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Introduction and aim: Venous thromboembolism (VTE) is a severe complication associated both with major or-
thopaedic surgery and cancer. However, survival and postoperative complications of skeletal metastases despite
their thrombogenic potential, have received little attention in both the clinicalmanagement and research setting.
This single-centre observational cohort study aimed to evaluate the incidence and impact of VTE in association
with cancer surgery targeted to the management of fractures secondary to skeletal metastases.
Methods: Data were collected retrospectively from the medical database. We included consecutive 306 patients
operated for 343 non-spinal skeletal metastases during a 15-year period (1999–2014).
The incidence of VTE and its risk factors were assessed using binary logistic regression analysis. Kaplan–Meier
and Cox regression analyses were used to evaluate variables affecting survival.
Results: The rate of symptomatic VTE was 10% (30/306) during the 3-month postoperative period, while 79%
received thromboprophylaxis. Fatal pulmonary embolism (PE) rate was high, 3.3% (10/306) after surgery.
Intraoperative oxygen saturation drop, pulmonary metastases and intramedullary nailing were independent
risk factors for VTE. Indicators of decreased survival were lung cancer, intramedullary nailing, multiple skeletal
and pulmonary metastases, anaemia, leukocytosis, and PE.
Conclusion: Relationship between fractures secondary to skeletal metastases and VTE needs further clinical
attention. Whether the survival of patients with fractures secondary to skeletal metastases can be improved by
targeted thromboprophylactic means should be studied further.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Cancer is a well-known risk factor for venous thromboembolism
(VTE) events, including deep vein thrombosis (DVT) and pulmonary
embolism (PE). It is estimated that the overall risk of a VTE is increased
seven-fold in patients with a malignancy compared with those without
malignancy [1]. In patientswith cancer, each of the three components of
Virchow's triad (blood composition, vessel wall components and blood
flow) represents abnormalities that predispose to thrombus formation.
Additionally, abnormal angiogenesis is involved in tumour growth,
resulting in a prothrombotic state [2]. Several other risk factors for
VTE in cancer patients have been reported, including a history of VTE,
female gender, older age, leukocytosis, and thrombocytosis [3,4].
Patients who are treated with chemotherapy or havemetastatic disease
have additional risks for VTE [1,2]. Patients with distant metastases and
s, Tampere University Hospital,
those undergoing chemotherapy are reported to have a two-fold
increased risk comparedwith thosewithoutmetastases or not undergo-
ing chemotherapy [1]. One survey found that 5–10% of patients with
breast cancer undergoing adjuvant chemotherapy and up to 15% of
those with metastatic disease had VTE [5]. Different models for
predicting chemotherapy-associated VTE have been developed. One
model, the Khorana score, includes the following variables: site of
cancer, platelet count, haemoglobin, leukocyte count, and BMI [6].

Trauma and orthopaedic surgery are alsowell-known risk factors for
VTE [7,8]. However, the reported symptomatic VTEs have been few, as
during the 90 days after the primary total hip arthroplasty symptomatic
DVT occurs in 0.7% and PE in 0.3% of the patients. [9] In one large study
including 199,952 patients with pelvic and lower-extremity fracture
symptomatic PE was identified only in 0.5% of patients. [10] Cancer
surgery seems to significantly increase the risk of postoperative VTE,
as well as risk of fatal PE when compared to similar procedures in
non-cancer patients (0.33% vs. 0.09%) [11]. Moreover, both cancer and
trauma and their management may otherwise contribute to the
prothrombotic state, including bed rest, infection, and certain
chemotherapies.
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Table 1
Distribution of the types of cancer among the study population.

