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Abstract

Objectives: Preoperative deep venous thrombosis (DVT) can cause potentially life-threatening postoperative
venous thromboembolism (VTE). Lower limb venous ultrasound (LLVU) is a modality that can detect
DVT. However, the threshold for performing preoperative LLVU in the population undergoing colorectal re-
section is controversial. In this context, we evaluated whether a preoperative D-dimer value can identify pa-
tients who benefit from LLVU from the perspective of preventing postoperative symptomatic VTE.
Methods: Patients undergoing colorectal resection in our institute from 2013 to 2020 were retrospectively
enrolled (n=2071). We divided the patients into two groups: the clinical indication group (CG: including
patients from 2013 to 2016, n=875) and the D-dimer-orientated group (DG: including patients from 2017 to
2020, n=1196). In the CG, LLVU was performed when DVT was clinically suspected; in the DG, preopera-
tive LLVU was performed in patients with a preoperative D-dimer>1.0 pg/ml.

Results: In the surveyed period, 277 LLVUs were performed, among which DVT was detected in 34 cases
(12.3%). In the CG, DVT was detected in 0.7% of patients, whereas in the DG, it was detected in 2.3% of
patients. Postoperative symptomatic VTE was significantly reduced in the DG at both 3 and 6 months after
surgery (p=0.041 and 0.020, respectively). Moreover, Multivariate analysis showed that a past medical his-
tory of PE and treatment following the CG protocol were independent risk factors for postoperative symp-
tomatic VTE within 6 months of surgery (p<0.0001 and =0.036, respectively).

Conclusions: LLVU in patients with a preoperative D-dimer>1.0 pg/ml is a useful method to prevent post-
operative symptomatic VTE.
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Introduction

Venous thromboembolism (VTE) is a term covering deep
vein thrombosis (DVT) to pulmonary embolism (PE). The
pathogenesis of VTE is multifactorial, involving interactions
between acquired or inherited predispositions and various
risk factors[1]. Patients with cancer are six times more likely

to develop VTE than patients without cancer, and VTE is re-
ported to be the second leading cause of death in patients
with cancer[2]. Thus, the importance of VTE screening in
patients with cancer is widely recognized from the stand-
point of preventing life-threatening complications. The
prevalence of DVT in patients who undergo colorectal resec-
tion for colorectal cancer (CRC) is reported to be 7.8%][3].

Corresponding author: Masayoshi Yasui, myasui@oici.jp
Received: November 16, 2022, Accepted: March 4, 2023
Copyright © 2023 The Japan Society of Coloproctology

159



J Anus Rectum Colon 2023; 7(3): 159-167

Moreover, a previous report described that preoperative DVT
is significantly associated with postoperative VTE[4]. In this
context, it is important to preoperatively assess the potential
risk of DVT in patients undergoing colorectal resection;
however, no screening protocol has been established.

Lower limb venous ultrasound (LLVU) is one of the most
reliable modalities to diagnose DVT. However, because it is
unrealistic to perform preoperative LLVU in every patient, a
screening method is required to identify patients at high risk
for preoperative DVT. Stender et al. showed that abnormal
preoperative D-dimer values were significantly associated
with the occurrence of postoperative DVT in patients who
underwent colorectal resection for CRC[5]. Moreover, Naka-
gawa et al. reported that a preoperative D-dimer>1.0 pg/ml
was an independent risk factor for preoperative DVT[6].
Based on these reports, from the perspective of preventing
postoperative VTE, an abnormal preoperative D-dimer value
can be considered a pragmatic criterion for performing
LLVU in patients who undergo colorectal resection.

The ultimate purpose of preoperative screening for DVT
is to prevent postoperative VTE, which can be either symp-
tomatic or asymptomatic. Asymptomatic postoperative VTE
is sometimes employed as an endpoint to assess the efficacy
of preoperative screening due to its relatively higher inci-
dence than symptomatic VTE. However, because of the
clinical significance of symptomatic postoperative VTE, the
American guidelines recommend symptomatic VTE as the
preferred endpoint over asymptomatic VTE[7]. Therefore,
symptomatic postoperative VTE should be used as an end-
point to evaluate the clinical impact of preoperative screen-
ing procedures for DVT.

