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Abstract
Background: Venous thromboembolism (VTE) is known as one of the major complications in patients
with malignant tumors and orthopedic disorders.  Patients undergoing surgery for orthopedic oncology
are at an increased risk for thromboembolic events. However, there are limited studies regarding the
incidence and risk factors for preoperative VTE in orthopedic oncology patients.

Methods: The aim is to determine the incidence and risk factors of preoperative VTE by screening with D-
dimer. We retrospectively reviewed the medical records of 270 patients who underwent surgical
procedures, including biopsy for orthopedic oncology, had preoperative D-dimer levels measured and were
subsequently screened for VTE by lower extremity venous ultrasonography and contrast-enhanced
computed tomography (CT) scans if necessary. Statistical analyses were performed to examine the
incidence and risk factors for VTE. Receiver operating characteristic (ROC) analysis was performed to
verify the cutoff value of D-dimer for the diagnosis of VTE.

Results: A total of 199 patients (103 with primary soft tissue sarcomas, 38 with primary bone sarcomas,
46 with metastatic tumors and 12 with hematologic malignancies) were included. The value of D-dimer
was high in 79 patients. VTE was detected in 19 patients (9.5%). Multivariate analysis indicated that, age
≥60 years (P = 0.021), and tumor location in the lower limbs (P = 0.048) were independent risk factors for
VTE. ROC analysis showed that the cutoff value of D-dimer for the diagnosis of VTE was 1.53 µg/mL
(sensitivity of 89.5% and speci�city of 79.4%).

Conclusions: Our study indicated that age and tumor location in the lower limbs were independent risk
factors for preoperative VTE in orthopedic oncology patients. D-dimer was not signi�cantly different in
the multivariate analysis because D-dimer is affected by a wide variety of conditions, such as malignancy
and aging. Patients with high D-dimer levels and the abovementioned risk factors are at increased risk of
preoperative VTE, and additional ultrasonography should be considered.

Trial registration: Our study was approved by the institutional review board. The registration number is
B200600056. The registration date was July 13, 2020.

Background
Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is
a major complication in orthopedic surgery. VTE is also known to be associated with malignancy,
which increases the risk of VTE by 2- to 7-fold [1-3]. Several mechanisms may be involved in the
promotion of thromboembolic events in cancer patients [4]. Because the risk of VTE is reported to
be particularly high in the �rst few months after the diagnosis of malignancy [3], it is important to assess
VTE in patients with malignancy before starting treatment.

D-dimer,  the breakdown product of stabilized �brin, is frequently used to screen for VTE because there is
well-established evidence that a D-dimer value below 0.5 µg/mL has an exceedingly high negative
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predictive value for the exclusion of PE [5-7]. The combination of clinical symptoms, D-dimer, and
contrast-enhanced computed tomography (CT) has made it possible to diagnose 97.9% of VTE cases [8,
9].

The incidence of perioperative VTE in orthopedic oncology patients has been reported to range from
2.7% to 22% [10-18]. Various factors, such as age, size and location of the tumor, chemotherapy, Ewing
sarcoma family, metastasis, pathological fracture, and type of surgery, are suggested to be
related to the occurrence of VTE [10-14,17-20]. However, most previous studies analyzed postoperative
patients who underwent orthopedic surgery [10,12-17,19]. In addition, routine screening for VTE was not
considered, so the reported rate of VTE represented only those that were clinically symptomatic [12,14].

Because such limitations may cause an underestimation of the incidence of VTE, only limited evidence is
available for understanding preoperative VTE in orthopedic oncology patients. Therefore, we investigated
the incidence and risk factors for VTE in these patients and considered that the best screening method for
VTE was the combination of D-dimer and imaging examination.

Methods
After approval by our institutional review board, we retrospectively reviewed the medical records of
patients in our institution  between January 2014 and June 2020. A total of 199 of 270 orthopedic
oncology patients who underwent orthopedic surgical procedures, including open biopsy, and were
assessed for preoperative VTE according to a �owchart prescribed by our institution were included
(Figure 1). VTE was screened by measuring preoperative D-dimer levels and subsequently performing
lower extremity venous ultrasonography and/or contrast-enhanced CT scans. D-dimer levels were
measured using a latex agglutination turbidimetric immunoassay. Owing to the sensitivity of this assay,
levels < 0.50 µg/mL were considered 0.50 µg/mL. Ultrasonography and CT scans were performed if the
D-dimer level was ≥ 1.0 µg/mL. In this study, DVT in the lower extremities that involved the popliteal vein
and above was de�ned as the proximal type; DVT involving the area below the popliteal vein was de�ned
as the distal type. We excluded patients with a benign condition, with a past history of VTE, who were
treated with direct oral anticoagulants (DOACs) or heparin before the assessment of VTE, with
reoperation within 3 months, and without the measurement of preoperative D-dimer levels. If the D-dimer
level was ≥ 1.0 µg/mL, patients without lower extremity venous ultrasonography or contrast-enhanced
CT examinations were also excluded.

