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Abstract
Background Previous studies have shown that venous
thromboembolism (VTE) is a complication associated with
neoplastic disease and major orthopaedic surgery. How-
ever, many potential risk factors remain undefined.
Questions/purposes (1) What proportion of patients de-
velop symptomatic VTE after surgery for long bone me-
tastases? (2) What factors are associated with the
development of symptomatic VTE among patients re-
ceiving surgery for long bone metastases? (3) Is there an
association between the development of symptomatic VTE
and 1-year survival among patients undergoing surgery for
long bone metastases? (4) Does chemoprophylaxis

increase the risk of wound complications among patients
undergoing surgery for long bone metastases?
Methods A retrospective study identified 682 patients
undergoing surgical treatment of long bone metastases
between 2002 and 2013 at the Massachusetts General
Hospital and Brigham and Women’s Hospital. We in-
cluded patients 18 years of age or older who had a surgical
procedure for impending or pathologic metastatic long
bone fracture. We considered the humerus, radius, ulna,
femur, tibia, and fibula as long bones; metastatic disease
was defined as metastases from solid organs, multiple
myeloma, or lymphoma. In general, we used 40 mg
enoxaparin daily for lower extremity surgery and 325 mg
aspirin daily for lower or upper extremity surgery. The
primary outcome was a VTE defined as any symptomatic
pulmonary embolism (PE) or symptomatic deep vein
thrombosis (DVT; proximal and distal) within 90 days of
surgery as determined by chart review. The tertiary out-
come was defined as any documented wound complication
that might be attributable to chemoprophylaxis within
90 days of surgery. At followup after 90 days and 1 year,
respectively, 4% (25 of 682) and 8% (53 of 682) were lost
to followup. Statistical analysis was performed using
multivariable logistic and Cox regression and Kaplan-
Meier.
Results Overall, 6% (44 of 682) of patients had symp-
tomatic VTE; 22 patients sustained a DVT, and 22
developed a PE. After controlling for relevant confounding
variables, higher preoperative hemoglobin level was in-
dependently associated (odds ratio [OR], 0.75; 95% con-
fidence interval [CI], 0.60–0.93; p = 0.011) with decreased
symptomatic VTE risk, the presence of symptomatic VTE
was associated with a worse 1-year survival rate (VTE:
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27% [95% CI, 14%–40%] and non-VTE: 39% [95% CI,
35%–43%]; p = 0.041), and no association was found be-
tween wound complications and the use of chemopro-
phylaxis (OR, 3.29; 95% CI, 0.43–25.17; p = 0.252).
Conclusions The risk of symptomatic 90-day VTE is high
in patients undergoing surgery for long bone metastases.
Further study would be needed to determine the VTE
prevention strategy that best balances risks and benefits to
address this complication.
Level of Evidence Level III, therapeutic study.

Introduction

Venous thromboembolism (VTE), encompassing deep
vein thrombosis (DVT) and pulmonary embolus (PE), is a
major public health problem that affects 300,000 to
600,000 individuals in the United States each year and is
accompanied by considerable mortality and morbidity [15,
43, 44, 49]. The combination of neoplastic disease and
major orthopaedic surgery, both of which are known fac-
tors associated with VTE [1, 2, 9, 14, 18, 24, 27, 33, 35],
might put patients at additional risk for developing VTE
and could affect survival.

A previous study reported a symptomatic 90-day VTE
rate of 10% in 10 of 306 patients undergoing surgery for
nonspinal skeletal metastases [39]. However, important
variables in the analysis were absent, including prior local
radiotherapy/systemic chemotherapy known for their as-
sociation with VTE. In addition, the current study exam-
ines the relationship between wound complication rate and
chemoprophylaxis because this is particularly interesting in
the context of the discussion regarding VTE prevention
strategies [11, 26]. Other studies have also been limited by
the size of the patient cohort(s) and the fact that they in-
volved heterogeneous patient populations including both
primary tumors and metastatic bone lesions [3, 10, 23, 25,
28, 30, 32, 34, 47]. Determining factors associated with
postoperative VTE development and assessing survival
consequences may identify high-risk patients who might
benefit from intensified VTE prevention strategies. How-
ever, current chemoprophylaxis protocols from national
guidelines present ambiguous recommendations about
type, dosage, and duration after major orthopaedic surgery,
let alone after surgery for long bone metastases [11, 26].
Accurately balanced chemoprophylaxis protocols are de-
sired to balance between effectively preventing VTE and
avoiding wound complications. Determining the relation-
ship among chemoprophylaxis, the rate of symptomatic
VTE, and wound complications would help clinical de-
cision-making.

