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Abstract. Background/Aim: This study aimed to assess
whether low-molecular-weight heparin (LMWH) is effective
and safe in preventing postoperative venous thromboembolism
(VTE) in patients undergoing esophageal cancer surgery.
Patients and Methods: In this single-institution, prospective,
randomized trial,
undergoing esophagectomy were randomly divided into the

73 patients with esophageal cancer

enoxaparin group (E group) and intermittent pneumatic
compression group (I group). The primary endpoint was
efficacy of enoxaparin, and secondary endpoints were evidence
of bleeding and serum anti-Xa activity in the E group. Results:
The E group comprised 42 patients and the I group comprised
31 patients. Deep vein thrombosis was observed in 0 (0%)
patients in the E group and 7 (22.6%) patients in the I group
(p=0.002). Soluble fibrin monomer complex was significantly
lower in the E versus I group on day 8 (p<0.001). D-dimer was
significantly lower in the E versus I group on days 2, 8, and
15 (p=0.008, p<0.001, p<0.001, respectively). Conclusion:
VTE was significantly reduced by using enoxaparin.
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venous

Venous thromboembolism (VTE) is the second leading cause
of death in cancer patients receiving outpatient chemotherapy
(1). As represented by Trousseau’s syndrome, multiple patho-
physiologic mechanisms contribute to the hypercoagulability
associated with cancer (2). The Japan VTE Treatment Registry
revealed the maximal risk factor for VTE to be cancer (3).
Major surgery for cancer located in the abdomen or chest is
associated with a high incidence of VTE, as the major
postoperative complication, including deep venous thrombosis
(DVT) and pulmonary thromboembolism (PTE) (4). According
to previous reports, the incidence of symptomatic VTE after
esophagectomy is reported to range from 2.9 to 3.8%, (5, 6),
whereas that of asymptomatic VTE after esophagectomy
ranges from 5.9 to 23.3% (7-9). Thus, the prevalence of
asymptomatic VTE is not small after esophageal cancer
surgery, and occasionally, unfortunate outcomes can occur;
thus, prevention of VTE is very important.

The use of low-molecular-weight heparin (LMWH) was
recommended to prevent VTE after cancer surgery (10). Lee et
al. reported that in patients with cancer and acute VTE, LMWH
was more effective than an oral anticoagulant in reducing the
risk of recurrent VTE, without increasing the risk of bleeding
(11). However, an optimal strategy of thromboprophylaxis for
esophagectomy has not been formulated, and to the best of our
knowledge, there are no reports comparing the effects of
LMWH through randomized controlled trials (RCTs).

Enoxaparin is a LMWH that functions as an anticoagulant
agent by forming a complex with antithrombin 3 (AT-III) and
promoting AT-III activity. The evidence for enoxaparin in
orthopedic, gynecologic malignancy and abdominal or pelvic
malignancy has already been established (12-14). In
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gastrointestinal surgery, prevention of VTE only in patients
undergoing abdominal surgery has become an indication for
health insurance reimbursement. So, we planned to evaluate
the effectiveness and safety of enoxaparin for esophageal
resection involving cervical and chest surgery, in addition to
abdominal surgery, in a phase II study. Additionally, no
prospective RCTs are available combining esophagectomy with
enoxaparin use and measurement of serum anti-Xa activity.
Thus, we designed a single-institution, prospective, phase Il
RCT to confirm the efficacy and safety of using enoxaparin for
prophylaxis of VTE after esophagectomy. Importantly, we
conducted DVT screening using venous ultrasonography (US)
and PTE and iliac vein thrombosis screening using contrast-
enhanced computed tomography (CT) 4 weeks after surgery.

Patients and Methods

Eligibility criteria. This single-center, double-arm, prospective RCT
was conducted with patients who underwent elective esophagectomy
for thoracic esophageal cancer in the Department of Surgical Oncology
of the Gifu University. Patients who were >18 years of age at the time
of registration and who had histologically or cytologically confirmed
Stage IB-1V esophageal squamous cell carcinoma were included in the
present study. The other inclusion criteria were an Eastern Cooperative
Oncology Group performance status of 0-1; a life expectancy of >12
weeks; and adequate liver, bone marrow, renal, and cardiovascular
functions (serum bilirubin <1.5 mg/dl; neutrophil count >1,500/mm3;
serum aspartate aminotransferase and alanine aminotransferase levels
< twice the upper limit of normal range; platelet count >10x10%/mm3;
hemoglobin =8.0 g/dl; creatinine <1.2 mg/dl [or creatinine clearance
>30 ml/min] and platelet count >10x10% /1. Patients who had previously
received anticoagulants for VTE or non-valvular atrial fibrillation or
had hypersensitivity to heparin, heparin-induced thrombocytopenia,
impaired renal function (creatinine clearance <30 ml/min), a recent
history of hemorrhagic disease with intracranial bleeding, previously
received spinal or ophthalmologic operation, or preoperatively
prolonged prothrombin time (PT) or activated partial thromboplastin
time (APTT) were excluded from this study. The other exclusion
criteria were serious concomitant illness, symptomatic infectious
disease, severe allergy, peripheral neuropathy, and uncontrolled diabetes
mellitus. Patients satisfying the inclusion criteria were registered among
continuous esophageal cancer surgical cases during the period from
April 2014 to December 2017.