Primary tumour n %

Breast cancer 97 31.7
Myeloma 50 16.3
Renal cancer 38 12.4
Prostate cancer 35 11.4
Lung cancer 33 10.8
Colon cancer 8 2.6
Lymphoma 8 2.6
Sarcoma 7 2.3
Unknown 6 2.0
Melanoma 4 1.3
Thyroid cancer 4 1.3
Bladder cancer 3 1.0
GIST 3 1.0
HCC 2 0.7
Squamous cell cancer 2 0.7
Parotid cancer 1 0.3
Merkel cell cancer 1 0.3
Pancreatic cancer 1 0.3
Ventricle cancer 1 0.3
Leukaemia 1 0.3
Chordoma 1 0.3

GIST = gastrointestinal stromal tumour, and HCC = hepatocellular cancer.
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VTE is a severe complication in all hospitalized patients [4]. In a
population-based study matched for type of cancer, sex, age, and the
year of diagnosis, the 1-year survival of patients diagnosed with VTE
and malignancy was 12% compared with those patients without VTE,
whose survival rate was three-fold higher [12]. Mortality rates are
three times higher in the first 6months after VTE in patientswith cancer
than in those without cancer [13]. A necropsy study revealed that 10%
(648 of 6197) of patients who died of cancer had PE [14]. After major
surgery as much as 10–40% of the deaths were related to PE. [15].

Even though a number of studies have shown the importance of VTE
after orthopaedic surgery and disseminated cancer, little attention has
been given to the incidence of thrombosis in patients after pathological
fractures secondary to skeletal metastases. Therefore, the aim of this
observational study was to determine (1) the incidence and impact of
symptomatic VTE postoperatively, (2) the risk factors for VTE,
(3) whether the Khorana score itself or its haematological elements
separately could predict VTE in this surgical patient cohort, and
(4) risk factors for decreased survival after operation.

2. Patients and methods

Patients for this observational cohort study were identified from a
prospectively maintained database in one referral centre. All
consecutive patients, included in the study were treated surgically for
non-spinal skeletal metastases, in the vast majority due to pathological
fractures, between the 1st of April 1999 and the 31st of July 2014. The
institutional ethical review board approved the study. Data were
retrospectively collected from themedical records. All patients hadmet-
astatic stage IV cancer and all the patients were living independently be-
fore surgery. Patients whose survival was estimated to be less than four
weeks were not operated. Surgical procedures included osteosynthesis
with plate, intramedullary nailing with or without cementing, total
arthroplasty, endoprosthetic replacement and Harrington procedure.

Symptomatic DVT was identified by ultrasound scan of lower
extremities and PE was diagnosed with computer tomography or
autopsy. Data regarding deaths were verified from death certificates
or autopsy reports at our institution. Data of patients who died outside
the hospital were obtained from Statistics Finland, which is the exclu-
sive Finnish public authority holding data regarding causes of death
and post mortem death certificates. Unfortunately, the mortality data
are routinely updated 1 year later, thereby underestimating the true
rate of occurrence towards the end of the study.

In year 2004 the national guidelines for postoperative thrombo-
prophylaxis were introduced. After this recommendation all major
orthopaedic patients had postoperative prophylaxis, enoxaparin
40 mg or dalteparin 5000 IU started 6–12 h postoperatively continuing
on once daily basis, unless a bleeding complication or major bleeding
risk ensued. No mechanical prophylaxis was used. Surgical techniques
and operating times have remained stable in this 15-year period.