We therefore asked: (1) What proportion of patients
develop symptomatic VTE after surgery for long bone
metastases? (2) What factors are associated with the

development of symptomatic VTE among patients re-
ceiving surgery for long bone metastases? (3) Is there an
association between the development of symptomatic VTE
and 1-year survival among patients undergoing surgery for
long bone metastases? (4) Does chemoprophylaxis in-
crease the risk of wound complications among patients
undergoing surgery for long bone metastases?

Patients and Methods

Our institutional review board approved a waiver of in-
formed consent for this retrospective study at the Massa-
chusetts General Hospital and Brigham and Women’s
Hospital. The study included 682 patients 18 years of age
or older who had a surgical procedure for impending or
pathologic metastatic long bone fracture between 2002 and
2013. We considered the humerus, radius, ulna, femur,
tibia, and fibula as long bones; metastatic disease was de-
fined as metastases from solid organs, multiple myeloma,
or lymphoma [29]. The patients included 383 (56%)
women and 299 men (44%) with a median age of 64 years
(interquartile range [IQR], 54–72; Table 1).

The median duration of surgery was 191 minutes (IQR,
160–230 minutes) and median hospitalization was 6 days
(IQR, 4–9 days). There were 389 (57%) pathologic and 293
(43%) impending fractures. Of the 682 fractures, 492
(72%) involved the femur; 160 (23%) the humerus; 25 the
tibia; and five the radius or ulna. Inferior vena cava (IVC)
filters were placed in 17 patients: one (2.3%) in the VTE
group and 16 (2.5%) in the non-VTE group. Most common
primary tumor types included lung (24%), breast cancer
(23%), and multiple myeloma (16%) (Table 2).

We excluded patients with (1) revision procedures,
defined as any subsequent procedure after the index sur-
gery addressing the metastatic lesion; (2) surgery resulting
from metastatic fractures in multiple bones; (3) surgical
treatment other than intramedullary nailing, plate-screw
fixation, endoprosthetic reconstruction, or a combination;
and (4) a diagnosed symptomatic VTE within 2 weeks
before surgery because this would interfere with the main
aim of the study to find factors associated with developing
postoperative VTE. Medical records were flagged with
diagnostic and billing codes for prophylactic treatment of
an impending fracture or a pathologic long bone fracture
and thenmanually checked for eligibility [16]. The surgeon
selected the operating procedure based on primary tumor
type, size and location of the metastatic lesion, estimated
survival, and level of disability and pain. Postoperative
care and rehabilitation varied based on differences in dis-
ease severity.

We obtained data through chart review by two in-
dependent research fellows (OQG, PTO). Our primary
outcome was a symptomatic VTE, presenting with
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swelling, redness, or pain in the lower extremities or
problems with breathing, defined as any symptomatic PE
or symptomatic distal or proximal DVT within 90 days of
surgery diagnosed with the following diagnostic proce-
dures: venography, impedance plethysmography, pulmo-
nary arteriography, chest CT, ventilation-perfusion lung
scan, and vascular ultrasound. Our secondary outcome was
survival after surgery. October 1, 2016, was considered the
final date of followup for survival outcome assessment.We
determined date of death by using the Social Security Index
and medical charts. At followup after 90 days and 1 year,
respectively, 4% (25 of 682) and 8% (53 of 682) were lost
to followup. Our third outcome was documented wound
complications, defined as a wound complication that might

Table 1. Patient and treatment characteristics for the no VTE
and VTE groups (n = 682)

Variable
No VTE (n = 638)
Median (IQR)

VTE (n = 44)
Median (IQR)

Age (years) 64 (54-72) 62 (56-69)

