechanical prophylactic methods; IPC and GCS, in VTE prophylaxis.

Objective: The present study aimed to compare the pharmaco-mechanical method with combining mechanical method in VTE
prophylactic effectiveness and adverse events for elective abdominopelvic surgery.

Materials and Methods: A randomized controlled trial was conducted in elective abdominopelvic surgical patients. The control
group received low molecular weight heparin, IPC, and GCS, whereas the study group received IPC and GCS.

Results: We enrolled 76 elective abdominopelvic surgical patients, 39 patients in the control group, and 37 patients in the study
group. Surgery for cancer was accounted for 64 (84.2%) and Caprini score was 8.4 (+1.95). The incidence of perioperative VTE
was 5 (6.58%). All VTE cases were asymptomatic DVT. In the present study group, 1 (2.7%) of proximal DVT and 3 (8.1%) of calf
vein DVT occurred. Only 1 (2.6%) of proximal DVT occurred in the control group. The incidence of VTE tended to be higher in the
present study group than in the control group; 4 (10.8%) vs. 1 (2.6%); RR 4.22, 95% CI 0.49 to 36.00, p-value=0.194). The adverse
event such as symptomatic pulmonary embolism (PE), bleeding complication, and readmission rate was not found.

Conclusion: The effectiveness of IPC combined with GCS was not superior to pharmaco-mechanical thromboprophylaxis for VTE
prevention in high-risk surgical patients.
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Venous thromboembolism (VTE), including deep
vein thrombosis (DVT) and pulmonary embolism (PE), has
become increasingly recognized as a significant public health
burden, especially hospital-acquired VTE in patients
undergoing major surgery. The risk of VTE is estimated to be
20% for general surgical patients and cancer surgery also
has a 2 to 5 folds increased risk for postoperative VTE®™.
Thromboprophylaxis is the most important management
for surgical safety strategy.

Thromboprophylaxis consists of pharmacologic
and mechanical measures to diminish the risk of DVT
and PE. The decision to initiate thromboprophylaxis should
be based on the patient’s risk of thromboembolism and
bleeding®.

The incidence of symptomatic VTE in patients
who received pharmaco-mechanical prophylaxis was less
than in mechanical prophylaxis alone!?. When
pharmacological thromboprophylaxis was contraindicated,
mechanical prophylaxis might be a reasonable option.
However, this monotherapy has not been sufficiently
prevented VTE. Turpie, et al® found the VTE rate was
significantly lower in the LMWH combined with intermittent
pneumatic compression (IPC) than IPC alone, but there
was significantly higher major bleeding in the LMWH arm
as well.

According to ACCP 2008® and ACCP 2012®"
Guideline, mechanical prophylaxis was divided into two
methods: graduated compressive stocking (GCS) and IPC.
These guidelines recommended using IPC was preferable
to GCS. There was no recommendation for combining
mechanical methods using IPC with GCS. For mechanical
prophylaxis, the results of the meta-analysis showed GCS
alone and IPC alone reduced the risk of DVT by 65%“
and 66%°9, respectively. The combination of IPC and GCS
in gynecological surgery had a lower risk of DVT than GCS
alone by 62%7. We hypothesis whether combining
mechanical methods could prevent VTE and lowering bleeding
risk in high-risk bleeding surgical patients. These led us to
hypothesis the effectiveness of combining mechanical
prophylaxis comparing with pharmaco-mechanical
prophylaxis in the patients undergoing abdominopelvic
surgery with a high risk of bleeding in our hospital.

Objective
Primary objective

The primary objective was to determine the
effectiveness of the combination mechanical thrombo-
prophylaxis compared with pharmaco-mechanical
thromboprophylaxis in reducing VTE incidence in major
general surgical patients during the perioperative period.

Secondary objectives

Secondary objectives were to report adverse events
such as readmission rate from VTE, all-cause mortality,
complications of mechanical thromboprophylaxis,
complications of pharmacologic thromboprophylaxis, and
compliance with each prophylaxis method.
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Materials and Methods
Study design

A single-center, prospective, randomized
controlled study was conducted from 1 July 2018 and 31
December 2018 in the departments of general surgery in the
general surgical ward and trauma and surgical critical care
ward at Ramathibodi Hospital, Mahidol University, Bangkok,
Thailand. This study was conducted following the ACCP
2008 and 2012 Clinical Practice Guidelines.

