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1 | INTRODUCTION

Pulmonary thromboembolism (PE) is the second-most common

cause of death in patients with cancer,? and approximately 80% of
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Abstract

Aim: Deep vein thrombosis (DVT) is a major complication of cancer. The postopera-
tive prevalence of DVT in colorectal cancer (CRC) surgery is high, but the preopera-
tive prevalence and the risk factors have not been clarified in detail. The objective of
this retrospective study was to investigate the preoperative prevalence and risk fac-
tors of DVT in patients admitted to hospital for CRC surgery.

Methods: From January 2013 to March 2017, 1006 patients admitted for CRC sur-
gery were deemed eligible for this retrospective study. Diagnosis of preoperative
DVT was confirmed by compression ultrasonography. Prevalence of silent DVT in
lower limbs in patients before CRC surgery was assessed, and the risk factors for
preoperative DVT were investigated regarding the correlation of DVT with the pa-
tient's background.

Results: Preoperative DVT and asymptomatic pulmonary thromboembolism were
diagnosed in 136 (13.5%) and in 10 (1.0%) of 1006 patients overall, respectively.
Multivariate analysis showed that increased age (275 years), female gender, and an
elevated p-dimer level (>1.0 ug/mL) were independent risk factors for preoperative
DVT in this study. Notably, the prevalence of preoperative DVT exceeded 50% in
patients with all three predictors.

Conclusions: A high prevalence (13.5%) of preoperative DVT was found in patients admit-
ted to the hospital for CRC surgery. The present results suggest that instrumental screen-

ing should be encouraged, at least in subgroups at a higher risk of preoperative DVT.
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PE result from deep venous thrombosis (DVT) of the lower extremi-
ties.® Therefore, PE and DVT have been regarded as sequential con-
ditions, and they are grouped together and generally called venous
thromboembolism (VTE).
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A prospective observational study in 2373 patients undergoing
general, urological, or gynecological surgery reported that 50 patients
(2.1%) were judged as affected by clinically overt VTE, and 12 events
occurred within 5 days of surgery.* Another report of the Japanese
Society of Anesthesiologists in Japanese patients showed that post-
operative VTE tended to occur on the first postoperative day in pa-
tients who had risk factors, such as malignant disease or obesity [5].
Fatal PE is known to primarily occur when getting out of bed for the
first time after surgery. DVT causing such fatal PE may have already
occurred before surgery, making postoperative anticoagulant ther-
apy relatively ineffective in preventing such early fatal PE. Therefore,
itis important to carry out preoperative screening for DVT.

There have been several reports of a high prevalence of DVT
after abdominal cancer surgery in general.>” Among patients with
colorectal cancer, the estimated prevalence of DVT after surgery is
20%.8 However, the preoperative prevalence and the risk factors
have not been clarified in detail. Only a few studies have focused
on patients with gastroenterological cancer, although it is the most
common risk factor for PE.”™! To our knowledge, only one study
with a small number of patients has been carried out in patients with
colorectal cancer,” and the covariates used to identify the indepen-
dent risk factors were limited. In addition, the detailed anatomical
distribution of DVT has not been reported.

Recently, lower-extremity venous ultrasonography has been
considered a useful method of diagnosing DVT because it is easily
accessible, noninvasive, and has a high sensitivity (93%-96%) and
specificity (98%-99%).12"* The aim of the present study was to clar-
ify the prevalence, anatomical distribution, and the risk factors for
DVT of the lower extremities in patients with colorectal cancer be-
fore surgery.

2 | MATERIALS AND METHODS

2.1 | Patients

The study protocol was approved by the Ethical Advisory Committee
of Yokohama City University School of Medicine. This retrospective
study was registered with the Japanese Clinical Trials Registry as
UMINO00033663 [http://www.umin.ac.jp/ctr/index.htm]. In this
study, all processes complied with guidelines of the Declaration
of Helsinki. From January 2013 to March 2017, a total of 1095 pa-
tients underwent CRC surgery at Yokohama City University Medical
Center. Of these, 10 were excluded from the analysis because of
emergency surgery, 54 were excluded because preoperative lower-
limb ultrasonography was not carried out, 21 were excluded be-
cause preoperative serum p-dimer levels were not measured, and
four were excluded because of postoperative hospital death (within
30 days). The remaining 1006 patients were enrolled in this retro-
spective study. Ultrasonography and serum p-dimer level measure-
ments were carried out as a preoperative examination within a mean
of 4 weeks before CRC surgery.

