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Abstract

Purpose This study aimed to investigate the clinical efficacy of lower-extremity ultrasonography screening with early inter-
vention for deep venous thrombosis (DVT) on the incidence of venous thromboembolism (VTE) after minimally invasive
surgery (MIS) for gastric cancer (GC).

Methods Between January 2012 and December 2019, 1070 patients were diagnosed with both clinical and pathological
stage I-1II GC and underwent MIS at our institution. Routine ultrasonographic screening for DVT in lower extremities is
performed before MIS. Patients diagnosed with DVT were preoperatively administered anticoagulant therapy. Enoxaparin
was routinely administrated after surgery irrespective of the presence of DVT. The incidence of postoperative symptomatic
VTE was examined retrospectively.

Results A total of 74 (6.9%) patients were preoperatively diagnosed with DVT. Multivariate analyses revealed that
age>70 years (p=0.015), female sex (p <0.001), and positive serum D-dimer test (p <0.001) were significant and inde-
pendent risk factors for preoperative DVT. The incidence of symptomatic postoperative VTE was 1 (0.09%); symptomatic
VTE developed in one patient among patients without DVT, whereas no patient with DVT developed VTE.

Conclusions Preoperative DVT screening using lower-extremity ultrasonography followed by preoperative anticoagulant
therapy should be considered as a useful strategy to safely perform MIS for GC without increasing the incidence of VTE.

Keywords Venous thromboembolism - Pulmonary embolism - Minimally invasive surgery - Gastric neoplasm -
Ultrasonography
Introduction

Patients with cancer are at 4—sevenfold increased risk for
venous thromboembolism (VTE), which comprises deep
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venous thrombosis (DVT) and pulmonary thromboembo-
lism (PTE) [1, 2]. PTE occurs when a thrombus traveling
through the veins lodges in pulmonary arteries, leading to
obstruction [3], and is an infrequent but highly lethal com-
plication of major surgery [4]. Approximately 80% of PTEs
result from the DVT of lower extremities [5]; therefore, DVT
prophylaxis is important for the prevention of lethal VTE.
Interestingly, the risk of severe PTE is relatively lower in
Japan than in Western countries. The reported postopera-
tive PTE incidence after major abdominal surgery is 0.14%
according to a recent study of the Japanese National Clinical
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Database [6]. However, a prospective study from Japan pre-
viously reported that the rate of postoperative DVT was
23.7% [7], a rate comparable to those reported in studies
from Europe and North America [8]. Therefore, risk of post-
operative lethal VTE might be comparable between Japanese
patients and those in Western countries.

Minimally invasive surgery (MIS) has been rapidly
increasing with recent technological advances. Especially
in gastric cancer (GC), laparoscopic gastrectomy has gained
widespread use as a minimally invasive and safe curative
procedure [9-14]. In our institution, we have recently dem-
onstrated the comparability of short- and long-term out-
comes between laparoscopic gastrectomy and open gastrec-
tomy [15, 16], and MIS is the first-choice standard radical
procedure for GC [17]. However, increased intraabdominal
pressure from pneumoperitoneum can reduce peak venous
flow velocity, thereby promoting thrombus formation espe-
cially in lower extremities [18]. In fact, we treated a patient
with GC who developed fatal PTE after MIS in 2010. Since
then, we have routinely administered postoperative anticoag-
ulant therapy with enoxaparin. In addition, we have launched
preoperative ultrasonographic screening for DVT in lower
extremities in 2011 based on the hypothesis that the correct
diagnosis of DVT in lower extremities before surgery and
subsequent initiation of anticoagulant therapy should pre-
vent the incidence of fatal postoperative VTE. In the present
study, we investigated the clinical efficacy of preoperative
ultrasonographic screening with early intervention for DVT
to reduce the incidence of severe postoperative VTE after
MIS for GC.

Methods
Patients

Between January 1, 2012, and December 31, 2019, 1285
consecutive patients were referred to our division with oper-
able primary GC. In the present study, 1070 patients diag-
nosed with clinical and pathological stage I-1IT GC were
enrolled after the exclusion of patients with clinical or path-
ological stage IV GC (n=104), remnant GC (n=36), open
gastrectomy (n=21), double cancer (n=15), palliative or
limited lymphadenectomy due to insufficient physical func-
tion (n=24), lack of ultrasonographic evaluation (n=14),
and protocol deviation by using fondaparinux as a postop-
erative anticoagulation (n=1). The cohort comprised 317
and 753 patients who underwent robotic and laparoscopic
surgery, respectively. No patient had a history of previous
VTE within the year prior to study enrollment.