This study was approved by the ethical committee
of Ramathibodi Hospital approval; ID 09-61-03 COA.No.
MURA 2018/644 and registered with the TCTR committee
TCTR20210525006.

Participants

Eligible patients were those who were VTE
high-risk patients (Caprini risk score >5) undergoing
abdominopelvic surgery, the age of the patient was over 18
years old and providing informed consent. The exclusion
criteria were the patients who were prescribed anticoagulants
or history of DVT or peripheral arterial disease or glomerular
filtration rate (GFR) less than 30 mL/min/1.73 m? or history
of allergic to anticoagulants. Bilateral venous duplex
ultrasonography (DUS) of the lower extremities was
performed within 24 hours before surgery. The patients with
preoperative DVT were excluded from the study.

Randomization

Randomization was performed with a 1: 1 allocation
using computer-generated-block 4 randomizations by an
independent statistician using STATA version 14.0. The
treatment assignments were sealed in opaque envelopes,
which were opened by an independent statistician who was
on call after the patients were admitted. Figure 1 summarised
the design of the study.

Blinding

Neither patients nor surgeons were blinded to
the intervention due to obvious constrain. However, DVT
and PE were the objective outcomes of this study. DVT
was diagnosed by duplex ultrasound criteria which were
uncompressible deep vein. Pulmonary embolism was
diagnosed by computed tomographic pulmonary
angiography.

Intervention group (IPC+GCS)

On the day of admission, before undergoing
major abdominopelvic surgery, all patients routinely received
GCS and IPC. We used class II GCS below knee level
and IPC which covered the patient’s lower extremities
(Kendall SCD™ express sequential compression system,
CardinalHealth™, Dublin, OH). The patients wore IPC and
GSC before starting the operation, during intraoperative
and postoperative periods. During the postoperative period,
patients also applied GCS and IPC devices continuously
until the patient could fully ambulate or discharge. Patients
were judged to be fully ambulatory when they could walk
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Enrollment

Assessed for eligibility (n=90)

Excluded (n=14)

e GFR<30(n=3)

DUS

* History of VTE within 3
months (n=2)

Randomized (n=76)

¢ Refuse treatment (n=9)

Allocated to Control (n=39)
-Received allocated intervention (n=39)
-Did not receive allocated intervention (n=0)

Allocated to Study group (n=37)
-Received allocated intervention (n=37)
-Did not receive allocated intervention (n=0)

e Lost to follow-up (n=0)

Follow up °

Lost to follow-up (n=0)

e Discontinued intervention
o Could not tolerate with LMWH
(n=10)

e Discontinued intervention (n=0)

Analysed (n=39)
Excluded from analysis (n=0)

Analysis

Analysed (n=37)
Excluded from analysis (n=0)

GFR = glomerular infiltration rate (mL/min/1.73 m?)

Figure 1. CONSORT diagram, including enrollment and outcomes.

without assistance and could spend most of the day out of
bed. The device was continued at least 18 hours per day.

Control group (IPC+GCS+LMWH)

The same protocol using IPC and GCS was
applied to the control group. The patients were assigned to
receive subcutaneous injections of enoxaparin 40 mg once
daily, stopped before initial incision 12 hours, and restarted
enoxaparin 40 mg. once daily from postoperative day 5" to
day 28™.

Cointervention

All patients were assessed routinely daily by the
nurse and surgeon for clinical VTE and complications of
VTE prophylaxis. We encouraged the patients to early
mobilization.

Outcomes

The primary outcome was VTE. The VTE
surveillance protocol after surgery was a daily observation
of clinical DVT and pulmonary embolism (PE). Postoperative
screening venous DUS of lower extremities within 7 days or
before patients were discharged from the hospital was
obtained. Assessment of pulmonary embolism symptoms
(PE) included dyspnea, desaturation, tachypnea, tachycardia,
or chest pain. If clinical PE was suspected, the diagnosis was
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confirmed using computed tomography angiography. The
VTE surveillance protocol after discharge, the patients were
followed up at 28" to 35" days after surgery looking for the
manifestations of DVT, PE, and adverse events and performing
a venous duplex ultrasound of lower extremities.