2.1. Statistical analysis

Univariate analysis was performed for risk factors of VTE. The chi-
square test or Fisher's exact test in the case of proportions and by the
t-test in the case of continuous variables was used. Using multivariable
analysis with binary logistic regression we assessed independent risk
factors for VTE and PE. Survival was assessed using the Kaplan-Meier
methodwith a log-rank test for univariate analysiswhile Cox regression
analysis was used to identify independent factors affecting patient
survival. In survival analyses we censored patients still alive at the
time of study and patients who died for other reasons than cancer.
The following variables were evaluated: gender, age, primary diagnosis,
number of skeletal metastases (solitary/multiple), metastatic load and
sites (lung and liver), intraoperative haemorrhagic events, operation
time, intraoperative oxygen saturation drop during application of nails
or stems (no vs. minor drop of 5–15% and major drop N15%), fracture
localisation (humerus, radius, ulna, scapula, pelvis, femur, or tibia), spe-
cific operation method (intramedullary nailing vs. others) and use of
low-molecular-weight heparin (LMWH) (28-day period as cut off).
The Khorana score as such and its separate haematological variables
were analysed to investigate the prediction of VTEs and survival
among these patients (6). The variables from the Khorana score are as
follows: site of cancer (2 points for very high-risk site, including pancre-
as and stomach; 1 point for high-risk site, including lung, lymphoma,
gynaecologic, and genitourinary organs, excluding the prostate),
platelet count ≥350 × 109/L, haemoglobin b100 g/L and/or use of
erythropoiesis-stimulating agents, leukocyte count N11 × 109/L, and
BMI ≥35 kg/m2 (1 point each). These variables were analysed both
together and independently, in particular to focus on the haematologi-
cal variables. Specifically, leukocyte count was analysed for different
cut-off values (8, 9, 10, and 12 × 109/L). The laboratory parameters
were measured preoperatively. P-value b0.05 indicated statistical
significance. Analyses were conductedwith statistical software package
IBM SPSS Statistics version 21.0.

3. Results

A total of 343 orthopaedic procedures were performed in 306
patients; 171 females (55.9%) and 135males (44.1%). The study popula-
tion comprised several different primary tumours (Table 1). Breast
cancer, myeloma and renal cancer were the most common. Patients
had a mean age of 67.2 (range 23.4–94.7) years at the time of the
operation. Demographics of identifiable risk factors for VTE are reported
in Table 2. Altogether 55 patients did not receive thromboprophylaxis.
15 of them were encountered after year 2004, and 13 of them were
operated because of upper extremity fracture, one patient had pelvic
surgery but because massive intraoperative bleeding complication
postoperative thromboprophylaxis was not used. Two patients; one
after femoral nailing and one after tibia plating did not have
thromboprophylaxis due to unknown reasons.

Symptomatic VTE was identified in 35 patients (11.4%), of which PE
was identified in 26 patients (8.5%). In 3-month postoperative period
the VTE rate was 10%. Ten out of 306 patients (3.3%) had the diagnosis
of PE as the cause of death in post mortem death certificate, established
by autopsy. From the 26 patients who had PE, primary tumours were
lung cancer (n = 7), breast cancer (n = 6), renal cancer (n = 4),
prostate cancer (n = 3), myeloma (n = 2), lymphoma (n = 1), HCC
(n = 1), primary bone sarcoma (n = 1) and in one case tumour origin



Table 2
Characteristics of patients with VTE.

Characteristics Total/306 patients Number of patients without VTE Number of patients with VTE p-Value*

BMI N30 kg/m2 45 (15%) 43 2 0.13
Anaemia (Hgb b 100 g/L) 49 (16%) 45 4 0.62
Leukocytosis N9 × 109/L 197 (65%) 181 16 0.01
Operation method nailing 104 (34%) 98 6 0.03
Pelvic lesions 45 (15%) 38 7 0.32
Femoral lesions 155 (51%) 136 19 0.72
Pulmonary metastases 71(23%) 57 14 0.02
Lung cancer 33 (11%) 25 8 0.04
Multiple skeletal metastases 266 (87%) 236 30 0.79
Saturation drop 87 (28%) 69 18 0.002
LMWH prophylaxis 241 (79%) 213 28 0.09

VTE = venous thromboembolism, and LMWH = low molecular weight heparin.
Bolded P-values are statistically significant, p-values N 0.05.
⁎ p-Values are calculated with univariate analysis comparing patients with or without VTE in different risk factors.
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was unknown. DVT occurred in 11 patients (3.6%). Themean time inter-
val for symptomatic PE was 14 days and for DVT 20 days in 3-months
postoperative period. The overall number of VTE and PE events
according to time of their occurrence is illustrated in Fig. 1.