Cancer staging was performed based on the findings of
contrast-enhanced computed tomography (CT), gastrogra-
phy, endoscopy, and endoscopic ultrasonography before the
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beginning of any treatment and, when applicable, after the
completion of chemotherapy, as previously described [19,
20]. The cancer stage was determined according to the 15th
edition of the Japanese Classification of Gastric Carcinoma
[21]. The extent of systematic lymph node dissection was
determined on the basis of the Japanese Gastric Cancer
Treatment Guidelines 2018 [21]. Details on indications for
radical gastrectomy, assessment of physical function, selec-
tion of operators, operative procedures, perioperative man-
agement in radical gastrectomy, extent of gastric resection
and lymph node dissection, type of anastomosis, diagnosis
and treatment for pancreatic fistula, postoperative chemo-
therapy, and oncologic follow-up have been previously
reported [15-17, 19, 20, 22-26].

Diagnosis of DVT

During the study period, the ultrasonographic examina-
tion of lower extremities and serum D-dimer measurements
were routinely performed to detect DVT prior to surgery.
DVT was classified into two types: proximal DVT involv-
ing the popliteal vein and above and distal DVT involving
the region distal to the popliteal vein. All ultrasonographic
procedures were performed in the ultrasound unit by medi-
cal ultrasonographers and supervised by ultrasonographers
certified by the Japan Society of Ultrasonics in Medicine.
Neither contrast venography nor CT venography of lower
extremities was performed in the present study.

Perioperative management for thromboembolism
prophylaxis

Patients diagnosed with DVT by ultrasonographic screen-
ing before surgery were administered preoperative anti-
coagulant therapy according to the recommendations for
VTE prophylaxis from a clinical team comprising board-
certified cardiovascular surgeons and anesthesiologists at
our institution (Fig. 1). From 2012 to 2015, 12 000 U/
day unfractionated heparin was intravenously admin-
istrated for a minimum of 3 days and discontinued 6 h
before surgery. Starting in 2016, direct oral anticoagulants
(DOAC:S), including edoxaban, apixaban, and rivaroxaban,
were administered orally for a minimum of 7 days, and
bridging therapy with 10 000-15 000 U/day unfractionated
heparin was administered for 2 days before surgery, which
was discontinued 6 h before surgery (Fig. 1). For patients
with DVT in the femoral or iliac vein and fragile DVT,
a retrievable inferior vena cava filter was placed before
surgery, and these patients did not receive anticoagulant
therapy. Patients without DVT did not receive preoperative
anticoagulant therapy. Perioperative management for VTE
was uniformly performed irrespective of the presence of
DVT, according to the Japanese Guideline for Prevention
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Fig. 1 Flowchart of perioperative management for antithrombotic
therapy. DVT, deep venous thrombosis; DOAC, direct oral antico-
agulants. For patients who received heparin bridging therapy, heparin
administration was discontinued 6 h before surgery. For patients who

of Venous Thromboembolism [27]. Specifically, elastic
stockings (ES) and intermittent pneumatic compression
(IPC) were used routinely from the initiation of general
anesthesia until the morning of postoperative day (POD)
1 in all patients after obtaining their informed consent,
regardless of the presence or absence of DV Ts, according
to the in-hospital recommendations of the clinical team
for preventing postoperative VTE. During surgery, patient
was placed in a 12° head-up position with the pneumop-
eritoneum at 10 mmHg. Intraoperative infusion volume
was controlled by the anesthesiologist considering the
patient’s age and underlying diseases. After surgery, all
patients were administered oxygen (2 L/min) until an
oxygen saturation level (SpO,) of >95% was achieved in
room air, and SpO, was monitored continuously until the
morning of POD1 and at least three times per day after-
wards. On POD1, patients began walking and drinking.
Blood tests were performed at POD1, 2, 3, 5, and 7, and
X-rays were taken at POD1, 3, and 4. Meals were initiated
from POD3. Furthermore, as prophylactic anticoagulant
therapy, enoxaparin (2000 IU) was subcutaneously admin-
istered twice daily for 7 days, starting at 24 h after surgery
until POD7, irrespective of the DVT status. However, the

after a drain was removed

received preoperative antiplatelet drugs, including aspirin and clopi-
dogrel, heparin bridging therapy was not administered. For patients
who received antithrombotic therapy because of other diseases, the
antithrombotic agents were resumed after initiating a drain