The secondary outcomes were bleeding and
complications from medical devices. Major bleeding was
defined as the event that met at least one of the following
criteria: resulted in death; clinically overt (required transfusion
of at >2 units of packed red blood cells or whole blood, or
decreased hemoglobin levels by at least 2 g/dL):
retroperitoneal, intracranial and intraocular bleeding, bleeding
required surgical or medical intervention to control the event.

Minor bleeding was defined as the events that
did not meet any of the major bleeding criteria but resulted
in  one of the following: epistaxis lasting >5 minutes or
epistaxis that required treatment, ecchymosis or hematoma
>5 cm diameter, hematuria not associated with a urinary
catheter, gastrointestinal hemorrhage not related to intubation
or nasogastric tube placement, and subconjunctival
hemorrhage requiring treatment or discontinuation of the
anticoagulant.

Adverse events and complications of IPC and GCS
were sensory impairment of the lower extremity due to nerve
entrapment from GCS, allergy to stocking material, and skin
irritation.
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Sample size calculation

Based on the literature review, the incidence of
asymptomatic VTE in this high-risk population was
estimated to be 20% . The sample size calculation assumed
80% statistical power to detect a 50% reduction in the
incidence of VTE and using a continuity corrected y? test
of equal proportions with 0=0.05, the calculation yielded
220 subjects per treatment arm. Assuming an attrition
rate not to exceed 30%, a total of 315 patients were
assigned to each of the treatment groups. Although the
predetermined goal was 630 study patients, the enrollment
was terminated early at 76. Several factors contributed to
the decision to stop enrollment early. First, it took quite a
long time to receive an institutional review board (IRB)
by the medical ethics committee of Ramathibodi hospital.
Second, the enrollment rate was decreased due to the
limited time to study and the number of abdominopelvic
surgeries.

Statistical analysis

Categorical variables reported as counts and
percentages were compared using the Chi-squared test or
Fisher exact test according to the sample size. Continuous
variables reported as means+SD were compared using
the unpaired t-test for normal distribution. Non-normal
distribution variables reported as median and interquartile
range were compared using the Mann-Whitney test.
The p-value less than 0.05 was considered statistically
significant. All analyses presented by intention-to-treat.
We compared overall event rates using an intention-to-treat
analysis for the relative risk. The analyses were performed
using STATA version 14.0.

Results

Ninety patients were approached for eligibility at
the surgical department, Ramathibodi Hospital, Bangkok,
Thailand from July 2018 to December 2018. Seventy-six
patients were allocated to the control and the study group.
Thirty-nine patients were randomly assigned to the control
group and 37 to the study group. In the control group, 10
cases discontinued the intervention whereas in the study
group all patients followed the protocol.

Demographics and clinical characteristics of
patients assessed for VTE risk were not statistically significant
except the mean Caprini score and history of the central
venous catheter which in the study group was higher than
the control group as in Table 1. The mean age was 61+55
years and there was no history of VTE in both groups.
Most of the patients (84.3%) had a history of cancer. The
baseline characteristics of cancer were shown in Table 2. The
most common cancer in this study was colorectal cancer.
Mean cancer size was 4 cm and the majority of cancers was
in stage 2 and 3. There was no significant difference between
the two groups in the details of the procedures and related
events as shown in Table 3.

For VTE prophylaxis details were shown in Table
4. Ten patients of the control group discontinued the
intervention postoperatively between days 8 to 28 due to
poor compliance using enoxaparin subcutaneously daily.
Contrary to the study group, there was no patient
discontinued the intervention. The durations of IPC and
GCS usage were significantly higher in the study group and
there was no complication of IPC in both groups. No bleeding
complication from anticoagulant occurred. In the present
study, there was neither case of readmission from VTE nor