Patients’ gender, weight, body mass index (BMI; weight in ki-
lograms divided by the square of the height in meters), and data

on the patients’ medical history and medical condition were re-
corded. TMN stages were recorded according to the 8th TMN
classification of malignant tumors.® Performance status (PS) was
assessed using the scale of the Eastern Cooperative Oncology
Group (ECOG).*¢

2.2 | Diagnosis of preoperative DVT and PE

Compression ultrasonography (CUS) including the femoral, pop-
liteal, and calf veins was carried out according to standard proce-
dures (grayscale, B-mode, color Doppler) preoperatively using a
high-end scanner (Logiq 7 Pro; GE Medical Systems, Milwaukee,
WI, USA). In patients who underwent preoperative chemotherapy
for rectal cancer, ultrasonography was done preoperatively. All ex-
aminations were carried out by one of several clinical technologists
who were both trained in the performance of venous ultrasonog-
raphy and certified as medical sonographers by the Japan Society
of Ultrasonographics in Medicine. If a vein was distended by hypo-
echoic thrombus and showed partial or no compressibility without
collaterals, we diagnosed acute DVT. If the vein was incompressible,
narrow and irregular and showed echogenic thrombus attached to
the venous walls with development of collaterals, we diagnosed
chronic DVT.

To diagnose preoperative staging, contrast-enhanced helical
computed tomography (CT) was usually carried out if an iodine con-
trast agent was available. At the same time, we checked whether

asymptomatic PE was present incidentally.

2.3 | p-Dimer assay

Blood samples for the p-dimer analysis were obtained preopera-
tively. The samples were analyzed by the Nanopia p-dimer assay
(Sekisui Medical, Tokyo, Japan), which is the standard assay at
Yokohama City University Medical Center. The Auto Dimer assay is
a quantitative latex test for cross-linked fibrin degradation products.
All samples were handled according to the manufacturer's instruc-
tions. The samples were analyzed using an Automated Coagulation
Analyzer CP3000 (Sekisui Medical). The technologists analyzing the
samples were unaware of the CUS findings. Because the optimal cut-
off value of p-dimer was unknown in preoperative DVT screening,
the Yokohama City University Medical Center standard cut-off level
of 1.0 pg/mL was used.

2.4 | Thromboprophylaxis

According to the Japanese Guidelines for Prevention of Venous
Thromboembolism,'” most patients with colorectal cancer are clas-
sified in the high-risk group for postoperative DVT. For high-risk
patients, physical treatments, such as intermittent pneumatic com-
pression (IPC) or anticoagulant therapy, are recommended in the
guidelines. Therefore, for patients in whom preoperative DVT was
not detected, graduated compression stockings and IPC or antico-
agulant therapy were carried out at the surgeon's discretion from
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the morning of surgery until the patient was able to walk adequately.
Patients with distal DVT were generally given anticoagulant ther-
apy using low-molecular-weight heparin (LMWH). For patients with
proximal DVT, a temporary inferior vena cava filter (IVCF) was placed
before surgery at the cardiologist's discretion.

2.5 | Diagnosis of postoperative PE

When patients complained of symptoms such as dyspnea postoper-
atively, contrast-enhanced helical CT was given to diagnose PE. Only
those cases of PE that required some medical intervention (Common
Terminology Criteria for Adverse Events grade 3 or higher'®) were
counted. Patients with asymptomatic postoperative PE were ex-

cluded from this study.

2.6 | Statistical analyses

Continuous variables were presented as median (range) and com-
pared using the Mann-Whitney U test, whereas categorical variables
were expressed as the absolute and relative frequencies and com-
pared using the chi-squared test.

Clinicopathological risk factors for preoperative DVT were
primarily evaluated using univariate analyses. Variables that had
relevant associations with preoperative DVT on these analyses
(P < 0.05) were included in a multivariate model. A multivariate
analysiswas carried out using logistic regression analysis. Backward
elimination was used to select variable factors. Statistical signifi-
cance was defined as P < 0.05. Analyses were done using the soft-
ware package SPSS 22 (SPSS Inc., Chicago, IL, USA).