final decision regarding the administration was determined
based on the intraoperative findings and the patients’ con-
dition on POD1. We did not perform enoxaparin therapy
for patients with massive intraoperative bleeding, clini-
cally suspicious of postoperative intraperitoneal bleed-
ing or pancreatic fistula, and comorbidity with renal dys-
function. Contrast-enhanced CT, which was not routinely
performed, was used in patients with DVT-suggestive
symptoms, including dyspnea and chest pain, and in those
with a decrease in SpO, to 90% or lower. After surgery,
DOAC administration for DVT prophylaxis was discontin-
ued. The withdrawal protocol of antithrombotic agents for
patients who received antithrombotic therapy because of
other diseases is shown in Fig. 1. Aspirin and clopidogrel
were withdrawn from 7 to 14 days before surgery, respec-
tively, without heparin bridging therapy and restarted after
removing the drain. Warfarin and DOACs were withdrawn
from 4 to 2 days before surgery, respectively, and bridging
therapy with 10 000-15 000 U/day heparin was adminis-
tered for 2 days before surgery and was discontinued 6 h
before surgery. From the morning of POD2, 10 000-15
000 U/day of unfractionated heparin was administered.
Warfarin and DOACs were resumed after drain removal
and heparin was discontinued (Fig. 1).
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Measurements

The primary endpoint was the incidence of postoperative
symptomatic VTE. The clinicopathological characteris-
tics and short-term surgical outcomes including operative
time; estimated blood loss; morbidity rate within 30 days
after operation; rate of intraabdominal infectious compli-
cations, including leakage, postoperative pancreatic fistula,
and intraabdominal abscess; mortality rate within 30 days
after operation; and length of postoperative hospital stay
were assessed as secondary endpoints. All postoperative
complications that were grade IIla or above based on the
Clavien—Dindo classification were recorded [28] and classi-
fied in accordance with the Japan Clinical Oncology Group
Postoperative Complication Criteria according to Cla-
vien—Dindo ver. 2.0 [29]. Total operative time was defined
as the time from the start of abdominal incision until the
end of complete wound closure. Blood loss was estimated
by weighing suctioned blood and blood-absorbed gauze
pieces. Postoperative major bleeding was defined as fol-
lows, as previously described [30]: retroperitoneal, intrac-
ranial, intraocular, adrenal, endocardial, spinal, or surgical
site bleeding requiring surgical intervention; clinically overt
bleeding with >?2 g/dL decrease in hemoglobin; or the need
for transfusion of > 800 mL red blood cells within 48 h from
the suspicion of bleeding based on symptoms.

Statistical analysis

All analyses were performed using IBM SPSS Statistics 26
(IBM Corporation, Armonk, NY, USA). Between-group
comparisons were examined by the y*> or Mann—Whitney
U test. Univariate y° test and multivariate logistic regres-
sion analyses were performed to determine factors associ-
ated with an increased risk of preoperative DVT in lower
extremities. Data were expressed as medians with ranges
or odds ratios (ORs) with 95% confidence intervals (CIs),
unless otherwise noted. A two-tailed p value of <0.05 was
considered to indicate statistical significance.

Results
Prevalence of DVT

In the present study, 74 (6.9%) of the 1070 patients compris-
ing the cohort were preoperatively diagnosed with DVT, and
all patients with DVT were asymptomatic. The anatomical
distribution of DVT is summarized in Table 1. A total of 92
thrombi were detected. Further, 9 patients had bilateral DVT,
and 12 patients had multi-site DVT. In addition, 2 patients
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Table 1 Anatomical distribution of DVTs including 74 patients and
92 thrombi

Right Left Bilateral = Multiple
Distal type
Soleal vein 25 32 7 8
Posterior tibial vein 1
Peroneal vein 7 6 2

Proximal type
Popliteal vein 2 3 0 3
Superficial femoral vein 3
Common femoral vein 1 6 1

Total 39 53 12 24

DVT deep venous thrombosis

had only proximal DVT, whereas 65 patients had only distal
DVT. The most common DVT site was soleal vein, followed
by peroneal, and common femoral veins (Table 1).

