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Background: The role of antithrombotic chemoprophylaxis in prevention of venous thromboembolism
(VTE) in laparoscopic surgery for gastric and colorectal malignancies is unknown. This study compared
the addition of enoxaparin following intermittent pneumatic compression (IPC) with IPC alone in
patients undergoing laparoscopic surgery for gastrointestinal malignancy.
Methods: In this multicentre RCT, eligible patients were older than 40 years and had a WHO perfor-
mance status of 0 or 1. Exclusion criteria were prescription of antiplatelet or anticoagulant drugs and
history of VTE. Patients were allocated to IPC or to ICP with enoxaparin in a 1 : 1 ratio. Stratification fac-
tors included sex, location of cancer, age 61 years and over, and institution. Enoxaparin was administered
on days 1–7 after surgery. Primary outcome was VTE, evaluated by multidetector CT on day 7.
Results: Of 448 patients randomized, 208 in the IPC group and 182 in the IPC with enoxaparin group
were evaluated. VTE occurred in ten patients (4⋅8 per cent) in the IPC group and six (3⋅3 per cent) in
the IPC with enoxaparin group (P = 0⋅453). Proximal deep vein thrombosis and/or pulmonary embolism
occurred in seven patients (3⋅4 per cent) in the IPC group and one patient (0⋅5 per cent) in the IPC with
enoxaparin group (P = 0⋅050). All VTE events were asymptomatic and non-fatal. Bleeding occurred in
11 of 202 patients in the IPC with enoxaparin group, and one patient needed a transfusion. All bleeding
events were managed by discontinuation of the drug.
Conclusion: IPC with enoxaparin after laparoscopic surgery for gastric and colorectal malignancies did
not reduce the rate of VTE. Registration number: UMIN000011667 (https://www.umin.ac.jp/).
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Introduction

Venous thromboembolism (VTE), including deep vein
thrombosis (DVT) and pulmonary embolism (PE), is one
of the most critical postoperative complications. Between
15 and 40 per cent of surgical patients develop VTE, and
0⋅8 per cent of those patients will develop fatal PE without
receiving antithrombotic prophylaxis1. Meta-analyses2–5

of RCTs have shown that antithrombotic prophylaxis
reduces the incidence of VTE.

According to the VTE risk score after surgery6,7, the
guidelines of the American College of Chest Physicians
(ACCP)8 and the American Society of Clinical Oncology9

recommend the use of antithrombotic chemoprophylaxis
after major abdominal cancer surgery. For laparoscopic
surgery, the Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES)10 recommends follow-
ing the ACCP guidelines. SAGES also mentions the
need for further studies to establish antithrombotic
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chemoprophylaxis for VTE after laparoscopic surgery,
because there was a statistically significant reduction in
the risk of VTE after laparoscopic compared with open
surgery11.

The aim of this study was to assess the additional effect
of antithrombotic chemoprophylaxis with enoxaparin to
prevent VTE in patients undergoing laparoscopic surgery
for gastrointestinal cancer.

Methods

In this multicentre RCT, patients with gastric or colorectal
cancer scheduled for laparoscopic surgery in 15 regional
Japanese hospitals in Hokkaido prefecture between Octo-
ber 2013 and October 2017 were eligible for inclusion.
All hospitals were certified facilities of the Japan Surgical
Society and the Japanese Society of Gastroenterological
Surgery, and all surgeons were board-certified in gastroen-
terology and/or qualified surgeons of the Japan Society for
Endoscopic Surgery. Inclusion criteria were patients older
than 40 years with WHO performance status 0 or 1, who
agreed to participate in the study. Exclusion criteria were a
history of heparin-induced thrombocytopenia or heparin
hypersensitivity, acute bacterial endocarditis, creatinine
clearance below 50 ml/min, severe hepatic dysfunction
(Child grade C), weight less than 40 kg, pregnancy, pre-
scription of antiplatelet or anticoagulant drugs, history of
venous thromboembolic disease within 1 year, history of
hypersensitivity for iodinated contrast agent, presence
of central venous catheter, treatment with oestrogen
or progesterone within 4 weeks of the operation, and
radiotherapy or chemotherapy within 2 weeks of surgery.
Preoperative examination by ultrasonography or CT
to rule out the presence of DVT/PE was performed in
patients with a preoperative D-dimer value of 1⋅0 μg/ml
or above. Patients who met these inclusion and exclusion
criteria were randomized after registration.