Modified Charlson
Comorbidity Index*

6 (6-8) 6 (6-7)

Total estimated blood
loss during surgery (mL)†

200 (100-400) 200 (100-300)

Duration of surgery
(minutes)‡

191 (160-230) 200 (158-241)

Duration of primary
diagnosis until metastatic
operation (days)

617 (77-2078) 200 (27-2794)

Duration of
hospitalization (days)

6 (4-9) 7 (5-15)

Total perioperative
transfused§

1 (0-2) 1 (0-2)

Preoperative hemoglobin
levels (g/dL)||

11 (10-12) 10 (9-11)

Preoperative white blood
cell count (103/mL){

9 (6-13) 9 (6-13)

Preoperative creatinine
levels (mg/dL)**

0.8 (0.6-1.0) 0.7 (0.6-0.9)

Preoperative calcium
levels (mg/dL)††

9 (8-9) 9 (8-9)

Preoperative platelet
count (103/mm3)‡‡

237 (181-311) 259 (188-343)

Number (%) Number (%)

Men 285 (45) 14 (32)

Body mass index
(in kg/m2)§§

< 18.5 19 (3.3) 1 (2.2)

18.5-30 409 (72) 25 (57)

> 30 142 (25) 14 (32)

Smoking status||||

Never smoked 244 (39) 16 (36)

Former smoker 284 (45) 16 (36)

Current smoker 100 (16) 11 (25)

Pathologic fracture 365 (57) 24 (55)

Type of surgery

Intramedullary nail 394 (62) 31 (70)

Endoprosthetic
reconstruction

129 (20) 9 (20)

Plate and screw fixation 115 (18) 4 (9.1)

Metastases region{{

Lower extremity 480 (75) 37 (84)

Upper extremity 158 (25) 7 (16)

Multiple bone
metastases***

485 (76) 36 (82)

Visceral metastases 291 (46) 22 (50)

Table 1. continued

Variable
No VTE (n = 638)
Median (IQR)

VTE (n = 44)
Median (IQR)

Prior embolization 20 (3.1) 1 (2.3)

IVC filter prophylaxis 16 (2.5) 1 (2.3)

Previous local
radiotherapy

120 (19) 7 (16)

Previous systemic
therapy

403 (63) 26 (59)

*These values were based on any additional comorbidity in
addition to the metastatic disease score according to the
modified Charlson Comorbidity Index.
†estimated blood loss was available in 583 patients (91%) from
the no VTE group and in 38 patients (86%) from the VTE group.
‡duration of surgery in 636 patients (100%) from the no VTE
group and in 44 patients (100%) from the VTE group.
§total perioperative transfused includes all blood and non-
blood products.
||preoperative hemoglobin level in 595 patients (93%) from the
no VTE group and in 41 patients (93%) from the VTE group.
{preoperative white blood cell count in 604 patients (95%)
from the no VTE group and in 42 patients (95%) from the VTE
group.
**preoperative creatinine levels in 575 patients (90%) from the
no VTE group and in 41 patients (93%) from the VTE group.
††preoperative calcium level in 485 patients (76%) from the no
VTE group and in 38 patients (86%) from the VTE group.
‡‡preoperative platelet count in 603 patients (95%) from the
no VTE group and in 42 patients (95%) from the VTE group.
§§body mass index in 570 patients (89%) from the no VTE
group and in 40 patients (91%) from the VTE group.
||||smoking status in 628 patients (98%) from the no VTE group
and in 43 patients (98%) from the VTE group.
{{lower extremity included 492 (72%) femur and 25 (3.7%)
tibia. Upper extremity included 160 (23%) humerus, three
(0.4%) radius, and two (0.3%) ulna.
***any bone metastasis outside of the treated lesion; VTE =
venous thromboembolism; IQR = interquartile range; IVC =
inferior vena cava.
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be attributable to chemoprophylaxis within 90 days of
surgery; none of these was minor. These complications
were nine deep infections treated with irrigation and
débridement, five superficial wound complications con-
sisting of three wound dehiscences that were treated sur-
gically, and two hematomas that were treated without
surgery, and four deep wound complications consisting of
three hematomas and one retroperitoneal bleed treated
surgically [38]. Wound complications such as wound in-
flammation requiring antibiotics were disregarded. Only
two patients had a wound complication followed by a
symptomatic VTE.