Characteristics of patients with DVT

The patient characteristics are summarized in Table 2. Age,
sex, American Society of Anesthesiologists grade, cStage,
cT and cN status, tumor size, presence of cardiovascular
disease, and positive serum D-dimer test (> 1.0 pg/mL) were
significantly different between the patients with and without
DVT. In addition, the serum D-dimer levels were signifi-
cantly higher in patients with DVT than in those without
DVT. In contrast, 24 patients (32.4%) had negative D-dimer
assay results (< 1.0 pg/mL). However, there were no signifi-
cant differences in the characteristics between the D-dimer-
positive and D-dimer-negative patients among those with
DVT. A total of 135 patients received antithrombotic ther-
apy, including anticoagulant therapy and antiplatelet therapy
due to other diseases before ultrasonographic examination;
however, there were no significant differences in the patient
characteristics between these two subgroups.

Risk factors of DVT

We next performed univariate and multivariate analyses to
identify the risk factors for DVT (Table 3). The univariate
analysis showed that age > 70 years, female sex, American
Society of Anesthesiologists grade 2 or higher, cStage > 11,
tumor size > 30 mm, presence of cardiovascular disease, and
positive serum D-dimer test were risk factors for DVT. Fur-
thermore, the multivariate analysis identified age > 70 years
(OR, 2.431; 95% CI, 1.185-4.986; p=0.015), female sex
(OR, 2.973; 95% CI, 1.700-5.201; p <0.001), and posi-
tive serum D-dimer test (OR, 5.367; 95% CI, 2.918-9.872;
p <0.001) as independent risk factors for preoperative DVT
in patients scheduled for GC surgery.
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Ta.ble 2 Cqmparison of patients DVT (4) DVT (-) p value

with and without DVTs

n="74 n=996

Age (years), [range] 73.0 [45-87] 69 [24-93] <0.001
Sex (male/female) 38/36 717/279 <0.001
Body mass index (kg/m?), [range] 21.8 [15.7-28.9] 22.4[14.5-37.3] 0.077
ASA grade (1/2/3) 11/36/27 329/523/144 <0.001
AT (1/2/3/4) 25/13/18/18 539/178/171/108 <0.001
4N (#) 47127 766/230 0.006
4cStage (I/II/IIT) 35/15/25 659/166/171 0.001
Tumor size (mm), [range] 45.0 [7-170] 30.0 [3-180] <0.001
Preoperative chemotherapy, n (%) 5(6.8) 43 (4.3) 0.328
Hypertension, n (%) 29 (39.1) 349 (35.1) 0.529
Cardiovascular disease, n (%) 18 (24.0) 138 (13.9) 0.014
Hyperlipidemia, n (%) 16 (21.6) 181 (18.2) 0.669
Diabetes mellitus, n (%) 16 (21.6) 157 (15.8) 0.187
Cerebral apoplexy, n (%) 8 (10.8) 55(5.5) 0.062
Autoimmune disease, n (%) 22.7) 8 (0.8) 0.101
Endocrine disease, n (%) 1(1.4) 19 (1.9) 0.733
Antithrombotic drug use due to other disease, n (%) 8 (10.8) 127 (12.8) 0.628
Serum D-dimer level > 1.0 pg/mL, n (%) 50 (67.6) 197 (19.8) <0.001
Serum D-dimer level (pg/mL), [range] 1.4 [0.3-41.6] 0.5[0.1-45.4] <0.001

DVT deep venous thrombosis, ASA American Society of Anesthesiologists

4Japanese Classification of Gastric Carcinoma, 15™ edition

Data are shown as medians with ranges unless otherwise specified. The y” test was used for between-group
comparisons of sex; ASA grade; cT and cN status; cStage; use of preoperative chemotherapy; presence of
hypertension, diabetes mellitus, cerebral apoplexy, autoimmune disease, and endocrine disease; antithrom-
botic drug use due to other diseases; and serum D-dimer level > 1.0 pg/mL. The Mann—Whitney U test was
used for between-group comparisons of age, body mass index, tumor size, and serum D-dimer levels

Preoperative anticoagulant therapy
and perioperative management

The details of perioperative management for DVT are
summarized in Fig. 2. Among the 74 patients diagnosed

Table 3 Risk factors for DVT

with DVT, 69 (93.2%) received any anticoagulant ther-
apy, including intravenous unfractionated heparin admin-
istration in 40 patients and DOACs for > 7 days in 29
patients (edoxaban in 19, apixaban in 6, and rivaroxaban
in 4 patients, without obvious criteria regarding DOAC

Factors Univariate analysis p value Multivariate analysis p value
OR (95% CI) OR (95% CI)