Patients whose condition changed while waiting for
surgery and who then met the exclusion criteria were
excluded. Patients who met any of the following criteria
after surgery were excluded from evaluation: patients not
treated, those with peritoneal dissemination, conversion to
open surgery, haemoglobin level below 9⋅5 g/dl, alanine
or aspartate aminotransferase values more than 2⋅5 times
the normal values for the facility, total bilirubin concen-
tration above 3⋅0 mg/dl, oxygen saturation less than 90 per
cent, incomplete haemostasis (defined by persistent bleed-
ing from abdominal drain or gastrointestinal tract), and
withdrawal of consent. In addition, patients who were with-
drawn from the study because of adverse events and com-
plications were excluded. The final VTE evaluation was

carried out for patients who completed the study proto-
col. Patients excluded from the study after surgery were
treated without enoxaparin. The study was conducted in
an open-label fashion.

Ethical approval

The study was performed with the approval of the Inter-
nal Review Board on ethical issues of Hokkaido Uni-
versity Hospital and participating sites. All procedures
performed in studies involving human participants were
in accordance with the ethical standards of the institu-
tional and/or national research committee, and with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. Written informed consent
was obtained from all individual participants included in
the study. The study was registered at the UMIN Clin-
ical Trials Registry System (https://www.umin.ac.jp/ctr/;
ID UMIN000011667).

Randomization

Physicians designated by each hospital registered the
patients, and central computer-generated randomization
was performed by the research coordinators of Hokkaido
University Hospital’s Clinical Research and Medical Inno-
vation Centre. Patients were allocated to intermittent
pneumatic compression (IPC) or to IPC with enoxaparin
in a 1 : 1 ratio at least 1 day before surgery. Stratification
factors included sex, location of cancer (stomach, colon or
rectum), age 61 years or more, and institution.

Blinding was considered to be impossible in this study.

Study procedures

All operations were performed by standard multiport
laparoscopic surgery with pneumoperitoneum pressure
from 12 to 8 mmHg. The lithotomy position was done for
the colorectal operation, and linear and circular staplers
were used for gastrointestinal anastomoses. The post-
operative recovery protocol was according to enhanced
recovery after surgery (ERAS) principles. The IPC system
was applied to both legs after induction of anaesthesia
and before patient positioning. Calf-length sleeves were
used. IPC was continued until leaving the bed on the
first postoperative day (POD1). Enoxaparin was adminis-
tered from 24 h after surgery (subcutaneous injection of
2000 units twice daily on POD1–7). In patients in the IPC
with enoxaparin group who also had epidural anaesthesia,
administration of enoxaparin was discontinued for 12 h
before and after removal of the epidural tube.
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Fig. 1 CONSORT diagram for the study
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IPC, intermittent pneumatic compression; DVT, deep vein thrombosis; CV, central venous.

Outcome

The primary outcome was VTE (DVT and PE), both
symptomatic and asymptomatic, diagnosed by multidetec-
tor CT on POD7. DVT located below the knee and con-
fined to the calf veins was defined as distal DVT, and that
located in the popliteal, femoral or iliac veins was defined
as proximal DVT. The radiologist in each hospital evalu-
ated the occurrence of VTE with no information on patient
allocation.

The secondary outcome was bleeding that occurred
by POD7. Postoperative bleeding was classified as major
or minor, defined according to the International Soci-
ety on Thrombosis and Haemostasis criteria12. Major
bleeding was defined as intracranial, retroperitoneal or
clinically overt haemorrhage associated with a decrease
in the haemoglobin level of more than 20 g/l, transfusion
of two or more units of packed cells, or need for surgical
intervention. Minor bleeding was defined as clinically
relevant non-major bleeding associated with medical
intervention. All bleeding events were reviewed by the

Internal Review Board at each participating site. Patients
with adverse events and complications by POD7 that led
to study discontinuation were excluded from the final
evaluation.

Data collection

Study data, including patient characteristics, med-
ical history, laboratory data, cancer type and stag-
ing, surgical information and outcome, and VTE
events, were transferred to the central data collection
centre.

Sample size calculation

The incidence of VTE for high-risk gastrointestinal
surgery is 20–25 per cent1, and laparoscopic surgery
reduces the incidence by about one-half11. The estimated
risk of VTE was therefore 10⋅0 per cent in the IPC group.
The estimated risk of VTE in the IPC plus enoxaparin
group was 2 per cent13, implying an 8 per cent reduction.
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Table 1 Patient demographics and clinical details of randomized and treated patients

IPC alone IPC with enoxaparin P§

Randomized patients n = 223 n = 225

Age (years)* 65⋅1(9⋅3) 65⋅0(9⋅2)

Age≥61 years 164 (73⋅5) 164 (72⋅9)

Male sex 135 (60⋅5) 135 (60⋅0)

Location of cancer

Stomach 74 (33⋅2) 80 (35⋅6)

Colon 88 (39⋅5) 94 (41⋅8)