3 | RESULTS

3.1 | Characteristics of patients

A total of 1006 patients (595 men, 411 women) were included in
this retrospective study. Median age of the patients was 69 years
(range 27-92 years). Clinicopathological characteristics of these
patients are summarized in Table 1. There were 409 patients
(40.7%) with rectal cancer. One hundred and forty-five patients
(14.4%) received preoperative chemotherapy. Of these, only seven
patients used anti-vascular endothelial growth factor (VEGF)
agents. There were 101 patients (10.0%) who had simultaneous
metastases.

3.2 | Prevalence and anatomical distribution of DVT

Of the 1006 patients, 136 (13.5%) were found to have DVT pre-
operatively, and all patients with DVT were asymptomatic. Fifteen
patients had proximal DVT (thrombosis involving the popliteal vein
and above), and 121 patients had distal DVT only. The anatomical
distribution of DVT is shown in Table 2. The most common site of
DVT was the soleal veins. In only 41 of 136 patients were the DVT
diagnosed as chronic by preoperative ultrasonography.
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TABLE 1 Characteristics of patients with colorectal cancer
before surgery

Variable n %
Gender
Male 595 59.1
Female 411 40.9

Age (years)

<75 704 70.0

275 302 30.0
ECOG PS

0 896 89.1

1/2/3 110 10.9
ASA

1/2 927 92.1

3/4 79 7.9
Hypertension

Present 426 42.3

Absent 580 57.7

Diabetes mellitus
Present 182 18.1
Absent 824 81.9
Body mass index (kg/m?)

<25 798 79.3

225 208 20.7
Location

Colon 597 59.3

Rectum 409 40.7
cStage

17117111 905 90.0

v 101 10.0
Preoperative chemotherapy

No 861 85.6

Yes 145 14.4

Central venous catheter
Present 162 16.1
Absent 844 83.9
p-Dimer (ug/mL)

<1.0 664 66.0

>1.0 342 34.0
CEA (ng/mL)

<10 813 80.8

210 193 19.2
CA19-9 (U/mL)

<100 962 95.6

2100 44 4.4

ASA, American Society of Anesthesiologists; CA19-9, carbohydrate
antigen 19-9; CEA, carcinoembryonic antigen; ECOG, Eastern
Cooperative Oncology Group; PS, performance status.
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TABLE 2 Anatomical distribution of deep venous thrombosis in
patients with colorectal cancer before surgery

Distribution of DVT Right Left Total

Distal type 121
Soleal vein 60 67

12.0%

Posterior tibial vein
Peroneal vein

Gastrocnemius vein

o O o wun
w O o

Small saphenous vein
Proximal type 15 1.5%
Popliteal vein
Superficial femoral vein
Deep femoral vein
Common femoral vein

External iliac vein

O O » O W Ww
O O O O w wu

Internal iliac vein

DVT, deep venous thrombosis.

3.3 | Prevalence of preoperative PE and incidence of
postoperative VTE

By contrast-enhanced helical CT to diagnose preoperative staging,
asymptomatic PE was detected in 10 patients (1.0%). We detected
simultaneous DVT in eight patients by ultrasonography. Four pa-
tients had proximal DVT, and four had distal DVT. Preoperative
anticoagulant therapy was carried out in nine patients, and re-
trievable IVCF was combined for one patient. None of the 10 pa-
tients with postoperative symptomatic VTE developed fatal PE.

Of the 15 patients with proximal DVT, preoperative anticoag-
ulant therapy was carried out in 12. Of these, two patients had a
retrievable IVCF placed. No preoperative therapy was carried
out in three patients because of chronic DVT only or dementia.
Symptomatic postoperative PE did not occur in any case, and throm-
bosis in IVCF occurred in one patient. By continuing anticoagulant
therapy, the IVCF was able to be removed.

Of the 121 patients with distal DVT, preoperative anticoagulant
therapy was carried out in 40. Of these 40 patients, unfractionated
heparin or LMWH was used for 27, and direct oral anticoagulant was
used for 13. Preoperative anticoagulant therapy was not done in 81
due to the existence of chronic DVT only, risk of bleeding from the
tumor, and doctor's judgment that treatment was not necessary.

Symptomatic postoperative PE occurred in one patient: a 79-
year-old woman with distal DVT. Her preoperative p-dimer level
was 2.0 pg/mL. Shereceived no preoperative anticoagulant therapy
because of the risk of bleeding from the tumor. On the first post-
operative day, she was able to get out of bed with no complaints of
dyspnea. However, she needed oxygen because of reduced satura-
tion. On the second postoperative day, she complained of dyspnea
when washing her face in the morning. CT showed shadow defects
at the secondary bifurcation of the pulmonary artery. We diag-

nosed her with postoperative PE. A retrievable IVCF was placed,

and anticoagulant therapy was started, after which her symptoms
improved. On the 20th postoperative day, she was discharged

while on anticoagulant therapy.