The clinical pro�les of VTE patients were assessed retrospectively.  The anatomical location of the tumor
was de�ned as the lower limbs and others. The lower limbs included the pelvis, hip, thigh, knee, lower leg,
ankle, and foot. The tumor location was also assessed by the depth of the tumor. A soft tissue tumor
located on the surface of the fascia was de�ned as super�cial. Soft tissue tumors deeper than the fascia
or bone tumors were de�ned as deep. The patients comprised 103 males and 77 females, with a mean
age of 60.9 years (range 14-91 years).  The tumor location was the lower limbs in 133 patients. The
tumors comprised 103 primary soft tissue sarcomas, 38 primary bone sarcomas, 46 metastatic tumors
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and 12 hematologic malignancies.  The pathological diagnoses of the patients are summarized in Table
1.

The Mann-Whitney test was used for continuous variables, and the chi-squared test or Fisher’s exact test
was used for categorical variables. Logistic regression analysis was used as a multivariate analysis.
Receiver operating characteristic (ROC) analysis was performed to verify the cutoff value of D-dimer for
the diagnosis of VTE. A p-value of less than 0.05 was considered signi�cant. All statistical analyses were
performed using R (R Core Team (2020); R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria).

Results
The value of D-dimer was ≥ 1.0 µg/mL in 79 (39.7%) patients. The overall incidence of preoperative VTE
detected by ultrasonography and contrast-enhanced CT scans was 9.5% (19 patients) (Table 2). VTE was
detected in 8.7% and 7.9% of patients with soft tissue and bone sarcomas, respectively. The incidence of
VTE in patients with metastasis was 10.9%. Proximal VTE and PE were detected in 3 (2.5%) and 2 (1.7%)
patients, respectively. The clinical pro�les of the patients with VTE are summarized in Table 3. The
patients comprised 10 males and 9 females, with a mean age of 59.7 years (range 19–91). The
tumor was located on the lower limbs in 17 patients, accounting for 89.5% of the patients with VTE. The
mean D-dimer level was 2.64 (range 1.05–11.72) µg/mL.  Among the patients with VTE, 9 patients had
soft tissue sarcomas, and 3 patients had bone sarcomas. The cases of soft tissue sarcoma included 4
myxo�brosarcoma, 3 undifferentiated pleomorphic sarcoma (UPS), and 2 leiomyosarcoma. The tumor
was located on the surface of the fascia in 4 patients and deeper than the fascia in 5 patients. The cases
of bone sarcoma included 2 UPS of the bone and 1 osteosarcoma. Seven patients had bone metastasis
and hematologic malignancy. ROC analysis showed that the cutoff value of D-dimer for the diagnosis of
VTE was 1.53 µg/mL. The area under the curve was 0.86. The sensitivity and speci�city were 89.5% and
79.4%, respectively.

 The risk factors for VTE were analyzed (Table 4). In the univariate analysis, age (P = 0.0039), age ≥60
years (P = 0.011), tumor location in the lower limbs (P = 0.038), and D-dimer (P < 0.001) were related to
the incidence of VTE. Sex, age, body mass index, size, origin, performance status, pathological fracture,
and hematologic status, including hemoglobin, white blood cells, platelets, and C-reactive protein, were
not signi�cant risk factors. The multivariate analysis indicated that age (P = 0.012), age ≥60 years (P =
0.021), and tumor location in the lower limbs (P = 0.048) were independent risk factors for VTE. D-dimer
was not signi�cant in the multivariate analysis (P = 0.51).