Ethical considerations. This trial was conducted in accordance with
the World Medical Association Declaration of Helsinki and was
registered with the University Hospital Medical Information Network
Clinical Trials Registry (Registration number: UMIN000014623).
This trial was approved by the Ethics Committee of Gifu University
(Approval number 26-16), and written informed consent was obtained
from all patients.

Treatment strategy. We classified tumor stage according to the
Union for International Cancer Control (UICC) tumor-node-
metastasis (TNM) staging, version 7 (15). Routine esophagoscopy,
esophagography, and positron emission tomography CT or contrast-
enhanced CT were performed to establish the clinical stage of
tumors. For patients in clinical stage IB-IIIC, neoadjuvant
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chemotherapy and stage IV, induction chemotherapy was planned
to be performed before surgery.

A three-incision esophagectomy with two- or three-field
lymphadenectomy was performed. In particular, patients with lower
thoracic main tumor with no supramediastinal and supraclavicular
lymph node swelling at first visit underwent two-field
lymphadenectomy, whereas those with upper and middle thoracic
main tumor underwent three-field lymphadenectomy. Thoracoscopic
esophagectomy was commonly performed in cases of clinical tumor
stages T1 and T2 at first visit and included cases of shrinkage after
neoadjuvant chemotherapy. Open thoracotomy was performed in
patients with clinical tumor stage T3 and in those with the
possibility of T4 stage. A 7-cm abdominal skin incision was made
by a hand-assisted laparoscopic technique.

All patients were extubated on the day after surgery and started
on ambulation. Epidural anesthesia was not performed in all
patients, and pain relief was attained by morphine and
acetaminophen in the perioperative period. Oral intake was started
on postoperative day (POD) 6, and the patients were discharged
from hospital approximately 3 weeks after surgery.

Methods of antithrombosis in the two groups. We randomly
allocated patients who underwent esophagectomy for esophageal
cancer to an intermittent pneumatic compression (IPC) group (I
group) or enoxaparin group (E group) in a 1:1 ratio via the envelope
method. DVT was screened using venous US in all patients on
PODs 2, 8, and 15 by a physician who had experience with more
than 400 cases of venography and lower limb echography. PTE and
iliac vein thrombosis screening was performed 4 weeks after surgery
using contrast-enhanced CT.

IPC was applied in the E group from the start of operation to the
first ambulation from bed, and then the patients received subcutaneous
injection of enoxaparin (Kaken Pharmaceutical. Co., LTD., Japan, 2000
IU) at 18:00 on POD 1 after confirmation of no bleeding from the
operative site and then twice daily on PODs 2-14. For patients with a
creatinine clearance of 30 to 50 ml/min or those weighing less than 40
kg, the administration frequency of enoxaparin was reduced to once per
day. In contrast, IPC in the I group was applied from the start of
operation to the first ambulation from bed.

Study endpoints. We investigated the effectiveness and safety of
enoxaparin in preventing postoperative VTE. The primary endpoint
of this study was efficacy as evidenced by the incidence of VTE
(including DVT and PTE) after surgery. In cases where thrombosis
was observed in a lower limb before surgery, exacerbations after
surgery or VTE appearing in other locations were included in the
incidence of VTE. Secondary endpoints were related to safety: the
incidence of all enoxaparin treatment-related adverse events
including postoperative major bleeding, clinically relevant non-
major bleeding, perioperative transition of coagulation system
parameters such as soluble fibrin monomer complex (S-FMC), D-
dimer, PT, APTT, and the relationship between serum anti-Xa
activity and the color of chest tube drainage in the E group patients
who consented to measurement of their serum anti-Xa activity.