Age>70 years 4.534 (2.501-8.218) <0.001 2.431 (1.185-4.986) 0.015
Female sex 2.435 (1.512-3.920) <0.001 2.973 (1.700-5.201) <0.001
Body mass index > 23 kg/m? 0.782 (0.481-1.271) 0.320

ASA > grade 2 2.825 (1.469-5.433) 0.001 1.504 (0.684-3.307) 0.179
cStage II/11T 1.898 (1.180-3.054) 0.007 1.059 (0.578-1.942) 0.852
Tumor size >30 mm 2.505 (1.420-4.419) 0.001 1.596 (0.807-3.157) 0.179
Preoperative chemotherapy 1.606 (0.616-4.185) 0.328

Cardiovascular disease 1.998 (1.141-3.501) 0.014 1.177 (0.606-2.286) 0.631
Cerebral apoplexy, n (%) 2.074 (0.948-4.535) 0.062 1.307 (0.518-3.294) 0.571
Serum D-dimer> 1.0 pg/mL 8.382 (4.800-14.637) <0.001 5.367 (2.918-9.872) <0.001

DVT deep venous thrombosis, ASA American Society of Anesthesiologists, OR odds ratio, CI confidence

interval

The y? test was used for univariate analysis. Multivariate logistic regression was used for multivariate anal-
yses of factors with a p value of <0.05 in univariate analysis
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| Sonographic screening: 1070

| DVT(-): 996 |

No treatment: 869
Antithrombotic therapy
due to other disease: 127

Preoperative
prophylaxis

Intraoperative
prophylaxis

| IPC + ES: 996 |

[ 1

Proximal type: 9

Anticoagulant: 7

Distal type: 65

No treatment: 3

Anticoagulant: 62 IVCF: 2
IPC + ES: 54 IPC + ES: 7
ES: 11 ES: 2

[ 1

Postoperative | Anticoagulant + ES: 821 | | ES: 175 |

| Anticoagulant + ES: 53 | |

ES: 12 | | Anticoagulant + ES: 9 |

prophylaxis

Major bleeding: 5
Symptomatic PE: 1
Asymptomatic PE: 1

| Major bleeding: 2 |

| Major bleeding: 1 |

Fig.2 Flowchart of the prophylaxis for deep venous thrombosis. DVT, deep venous thrombosis; IPC, intermittent pneumatic compression; ES,
elastic stockings; PTE, pulmonary thromboembolism; IVCF, inferior vena cava filter

selection). There were no major bleeding events nor clini-
cally relevant non-major bleeding events during treatment
before surgery. In contrast, three patients with distal DVT
were not administered any antithrombotic agents before
surgery due to high risk of massive tumor bleeding. In two
patients with proximal DVT, a retrievable filter was placed
in inferior vena cava before surgery without preoperative
anticoagulant therapy. All 74 patients received ES, and 61
(82.4%) patients received IPC.

Starting on POD1, 62 patients received enoxaparin ther-
apy, whereas 12 did not. The 996 patients without DVTs
received intraoperative ES and IPC. In this group, 175
patients did not receive postoperative anticoagulant therapy,
whereas the remaining 821 patients received any postop-
erative anticoagulant therapy (enoxaparin therapy in 804,
unfractionated heparin therapy in 17), as shown in Fig. 2. A
total of 187 patients did not receive postoperative enoxapa-
rin therapy based on the surgeon’s decision considering the
intraoperative findings and the patient’s condition on PODI.
Each reason is detailed as follows: intraoperative blood loss
of > 100 mL (45/187), drain amylase levels of > 1,000 U/L
on PODI1 (66/187), high levels of inflammatory markers
(WBC >15,000/pL or CRP > 10 mg/dL; 26/187), partially
bloody drain fluid on visual inspection (10/187), serum esti-
mated glomerular filtration rate level of <45 mL/min/1.73
on POD1 (4/187), and unknown reasons (36/187).
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Surgical and short-term outcomes

The surgical and short-term outcomes are summarized in
Table 4. There were no significant differences in type of
resection, type of approach, extent of lymphadenectomy,
operative time, amount of bleeding, postoperative compli-
cations, rate of reoperation, mortality, and the length of hos-
pital stay after surgery between patients with and without
DVT.