In our institute, preoperative LLVU was performed for pa-
tients undergoing colorectal resection until 2016 to evaluate
the presence or absence of DVT only when DVT was clini-
cally suspected; since 2017, we have routinely performed
preoperative LLVU when patients exhibit a preoperative D-
dimer>1.0 pg/ml. However, the clinical impact of routine
LLVU on the occurrence of postoperative VTE is unclear.
Given this background, the aim of the present study was to
evaluate the clinical impact of the combination of preopera-
tive D-dimer value and LLVU as a pragmatic screening
method and its association with postoperative symptomatic
VTE in patients undergoing colorectal resection.

Methods

Patients and study design

The current study was performed in accordance with the
Declaration of Helsinki and was approved by research ethics
committee of Osaka International Cancer Institute with ap-
proval number of 18033-3. Written consent has been ob-
tained from all patients. Patients who underwent colorectal
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resection at the Osaka International Cancer Institute from
2013 to 2020 were retrospectively enrolled. Data collection
was performed at the Department of Medical Informatics in
our institute. A total of 2071 patients were identified and en-
rolled in this study. In our institute, until 2016, preoperative
LLVU was performed when DVT was clinically suspected
(e.g., swelling or redness of the lower limbs). There was no
specific D-dimer value to perform LLVU in this period. Af-
terwards, since 2017, we have routinely performed LLVU in
patients with a preoperative D-dimer values higher than 1.0
pg/ml as a screening procedure for DVT. In this study, we
divided the patients into two groups: the clinical indication
group (CG) included patients who underwent colorectal re-
section from 2013 to 2016 (n=875), and the D-dimer orien-
tated group (DG) included patients who underwent colorec-
tal resection from 2017 to 2020 (n=1196).

The patients’ characteristics were reviewed for sex and
age, preoperative body mass index (BMI), American Society
of Anesthesiologists physical status (ASA-PS), epithelial or
nonepithelial cancer, resected area (colon or rectum), surgi-
cal procedure (laparotomy/laparoscopy), clinical stage (TNM
classification[8]), past medical history, preoperative tumor
markers, preoperative D-dimer value and preoperative use of
anticoagulants. The preoperative risk of every patient for
VTE was assessed with the Khorana score[9]. Past medical
history included known risk factors for DVT, such as smok-
ing[10], hypertension[11], hyperlipidemia[11], diabetes mel-
litus[12], PE[13], myocardial infarction[14], heart fail-
ure[15], previous radiotherapy[11], and previous chemother-
apy[16]. The preoperative tumor markers reviewed included
CEA and CA 19-9.

Perioperative management

Preoperative D-dimer levels were measured in every pa-
tient enrolled in this study. Preoperative LLVU was per-
formed according to the protocols described above. Patients
were referred to cardiologists when DVT was detected by
preoperative LLVU. Depending on the clinical indication,
therapeutic intervention including anticoagulants or inferior
vena cava filters was introduced. Patients wore compression
stockings (CSs) during the operation in addition to intermit-
tent pneumatic compression (IPC) devices. This management
strategy was sometimes modified when the cardiologist pro-
vided specific instructions after considering gastrointestinal
bleeding risk or other comorbidities. CSs and IPC devices
were removed postoperatively when the patients were al-
lowed to walk. Postoperative pharmacological thrombopro-
phylaxis was introduced on the basis of the Japanese guide-
lines from the JCS Joint Working Group[17].