Assessment. Checks of lower limb vein thrombosis by US were
performed before surgery and on PODs 2, 8, and 15. In case of
symptoms suspicious for PTE, contrast-enhanced CT was performed
to confirm the presence or absence of thrombus in the pulmonary
arteries. We routinely checked the pulmonary arteries and the inferior
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vena cava from the common iliac vein via contrast-enhanced CT, and
DVT via US at 1 month after surgery in all patients. S-FMC, D-
dimer, hemoglobin and PT (%), PT (sec), and APTT (sec) were
measured in all patients on PODs 2, 8, and 15. D-dimer was measured
with STA-R Evolution (Roche Diagnostics Co., Ltd. Tokyo, Japan)
using Nanopia® D-dimer (Sekisui Medical Co., Ltd. Tokyo, Japan;
standard value < 1.0 pg/ml). A ProSound SSD-5500 US system
(Aloka Co., Ltd. Tokyo, Japan) was used for the US examinations.

Definition of adverse events. The following definitions were used to
evaluate safety. Major enoxaparin-related bleeding was defined as 1)
death due to bleeding, 2) reoperation required due to hemorrhage
(including reoperation for subcutaneous major hematoma), 3)
hemoglobin decrease of =2 g/dl after POD 2 compared with that on
POD 1, 4) blood transfusion of =400 ml performed during the
observation period, 5) bleeding from important organs (intracranial,
digestive tract, subconjunctival) during the observation period, 6)
extension of the scheduled hospitalization period due to bleeding, or
7) drainage volume exceeding 100 ml/h per bleeding episode from
the chest drain. Minor enoxaparin related bleeding was defined as 1)
bloody change in the color of chest drainage when the outflow rate
is <100 ml/h, 2) skin purpura, 3) nasal hemorrhage, 4) hematuria
unrelated to urinary catheterization, or 5) wound bleeding without the
need to discontinue enoxaparin. Other adverse events were graded in
accordance with the US National Cancer Institute-Common
Terminology Criteria for Adverse Events version 4.0 (16).

Statistical analysis. According to the report by Sakon et al. (17), the
incidence of VTE in Japanese patients undergoing major abdominal
surgery is 24.7%, whereas in a clinical trial with patients with
enoxaparin undergoing curative abdominal or pelvic cancer surgery,
the incidence of VTE was 1.2% (14). Given that our study targeted
the same race, it is assumed that almost the same rate of thrombus
inhibition would be obtained unless cervical and thoracic surgery
were added to abdominal surgery for esophagectomy. Thus, the
sample size was calculated at 0.05% as an alpha error with 80%
detection power. Assuming the dropout rate to be 10%, the number
of cases required was 70 cases (35 cases each).

Continuous variables are expressed as the mean or median value
(standard deviation) and categorical variables are expressed as
frequency (percentage). Continuous variables were analyzed by two-
sample 7-test with Bonferroni adjustment for multiple comparisons,
and categorical variables were analyzed by Fisher’s exact test. The
median value (interquartile range) and Wilcoxon test (Mann-
Whitney test) were used for unpaired samples. A p-value of <0.05
was considered to indicate statistical significance. All statistical
analyses were performed using R version 3.5.1 software.

Results

Seventy-two patients were enrolled of whom 41 comprised
the E group and 31 comprised the I group. All 72 patients
completed follow up period without drop-out.

Mean patient ages were 67.05 years in the E group and
67.23 years in the I group. The performance status was 0-1
in 36 patients (87.8%) in the E group and 30 (96.8%) in the
I group. There was no significant difference in patient
background characteristics except for the presence or
absence of preoperative chemotherapy (Table I).

Table 1. Characteristics of patients.

Enoxaparin IPC p-Value**
group*! group*
n=41 n=31
No. (%) No. (%)
Age (years) 67.05 (7.98) 67.23 (7.73) 0.925
Gender
Male 33 (80.5) 27 (87.1) 0.536
Female 8 (19.5) 4 (12.9)
Hight (cm) 162.73 (7.76) 162.54 (7.13) 0916
Body weight (Kg) 57.46 (8.97) 54.72 (9.67) 0.219
Body mass index 21.70 (2.96) 20.68 (3.17) 0.167
CCr (ml/min) 86.27 (27.77) 97.08 (32.10)  0.131
Perfomance status
0 3(7.3) 6 (194) 0.184
1 33 (80.5) 24 (77.4)
2 5(12.2) 1(3.2)
Stage
IA 7(17.1) 11 (35.5) 0.175
1B 124 309.7)
A 1(24) 0(0.0)
IIB 5(12.2) 309.7)
1IA 6 (14.6) 309.7)
1B 4(9.8) 1(32)
IC 12 (29.3) 10 (32.3)
v 5(12.2) 0 (0.0)
COPD
Yes 124 5(16.7) 0.076
No 40 (97.6) 25 (83.3)
Hypertension
Yes 23 (56.1) 17 (54.8) 1.000
No 18 (43.9) 14 (45.2)
Hyper lipidemia
Yes 10 (24.4) 8(25.8) 1.000
No 31 (75.6) 23 (74.2)
Hyperuricemia
Yes 4(9.8) 2 (6.5) 0.693
No 37 (90.2) 29 (93.5)
Heart disease
Yes 4(9.8) 4(12.9) 0.719
No 37 (90.2) 27 (87.1)
Diabetes mellitus
Yes 4(9.8) 6(19.4) 0.310
No 37 (90.2) 25 (80.6)
Cerebrovascular
events
Yes 7(17.1) 4(12.9) 0.747
No 34 (82.9) 27 (87.1)
Neo-adjuvant
chemotherapy
Yes 32 (78.0) 16 (51.6) 0.024F
No 9 (22.0) 15 (48.4)