In univariate analysis the risk factors for VTE were lung cancer,
intramedullary nailing, intraoperative saturation drop, leukocytosis
and pulmonary metastases (Table 2). In multivariable analysis the risk
factors for VTE were pulmonary metastases, intramedullary nailing
and intraoperative saturation drop, whereas the risk factors for PE
alone were pulmonary metastases and intraoperative saturation drop
(Table 3). Khorana score did not predict VTE in this patient cohort.

Overall survivalwas 42.9% at 1 year and 23.9% at 2 years, declining to
only 16.1% at 3 years. According to the Kaplan-Meier analysis, decreased
survival associated with intraoperative oxygen saturation drop, PE
diagnosis, haemoglobin below 100 g/L, leukocyte count exceeding
9 × 109/L, the presence of pulmonary metastases, LMWH use of
b28 days, lung cancer, intramedullary nailing and multiple skeletal
metastases (Table 4). All significant variables from the Kaplan-Meier
analysis were further subjected to analysis in a Cox regression model.
Lung cancer, intramedullary nailing, multiple skeletal metastases,
anaemia, leukocytosis, pulmonary metastases and PE turned out as
risk factors for decreased survival (Table 5). There were no interactions
between variables.

From the separately analysed haematological risk factors, we found
that the leukocyte count above 9 × 109/L and haemoglobin below
100 g/dL were significant risk factors. Survival markedly declined in
patients suffering from PE (Fig. 2). Twenty patients suffered PE, despite
receiving postoperative LMWH thromboprophylaxis. Twelve of these uti-
lized prophylaxis for 28 days (range 2–35). Six patients died within 24 h
postoperatively, five of them had oxygen saturation drop four having PE.
The intraoperative oxygen saturation dropwas observedmore frequently
Fig. 1. Number of VTE and PE cases at the time of occurrence.
in patientswith lung cancer (51.5%; 17/33) comparedwith thosewith the
other primary cancers that usually cause skeletal metastases, such as
breast cancer (25.8%; 25/97) and renal cell cancer (28.9%; 11/38).

4. Discussion

During a 3-month postoperative period for cancer patients having
undergone surgery for pathological fractures, we identified a striking
occurrence of symptomatic VTE (10%), with an overall incidence of
fatal PE of 3.3%. This is a relatively high incidence of VTEwhile 79% of pa-
tients had received postoperative thromboprophylaxis, albeit not of the
recommended 4-week duration. This is the first study of its kind, with
its focus on VTE and survival for 306 post-operative patients, surgically
treated for pathologic fractures of non-spinal, skeletal metastases. In
comparison to other studies of postoperative complications of skeletal
metastases that found VTE complications to be uniformly low, or
unstudied, we observed a high number of VTEs [16–19].

We identified several risk factors for VTE in univariate analyses, with
multivariate analyses identifying intramedullary nailing, pulmonary
metastases, and intraoperative saturation drop, as independent risk
factors for VTE. Saturation drop during the cementing and nailing
process was considered to be a significant risk factor, having ruled out
other perioperative anesthesia-related causes (e.g. intraoperative
bleeding). This finding agrees with the poor survival of patients who
experience a reduction of intraoperative oxygen saturation, which
correlates with the clinical severity of the embolism. [20,21].

In our study, symptomatic PE significantly contributed to premature
death. The mean survival following PE was only 2 months, versus
10 months for patients who avoided this complication, who also
benefited from a 5-fold greater overall survival. PE has been suggested
to be one of the leading medical emergencies in clinical practice [22]
with significant mortality [10]. Despite recognition of its severity, this
topic has not received attention in survival studies for surgically treated
skeletal metastases with pathologic fractures. The Khorana score is
Table 3
Multivariable logistic regression analysis of VTE and PE risk.