Rectum 61 (27⋅4) 51 (22⋅7)

Evaluable patients n = 208 n = 182

Age (years)* 65⋅0(9⋅3) 64⋅8(9⋅1) 0⋅670¶
Age≥61 years 153 (73⋅6) 132 (72⋅5) 0⋅819

Male sex 125 (60⋅1) 106 (58⋅2) 0⋅710

ASA grade

I 108 (51⋅9) 94 (51⋅6) 0⋅957

II 99 (47⋅6) 86 (47⋅3) 0⋅946

III 1 (0⋅5) 2 (1⋅1) 0⋅486

BMI (kg/m2)* 23⋅3(3⋅3) 23⋅7(3⋅7) 0⋅473¶
BMI>30 kg/m2 6 (2⋅9) 10 (5⋅5) 0⋅113

Location of cancer

Stomach 66 (31⋅7) 65 (35⋅7) 0⋅406

Colon 85 (40⋅9) 77 (42⋅3) 0⋅773

Rectum 57 (27⋅4) 40 (22⋅0) 0⋅216

Gastric surgery 66 (31⋅7) 65 (35⋅7) 0⋅406

Total gastrectomy 15 (7⋅2) 12 (6⋅6) 0⋅810

Distal gastrectomy 51 (24⋅5) 50 (27⋅5) 0⋅507

Partial gastrectomy‡ 0 (0) 3 (1⋅6) 0⋅063

Colorectal surgery 142 (68⋅3) 117 (64⋅3) 0⋅406

Right hemicolectomy 30 (14⋅4) 27 (14⋅8) 0⋅909

Left hemicolectomy 9 (4⋅3) 4 (2⋅2) 0⋅243

Sigmoid resection 27 (13⋅0) 33 (18⋅1) 0⋅160

Subtotal colectomy 1 (0⋅5) 0 (0) 0⋅349

Other colectomy 16 (7⋅7) 9 (4⋅9) 0⋅269

Anterior resection 51 (24⋅5) 37 (20⋅3) 0⋅323

Abdominoperineal resection 8 (3⋅8) 5 (2⋅7) 0⋅546

Other rectal resection 0 (0) 2 (1⋅1) 0⋅130

Cancer stage

0 2 (1⋅0) 2 (1⋅1) 0⋅893

1 86 (41⋅3) 82 (45⋅1) 0⋅461

2 62 (29⋅8) 52 (28⋅6) 0⋅789

3 51 (24⋅5) 33 (18⋅1) 0⋅126

4 4 (1⋅9) 12 (6⋅6) 0⋅020

Undefined 3 (1⋅4) 1 (0⋅5) 0⋅383

Duration of surgery (min)† 220 (82–484) 230⋅5 (65–435) 0⋅566¶
Lithotomy position 113 (54⋅3) 100 (54⋅9) 0⋅903

Values in parentheses are percentages unless indicated otherwise; values are *mean(s.d.) and †median (range). ‡Includes wedge resection and remnant
gastrectomy. IPC, intermittent pneumatic compression. §χ2 test, except ¶Mann–Whitney U test.

With an α of 0⋅05 and β of 0⋅10, 368 patients had to be
evaluable in the study. The anticipated dropout rate due to
adverse events in either group was 20 per cent. Therefore,
450 patients had to be recruited for the study.

Statistical analysis

Statistical analysis was performed using JMP® Pro 13.0.0
for Windows® (SAS Institute, Cary, North Carolina,
USA). Categorical data were compared with the χ2 test,
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Table 2 Venous thromboembolism in evaluable patients

Total (n = 390) IPC alone (n = 208) IPC with enoxaparin (n = 182) P*

Overall VTE 16 (4⋅1) 10 (4⋅8) 6 (3⋅3) 0⋅453

Distal DVT 10 (2⋅6) 5 (2⋅4) 5 (2⋅7) 0⋅831

Proximal DVT 1 (0⋅3) 1 (0⋅5) 0 (0) 0⋅349

PE 7 (1⋅8) 6 (2⋅9) 1 (0⋅5) 0⋅083

Proximal DVT or PE 8 (2⋅1) 7 (3⋅4) 1 (0⋅5) 0⋅050

Values in parentheses are percentages. IPC, intermittent pneumatic compression; VTE, venous thromboembolism; DVT, deep vein thrombosis; PE,
pulmonary embolism. *χ2 test.

and continuous or ordinal data using the Mann–Whitney
U test. P < 0⋅050 (two-sided) was considered to denote
statistical significance. The analysis was not done according
to the intention-to-treat principle.