3.4 | Risk factors for preoperative DVT

Clinicopathological factors and the presence or absence of DVT
are summarized in Table 3. Of the 136 patients who were found
to have DVT, 56 were male, and 80 were female. DVT were found
in 24.2% of elderly patients (275 years of age) and in 21.8% of pa-
tients with PS 21. Similarly, 15.8% of patients with cStagelV and
17.2% of patients with a history of preoperative chemotherapy
were found to have DVT. Univariate analysis showed that the
incidence of DVT was significantly higher in women, patients
>75 years of age, those with PS 21, colon cancer patients, and in
those with elevated p-dimer levels (>1.0 pg/mL).

Results of univariate and multivariate analyses of risk factors
for preoperative DVT are shown in Table 4. The factors with a P
value <0.05 in the univariate analysis were subjected to a multi-
variate analysis by entering them into a logistic regression model
using backward elimination to determine the independent pre-
dictors of the risk of preoperative DVT. The multivariate analysis
showed that female gender (P < 0.01; odds ratio [OR] 2.5; 95% con-
fidence interval [CI] 1.4-3.8), increased age (275 years) (P < 0.01;
OR 2.1; 95% Cl 1.4-3.1), and elevated p-dimer levels (>1.0 pg/mL)
(P <0.01; OR 6.3; 95% Cl 4.1-9.6) were independent risk factors
for preoperative DVT.

Of the 136 patients who were found to have DVT, 15 had
proximal-type DVT, six of whom had chronic DVT only. Univariate
analysis showed that the incidence of proximal DVT was signifi-
cantly higher in patients with elevated p-dimer levels (>1.0 pg/mL)
and in the presence of a central venous catheter. On multivariate
analysis, only elevated p-dimer levels (>1.0 ug/mL) (P < 0.01; OR
5.5; 95% Cl 1.7-17.4) were found to be an independent risk factor
for preoperative proximal DVT.

3.5 | Risk stratification of preoperative DVT using
independent predictors

When the patients were divided into four groups according to the
accompanying number of independent predictors for preoperative
DVT, the prevalence rate was 3.2% (10/313), 8.7% (35/402), 25.0%
(55/220), and 50.7% (36/71) in patients with 0, 1, 2, and 3 predictors,
respectively. This indicates that the more accompanying independent
predictors, the higher the incidence of preoperative DVT (Figure 1).
Notably, the prevalence of preoperative DVT exceeded 50% in
women 275 years of age with elevated p-dimer levels (>1.0 pg/mL).

4 | DISCUSSION

We analyzed a total of 1006 patients who underwent elective colo-
rectal resection. Preoperative DVT was diagnosed in 136 patients
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TABLE 3 Incidence of deep venous thrombosis according to
patient background

DVT (-) DVT (+)
Variable n % n % P value
Gender
Male 539 90.6 56 9.4 <0.01
Female 331 80.5 80 19.5
Age (years)
<75 641 91.1 63 8.9 <0.01
275 229 75.8 73 24.2
ECOG PS
0 784 87.5 112 12.5 0.01
1/2/3 86 78.2 24 21.8
ASA
1/2 805 86.8 122 13.2 0.30
3/4 65 82.3 14 17.7
Hypertension
Present 358 84.0 68 16.0 0.06
Absent 512 88.3 68 11.7
Diabetes mellitus
Present 158 86.8 24 13.2 1.00
Absent 712 86.4 112 13.6
Body mass index (kg/m?)
<25 692 86.7 106 1.8 0.65
225 178 85.6 30 14.4
Location
Colon 504 84.4 93 15.6 0.02
Rectum 366 89.5 43 10.5
cStage
171171 785 86.7 120 12,8 0.45
v 85 74.2 16 15.8
Preoperative chemotherapy
No 750 87.1 111 129 0.19
Yes 120 82.8 25 17.2
Central venous catheter
Present 133 82.1 29 17.9 0.08
Absent 737 87.3 107 12.7
p-Dimer (ug/mL)
<1.0 628 94.6 36 5.4 <0.01
>1.0 242 70.8 100 29.2
CEA (ng/mL)
<10 705 86.7 108 1.3 0.64
=210 165 75.5 28 14.5
CA19-9 (U/mL)
<100 834 86.7 128 13.3 0.37
2100 36 81.8 8 18.2