IPC: Intermittent pneumatic compression; Ccr: Creatinine clearance;
COPD: Chronic obstructive pulmonary disease. *Continuous
variable is average (standard deviation), categorical variable is
frequency (percentage); **Two-sample z-test is used for continuous
variables, and Fisher’s exact test is used for categorical variables.
Tp<0.05.
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Preoperative laboratory data showed no difference
between the E group and I group in coagulation factors and
hemoglobin level. Operative procedure, operation time, and
amount of bleeding were not significantly different between
the two groups (Table II).

Three patients (7.3%) in the E group and two (6.5%) in
the I group had thrombosis in the soleal vein before surgery.
Among them, no new thrombosis or exacerbations were
observed in the postoperative period.

VTE occurred in O patients in the E group [0.0%; 95%
confidence interval (CI)=0.0-8.6)] and in 7 patients in the I group
(22.6%; 95%CI=9.6-41.1) (p=0.002). VTE in the E group was
observed in two cases of right soleal vein thrombosis on PODs
8 and 15, one case of left posterior tibial vein thrombosis on
POD 8, one case of right femoral vein thrombosis on POD 8§,
one case of right soleal vein and posterior tibial vein thrombosis
on POD 8, and one case of right femoral vein and left soleal vein
thrombosis on POD 8. One case of symptomatic PTE on POD
8 was observed that was treated with direct oral anticoagulant.
Enhanced CT and US screening performed at 1 month after
surgery showed no incidences of VTE, except as
aforementioned, nor of iliac vein thrombosis.

Postoperative changes in laboratory parameters (value
[95%CI]) were as follows: the S-FMC level was significantly
lower in the E group vs. I group on POD 8 [-0.80 (-2.40, 0.00)
vs. =5.50 (-13.90, -4.00) pg/ml, p<0.001]. The D-dimer level
was significantly lower in the E group vs. I group on POD 2
[4.60 (-5.30,-3.00) vs.—6.20 (-10.15,—4.00) ug/ml, p=0.006],
POD 8 [4.20 (-5.70, -2.50) vs. —11.00 (-20.40, —6.95) pg/ml,
p<0.001], and on POD 15 [-3.50 (-5.50, —1.80) vs. -7.60
(-12.15, -4.20) pg/ml, p<0.001]. There was no significant
difference in the change in PT, APTT, and hemoglobin between
the two groups (Figure 1, Table III).

Consent to measure serum anti-Xa activity was obtained
from 27 (65.9%) patients in the E group. The mean values
(standard error) of anti-Xa activity were as follows: 0.418
(0.080) ng/ml on POD 2, 0.205 (0.038) ng/ml on POD 8§,
and 0.264 (0.066) ng/ml on POD 15 (Figure 2). Among
these 27 patients in whom we could investigate the
association between anti-Xa activity and the change in
chest drainage color, chest drainage had become slightly
bloody, indicating minor enoxaparin-related bleeding, in
only one patient on POD 2. This patient’s serum anti-Xa
activity at this point was 0.92 ng/ml. The bleeding was
improved only by stopping enoxaparin; neither surgery for
hemostasis nor blood transfusion was required. No other
major bleeding or adverse events related to enoxaparin
were observed in the E group.

Surgery-related morbidities included grade 1 recurrent
nerve palsy in 4 patients (2 in each group), grade 1
chylothorax in 3 patients (2 in the E group, 1 in the I group),
and grade 2 pneumonia in 1 patient in the I group. There was
no mortality in either group.
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Table II. Preoperative Laboratory data and operative findings.