Assessment of postoperative VTE

Postoperative VTE generally includes a wide range of

clinical conditions, from asymptomatic DVT to life-
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threatening PE. The American guidelines prefer postopera-
tive symptomatic VTE as a primary endpoint to evaluate the
efficacy of preoperative interventions to prevent postopera-
tive thrombotic events[7]. In this context, in this study, our
primary endpoint was the occurrence of postoperative symp-
tomatic VTE, although the occurrence of postoperative as-
ymptomatic VTE was also reviewed. An occurrence of VTE
was evaluated within 3 months from surgery based on a pre-
vious randomized study[18], as well as within 6 months
based on a previous report discussing persistent coagulopa-
thy in CRC patients[19]. Symptomatic VTE is defined as
VTE confirmed by radiological examinations with any kind
of clinical symptoms caused by VTE, including skin red-
ness, dyspnea, lower limb edema, or reduced saturated he-
moglobin levels measured by pulse oximetry. Asymptomatic
VTE is defined as VTE without any clinical symptoms and
is accidentally detected in computed tomography (CT) or
LLVU examinations. These clinical findings were collected
retrospectively by referring to the patients’ medical records.
Postoperative screening for VTE was not routine in our
clinical practice. Postoperative VTE was assessed by LLVU,
contrast-enhanced CT or both.

Statistical analysis

Patient characteristics and pre- and postoperative factors
were evaluated according to the preoperative LLVU policy
using the chi-square test, Fisher’s exact test, and the Mann-
Whitney U test. The optimal cutoff levels of each clinical
variable for predicting postoperative VTE were determined
by constructing receiver operating characteristic curves
(Youden index) for univariate and multivariate analyses.
Variables with p<0.10 were incorporated into a logistic re-
gression model to determine the independent risk factors for
postoperative symptomatic VTE. The independent risk fac-
tors for postoperative VTE were evaluated in terms of odds
ratios. Statistical significance was defined as p<0.05. All sta-
tistical analyses were performed with JMP software (JMP,
version 13.2.1).

Results

Patient characteristics

The details of the patient characteristics are summarized
in Table 1. The preoperative risk for VTE was comparable
between the two groups based on the Khorana score (p=
0.28). Laparotomy was performed more often in the CG
than in the DG (54.3% vs. 14.3%, p<0.0001). A past medi-
cal history of heart failure was significantly more frequent
in the CG than in the DG (4.7% vs. 1.9%, p=0.0004). The
other parameters showed no significant difference between
the two groups.

Prevention of VTE in Colorectal Surgery

Preoperative LLVU and DVT

Figure 1 summarizes the protocols of the preoperative ex-
aminations (i.e., D-dimer value and LLVU) and their results.
In the CG, 5.3% (46/875) of the patients underwent preop-
erative LLVU based on clinical indications, which included
swelling, redness, or warmth of the affected limb, the pres-
ence of Homans sign, and a markedly elevated D-dimer
value (> 30 pg/ml). Of these 46 patients, DVT was detected
in 6 patients (6/46: 13.0%). In the DG, 37 of the patients
did not undergo LLVU despite having abnormal preoperative
D-dimer values (37/246: 15.0%), among whom 9 patients
underwent emergency surgery. The reason for the lack of
LLVU in the remaining 28 patients was unknown. In con-
trast, 22 patients in the DG underwent LLVU despite having
a normal D-dimer value (22/950: 2.3%) due to clinical
symptoms suggestive of DVT, such as lower limb swelling
or redness; among these patients, DVT was detected in 1 pa-
tient. In the DG, among 246 patients with a D-dimer value
higher than 1.0 pg/ml, preoperative LLVU was performed in
209 patients (209/246: 85.0%), among whom DVT was de-
tected in 27 patients (27/209: 12.9%). Overall, 277 LLVUs
were performed, among which DVT was detected in 34
cases (12.3%). In the CG, DVT was detected in 0.7% (6/
875) of patients, whereas in the DG, it was detected in 2.3%
(28/1196) of patients. The patients undergoing LLVU in the
CG exhibited a significantly higher level of preoperative D-
dimer (range: 0.5-43.5 pg/ml) than those undergoing LLVU
in the DG (range: 0.5-26.9 pug/ml) (p=0.0006).