ASA, American Society of Anesthesiologists; CA19-9, carbohydrate antigen
19-9; CEA, carcinoembryonic antigen; DVT, deep venous thrombosis;
ECOG, Eastern Cooperative Oncology Group; PS, performance status.
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(13.5%). Multivariate analysis showed that increased age (275 years),
female gender, and elevated p-dimer levels (>1.0 pg/mL) were inde-
pendent risk factors for preoperative DVT.

A few studies have reported the prevalence and risk factors
of preoperative DVT in patients with gastroenterological cancer.
However, only the study of Stender et al specifically reported these
values in colorectal cancer patients.” They reported the prevalence
and risk factors of DVT in 193 patients with colorectal cancer. They
showed that DVT was detected in 15 patients (7.8%), and the risk
of DVT was strongly correlated with female gender and elevated
American Society of Anesthesiologists (ASA) risk score. Although fe-
male gender was also a risk factor for DVT on multivariate analysis in
the present study, the ASA risk score was not a risk factor. Of note,
however, the study of Stender et al was a relatively small-scale study
and the covariates used to identify the independent risk factors were
limited.

Recently, Tanizawa et al.® reported that of 1140 patients with
gastric cancer, 86 (7.5%) had DVT preoperatively. In their study, fe-
male gender, older age, worse PS, presence of a central venous cath-
eter, and a history of preoperative chemotherapy were independent
risk factors for DVT. Although the patients’ diagnoses differed be-
tween their study and ours (gastric and colorectal cancer, respec-
tively), we similarly found that female gender and older age were
independent risk factors for DVT. Wada et al.!! reported that of
976 patients with gastric cancer, preoperative DVT was diagnosed
by lower-extremity ultrasonography in 13 (1.3%), and neoadjuvant
chemotherapy was a risk factor for preoperative detection of DVT.
They carried out lower-extremity ultrasonography in patients with
a positive pb-dimer assay result. In the present study, the prevalence
of DVT was higher than that in the study of Wada et al, possibly as
a result of differences in the study design and in the characteristics
of patients.

We showed that older age (275 years) was an independent risk
factor for preoperative DVT. Several authors have reported that
the prevalence of VTE is greater in older patients than in younger
ones. %1720 |n Japan, Wakabayashi et al. analyzed 505 patients who
underwent total hip arthroplasty and investigated the risk factors
for preoperative VTE. One of the factors significantly related to pre-
operative VTE was increased age.21 Furthermore, Tanizawa et al.*°
analyzed 1140 patients who underwent gastric cancer surgery and
showed that age 280 years was an independent risk factor for pre-
operative DVT. Consistent with previous reports, in the present
study, the DV T-positive patients were significantly older than the
DVT-negative patients.

In the present study, we also showed that elevated p-dimer lev-
els (>1.0 pg/mL) were an independent risk factor for preoperative
DVT. p-Dimer is a degradation product of crosslinked fibrin that ap-
pears in the blood after a blood clot is degraded by fibrinolysis.??
Elevated p-dimer levels in the blood predict increased secondary
fibrinolytic activity and are a principal marker of hypercoagulation

and thrombosis.?%2°

p-Dimer levels are elevated in the setting of
acute deep vein thrombosis,?® and normal levels are expected in

the absence of acute deep vein thrombosis unless other coexistent
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TABLE 4 Univariate and multivariate

Univariate Multivariate analyses of predictive factors for
Variable OR  95%Cl P value OR 95% Cl P value preoperative DVT
Gender, female 23 1.6-3.4 <0.01 2.5 1.4-3.8 <0.01
Age, 275 years 3.2 2.2-4.70 <0.01 2.1 1.4-3.1 <0.01
PS(ECOG), 21 2.0 1.2-3.2 <0.01
Location, colon 1.6 1.1-2.3 <0.01
p-Dimer, >1.0 pg/mL 7.2 4.8-10.9 <0.01 6.3 4.1-9.6 <0.01

Cl, confidence interval; DVT, deep venous thrombosis; ECOG, Eastern Cooperative Oncology

Group; OR, odds ratio; PS, performance status.