Table 1. Baseline demographics and characteristics of the intention to treat population who were underwent

abdominopelvic surgery

Characteristics Study (n=37) Control (n=39) p-value
Male, n (%) 16 (43.2) 19 (48.7) 0.632
Age (years), mean (SD) 61.9(13.7) 61.2(15.4) 0.838
BMI (kg/ml?), median (IQR) 24 (21to 27) 24 (22to 26) 0.647*
COPD, n (%) 3(8.1) 4(10.3) 0.999**
Oral contraception, n (%) 7(18.9) 5(12.8) 0.466
Hormonal therapy, n (%) 1(2.7) 0(0.0) 0.487
History of central venous catheter, n (%) 9(24.3) 3(7.7) 0.047
Previous VTE, n (%) 0(0.0) 0(0.0) -
Previous Cancer, n (%) 30 (81.1) 32(82.1) 0.913
Surgery for cancer, n (%) 32 (86.5) 32(82.1) 0.596
Varicose vein, n (%) 23(62.2) 24 (61.5) 0.955
Caprini score, mean (SD) 9.0 (2.1) 7.9(1.7) 0.021

BMI = body mass index; COPD = chronic obstructive pulmonary disease; IQR = Interquartile range; SD = standard deviation; VTE

= Venous thromboembolism
* Mann-Whitney U Test, ** Fisher’s exact test
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Table 2. Disease characteristics in cancer patients

Characteristics Study (n=32) Control (n=32) p-value
Primary cancer, n (%)
Colorectal cancer 24 (75.0) 30(93.8) 0.172%*
Stomach cancer 3(9.4) 2(6.3)
Esophagus 1(3.1) 0(0)
Hepatobiliary pancreatic cancer 2(6.3) 0(0)
Gynecologic cancer 2(6.3) 0(0)
Staging, n (%)
I 4(12.5) 1(3.1) 0.303**
11 2(6.3) 5(15.6)
111 17 (53.1) 20 (62.5)
1A% 9(28.1) 6(18.8)
Tumor size (cm), median (IQR) 4(2to5) 4(3to5) 0.652*
IQR = Interquartile range
* Mann-Whitney U test, ** Fisher’s exact test
Table 3. Detail of procedures
Characteristics Study (n=37) Control (n=39) p-value
Type of operation, n (%)
Laparotomy 26(70.3) 19 (48.7) 0.056
Laparoscopy 11(29.7) 20(51.3)
EBL (mL), median (IQR) 100 (200 to 500) 100 (50 to 150) 0.764*
General anesthesia, n (%) 37(100.0) 39 (100.0) -
Position, n (%)
Supine 21(56.8) 23(59.0) 0.999
Lithotomy 16 (43.8) 16 (41.0)
Hospital stay (day), median (IQR) 8(5to13) 7 (6t09) 0.154*

EBL = Estimate blood loss; IQR = Interquartile range
* Mann-Whitney U test

an all-cause of death.

Five patients developed VTE (6.58%) in the
present study and all of the VTE cases were asymptomatic
DVT. All VTE cases were cancer patients. None of the patients
developed PE. In the study group, 4 patients (10.8%)
developed DVT, one of asymptomatic proximal DVT and 3
of asymptomatic calf vein DVT. One patient (2.6%) in the
control group developed asymptomatic proximal DVT. The
unadjusted relative risk (RR) was 4.22 (95% CI, 0.49 to
36.00, p=0.194). In both groups, 2 cases of asymptomatic
proximal DVT occurred within postoperative day 3 when
the pharmacological prophylaxis could not be given. So, in
that period, the patients in both groups received only
mechanical thromboprophylaxis. The details of VTE incidence
were reported in Table 5. There was no new DVT developed
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in both groups during the follow-up period 8" to 28" days.
The details of VTE cases were listed in Table 6.