Preoperative management of DVT

The management of preoperatively detected DVT was de-
pendent on the risk of developing embolism. Low-risk DVT
indicated a chronic, organized DVT which was unlikely to
develop embolism; whereas high-risk DVT indicated an
acute, friable DVT which was likely to cause embolism.
Low-risk DVT was observed in 5 patients from the CG (5/6:
83.3%) and in 24 patients from the DG (24/28: 85.7%)
without a significant difference between the two groups (p>
0.99). These patients required no specific preoperative and
postoperative prophylaxis for VTE. On the other hand, high-
risk DVT was observed in 1 patient from CG, who under-
went preoperative treatment with oral rivaroxaban. A de-
crease in size of DVT was confirmed by a follow-up LLVU.
Subcutaneous administration of enoxaparin was performed
as postoperative prophylaxis. In DG, high-risk DVT was ob-
served in 4 patients. All of them underwent preoperative
prophylaxis including anticoagulant agents (oral rivaroxaban
or intravenous heparin) or IVC filter placement, the effec-
tiveness of which was confirmed by LLVU or contrast-
enhanced computed tomography. Intravenous heparin was
administered as postoperative prophylaxis for VTE.
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Table 1. Patient Characteristics.
Total (n=2071) CG (n=875) DG (n=1196) p value
Sex (male/female) 0.14
male 1120 (54.1%) 490 (56.0%) 630 (52.7%)
female 951 (45.9%) 385 (44.0%) 566 (47.3%)
Age (years old) (mean, range) 66 (25 - 94) 66 (25-91) 66 (28 - 94) 0.43
BMI' (kg/m?) (mean. range) 22.35(12.8 - 39.6) 22.3(13.3-39.6) 22.4(12.8 - 39.6) 0.27
ASA-PS# 0.31
1-2 1760 (85.0%) 704 (80.5%) 1056 (88.3%)
3-6 194 (9.4%) 70 (8.0%) 124 (10.4%)
Non-epithelial tumor 12 (0.58%) 4 (0.46%) 8 (0.67%) 0.77
Resected area 0.067
colon 1113 (53.7%) 450 (51.4%) 663 (55.4%)
rectum 958 (46.3%) 425 (48.6%) 533 (44.6%)
Surgical Procedure <0.0001
laparotomy 646 (31.2%) 475 (54.3%) 171 (14.3%)
laparoscopy 1425 (68.8%) 400 (45.7%) 1025 (85.7%)
clinical Stage 0.29
| 761 (36.7%) 330 (37.7%) 431 (36.0%)
I-1v 1020 (49.3%) 416 (47.5%) 604 (50.5%)
Past history
smoking 1182 (57.1%) 493 (56.3%) 689 (57.6%) 0.57
hypertension 695 (33.6%) 299 (34.2%) 396 (33.1%) 0.64
hyperlipidemia 153 (7.4%) 60 (6.9%) 93 (7.8%) 0.45
diabetes mellitus 251 (12.1%) 115 (13.1%) 136 (11.4%) 0.25
pulmonary embolism 90 (4.3%) 47 (5.4%) 43 (3.6%) 0.063
myocardial infarction 15 (0.7%) 5(0.6%) 10 (0.8%) 0.60
heart failure 64 (3.1%) 41 (4.7%) 23 (1.9%) 0.0004
radiotherapy 119 (5.7%) 41 (4.7%) 78 (6.5%) 0.085
chemotherapy 171 (8.3%) 73 (8.3%) 98 (8.2%) 0.94
Preoperative tumor marker (median, range)
CEA (ng/ml) 3.1(0.5-16696.4) 2.95(0.5 - 16696.4) 3.2(0.5-5377.6) 0.12
CA19-9 (U/ml) 7 (2 - 100000) 8 (2-91365) 6 (2-100000) 0.75
Preoperative D-dimer (ug/ml) (median, range) 0.7 (0.1-93.2) 0.7 (0.3-43.5) 0.7 (0.4 - 26.9) 0.66
Preoperative risk for VTE® based on Khorana score 0.28
low 1681 (81.2%) 720 (82.3%) 961 (80.4%)
intermediate or high 390 (18.8%) 155 (17.7%) 235 (19.7%)
Preoperative pharmacological thromboprophylaxis 223 (10.8%) 86 (9.8%) 137 (11.5%) 0.25