VTE

Risk factor OR 95 CI p-Value

Pulmonary metastases 2.23 1.04–4.79 0.04
Intramedullary nailing 3.15 1.23–8.07 0.02
Saturation drop 3.28 1.56–6.88 0.002

PE

Risk factor OR 95 CI p-Value

Pulmonary metastases 2.84 1.21–6.65 0.02
Intramedullary nailing 2.69 0.95–7.62 0.06
Saturation drop 4.03 1.72–9.41 0.001

Image of Fig. 1


Table 4
Kaplan-Meier survival analysis of the 306 operated skeletalmetastases: prognostic factors,
and median survival (months) with cumulative intervals and p-values.

Variable n Median 95 CI p-Value

Pulmonary metastases
Yes 71 5.2 3.4–6.9 0.001
No 235 11.4 8.2–14.5

Primary disease
Lung cancer 33 3.2 2.1–4.2 0
Other 273 10.7 7.9–13.6

Number of skeletal metastases
Solitary 38 17.3 7.0–27.5 0.002
Multiple 268 7.3 5.0–9.6

Haemoglobin b100 g/La

Yes 254 11.4 8.9–13.9 0
No 49 2.7 0.3–5.1

Leukocytosis N9 × 109/La

Yes 106 4.0 2.8–5.3 0
No 197 12.9 10.8–14.9

Operation method
Intramedullary nailing 104 6.4 4.1–8.8 0.015
Other 202 10.5 7.1–14.0

Intraoperative saturation drop
Yes 86 4.1 2.1–6.2 0.009
No 220 11.4 8.4–14.4

LMWH N27 daysb

Yes 155 14.3 10.8–17.8 0
No 84 5.8 1.4–6.1

Pulmonary embolism
Yes 26 2.0 0–4.3 0
No 280 9.7 6.9–12.6

a Information missing in 3 patients.
b Information missing in 67 patients. Fig. 2. Kaplan-Meier survival analysis showing the adverse effect of pulmonary embolism.
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assumed to carry a predictive value for VTEs among cancer patients
treated with chemotherapy. In our study with surgical management,
we could find no correlation between high Khorana scores and VTE or
survival. The predictive value of the Khorana score is most effective for
patients with pancreatic or stomach cancers, or those with a high BMI.
However, pancreatic and gastric cancers rarely metastasize to bone,
and few patients suffering from disseminated cancer with skeletal
metastases present with a high BMI. Therefore the total Khorana score
is of little to no value for cancer patients with pathologic fractures.

In addition to PE, other significant variables associated with
decreased survival were pulmonary metastases, lung cancer as primary
disease, and multiple skeletal metastases, together with the haemato-
logical variants, i.e. leukocytosis and anaemia, as reported previously
[23]. In addition, the operative nailing method was also associated
with decreased survival. First, intramedullary nailing itself appears to
carry a risk for VTE [24], thereby contributing to decreased survival.
Second, when performing intramedullary nailing, the removal of a
tumour withmarginal resection cannot be achieved. Marginal resection
of skeletal metastases has been shown to impair survival, at least for
solitary skeletal metastases, as well as for metastases of renal cell
carcinoma thereby contributing to decreased survival [25].

Interestingly, our study showed that lung cancer patients
experienced the greatest number of intraoperative saturation drops
and PE cases compared to patients with other primary cancers. The
Table 5
Cox regression survival analysis: prognostic factors, risk ratios (RR), cumulative intervals
and statistical analysis (p-values).

Factor RR 95 CI p-Value

Pulmonary metastases 1.49 1.09–2.04 0.013
Lung cancer 2.34 1.54–3.57 0
Multiple skeletal metastases 1.3 1.05–1.62 0.016
Anaemia (Hgb b 100 g/L) 2.7 1.91–3.81 0
Leukocytosis (N9 × 109/L) 1.47 1.11–1.94 0.006
Intramedullary nailing 1.49 1.15–1.94 0.003
Pulmonary embolism 2.07 1.26–3.40 0.004
increased risk of VTE for lung cancer patients has already beendescribed
in the literature [24,26] as is their poor survival following surgery to
remove skeletal metastases [27]. These adverse outcomes might reflect
the strong association between thromboembolic events after surgical
treatment of skeletal metastases. Interestingly, lung metastases were
also a risk factor for PE in our study, suggesting that these two states
may increase the risk for VTE by similar mechanisms, although it is
acknowledged that the increased risk of VTE and decreased postopera-
tive survival are multifactorial.