(;/8) tests is unknown. Of the six patients who had proximal chronic DVT

36/71 in the present study, four had a normal level of serum p-dimer. These

50 patients seem to have a higher risk of postoperative VTE than those

29 without DVT. Tanizawa et al.’® reported that DVT increased or a new

DVT was detected in five of 17 patients who had chronic DVT be-

30 557220 fore surgery. Although the appropriate use of the p-dimer assay can

55 I limit the overuse and added cost of ultrasonography, further studies
- of asymptomatic chronic DVT are needed.

10 107313 The significance of preoperative VTE is still debatable. In the

0 L - present study, postoperative PE occurred in only one patient

0 1 2 3 with preoperative DVT. There was no difference in postoper-

Humberokpredictye fetm ative VTE occurrence between patients with and without pre-

FIGURE 1 Incidence of preoperative deep venous thrombosis operative DVT. However, a medical history of VTE is a reported

increased according to the number of independent predictors
conditions that activate the coagulation system are present.?’?
The p-dimer assay is a safe and useful tool with a high sensitivity
(97%-100%) for excluding acute DVT and a high negative predictive
value (96%-100%).27%° Therefore, our finding that elevated p-dimer
levels (>1.0 pg/mL) were an independent risk factor for preoperative
DVT was an expected result.

Lower-extremity venous ultrasonography has a high sensitiv-
ity (93%-96%) as well as high specificity (98%-99%) for the diag-
nosis of DVT.'>** However, ultrasonography in all preoperative
patients as a screening tool is considered to represent overuse of
this tool.3%2 The appropriate use of the p-dimer assay can limit
the overuse and added cost of ultrasonography without any neg-
ative impact. 3! Wada et al. reported that their preoperative DVT
screening method using the p-dimer assay in combination with
ultrasonography seemed to be effective for detecting DVT in
gastric cancer patients scheduled for surgery. However, we must
emphasize that the p-dimer level may not be elevated in cases of
chronic thrombus, as p-dimer is a degradation product of cross-
linked fibrin. In our series of 136 patients with DVT, 41 (30.1%)
had chronic DVT, and 20 (48.8%) of these patients had normal
p-dimer levels.

Although a medical history of VTE is a reported risk factor for
postoperative VTE, the clinical significance of asymptomatic chronic
thrombosis is unknown. Therefore, whether or not we need to de-
tect asymptomatic chronic thrombosis in preoperative screening

risk factor for postoperative VTE. The presence of preoperative
DVT is also considered a risk factor and, to prevent postoper-
ative VTE, it is important to screen preoperative DVT patients
and to take appropriate measures such as anticoagulant therapy.
In this retrospective study, we had no uniform treatment strat-
egy for preoperative anticoagulant therapy in patients with VTE.
If preoperative VTE was detected, we consulted a cardiologist
on a case-by-case basis and the cardiologist decided the treat-
ment plan. In this study, not all patients with preoperative VTE
received anticoagulant therapy. Although it increases the risk of
bleeding from the tumor, we think preoperative anticoagulant
therapy is preferred to prevent postoperative PE. If a patient has
chronic DVT only, it is unclear whether anticoagulant therapy is
needed.

Several limitations associated with the present study warrant
mention. First, this was a retrospective study conducted at a single
institution. Second, the incidence of postoperative asymptomatic
DVT was unclear, as postoperative lower-extremity ultrasonography
was not routinely done, being carried out only in patients who devel-
oped postoperative symptomatic PE. Third, although the results of
this study may be generalizable to Japanese patients, their general-
izability to patients in other countries, especially Western countries,
is uncertain.

In conclusion, a high prevalence (13.5%) of preoperative DVT was
found in patients admitted to hospital for colorectal cancer surgery.
The present results suggest that instrumental screening should be en-
couraged at least in subgroups at an increased risk of preoperative DVT.



NAKAGAWA ET AL.

DISCLOSURE

Conflicts of Interest: Authors declare no conflicts of interest for this

article.

AUTHOR CONTRIBUTION

Funding: Authors received no funding for this study.

Kazuya Nakagawa designed the study, and wrote the initial draft

of manuscript. Jun Watanabe, Chikara Kunisaki, and Itaru Endo

contributed to analysis and interpretation of data, and assisted in

the preparation of the manuscript. Yusuke Suwa, Shinsuke Suzuki,

Atsushi Ishibe, and Mitsuyoshi Ota have contributed to data collec-

tion and interpretation, and critically reviewed the manuscript. All

authors approved the final version of the manuscript.