The causes of mortality within 30 days after surgery
were anastomotic leakage in one patient and pancreatic fis-
tula leading to rapture of splenic artery pseudoaneurysm in
one patient. There was no mortality due to postoperative
VTE. The details of the postoperative complications are
summarized in Table 5. No patients experienced sympto-
matic DVT in the DVT (+) and DVT (—) groups. Symp-
tomatic VTE occurred in only one patient without DVT,
whereas no patients with DVT developed symptomatic
VTE. The only patient who developed PTE in the absence
of DVT was an 80-year-old male diagnosed with cStage III
(cT4N +MO0) GC who underwent laparoscopic total gastrec-
tomy. Contrast-enhanced CT on POD3 due to dyspnea and
hypoxemia with a decreased SpO, of 90% revealed PTE in
the right peripheral pulmonary artery. This patient, who did
not receive postoperative enoxaparin due to high levels of
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Table 4 Surgical and short-term DVT (4) DVT (-) p value
outcomes
n=74 n=996
Type of resection, n (%)
Distal gastrectomy 54 (73.0) 698 (70.1)
Proximal gastrectomy 709.5) 82 (8.2) 0.686
Total gastrectomy 13 (17.6) 216 (21.7)
Type of approach, n (%)
Laparoscopic 59 (79.7) 695 (69.8) 0.085
Robotic 15 (20.7) 301 (30.2)
Extent of lymphadenectomy, n (%)
D1+ 43 (58.1) 576 (57.8) 1.000
D2 31 (41.9) 420 (42.2)
Operative time (min), [range] 344 [195-722] 350 [149-942] 0.942
Estimated blood loss (mL), [range] 31.5[0-2150] 28 [0-1069] 0.320
Clavien—Dindo complications > grade Illa, 4(54) 72(7.2) 0.556
n (%)
Reoperation, n (%) 22.7) 7(0.7) 0.124
Mortality, n (%) 1(1.4) 1(0.1) 0.134
Length of hospital stay following surgery (day), [range] 14 [7-177] 12 [6-144] 0.062

DVT deep venous thrombosis

Data are shown as medians with ranges unless otherwise specified

The »? test was used for between-group comparisons of type of resection, type of approach, extent of lym-
phadenectomy, Clavien—Dindo complications > grade Illa, reoperation, and mortality. The Mann—Whitney
U test was used for between-group comparisons of operative time, estimated blood loss, and length of hos-

pital stay following surgery

inflammatory markers on POD1 (WBC: 15,600/pL, CRP:
9.5 mg/dL), recovered following treatment with intubation

Table 5 Postoperative complications

DVT (+) DVT p value
(=)
n=74 n=996

Symptomatic venous thromboembolism, 0 (0)
n (%)
Symptomatic deep venous thrombosis 0 (0) 0(0)

1(0.1) 1.000

Symptomatic pulmonary thromboem- 0(0) 1(0.1) 1.000
bolism
Other complication

Local complication, n (%) 4(54) 66(6.6) 0.812
Intraabdominal infection 34.1) 59(5.9) 0.617
Major bleeding (CD grade >1I) 1(1.4) 7(0.7) 0473

CD grade > I1la 0() 5(0.5) 0.698
Bowel obstruction 0(0) 1(0.1) 1.000

Systemic complication, n (%) 0(0) 8(0.8) 0.439
Pneumonia 0(0) 40.4) 0.750
Myocardial infarction 0(0) 2(0.2) 0.866
Pulmonary thromboembolism 0(0) 1(0.1) 1.000
Obstructive jaundice 0(0) 1(0.1) 1.000

The 4 test was used for between-group comparisons

and anticoagulant therapy. On the other hand, during the
study period, 270 (25.2%) patients underwent unplanned
contrast-enhanced CT to rule out postoperative complica-
tions, and asymptomatic PTE in the distal branch of the right
pulmonary artery was identified in only one patient without
DVT. This patient had chronic occlusive pulmonary disease,
and PTE was detected by chance when contrast-enhanced
CT was performed on POD3 to rule out pneumonia and
abdominal infection. This patient also did not receive anti-
coagulant therapy due to massive intraoperative blood loss
(total blood loss, 394 mL). This patient recovered after war-
farin therapy for 3 months. Finally, there were no significant
differences in the rates of other complications between the
patients with and without DVT. Major bleeding occurred
in eight patients, including five with CD grade >IIla and
three with CD grade II. The summary of these eight patients
is presented in Table 6. Three patients with CD grade II
showed stable vital signs and no obvious signs of extravasa-
tion or intraperitoneal hematoma on contrast-enhanced CT.
Thus, their conditions improved after blood transfusion. In
the 883 patients who received enoxaparin therapy, a major
bleeding event occurred in 3 patients (0.3%). In contrast,
a major bleeding event occurred in 5 (2.7%) of the 187
patients who did not receive enoxaparin therapy (Fig. 2). A
CD grade IIIb bowel obstruction occurred in one patient due
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Table 6 Details of bleeding events