According to our study, a survival benefit was observed in univariate
analyses following prophylactic use of LMWH for VTE for 28 days.
However, it is noteworthy that 50% of patients (13/26 PE patients) still
experienced PE despite this prophylaxis; additionally four patients
developed PE despite warfarin use. Studies have shown that increasing
DVT prophylaxis with LMWH for up to 30 days safely reduces the risk of
postoperative thrombosis by 60% [28], especially in cancer patients [7].
The use of anticoagulants should be considered carefully when
operating on patients with cancer, as they may be at high risk of
bleeding complications because of their lowered blood cell count,
chemotherapy, other drug interactions, renal impairment, and hepatic
involvement with metastases [29].

This study has several limitations. First, our study design was obser-
vational, for which the most serious shortcoming is the selection bias
[30]. However, in this observational study, as our cohort was derived
from a single clinic and recruited consecutively, we feel that selection
bias is an unlikely factor. Second, this study is retrospective, and lacks
randomization. Additionally, there might be some bias in patient
selection for surgery, although, as stated previously, patients were
recruited consecutively. Despite its retrospective and observational
nature, our study has its strengths. First, the patient information system
is centralized, with all VTE events captured and registered, and
standardized prophylaxis guidelines issued. Second, the total follow-
up time was of considerable duration (15 years), and up to 1 year in
most cases, which adds to the reliability of our findings. Third, Statistics
Finland is the only Finnish public authority that gathers data regarding
causes of death from its archive of death certificates. This facilitated

Image of Fig. 2
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our comprehensive capture of data for patientswhodied of PE following
discharge. Given that Statistics Finland updates “cause of death” data
yearly, with the possibility that cancer related deaths could be coded
as cancer rather than PE, we feel confident that, if anything, we are
underestimating the true rate of VTE occurrence.

In conclusion, estimated VTE rates from autopsy studies differ from
those analyzing postoperative complications of skeletal metastases
treated surgically. Clinically diagnosed, symptomatic, and confirmed
VTE rates are typically low. However, our study, focusing on postopera-
tive VTE events, identified a much higher VTE rate of up to 10%. We
provide evidence that VTE after surgery of skeletal metastases is
under-diagnosed and adversely influences survival. A possible relation-
ship between fractures associated with skeletal metastases and VTEs
warrants further investigation. Collaborative efforts between hematolo-
gists and oncological orthopaedic surgeons are now needed to provide
further insight into the pathophysiology, risk scoring, diagnosis, and
treatment of VTE in patients suffering from this devastating disease. In
the future, our aim is to prevent the excessive number of premature
deaths currently caused by these under-documented thromboembolic
events.

The authors state that they have no conflict of interest.

References

[1] J.W. Blom, J.P. Vanderschoot, M.J. Oostindier, S. Osanto, F.J. van der Meer, F.R.
Rosendaal, Incidence of venous thrombosis in a large cohort of 66,329 cancer pa-
tients: results of a record linkage study, J. Thromb. Haemost. 4l (2006) 529–535.

[2] G.Y. Lip, B.S. Chin, A.D. Blann, Cancer and the prothrombotic state, Lancet Oncol. 3l
(2002) 27–34.

[3] M. Mandala, S. Barni, M. Prins, R. Labianca, C. Tondini, L. Russo, et al., Acquired and
inherited risk factors for developing venous thromboembolism in cancer patients
receiving adjuvant chemotherapy: a prospective trial, Ann. Oncol. 21l (2010)
871–876.

[4] A.A. Khorana, C.W. Francis, E. Culakova, N.M. Kuderer, G.H. Lyman, Frequency, risk
factors, and trends for venous thromboembolism among hospitalized cancer pa-
tients, Cancer 110l (2007) 2339–2346.