ORCID

Kazuya Nakagawa
Jun Watanabe
Atsushi Ishibe

Itaru Endo

https://orcid.org/0000-0002-7504-7255
https://orcid.org/0000-0002-7187-3664
https://orcid.org/0000-0002-3251-3658
https://orcid.org/0000-0001-5520-8114

REFERENCES

Donati MB. Cancer and thrombosis. Haemostasis. 1994;24:128-31.

2. Ambrus JL, Ambrus CM, Mink IB, Pickren JW. Causes of death in

10.

cancer patients. J Med. 1975;6:61-4.

Tapson VF. Acute pulmonary embolism. N Engl
2008;358:1037-52.

Agnelli G, Bolis G, Capussotti L, Scarpa RM, Tonelli F, Bonizzoni E,
et al. A clinical outcome-based prospective study on venous throm-
boembolism after cancer surgery: the @RISTOS project. Ann Surg.
2006;243:89-95.

Kuroiwa M. Features of perioperative pulmonary thromboem-
bolism and issues in its prevention in Japan. The Journal of Japan
Society for Clinical Anesthesia. 2015;35:217-24. [only abstract in
English]

ENOXACAN Study Group. Efficacy and safety of enoxaparin versus
unfractionated heparin for prevention of deep vein thrombosis in
elective cancer surgery: a double-blinded randomized multicentre
trial with venographic assessment, ENOXACAN Study Group. Br J
Surg. 1997;84:1099-103.

Bergqvist D, Agnelli G, Cohen AT, Eldor A, Nilsson PE, Le Moigne-
Amrani A, et al. Duration of prophylaxis against venous thrombo-
embolism with enoxaparin after surgery for cancer. N Engl J Med.
2002;346:975-80.

Iversen LH, Thorlacius-Ussing O. Relationship of coagulation test
abnormalities to tumour burden and postoperative DVT in resected
colorectal cancer. Thromb Haemost. 2002;87:402-8.

Stender MT, Nielsen TS, Frgkjaer JB, Larsen TB, Lundbye-
Christensen S, Thorlacius-Ussing O. High preoperative prevalence
of deep venous thrombosis in patients with colorectal cancer. Br J
Surg. 2007;94:1100-3.

Tanizawa Y, Bando E, Kawamura T, Tokunaga M, Makuuchi R,
lida K, et al. Prevalence of deep venous thrombosis detected by
ultrasonography before surgery in patients with gastric cancer: a

J Med.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

3 ; . 457
_\(}5 | AG Surg Annals of Gns[mcmcmlugu _Wl L EYJ_

retrospective study of 1140 consecutive patients. Gastric Cancer.
2017;20:878-86.

. WadaT, Fujiwara H, Morita S, Fukagawa T, Katai H. Incidence of and

risk factors for preoperative deep venous thrombosis in patients
undergoing gastric cancer surgery. Gastric Cancer. 2017;20:872-7.
White RH, McGahan JP, Daschbach MM, Hartling RP. Diagnosis of
deep-vein thrombosis using duplex ultrasound. Ann Intern Med.
1989;111:297-304.

Becker DM, Philbrick JT, Abbitt PL. Real-time ultrasonography for
the diagnosis of lower extremity deep venous thrombosis. The
wave of the future? Arch Intern Med 1989;149:1731-4.

Cogo A, Lensing AW, Wells P, Prandoni P, Buller HR. Noninvasive
objective tests for the diagnosis of clinically suspected deep-vein
thrombosis. Haemostasis. 1995;25:27-39.

Brierley JD, Gospodarowicz MK, Wittekind C, eds. TNM
Classification of Malignant Tumours, 8th ed. New York: John Wiley
and Sons; 2017.

Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden
ET, et al. Toxicity and response criteria of the Eastern Cooperative
Oncology Group. Am J Clin Oncol. 1982;5:649-55.

JCS Joint Working Group. Guidelines for the diagnosis, treatment
and prevention of pulmonary thromboembolism and deep vein
thrombosis (JCS 2009). Circ J. 2011;75:1258-81.

National Cancer Institute. Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0. https://evs.nci.nih.gov/
ftpl/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf.
Accessed September 22, 2018.