No Age Sex Type of resection Day of the Site of bleeding Treatment CD grade Use of enoxaparin
bleeding

1 53 M LDG PODI13 Anastomosis Endoscopic ablation IIa Use

2 76 F RTG POD8 Distal branch of the splenic artery Interventional radiology Illa Use

3 77 M RDG POD2 From drain (not identified) Blood transfusion I Use

4 75 M LTG POD1 Right gastroepiploic artery Reoperation b Non-use

5 79 M LPG PODO Abdominal wall Reoperation [IIb Non-use

6 50 M RTG POD1 Small bowel mesentery Reoperation 1IIb Non-use

7 8 M LDG POD1 From drain (not identified) Blood transfusion I Non-use

8§ 78 M LDG POD1 From drain (not identified) Blood transfusion 11 Non-use

LDG laparoscopic distal gastrectomy, LTG laparoscopic total gastrectomy, LPG laparoscopic proximal gastrectomy, RTG robotic total gastrec-

tomy, RDG robotic distal gastrectomy

to the torsion of the jejunum, and reoperation was performed
on POD7.

Discussion

In the present study, including 1070 patients who underwent
preoperative lower-extremity ultrasonographic DVT screen-
ing before planned MIS for GC, postoperative symptomatic
VTE occurred in only one patient after MIS for GC. Notably,
none of the 74 (6.9%) patients diagnosed with preopera-
tive DVT in the lower extremities, who were considered a
potentially high-risk subpopulation for postoperative VTE,
showed progression to postoperative lethal VTE owing to
our perioperative prophylactic management. In addition,
the surgical outcomes were not significantly worse in the
patients with DVT than those without DVT. Therefore, our
findings suggest that our approach, including the accurate
diagnosis of DVT in lower extremities by preoperative
ultrasonographic screening and the subsequent initiation
of anticoagulant therapy, can prevent the incidence of fatal
postoperative VTE.

Our finding that preoperative lower-extremity ultra-
sonography led to the detection of DVT in 6.9% of the
patients is in close agreement with the findings of a study
by Tanizawa et al., who reported a DVT detection rate
of 7.5% using the same approach [31]. In contrast, the
DVT detection rate was 1.3% in a study by Wada et al.
using lower-extremity ultrasonography only in patients
with positive serum D-dimer test [32]. These two previ-
ous studies have indicated that female sex, age > 80 years,
Eastern Cooperative Oncology Group performance sta-
tus > 1, presence of central venous catheter, and preop-
erative chemotherapy are risk factors for DVT [31, 32].
In addition, Lee et al. reported that the 2-year cumula-
tive incidence of VTE in patients with stage IV GC was
24.4% [33], indicating a high risk for DVT. Furthermore,
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in contrast to previously published studies [31-33], we
excluded patients with stage IV GC in the current study,
focusing instead on patients with resectable GC, and
identified female sex, age > 70 years, and positive serum
D-dimer test as important risk factors for DVT. Therefore,
our findings lend further support for female sex and older
age as important risk factors for DVT in patients with
resectable GC. Because women after menopause may be
predisposed toward developing DVT, further investigation
regarding an association between menopause and occur-
rence of DVTs is desired.

None of the 74 patients diagnosed with DVT before sur-
gery developed postoperative symptomatic VTE or expe-
rienced worse surgical outcomes at least partly because
of preoperative anticoagulant therapy. In addition, only 1
patient developed postoperative PTE among a total of 996
patients who were not diagnosed with DVT before surgery.
We consider that this greatly successful outcome was not
only because of preoperative anticoagulant therapy but also
because of postoperative therapy with the low-molecular-
weight heparin enoxaparin, as previous studies demonstrated
its efficacy in preventing VTE [34-36]. It is needless to say
that early walking is important to prevent DVT/VTE, as
suggested in the recent reports focusing on ERAS proto-
cols [37, 38]. In contrast, the use of intraoperative IPC in
patients with DVT is controversial. Although we believe
that it might contribute to the prevention of VTE, some
reports have suggested that compression might dislodge
the clots, consequently causing VTE [39, 40]. In our study,
no patients with DVTs showed progression to postopera-
tive VTEs. Hence, the use of intraoperative IPC appears to
be, at the least, not an absolute contraindication in patients
with DVTs, when combined with active perioperative use of
anticoagulant therapy.