Results

Of 455 patients who were offered participation in the
study, 448 were registered and randomized. After post-
randomization exclusion, 209 patients remained in the
IPC group and 202 in the IPC with enoxaparin group
(Fig. 1). Following exclusion for postoperative complica-
tions, 208 and 182 patients respectively in these two groups
remained in the study for evaluation of the primary end-
point. Patient demographics and clinical characteristics
of evaluable patients in the two groups were comparable
(Table 1). The surgical characteristics (surgical procedure,
cancer type, cancer stage according to the TNM classifica-
tion, duration of surgery, and use of the lithotomy position
during surgery) of evaluable patients showed no statistical
differences between the two groups.

Thromboembolic events

All VTE events were asymptomatic and not fatal. Ten of
the 208 patients in the IPC group had a VTE event (4⋅8
(95 per cent c.i. 2⋅6 to 8⋅6) per cent), compared with six of
the 182 patients in the IPC with enoxaparin group (3⋅3 (1⋅5
to 7⋅0) per cent) (P = 0⋅453) (Table 2).

Bleeding complications and adverse events

All 208 patients in the IPC group had an uneventful course
and completed the study. Bleeding complications were
observed in 11 of 202 patients (5⋅4 (95 per cent c.i. 3⋅1
to 9⋅5) per cent) in the IPC with enoxaparin group. Ten
patients had minor bleeding and one patient had major
bleeding requiring a blood transfusion. Bleeding sites
included blood loss via the abdominal drain (3 patients),
subcutaneous bleeding (4) and anastomosis bleeding (4);

bleeding events occurred a mean(s.d.) of 3⋅5(1⋅4) days after
surgery. Haemostasis was obtained in all patients with drug
discontinuation, and none required an additional interven-
tion. Bleeding did not lead to death.

During follow-up of up to 30 days after surgery, no signs
of symptomatic VTE were seen. In addition to the five
patients (2⋅5 per cent) with anastomotic leakage in the IPC
with enoxaparin group (Fig. 1), surgical-site infection (SSI)
occurred in five (1⋅3 per cent) of 385 evaluable patients (3
superficial and 2 organ/space SSI).

Discussion

Compared with IPC alone, IPC with postoperative admin-
istration of enoxaparin for 1 week did not significantly
reduce VTE after laparoscopic surgery for gastric or colo-
rectal malignancy.

The incidence of VTE after laparoscopic surgery is
lower than that after open surgery11, but methods for
diagnosis of VTE vary from examination of only symp-
tomatic cases to examination with active screening of
lower-limb ultrasonography and/or venography. In the
literature, the incidence of VTE after laparoscopic gas-
tric surgery, including bariatric surgery, ranges from 0
to 19⋅4 per cent14–18, and that after laparoscopic colo-
rectal surgery ranges from 0⋅8 to 17⋅1 per cent18–25. By
active screening with duplex ultrasonography and either
ventilation–perfusion scanning or CT angiography in
injured patients, the rate of DVT increases tenfold and the
rate of PE almost fivefold26. Multidetector CT has high
diagnostic accuracy for PE and DVT, with a sensitivity
of 90 per cent and specificity of 95 per cent for PE, and
values of 97 and 100 per cent respectively for DVT27,28.

In the present study, the observed incidence of diagnosis
of perioperative VTE by multidetector CT in patients
whose operation was completed laparoscopically and who
had no serious adverse events during the first week was
lower than expected. Sakon and colleagues13 reported that
the incidence of VTE diagnosed by active screening of
lower-limb venography after major abdominal surgery was
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19⋅4 per cent with no antithrombotic chemoprophylaxis.
Symptomatic VTE had not occurred. Laparoscopic versus
open surgery and mobilization of patients according to an
ERAS protocol may have influenced the incidence of VTE
in the IPC-alone group.

Additional morbidity associated with enoxaparin was lim-
ited. This study was not powered to detect a difference in
proximal venous thrombosis and PE. In patients with addi-
tional risk factors for VTE, including obesity and advanced
cancer, chemoprophylaxis should be considered, despite
the negative findings in this study.

This study has some limitations. The primary endpoint
was not evaluated in all patients who were randomized
owing to conversion to open surgery and complications.
Nothing can be concluded regarding the efficacy of throm-
botic prophylaxis in these patients, and their exclusion may
have influenced the results. The overestimated incidence
of VTE with no thrombotic prophylaxis in laparoscopic
surgery for colorectal and gastric cancer in the study pro-
tocol led to a study that was underpowered to assess a
statistically significant difference between groups. Caution
should be exercised in generalizing the results of this study
to the rest of the world, as all patients were Asian, whose
population-wide VTE incidence is approximately 15–20
per cent of the levels recorded in Western countries29. In
addition, the mean BMI of patients was low, and early-stage
cancer was common.
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