Preoperative Enoxaparin IPC p-Value*?2
laboratory data group *! group*!
(n=41) (n=31)
APTT (sec) 27.90 28.00 0.520
[26.00, 28.90] [26.00, 29.95]
D-dimer (pg/ml) 1.50 1.40 0.442
[1.10, 1.90] [0.90, 1.75]
Hemoglobin (g/dl) 11.80 11.70 0314
[10.10, 12.60] [10.75, 13.40]
PT (%) 105.00 110.00 0.488
[100.00, 116.00] [100.00, 119.50]
PT (sec) 12.50 12.40 0.494
[12.10, 12.90] [12.05, 12.85]
S-FMC (pg/ml) 3.00 3.00 0.809
[3.00, 3.90] [3.00, 4.10]
Operative findings Enoxaparin IPC p-Value*4
group*3 group*3
(n=41) (n=31)
Time of operation (min) 518.00 489.00 0.282

[350.00, 738.00] [392.00, 755.00]

Bleeding (g) 335.00 335.00 0.394
[40.00, 2580.00] [40.00, 700.00]
Procedure
Open thoracotomy 22 (53.7) 13 (41.9) 0.351
Thoracoscopic surgery 19 (46.3) 18 (58.1)

APTT: Activated partial thromboplastin time; PT: prothrombin time; S-
FMC: Soluble fibrin monomer complex. *!The median (interquartile
range); *2Wilcoxon test (Mann-Whitney test); *3The continuous variable
represents the median value (range), and the categorical variable represents
the frequency (proportion (%)); *#Continuous variables are evaluated by
Wilcoxon test (Mann-Whitney test) and categorical variable by Fisher’s
exact test.

As VTE occurred only in the I group, we analyzed the
preoperative risk factors of VTE only in that group.
Univariate analysis revealed that age, preoperative APTT,
and operation mode showed a tendency to be related to
postoperative VIE (p=0.078, 0.083, and 0.099, respectively)
(Table IV). Results of multivariate analysis (logistic
regression analysis) using covariates with a p-value<0.100
in the univariate analysis revealed no factors to be significant
indicators of postoperative VTE (Table V).

Discussion

The following findings were obtained from this prospective
RCT. First, enoxaparin significantly suppressed the
occurrence of VTE in patients with esophageal surgery
without any major adverse events. Second, S-FMC and D-
dimer values suggested that micro-thrombus may have been
suppressed in the E group. Third, of note, the anti-Xa
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Figure 1. Postoperative parameters [amount of change in examination value: (preoperative value - postoperative value)].

activity tended to be higher in the early postoperative days.
Japanese prospective epidemiological findings on the incidence
rate of VTE after abdominal laparotomy surgery were reported
in 2006. According to this prospective survey, postoperative
VTE occurred in 24.7% (37/150) of patients when operation
time for laparotomy of a malignant tumor exceeded 45 min.
DVT after abdominal surgery and PTE thereafter were serious

postoperative complications that could have a lethal course (17).
The results of the present study can be judged to be comparable
to previous epidemiological surveys in western countries (11,
18), and it is expected that postoperative VTE prevention will
become an important part of risk management even in Japan.
According to large-scale studies, the proportion of
perioperative asymptomatic DVT treated without anticoagulant
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Table III. Postoperative parameters [amount of change in examination value: (preoperative value - postoperative value)].

Enoxaparin roup*(n=41) IPC group (n=31)* p-Value** adj. p-Value***

S-FMC (pg/ml)

2POD —-0.10 [-0.80, 0.00] 0.00 [-6.40, 0.00] 0.560 1.000

8POD —-0.80 [-2.40, 0.00] -5.50 [-13.90, —4.00] <0.0017F <0.0017

15POD —1.20 [-2.40, 0.00] —1.30 [-5.05, 0.00] 0.330 0.990
D-dimer (pg/ml)

2POD —4.60 [-5.30, -3.00] -6.20 [-10.15,-4.00] 0.002F 0.006}

8POD —4.20 [-5.70, -2.50] —11.00 [-20.40, -6.95] <0.0017 <0.001}

15POD -3.50 [-5.50, -1.80] -7.60 [-12.15,-4.20] <0.001% <0.001%
Hemoglobin (g/dl)

1POD 0.70 [-0.10, 1.90] 0.90 [-0.65, 2.20] 0.754 1.000

2POD 0.70 [-0.40, 1.50] 0.30 [-0.35, 2.10] 0.785 1.000

8POD 1.20 [0.40, 2.20] 1.10 [-0.40, 2.55] 0.720 1.000

15POD 0.90 [-0.20, 2.10] 1.20 [-0.25, 1.70] 0.720 1.000
PT(%)

2POD 15.00 [7.00, 20.00] 18.00 [9.00, 26.50] 0.181 0.543

8POD 12.00 [1.00, 24.00] 18.00 [11.00, 25.50] 0.135 0.405

15POD 14.00 [0.00, 21.00] 19.00 [8.50, 22.50] 0.081 0.243
PT(sec)

2POD —1.00 [-1.50, -0.60] —1.00 [-1.85,-0.65] 0.542 1.000

8POD -1.10 [-1.70, -0.40] -1.30 [-1.60, -0.75] 0.272 0.816

15POD —-1.00 [-1.40,-0.10] —-1.00 [-1.60, —0.25] 0.569 1.000
APPT(sec)