’;'BMI, body mass index; '"E'ASA-PS, American Society of Anesthesiologists physical status; §VTE, venous thromboembolism

Postoperative VTE

Postoperative prophylactic anticoagulants were adminis-
tered in 43 patients in the CG (4.9%) versus 79 patients in
the DG (6.6%), which was not a significant difference (p=
0.11). Table 2 shows the results regarding postoperative
VTE in this study. The occurrence of postoperative sympto-
matic VTE was evaluated at 3 and 6 months after surgery.
The appearance of asymptomatic VTE was also evaluated in
both groups. The incidence of symptomatic VTE was sig-
nificantly lower in the DG at both 3 and 6 months after sur-
gery than in the CG (0.2% vs. 0.8%, p=0.041; 0.3% vs.
1.1%, p=0.020, respectively). In contrast, the incidence of
postoperative asymptomatic VTE after 6 months was signifi-
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cantly higher in the DG than in the CG (1.4% vs. 0.3%, p=
0.012).

Univariate and multivariate analysis to identify risk factors
Jor postoperative symptomatic VTE

The clinical variables listed in Table 3 were assessed for
an association with the occurrence of postoperative sympto-
matic VTE within 6 months of surgery using univariate and
multivariate logistic regression models. Past medical history
of smoking and PE, use of postoperative anticoagulants, as
well as treatment following the CG protocol showed an as-
sociation with the occurrence of postoperative VTE (p=
0.088, <0.0001, 0.002, 0.020, respectively) in univariable
analysis and were incorporated into multivariable analysis.
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Preop. LLVU DVT detected
G (n=46) (n=6)
2013-2016
(0=875) No preop. LLVU
all patients i) Preop. LLVU DVT detected
2013-2020 T R (n=209) (n=27)
(n=2071) (n=246)
No preop. LLVU
DG (0=37)
2017-2020
(n=1196) Preop. LLVU DVT detected
D-dimer<1.0 pg/ml (©=22) (n=1)
) No preop. LLVU
(n=928)
Figure 1. Preoperative LLVU treatment profile in the CG and DG.
LLVU: lower limb venous ultrasound, DVT: deep venous thrombosis
Table 2. The Results Regarding Postoperative LLVU™ and VTE*.
Total (n=2071) CG (n=875) DG (n=1196)  p value
Number of postoperative LLVUs 266 (12.8%) 115 (13.1%) 151 (12.6%) 0.74
Symptomatic VTE
within 3 months from surgery 9 (0.4%) 7 (0.8%) 2(0.2%) 0.041
PE? 3(0.1%) 2 (0.2%) 1(0.1%)
proximal DVT! 2 (0.1%) 1(0.1%) 1(0.1%)
distal DVT 4(0.2%) 4 (0.5%) 0 (0%)
within 6 months from surgery 13 (0.6%) 10 (1.1%) 3(0.3%) 0.020
PE 3(0.1%) 2 (0.2%) 1(0.1%)
proximal DVT 5(0.2%) 3(0.3%) 2 (0.2%)
distal DVT 5(0.2%) 5 (0.6%) 0 (0%)
Asymptomatic VTE
within 6 months from surgery 20 (1.0%) 3(0.3%) 17 (1.4%) 0.012
PE 1 (0.05%) 0 (0%) 1(0.1%)
proximal DVT 7 (0.3%) 0 (0%) 7 (0.6%)
distal DVT 12 (0.6%) 3(0.3%) 9 (0.8%)

TLLVU, lower limb venous ultrasound; iVTE, venous thromboembolism; §PE, pulmonary embolism; ”DVT,

deep venous thromboembolism

After multivariate analysis, a past medical history of PE and
treatment following the CG protocol were independent risk
factors for postoperative symptomatic VTE within 6 months
of surgery (p<0.0001 and =0.036, respectively).