Discussion
We investigated the incidence of preoperative VTE in orthopedic oncology patients. The most important
�nding in this study was that more orthopedic oncology patients could potentially have VTE than
reported by previous studies. Nineteen of 199 patients (9.5%) had VTE detected in this study. The
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incidence was higher than the rate of perioperative VTE reported in previous studies [10-15]. Several
conditions that differed from those in previous studies may have in�uenced the results. First, routine
screening for VTE was examined in this study. We performed DVT assessment in combination with
routine D-dimer measurement, lower extremity ultrasonography and contrast-enhanced CT scans. This
screening detected patients with asymptomatic VTE who were not diagnosed by physical symptoms. The
necessity of anticoagulation for those patients is controversial, but  Galanaud et al. reported that patients
with cancer-related isolated distal DVT have a prognosis that is similar to that of patients with cancer-
related isolated proximal DVT and a dramatically poorer prognosis than those with isolated distal DVT
without cancer [21]. Therefore, it is important for the management of preoperative orthopedic oncology
patients to recognize that more patients have asymptomatic VTE. Second, our study included patients
with metastasis and hematologic malignancy. The rate of DVT in surgical oncology patients receiving no
prophylaxis was reported to be 35.2% [22]. The cancer type affects the incidence of VTE in adolescent
and young adult patients. Therefore, oncology patients, except for sarcoma patients, might have a
different total incidence of VTE.

 Several risk factors associated with an increased risk of preoperative VTE in orthopedic oncology patients
have been found. Our study showed that increasing age and tumor location are independent risk factors.
Age has been suggested to be associated with an increased risk of VTE [10,17]. Kim et al. reported an
odds ratio of 5.84 in patients older than 60 years [10]. Our results showed a similar trend, and only 2
patients with VTE were younger than 60 years. Patients with bone or soft tissue sarcomas located in the
hip or thigh have been suggested to have an increased risk of VTE [14]. Yamaguchi et al.
demonstrated a high incidence of VTE (22%) in patients after resection of musculoskeletal tumors of the
lower limb [17]. Since surgery involving the pelvis has been associated with the development of proximal
DVT [19], patients with tumors in the lower limbs are suggested to be increased at risk of VTE occurrence.
In this study, 17 of 19 VTE patients had tumors in the lower limbs (89.5%), and the two VTE patients
with tumors in the upper extremities were both older than 90 years. 

 D-dimer showed an association with preoperative VTE in univariate analysis. However, no signi�cant
difference was observed in multivariate analysis due to the in�uence of increased age on the D-dimer
level. D-dimer needs to be corrected by age, and the value of D-dimer itself should be evaluated carefully
[5,7]. In addition, the D-dimer cutoff value in cancer patients was reported to be higher
than that commonly used [23].  The cutoff value of D-dimer for the diagnosis of VTE was determined to
be 1.53 µg/mL. This value was almost the same as that used in other cancer types [24,25].  The
appropriate consideration of D-dimer limits the overuse and added cost of ultrasonography without a
negative impact [26]. If D-dimer is in excess of 1.53 µg/mL, especially in patients with the risk factors that
were suggested in this study, such as older age and tumor location in the lower limbs, additional
assessment of VTE by lower extremity ultrasonography and contrast-enhanced CT should be considered.

Our study has several limitations. First,  our study was retrospective and had a relatively small sample
size.  Some predictive variables may not have had su�cient statistical power, and some important
variables may have been ignored. Second, patients with metastasis and hematologic malignancy were
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included. Regarding the evaluation of VTE risk in bone and soft tissue sarcoma patients, these
malignancies should be evaluated in separate categories with su�cient sample sizes. Third, lower
extremity ultrasonography and contrast-enhanced CT for VTE evaluation were not uni�ed.

Conclusions
Our study indicated that age and tumor location in the lower limbs were independent risk factors for
preoperative VTE in orthopedic oncology patients. D-dimer was not signi�cantly different in the
multivariate analysis because D-dimer is affected by a wide variety of conditions, such as malignancy
and aging. However, D-dimer was useful for exclusion diagnosis due to its high sensitivity. Patients with
high D-dimer levels and the abovementioned risk factors are at increased risk of preoperative VTE and
should be considered for additional assessment.

List Of Abbreviations

Abbreviations Full spelling

CT computed tomography

DOAC direct oral anticoagulant

DVT deep vein thrombosis

PE pulmonary embolism

ROC receiver operating characteristic

VTE venous thromboembolism
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Tables
Due to technical limitations, table 1,2,3,4 is only available as a download in the Supplemental Files
section.

Figures

Figure 1

Flow chart of the assessment for VTE in this study Patients were evaluated using D-dimer screening,
lower extremity venous ultrasonography, and contrast-enhanced CT scan. A total of 71 patients were
excluded according to exclusion criteria.
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