2POD -8.00 [-10.30, —4.80] -5.80 [-9.45,-3.75] 0.334 1.000

8POD -3.10 [-5.90, —-0.90] -2.00 [-4.10, -0.10] 0.049 0.147

15POD -2.50 [-5.00, —1.00] -0.70 [-3.60, 0.75] 0.042 0.126

IPC: Intermittent pneumatic compression; S-FMC: Soluble fibrin monomer complex; PT: prothrombin time; APTT: activated partial thromboplastin
time; POD: postoperative day; SEC: second. *Median value (standard deviation); **Wilcoxon test (Mann-Whitney test); ***Adjusted by multiple

comparison of Bonferroni; Tp<0.05.

therapy or with elastic stockings alone ranged from 14.5 to
23.7% (17, 19). Indeed, in the present study, DVT occurred in
6 patients (19.4%) in the I group along with one case of PTE.
All 6 patients who developed DVT had no symptoms in the
lower limbs. There is also a report that the probability of
symptomatic DVT is only 23.5% among all DVT (20). Given
the risk of developing PTE, screening for DVT appeared to be
insufficient after symptoms appeared.

Walker et al. reported that in a study of the annual transition
of VTE expression rates in each group of 83,203 cancer
patients and 57,7207 healthy persons extracted from four UK
databases, VTE was strongly linked to cancer (21).
Postoperative VTE is known to occur frequently following
esophagectomy (8). The Japan VTE Treatment Registry (JAVA
study) indicated that the greatest risk for VTE was found to be
cancer (3). In particular, the presence of cancer increases the
risk of developing VTE by 4 to 7 times (22, 23), and Gallus et
al. reported that the risk of developing lethal PTE in cancer
patients who underwent surgery tripled compared with non-
cancer patients who underwent similar surgery (24). In
particular, cancer patients often have multiple risk factors for
VTE in addition to cancer itself, and various researches are
being conducted on anticancer drugs, central venous catheters,
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long-term bed-ridden living, and underlying diseases as risk
factors (22-25). In a study prospectively examining VTE
incidence in 2373 cancer surgery patients in Italy, age (>60
years), past history of VTE, anesthesia time (>2 h), cancer
stage, and time in bed (>4 days) were recognized as risk factors
for the occurrence of VTE, and with such risk factors, the odds
ratio (OR) of onset of VTE was 2.6 to 6.0 (26). To clarify the
independent risk factors for DVT and PTE and the magnitude
of the risk, a population-based case-control study was
conducted in 625 patients diagnosed as having VTE and in 625
patients without VTE from 1976 to 1990. Independent risk
factors for VTE were revealed to be surgery (OR=21.7;
95%CI=9 4-49.9), trauma (OR=12.7; 95%ClI=4.1-39.7), cancer
patients administered chemotherapy (OR=6.5; 95%CI=2.1-
20.2), and cancer patients who had not undergone
chemotherapy (OR=4.1; 95%ClI=1.9-8.5). The risk of VTE in
cancer patients is about four times higher than that of healthy
peoples, but the risk in cancer patients receiving chemotherapy
rises to more than 6 times higher (22). Because the number of
patients receiving neoadjuvant chemotherapy was significantly
higher in the E group than in the I group, the risk of
perioperative VTE should be high in the E group, but
enoxaparin suppressed it in the present study.
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Figure 2. Postoperative change in the anti-Xa activity value.

For the limbs and cervical vein, non-invasive venous US
is the first choice for diagnosis of DVT with an excellent
diagnostic accuracy (27-30). A retrospective cohort study
was performed on 1,140 subjects who underwent echography
of the lower limbs prior to gastric cancer surgery, and 86
(7.5%) had DVT before surgery. In the univariate analysis,
the incidence of DVT was significantly higher in women,
those aged >80 years, PS>1 (compared to PS=0), stage IV
(compared with stages I to III), those with a preoperative
chemotherapy history, and patients with central venous
catheter insertion. Multiple logistic regression analysis
revealed that sex, age >80 years, PSz1, preoperative
chemotherapy history, and central venous catheter insertion
significantly correlated with preoperative DVT (31). Another
study of 976 consecutive patients who underwent gastric
cancer surgery and preoperative D-dimer screening showed
that 176 patients were positive for D-dimer (>1.0 pg/ml),
and 13 (7.4%) were diagnosed as having DVT (32). Actually,
in the present study, 5 patients (6.9%) had thrombosis in the
soleal vein before surgery.