[5] F.R. Rickles, M.N. Levine, Venous thromboembolism in malignancy and malignancy
in venous thromboembolism, Haemostasis 28 (Suppl. 3 l) (1998) 43–49.

[6] A.A. Khorana, N.M. Kuderer, E. Culakova, G.H. Lyman, C.W. Francis, Development
and validation of a predictive model for chemotherapy-associated thrombosis,
Blood 111l (2008) 4902–4907.

[7] W.H. Geerts, R.M. Jay, K.I. Code, E. Chen, J.P. Szalai, E.A. Saibil, et al., A comparison of
low-dose heparin with low-molecular-weight heparin as prophylaxis against
venous thromboembolism aftermajor trauma, N. Engl. J. Med. 335l (1996) 701–707.

[8] W.H. Geerts, K.I. Code, R.M. Jay, E. Chen, J.P. Szalai, A prospective study of venous
thromboembolism after major trauma, N. Engl. J. Med. 331l (1994) 1601–1606.

[9] A.B. Pedersen, H.T. Sorensen, F. Mehnert, S. Overgaard, S.P. Johnsen, Risk factors for
venous thromboembolism in patients undergoing total hip replacement and
receiving routine thromboprophylaxis, J. Bone Joint Surg. Am. 92l (2010)
2156–2164.

[10] J. Godzik, C.M. McAndrew, S. Morshed, U. Kandemir, M.P. Kelly, Multiple lower-
extremity and pelvic fractures increase pulmonary embolus risk, Orthopedics 37l
(2014) e517–e524.
[11] A.K. Kakkar, S. Haas, H. Wolf, A. Encke, Evaluation of perioperative fatal pulmonary
embolism and death in cancer surgical patients: theMC-4 cancer substudy, Thromb.
Haemost. 94l (2005) 867–871.

[12] H.T. Sorensen, L. Mellemkjaer, J.H. Olsen, J.A. Baron, Prognosis of cancers associated
with venous thromboembolism, N. Engl. J. Med. 343l (2000) 1846–1850.

[13] N. Levitan, A. Dowlati, S.C. Remick, H.I. Tahsildar, L.D. Sivinski, R. Beyth, et al., Rates
of initial and recurrent thromboembolic disease among patients with malignancy
versus those without malignancy. Risk analysis using Medicare claims data,
Medicine 78l (1999) 285–291.

[14] E. Svendsen, B. Karwinski, Prevalence of pulmonary embolism at necropsy in
patients with cancer, J. Clin. Pathol. 42l (1989) 805–809.

[15] O.E. Dahl, J.A. Caprini, C.W. Colwell Jr., S.P. Frostick, S. Haas, R.D. Hull, et al., Fatal
vascular outcomes following major orthopedic surgery, Thromb. Haemost. 93l
(2005) 860–866.

[16] E.R. Henderson, J.S. Groundland, E. Pala, J.A. Dennis, R. Wooten, D. Cheong, et al.,
Failure mode classification for tumor endoprostheses: retrospective review of five
institutions and a literature review, J. Bone Joint Surg. Am. 93l (2011) 418–429.

[17] R.J. Weiss, E. Tullberg, J.A. Forsberg, H.C. Bauer, R. Wedin, Skeletal metastases in 301
breast cancer patients: patient survival and complications after surgery, Breast 23l
(2014) 286–290.

[18] M.S. Sorensen, K.G. Gregersen, T. Grum-Schwensen, D. Hovgaard, M.M. Petersen,
Patient and implant survival following joint replacement because of metastatic
bone disease, Acta Orthop. 84l (2013) 301–306.

[19] F. Camnasio, C. Scotti, G.M. Peretti, F. Fontana, G. Fraschini, Prosthetic joint
replacement for long bone metastases: analysis of 154 cases, Arch. Orthop. Trauma
Surg. 128l (2008) 787–793.