Niimi R, Hasegawa M, Sudo A, Shi D, Yamada T, Uchida A. Evaluation
of soluble fibrin and D-dimer in the diagnosis of postoperative deep
vein thrombosis. Biomarkers. 2010;15:149-57.

Spencer FA, Gore JM, Lessard D, Emery C, Pacifico L, Reed G, et al.
Venous thromboembolism in the elderly. A community-based per-
spective. Thromb Haemost. 2008;100:780-8.

Wakabayashi H, Hasegawa M, Niimi R, Sudo A. Clinical analysis
of preoperative deep vein thrombosis risk factors in patients
undergoing total hip arthroplasty. Thromb Res. 2015;136:
855-8.

Hu Q,WuY, Tang J, Zheng W, Wang Q, Nahirney D, et al. Expression
of polycystins and fibrocystin on primary cilia of lung cells. Biochem
Cell Biol. 2014;92:547-54.

Agnelli G, Prandoni P, Santamaria MG, Bagatella P, lorio A, Bazzan
M, et al. Three months versus one year of oral anticoagulant
therapy for idiopathic deep venous thrombosis. N Engl J Med.
2001;345:165-9.

Palareti G, Cosmi B, Legnani C, Tosetto A, Brusi C, lorio A, et al. D-
dimer testing to determine the duration of anticoagulation therapy.
N Engl J Med. 2006;355:1780-9.

Pinede L, Ninet J, Duhaut P, Chabaud S, Demolombe-Rague S,
Durieu I, et al. Comparison of 3 and 6 months of oral anticoagu-
lant therapy after a first episode of proximal deep vein thrombo-
sis or pulmonary embolism and comparison of 6 and 12 weeks
of therapy after isolated calf deep vein thrombosis. Circulation.
2001;103:2453-60.

Kearon C, Julian JA, Newman TE, Ginsberg JS. Noninvasive diag-
nosis of deep venous thrombosis. McMaster Diagnostic Imaging
Practice Guidelines Initiative. Ann Intern Med 1998;128:663-77.
Frost SD, Brotman DJ, Michota FA. Rational use of D-dimer mea-
surement to exclude acute venous thromboembolic disease. Mayo
Clin Proc. 2003;78:1385-91.

Hellgren M. Hemostasis during normal pregnancy and puerperium.
Semin Thromb Hemost. 2003;29:125-30.

Funfsinn N, Caliezi C, Biasiutti FD, Korte W, Z'Brun A, Baumgartner
I, et al. Rapid D-dimer testing and pre-test clinical probability in the
exclusion of deep venous thrombosis in symptomatic outpatients.
Blood Coagul Fibrinolysis. 2001;12:165-70.


https://orcid.org/0000-0002-7504-7255
https://orcid.org/0000-0002-7504-7255
https://orcid.org/0000-0002-7187-3664
https://orcid.org/0000-0002-7187-3664
https://orcid.org/0000-0002-3251-3658
https://orcid.org/0000-0002-3251-3658
https://orcid.org/0000-0001-5520-8114
https://orcid.org/0000-0001-5520-8114
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf

458 W l L EY_ N}; \ AG Surg Annals omemcmcrologic

30.

31.

32.

NAKAGAWA ET AL.

van der Graaf F, van den Borne H, van der Kolk M, de Wild PJ,
Janssen GW, van Uum SH. Exclusion of deep venous thrombosis
with D-dimer testing-comparison of 13 D-dimer methods in 99
outpatients suspected of deep venous thrombosis using venogra-
phy as reference standard. Thromb Haemost. 2000;83:191-8.
Mousa AY, Broce M, Gill G, Kali M, Yacoub M, AbuRahma AF.
Appropriate use of D-dimer testing can minimize over-utilization of
venous duplex ultrasound in a contemporary high-volume hospital.
Ann Vasc Surg. 2015;29:311-7.

Wells PS, Anderson DR, Rodger M, Forgie M, Kearon C, Dreyer J,
et al. Evaluation of D-dimer in the diagnosis of suspected deep vein
thrombosis. N Engl J Med. 2003;349:1227-35.

How to cite this article: Nakagawa K, Watanabe J, Suwa Y,

et al. Clinical analysis of preoperative deep vein thrombosis risk
factors in patients with colorectal cancer: Retrospective
observational study. Ann Gastroenterol Surg. 2019;3:451-458.
https://doi.org/10.1002/ags3.12256



https://doi.org/10.1002/ags3.12256