D-dimer, which is a fibrinolytic marker, is generally used
as an index for predicting thrombus formation after surgery,
but D-dimer has low specificity for VTE. We can generally
exclude the existence of thrombus if D-dimer is within the
range of normal values. However, it is impossible to predict
thrombus formation from a high D-dimer value. Actually,
even in the absence of postoperative thrombus formation as
in the present study, it was found that S-FMC and D-dimer
values transiently increased only with severe surgical
invasion. In fact, 7 patients with VTE occurring in the I
group did not have a significant increase in S-FMC and D-
dimer values compared with non-VTE cases in the I group
(data not shown). To prevent PTE beforehand, screening
with lower limb US is considered necessary after surgery.

Aggressive VTE prophylaxis, including anticoagulant
drugs, is recommended for cancer patients in Europe and the
United States, and even in the guidelines of the American
Society of Clinical Oncology (ASCO), unless anticoagulants
are contraindicated, and drug prophylaxis using heparins is
recommended (25). In contrast, in the 2009 Japanese
guidelines (27), major surgery for cancer in patients over 40
years old corresponds to high risk. In the perioperative
period of patients undergoing such abdominal surgeries,
enoxaparin, fondaparinux, or low-dose unfractionated
heparin or IPC are recommended. Enoxaparin is used
worldwide, and in the ninth American College of Chest
Physicians guidelines published in 2012, it is positioned as
one of the first-choice drugs in patients at median risk for
VTE (33). Anti-coagulation therapy with IPC or enoxaparin
was administered to cancer patients over 40 years old who
underwent laparotomy operation of over 45 min in the
abdominal area in a phase III trial. DVT onset was observed
by venography in 19.4% in the IPC group and in 1.2% in the
enoxaparin group (14). On the basis of the above-mentioned
background, we conducted a phase II study examining the
effectiveness and safety of enoxaparin for esophageal
surgery. More specifically, we verified the hypothesis that
enoxaparin would inhibit the occurrence of VTE in patients
undergoing esophageal surgery, which includes the
abdominal, cervical, and thoracic areas. Also, to use it safely
for esophagectomy, we investigated whether anti-Xa activity
would be a marker indicating the intensity of the coagulation
effect. As a result, VTE was significantly suppressed in the
E group. Actually, S-FMC and D-dimer values remained
significantly low in the E group. In this group, the
anticoagulant effect of enoxaparin suggested that the
formation of micro-thrombus and thrombus growth were
inhibited, which was considered the reason for the rate of
VTE occurrence to be lower than that in the I group. In one
patient in the E group, a change in the red color of the
thoracic drainage fluid was confirmed on POD 2 after
enoxaparin was administered. The fact that the anti-Xa
activity was elevated at that time suggests that the
intravascular volume was decreased on POD 2, which lies
within the surgical invasive period, and that there was a
relative increase in the blood concentration of enoxaparin.

Considering the change in anti-Xa activity, the period of
3rd-space loss on POD 2 tended to be higher than that on
PODs 8 and 15. Even though renal function in the patients
was normal, we thought it was important to pay attention to
the bleeding and to have a proper hydration plan for the use
of enoxaparin during this time. In high-risk patients,
measurement of anti-Xa activity may prevent bleeding.

VTE is common in patients with cancer and is not
limited to the perioperative period. Long-term daily
subcutaneous LMWH has been standard treatment for such
patients (11). In Japan, LMWH is not listed in health
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Table IV. Univariate analysis of preoperative risk factors for perioperative VIE in IPC group.