[20] R. Castelli, P. Bucciarelli, F. Porro, F. Depetri, M. Cugno, Pulmonary embolism in
elderly patients: prognostic impact of the Cumulative Illness Rating Scale (CIRS)
on short-term mortality, Thromb. Res. 134l (2014) 326–330.

[21] J. Christie, C.M. Robinson, A.C. Pell, J. McBirnie, R. Burnett, Transcardiac echocardiog-
raphy during invasive intramedullary procedures, J. Bone Joint Surg. (Br.) 77l (1995)
450–455.

[22] T.A. Laack, D.G. Goyal, Pulmonary embolism: an unsuspected killer, Emerg. Med.
Clin. North Am. 22l (2004) 961–983.

[23] M. Ratasvuori, R. Wedin, B.H. Hansen, J. Keller, C. Trovik, O. Zaikova, et al., Prognostic
role of en-bloc resection and late onset of bone metastasis in patients with bone-
seeking carcinomas of the kidney, breast, lung, and prostate: SSG study on 672
operated skeletal metastases, J. Surg. Oncol. 110l (2014) 360–365.

[24] B. Shallop, A. Starks, S. Greenbaum, D.S. Geller, A. Lee, J. Ready, et al., Thromboembo-
lism after intramedullary nailing for metastatic bone lesions, J. Bone Joint Surg. Am.
97l (2015) 1503–1511.

[25] K.G. Baloch, R.J. Grimer, S.R. Carter, R.M. Tillman, Radical surgery for the solitary
bony metastasis from renal-cell carcinoma, J. Bone Joint Surg. Br. Vol. 82l (2000)
62–67.

[26] J.W. Blom, C.J. Doggen, S. Osanto, F.R. Rosendaal, Malignancies, prothrombotic
mutations, and the risk of venous thrombosis, JAMA 293l (2005) 715–722.

[27] K. Cetin, C.F. Christiansen, J.B. Jacobsen, M. Norgaard, H.T. Sorensen, Bonemetastasis,
skeletal-related events, and mortality in lung cancer patients: a Danish population-
based cohort study, Lung Cancer (2014).

[28] D. Bergqvist, G. Agnelli, A.T. Cohen, A. Eldor, P.E. Nilsson, A. LeMoigne-Amrani, et al.,
Duration of prophylaxis against venous thromboembolism with enoxaparin after
surgery for cancer, N. Engl. J. Med. 346l (2002) 975–980.

[29] A.Y. Lee, M. Carrier, Treatment of cancer-associated thrombosis: perspectives on the
use of novel oral anticoagulants, Thromb. Res. 133 (Suppl. 2 l) (2014) S167–S171.

[30] E.L. Hannan, Randomized clinical trials and observational studies: guidelines for
assessing respective strengths and limitations, J. Am. Coll. Cardiol. Intv. 1l (2008)
211–217.

http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0005
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0005
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0005
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0010
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0010
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0015
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0015
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0015
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0015
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0020
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0020
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0020
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0025
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0025
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0030
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0030
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0030
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0035
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0035
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0035
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0040
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0040
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0045
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0045
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0045
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0045
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0050
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0050
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0050
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0055
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0055
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0055
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0060
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0060
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0065
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0065
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0065
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0065
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0070
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0070
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0075
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0075
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0075
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0080
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0080
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0080
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0085
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0085
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0085
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0090
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0090
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0090
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0095
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0095
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0095
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0100
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0100
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0100
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0105
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0105
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0105
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0110
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0110
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0115
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0115
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0115
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0115
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0120
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0120
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0120
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0125
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0125
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0125
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0130
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0130
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0135
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0135
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0135
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0140
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0140
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0140
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0145
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0145
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0150
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0150
http://refhub.elsevier.com/S0049-3848(16)30073-1/rf0150

	Venous thromboembolism after surgical treatment of non-�spinal skeletal metastases — An underdiagnosed complication
	1. Introduction
	2. Patients and methods
	2.1. Statistical analysis

	3. Results
	4. Discussion
	References