Discussion

Our results showed that in patients undergoing colorectal
resection, the incidence of postoperative symptomatic VTE
was significantly lower when preoperative LLVU was per-
formed in patients with a D-dimer value>1.0 ug/ml than
when LLVU was performed based on clinical indications.
Wada et al. performed the same preoperative screening pro-
tocol for DVT as in our study in preoperative patients with

gastric cancer[20]. Although they reported that neoadjuvant
chemotherapy was significantly associated with the preop-
erative detection of DVT, they did not discuss the clinical
impact of the preoperative screening protocol on the occur-
rence of postoperative VTE. Our study demonstrated that
patients with a preoperative D-dimer>1.0 ug/ml may benefit
from LLVU from the perspective of preventing postoperative
symptomatic VTE.

Several preoperative factors are reported to be associated
with postoperative DVT in patients with colorectal resection,
among which elevated D-dimer was reported by Stender et
al. to be associated with a 6.5-fold higher risk of postopera-
tive DVT[5]. Although this study suggests that preoperative
D-dimer can identify patients at risk for postoperative DVT,
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Table 3. Univariate and Multivariate Analysis for Factors of Postoperative Symptomatic VTE"

at 6 Months from Surgery.

Univariate

Multivariate

Number of patients p value OR*(95 % CI%) p value
Sex 0.28
male
female
Age (years old) 0.58
268 7
<68 6
BMI! (kg/m?) 0.63
227 0
<27 13
Resected area 0.28
colon
rectum
Surgical procedure 0.13
laparotomy 7
laparoscopy
clinical Stage >0.99
LI, I 8
v 1
Past history
smoking 4 0.088 0.44 (0.13 - 1.55) 0.20
hypertension 3 0.56
hyperlipidemia 1 >0.99
diabetes mellitus 1 >0.99
pulmonary embolism 9 <0.0001  27.30 (7.27 - 102.43) <0.0001
myocardial infarction 0 >0.99
heart failure 1 0.34
radiotherapy 0 >0.99
chemotherapy 1 >0.99
Preoperative CEA (ng/ml) 0.55
25
<5
Preoperative CA19-9 (U/ml) 0.66
>38 2
<38 11
Preoperative D-dimer (ug/ml) 0.72
>1.0 4
<1.0 9
Postoperative anticoagulants 0.002
use 10 3.29(0.78 - 13.91) 0.11
nonuse 3
LLVU™ policy 0.020
CG 10 4.20 (1.10 - 16.08) 0.036
DG 3

*VTE, venous thromboembolism; fOR, odds ratio; CI, confidential interval; TBMI, body mass index; fLLVU,

lower limb venous ultrasound

it does not refer to the impact of preoperative D-dimer on
the occurrence of postoperative symptomatic VTE, which is
the preferred outcome over asymptomatic VTE[21]. The cur-
rent study demonstrated that D-dimer alone did not have a
significant association with postoperative symptomatic VTE
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(p=0.72; Table 3); in contrast, treatment following the DG
protocol, in which patients with a preoperative D-dimer>1.0
pg/ml underwent LLVU, significantly prevented the occur-
rence of postoperative symptomatic VTE (p=0.036). This re-
sult suggests that both identifying high-risk patients by us-
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Figure 2. Our hypothesis of an increased number of asymptomatic VTE in DG.

An overall incidence of postoperative VTE (i.e., asymptomatic and symptomatic VTE) did not significantly differ be-

tween the two groups (black bar on the left). However, the rate of symptomatic VTE was significantly higher in the CG

than in the DG, which resulted in a relative increase in the rate of asymptomatic VTE in the DG (gray bar on the right).

CQG, clinical indication group; DG, D-dimer orientated group; VTE, venous thromboembolism

ing the D-dimer value as well as detecting preoperative
DVT by LLVU and providing proper management may have
played important roles in the prevention of postoperative
symptomatic VTE. Although our results also suggest that
preoperative LLVU can possibly be omitted in patients with
a D-dimer<1.0 pg/ml, the confirmation of this hypothesis re-
quires further studies with prospective designs.