Discussion

From the literature review, more than 20% of
all post-operative hospitalized patients were at risk for
VTE®. These surgical patients are a unique population
who possess all 3 components of the Virchow triad (stasis,
hypercoagulability, and endothelial injury) leading to
thrombus formation. VTE has been known as a preventable
cause of death in surgical patients. The American College
of Chest Physicians (ACCP) 2012 guideline!” stated
recommendations, accessing VTE risk stratification and
providing the thromboprophylaxis according to the risk of
VTE. The patients undergoing surgery for cancer were at
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Table 4. Details of VTE prophylaxis

Characteristics Study (n=37) Control (n=39) p-value
Duration of IPC usage (days), median (IQR) 3(2to3) 2(2to2) <0.001*
Duration of GCS (days), median (IQR) 4(3to5) 3(3to4) 0.003*
Protocol adherence®, n (%) 37 (100) 29 (74.4) 0.001
Complication of IPC, n (%) 0(0) 0(0) -
Complication of enoxaparin n (%) 0(0) 0(0) -
Bleeding events, n (%)

Minor bleeding** 0(0) 0(0) -

Major bleeding*** 0(0) 0(0)

GCS = Graduated compression stockings; IPC = Intermittent pneumatic compression; IQR = Interquartile range; VTE = Venous
thromboembolism

* Protocol adherence is defined by receiving anticoagulant for 28 days after surgery in the control group and receiving IPC and GCS
until good ambulation in the study group.

** Major bleeding was defined as the event that met at least one of the following criteria: resulted in death; clinically overt (required
transfusion of at >2 units of packed red blood cells or whole blood, or decreased hemoglobin levels by at least 2 g/dL): retroperitoneal,
intracranial and intraocular bleeding, bleeding required surgical or medical intervention to control the event

*** Minor bleeding was defined as the events that did not meet any of the major bleeding criteria but resulted in one of the following:
epistaxis lasting >5 minutes or epistaxis that required treatment, ecchymosis or hematoma >5 cm diameter, hematuria not associated
with a urinary catheter, gastrointestinal hemorrhage not related to intubation or nasogastric tube placement, and subconjunctival

hemorrhage requiring treatment or discontinuation of the anticoagulant

* Mann-Whitney U test

Table 5. Outcome: Incidence of VTE in post-operative period 1* to 7% day

Characteristics Study (n=37) Control (n=39) Relative risk (95% CI) p-value

VTE, n (%) 4(10.8) 1(2.6) 4.22 (0.49 to 36) 0.194
Proximal DVT 1(2.7) 1(2.6) 1.05 (0.07 to 16.24) 0.999
Calf vein DVT 3(8.1) 0(0) - -
Symptomatic PE 0(0) 0(0) - -

DVT = Deep vein thrombosis; PE = Pulmonary embolism; VTE =

Venous thromboembolism

extremely high risk for VTE®1%.

We studied the high-risk VTE population. From
baseline characteristics, all patients had a Caprini score more
than or equal to 5 and most of the patients were malignancy
accounted for 84.2%. The Caprini score and history of central
venous catheterization were higher in the study arm than
the control arm. The type of operation, in the study group,
had a higher rate of laparotomy than in the control group.
Due to the design of the study was a randomized controlled
study, the difference between these two groups might be by
chance.

From the ENDORSE study!'", there was 59% of
surgical high-risk patients received ACCP-recommended
VTE prophylaxis, especially in Thailand, the rate of at-risk
surgical patients receiving ACCP- recommended prophylaxis
was only 0.2%. There were three main factors, the first was
surgeons concerned about bleeding complications especially
fatal bleeding when patients received pharmacological
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prophylaxis. Although Asian venous thromboembolism
guidelines reviewed that major bleeding rates were less than
1% following pharmacological prophylaxis with either
LMWH or the new oral anticoagulants®. The result of our
study confirmed the low rate of pharmacological prophylaxis
in the Thai population which was no case of bleeding in the
controlled arm.

The second reason was the lack of awareness
regarding VTE even though the high incidence of VTE, DVT,
PE, and fatal PE in non-VTE-prophylactic colorectal surgery
ranged from 0.18 to 42.0%"*'. The third reason was
poor compliance during discharge to 28 days of LMWH
injected subcutaneous daily in cancer group. It was
recommended that patients with cancer who underwent
an operation received anticoagulation for up to 4 weeks
postoperatively!*!%. From our study, the rate of non-
adherence in the control group was high accounted for 10 of
39 patients (25.6%). These due to the patients in the control
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group did not convenient to inject LMWH injection
subcutaneously until 28 days post-operation because of
pain and bruise. These resulted in the preferred use of only
mechanical prophylaxis during hospitalization as a VTE
prevention for surgical patients in Thailand.