Incidence of VTE p-Value Incidence of VTE p-Value
Yes (n=7) No (n=24) Yes (n=7) No (n=24)
Performance Status (PS) Gender
0 0 (0.0) 6 (25.0) 0.450 Male 7 (100.0) 20 (83.3) 0.550
1 7 (100.0) 17 (70.8) Female 0(0.0) 4(16.7)
2 0 (0.0) 14.2) Body mass index
Stage <20 2 (28.6) 10 (41.7) 0.676
1A 1(14.3) 10 (41.7) 0.159 >20 5(71.4) 14 (58.3)
1B 0 (0.0) 3(12.5) Creatinine clearance (min)
1IB 0 (0.0) 3(12.5) <90 4 (57.1) 9 (37.5) 0413
JLIVN 1(14.3) 2 (8.3) >90 3(429) 15 (62.5)
1I1B 1(14.3) 0 (0.0) Operation time (min)
1Ic 4 (57.1) 6 (25.0) <490 2 (28.6) 14 (58.3) 0.220
COPD >490 5(71.4) 10 (41.7)
Presence 2(33.3) 3(12.5) 0.254 Blood loss(g)
None 4 (66.7) 21 (87.5) <340 2 (28.6) 14 (58.3) 0.220
Hypertension =340 5(71.4) 10 (41.7)
Presence 4 (57.1) 13 (54.2) 1.000 Age
None 3(429) 11 (45.8) <70 2 (28.6) 17 (70.8) 0.078
Hyper lipidemia >70 5(71.4) 7(29.2)
Presence 3(42.9) 5(20.8) 0.335 APTT
None 4 (57.1) 19 (79.2) <28 14 (58.3) 1(14.3) 0.083
Hyper uricemia >28 10 (41.7) 6 (85.7)
Presence 1(14.3) 14.2) 0.406 D-dimer
None 6 (85.7) 23 (95.8) <15 15 (62.5) 3(429) 0413
Heart disease >1.5 9 (37.5) 4 (57.1)
Presence 2 (28.6) 2 (8.3) 0.212 Hemoglobin
None 5(71.4) 22 (91.7) <12 12 (50.0) 6 (85.7) 0.191
Diabetes mellitus >12 12 (50.0) 1(14.3)
Presence 1(14.3) 5(20.8) 1.000 PT (%)
None 6 (85.7) 19 (79.2) <110 11 (45.8) 4 (57.1) 0.685
Cerebrovascular disease >110 13 (54.2) 3(42.9)
Presence 2 (28.6) 2 (8.3) 0.212 PT(sec)
None 5(71.4) 22 (91.7) <12.5 14 (58.3) 3(429) 0.671
Operation mode =12.5 10 (41.7) 4 (57.1)
Open thoracotomy 5(714) 8 (33.3) 0.099 S-FMC
Thoracoscopic 2 (28.6) 16 (66.7) <30.1 12 (50.0) 5(714) 0412
Neoadjuvant chemotherapy >30.1 12 (50.0) 2 (28.6)
Presence 5(714) 11 (45.8) 0.394
None 2 (28.6) 13 (54.2) VTE: Venous thrombo-emborism; IPC: intermittent pneumatic

compression; COPD: chronic obstructive pulmonary disease; PT:
prothrombin time; APTT: activated partial thromboplastin time; S-FMC:
soluble fibrin monomer complex.

Table V. Multivariate analysis of preoperative risk factors for perioperative VTE in IPC group.

Multivariate analysis Variable selection

Odds ratio [95%CI] p-Value Odds ratio [95%CI] p-Value
Age (=70/<70) 3.850 [0.483, 30.700] 0.203 4.840 [0.680, 34.500] 0.114
APTT (=28/<28) 4.980 [0.443, 56.100] 0.194 6.800 [0.654, 70.600] 0.108
Operation mode 3.440 [0.438, 27.000] 0.24 -

VTE: Venous thrombo-emborism; IPC: intermittent pneumatic compression; APTT: activated partial thromboplastin time. Results of multivariate
analysis (logistic regression analysis) using a covariate with a p-value less than 0.100 in univariate analysis.
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insurance reimbursement for the secondary prevention of
thrombosis. For this reason, we administered direct oral
anticoagulant (34) to 2 patients with DVT of the femoral
veins and one patient with PTE that developed during the
perioperative period following POD 15. Follow-up
observation of the thrombus formed in the lower limbs of
4 patients was also conducted.

Nakamura et al. reported that heart diseases and
respiratory diseases accounted for 4.6 to 6.7% of VTE cases
in the Japan VTE Treatment Registry (3). Conditions such
as hyperlipidemia, diabetes, and atherosclerosis have been
reported as risk factors for VTE (35-37). There were no
significant differences in any factors in the I group relative
to whether underlying disease contributed to thrombus
formation in the postoperative period.

It has been reported that PTE develops a biphasic behavior
during the postoperative period. Huber et al. reported that
delayed PTE is more frequent after surgery. According to
their report, in the operative group, delayed embolic events
occurred a median of 6 days (range=2-25 days) after hospital
discharge and 18 days (range=6-35 days) after surgery (38).
We administered enoxaparin for 14 days in the E group. No
new thrombus formation was observed during the first
outpatient visit at 1 month postoperatively. Therefore,
administration of enoxaparin for 14 days appears to be
sufficient.

In the assignment of patients to each group by the
envelope method, the probability of the group sizes being 41
to 31 patients was 4.1%, whereas that of the two groups
being equal, 36 to 36, was 9.24%, indicating a possible
significant difference. This prospective study had certain
limitations. The number of cases is small, and this is a
single-institution RCT. In the future, RCTs for extensive
invasion of esophageal resection with enoxaparin will be
necessary to confirm its efficacy and safety.

Conclusion

Our single-institution phase II RCT revealed that enoxaparin
might be one of the preferable treatments to reduce the
incidence of VTE in patients undergoing esophageal cancer
surgery. It should be further evaluated in future multi-
institutional RCTs.
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