It is difficult to establish clinical evidence of good quality
regarding the prevention of postoperative symptomatic VTE
because a large number of patients must be enrolled given
the low incidence of the disease. To overcome this problem,
some studies set postoperative asymptomatic VTE, which is
a more common finding than postoperative symptomatic
VTE, as a surrogate endpoint to assess the efficacy of pre-
operative intervention[22]. However, because the American
guidelines recommend symptomatic VTE as a more favor-
able endpoint than asymptomatic VTE[7], we set postopera-
tive symptomatic VTE as our primary endpoint. In our
study, postoperative asymptomatic DVT was significantly
more frequent in the DG than in the CG. This seemingly
contradicting observation is probably attributable to the
larger number of patients in the DG with preoperative DVT
confirmed by LLVU. In the current study, an overall rate of
postoperative VTE (i.e., asymptomatic and symptomatic

VTE) was comparable between the CG (13/875: 1.5%) and
the DG (20/1196: 1.7%) (p=0.86). Although our screening
method did not reduce the rate of “overall” occurrence of
postoperative VTE, it significantly reduced the rate of post-
operative symptomatic VTE in the DG compared with that
in the CG, probably resulting in a relative increase in the
rate of asymptomatic VTE in the DG (Figure 2). Moreover,
this result indicates that postoperative asymptomatic VTE
cannot be a surrogate endpoint for postoperative sympto-
matic VTE in cancer patients.

Since preoperative DVT can result in postoperative
VTE[4], preoperatively detecting DVT is of clinical impor-
tance. The prevalence of preoperative DVT in patients with
colorectal resection varies from study to study. Although
Stender et al. reported that the prevalence is 7.8%[3], we
must be aware that the study predominantly included Cauca-
sian patients, and 26% of them had an ASA-PS of III-IV. In
contrast, Alcalay et al. reported that the prevalence of DVT
in Asian patients with CRC is approximately 2%[23]. Con-
sidering that preoperative LLVU revealed 28 patients in the
DG had DVT in our study (28/1196: 2.3%), the use of a
combination of the D-dimer value and LLVU may be a po-
tent strategy to identify almost every patient with DVT. The
preoperative recruitment of most DVT patients based on the
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combination of D-dimer value and LLVU, followed by
proper management, probably resulted in a significantly de-
creased occurrence rate of postoperative symptomatic VTE.

There are some limitations in this study that need to be
addressed. First, due to the retrospective nature of this study,
we need to be careful in interpreting the results of the study
regarding the clinical efficacy of the preoperative D-dimer
value and LLVU in association with postoperative sympto-
matic VTE. Specifically, a threshold of D-dimer value to
perform preoperative LLVU was not prepared in the CG.
Second, postoperative pharmacological thromboprophylaxis
was not a routine intervention in our patients, although it is
recommended in the guidelines from the American Society
of Clinical Oncology[24]. Due to the unique epidemiology
of VTE in our country, the Japanese guidelines recommend
either IPC devices or postoperative unfractionated heparin
for cancer patients aged over 40 undergoing major surger-
ies[17]. This difference in the indications for postoperative
thromboprophylaxis between Japan and America implies that
caution is needed in the interpretation of the observed re-
sults. Third, due to the high false positivity of D-dimer dis-
cussed above, some hospitals may face financial problems in
performing LLVU for all patients with abnormal preopera-
tive D-dimer values. The application of our LLVU strategy
requires considerably high costs in terms of human re-
sources and equipment.

In conclusion, the preoperative D-dimer value was a use-
ful marker because the rate of postoperative symptomatic
VTE was significantly reduced by performing preoperative
LLVU in patients with a D-dimer value higher than 1.0 pg/
ml. This simple screening procedure for D-dimer and LLVU
is beneficial in because it can potentially reduce the inci-
dence of fatal postoperative complications following colorec-
tal surgery.
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