In contrast to that in Western countries [4], the incidence
of postoperative PTE has been reported to be very low in
Japan; a recent study based on the Japanese National Clinical
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Database between 2011 and 2013 has reported that the fre-
quency of postoperative PTE after gastrectomy, including
total gastrectomy, was very low at 0.11% (175/159 478)
[6], comparable to the results of the present study (0.09%)
and the study by Tanizawa et al. (0.18%) [31]. This differ-
ence may result from the differences in coagulation function
owing to racially divergent genetic backgrounds between the
Western and Asian populations, including the Japanese pop-
ulation [36, 41]. Therefore, aggressive management to pre-
vent VTE may not be required for Japanese patients. How-
ever, the risk of VTE in Japanese patients preoperatively
diagnosed with DVTs has not been clarified. In addition,
few studies have focused on the incidence of postoperative
VTE after MIS for GC, although several have suggested that
the incidence of VTE is comparable between MIS and open
surgery for colorectal cancer [42]. Therefore, we believe that
complete management for preventing postoperative VTE,
including preoperative screening for DVT and subsequent
early intervention, has great value in terms of prophylaxis
for lethal complications, which has been highlighted in this
study.

As another important finding, 24 patients (32.4%) had
DVT despite a negative serum D-dimer assay result in the
present study. Unfortunately, we could not determine the
significant differences in the characteristics of the D-dimer-
positive and D-dimer-negative patients with DVT. Although
the D-dimer assay is a safe and reliable tool to determine
the presence of thrombi with high sensitivity (97%—-100%)
and high negative predictive value, especially in the acute
phase [43, 44], its reactivity for chronic or old thrombi is
not clear. Therefore, the ultrasonographic examination in
the present study might have detected chronic DVT unre-
sponsive to the D-dimer assay. However, the medical ultra-
sonographers at our institution cannot accurately distinguish
between patients with acute and chronic DVTs [45], which
is a major limitation of this study. Perioperative anticoagu-
lant therapy was performed for all DVT-positive patients
diagnosed via ultrasonography, regardless of the acute or
chronic status of the thrombi, according to in-hospital rec-
ommendations to prevent thrombus growth and minimize
the risk for postoperative VTE. Additional studies to further
develop a novel methodology for identifying only chronic
thrombi are desired.

The present study has several other limitations that
should be acknowledged. First, this was a single-center,
retrospective and nonrandomized study. Therefore, the
influence of several sources of patient bias could not be
excluded. In addition, this study enrolled only Japanese
patients. Therefore, we should consider how racially
divergent genetic backgrounds affect coagulation function
[36, 41]. Second, although preoperative ultrasonography
was routinely performed to detect DVT, postoperative

ultrasonographic surveillance for DVT was not routinely
used. Therefore, the consequences of DVT after surgery
were not evaluated in the present study. Previous studies
have reported that VTE may sometimes develop beyond
the first 30 days after surgery, although the majority of
postoperative VTEs occur within 30 days after surgery
[46, 47]; therefore, long-term follow-up using ultra-
sonography is warranted. Third, the VTE diagnosis was
primarily dependent on patient symptoms in the present
study and not on scheduled surveillance. In fact, contrast-
enhanced CT scans were performed specifically to rule out
postoperative complications in only 25% of the patients
and were not used routinely to detect VTE. As a result,
only one patient with asymptomatic VTE was diagnosed
by chance, and contrast-enhanced CT was performed in
only one patient with symptomatic VTE based on the pres-
ence of dyspnea and hypoxemia. Therefore, the present
study may underestimate the postoperative VTE incidence.
Prospective studies of postoperative VTE evaluation using
scheduled contrast-enhanced CT scans are warranted to
resolve this issue. Fourth, although central venous cath-
eter-related VTE is a well-known risk for postoperative
VTE [48], the presence of central venous catheter was
not thoroughly investigated in the current study; thus, its
relationship with VTE incidence should be elucidated.

In conclusion, preoperative DVT screening using lower-
extremity ultrasonography followed by perioperative anti-
coagulant therapy should be considered as a useful strat-
egy to safely perform MIS in patients with GC without
increasing the VTE incidence.
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