In the present study, randomized patients who
underwent abdominopelvic surgery compared the method of
VTE prophylaxis between IPC+GCS and IPC+GCS+
LMWH. The results were no significant in VTE incidence,
but in IPC+GCS group trended to higher incidence of
VTE than in IPC+GCS+LMWH group, 4 (10.8%) vs. 1
(2.6%); unadjusted RR 4.22, 95% CI 0.49 to 36.00, p-
value=0.194). This might be due to the low number of enrolled
patients. We expected 630 study patients but we could
enroll 76 patients. If we collected more patients, there would
have some differences between these two groups. Another
issue was the high non-adherence to the protocol in the control
group that might affect the outcome. There was neither
bleeding complication nor complication from IPC occurred.
The important finding was all VTE cases were asymptomatic
DVT which was found from screening duplex ultrasound
within 7 days, after that there was no VTE case was
found. One case of proximal VTE was found equal in both
groups (2.7% vs. 2.6%, RR 1.05; 95% CI 0.07 to 16.24,
p-value=0.999). All asymptomatic proximal DVT cases
occurred in 3 day-postoperative periods in which the patients
in both groups were not received LMWH. We suggested
anticoagulation should be resumed within three days or as
soon as possible after surgery.

All three asymptomatic calf vein DVT cases
that occurred in the control group (8.1%) were detected
between postoperative days 3 to 7. It might be concluded
that mechanical thromboprophylaxis (IPC+GCS) was
ineffective to prevent DVT especially in cancer surgery in
high-risk patients (Caprini score >5). For calf vein DVT,
ACCP 201619 suggested the following as risk factors for
extension of distal DVT that favored anticoagulation over
surveillance: (1) D-dimer is positive; (2) thrombosis is
extensive; (3) thrombosis is close to the proximal veins;
(4) there is no reversible provoking factor for DVT; (5) active
cancer; (6) history of VTE, and (7) inpatient status. So, all
calf vein DVT cases in our study which were active cancer
patients and inpatients status should be treated with
anticoagulants. We suggested that in case of contraindication
for pharmacological prophylaxis in cancer surgery, the
patients should be resumed anticoagulant as soon as possible
or performed a duplex ultrasound on the seventh-day post-
operation or before discharge to detect DVT.

From the RIETE registry, they observed
symptomatic VTE in abdominopelvic cancer. Fifty-two
percent of VTE patients presented with pulmonary embolism.
Most VTE cases (84%) were detected after the first
postoperative week and 38% after one month. VTE presented
after hospital discharge in 54% of cases!'”. Contrary to our
study, no patient had VTE after discharge. According to
the protocol of the study, we aggressively screened DVT in
all patients during preoperative, early postoperative, and
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before discharge. We found all of the VTE cases were
asymptomatic so we could detect all VTE cases that occurred
in the hospital. This might explain why we had no VTE
patients after hospital discharge from duplex ultrasound
screening in both groups.

The limitations of this study were the low number
of enrolled patients and the high number of non-adherences
in the control group (25.6%). This represented that some
cancer patients could not adhere to LMWH subcutaneously
until the 28th-day post-operation as ACCP recommendation.

Conclusion

The effectiveness of IPC combined with GCS was
not superior to pharmaco-mechanical thromboprophylaxis
for VTE prevention in high-risk surgical patients. Neither
bleeding complication from anticoagulant nor medical
device-related pressured injury occurred. Our suggestions
were to resume LMWH within 3 days after surgery or as
soon as possible. If the patients had contraindication for
LMWH, duplex ultrasound should be performed on the 7
day or before discharge for detecting DVT.

What s already known on this topic?

Mechanical prophylaxis has been less effective
than pharmacological prophylaxis in VTE prophylaxis for
surgical patients. Intermittent pneumatic compression has
become the standard method in high-risk bleeding patients.

What this study adds?

A combination of intermittent pneumatic
compression and graduated compressive stocking was not
superior to pharmaco-mechanical thromboprophylaxis for
VTE prevention in high-risk surgical patients.
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