During the period in question, we generally used ei-
ther 40 mg enoxaparin or 325 mg aspirin daily for
patients operated on the lower extremity. For surgery on
the upper extremity we used 325 mg aspirin daily for
major reconstruction and no chemoprophylaxis for less
invasive surgery. Other general thromboembolic pro-
phylactic dosages used were: 5000 IUs dalteparin daily,
warfarin dependent to maintain an international normal-
ized ratio of 2.0:2.5, and 5000 IUs subcutaneous heparin
every 12 hours. Patients on preoperative chemoprophy-
laxis continued their initial medication postoperatively.
All chemoprophylaxis was started 6 to 12 hours after
surgery and continued day to day but was discontinued
if a bleeding complication developed. In case of contra-
indications for chemoprophylaxis, an IVC filter was
placed before surgery on the lower extremity and no
chemoprophylaxis was prescribed for surgery on the

upper extremity. A total of 17 IVC filters were placed.
Chemical anticoagulants, within a maximum range of
14 days postoperatively, were considered prophylactic.
The most aggressive chemoprophylaxis regimen was
considered in our analyses in case of overlapping regi-
mens. The following anticoagulant regimens were used:
low-molecular-weight heparin (LMWH) for 358 of 682
patients (52%); no form of chemical anticoagulant for
113 patients (17%); warfarin for 129 patients (19%);
aspirin for 66 (10%) patients; and subcutaneous heparin
for 16 patients (2%). Compression stockings and se-
quential compression devices were not included as po-
tential variables because they were routinely used as
mechanical prophylaxis at both centers in all patients
after surgery throughout their hospitalization.

Preoperative laboratory values, nearest to surgery
with a maximum range of 7 days, included hemoglobin
level (g/dL), creatinine level (mg/dL), calcium level
(mg/dL), white blood cell count (1000/mm3), and platelet
count (1000/mm3). Fracture type was defined as patho-
logic or impending fracture. Impending fractures were
considered imminent to pathologic fracture if they
possessed a destructive bone lesion with no visible
fracture line, loss of height, rotation, or angulation. The
surgeon determined operative treatment, based on the
severity of pain and the degree of destruction, to prevent a
pathologic fracture. The patient comorbidity status was
determined using the modified Charlson Comorbidity
Index [8, 36]. An International Classification of Diseases,
9th Revision code-based algorithm classifying 12
comorbidities preoperatively provided a score ranging
from 0 to 24 [36] with a higher score corresponding with a
more severe comorbidity status [16]. Placement of an
IVC filter was considered prophylactic when it was
placed preoperatively or within 90 days postoperatively.
IVC filters placed after VTE were disregarded. We de-
termined operative treatment time in minutes using the
anesthesia time as a surrogate marker, which measured
the presence of the patient in the operating room from
arrival until departure.

We used multivariable logistic regression analysis
controlling for confounding variables identified in bi-
variate testing with a p value < 0.10 and presumed to be
relevant to VTE [39, 41] to assess independent risk factors
for symptomatic VTE. Odds ratios for continuous variables
are interpreted in terms of each unit increase or decrease on
the scale (ie, 1 to 2, 2 to 3, etc; that is, each one-unit
increment of hemoglobin with an odds ratio of < 1 corre-
sponds to a decreased risk of the outcome in question, in
this case, symptomatic VTE). Bivariate analysis found that
higher blood loss during surgery (odds ratio [OR], 1.00;
95% confidence interval [CI], 1.00–1.00; p = 0.036) and
higher preoperative hemoglobin levels (OR, 0.74; 95% CI,
0.60–0.92; p = 0.007) were associated with decreased and

Table 2. Origin of the primary tumor (n = 682)

Variable Number (%)

Lung cancer 161 (24)

Breast cancer 157 (23)

Multiple myeloma 109 (16)

Kidney cancer 54 (7.9)

Lymphoma 37 (5.4)

Prostate cancer 31 (4.6)

Melanoma 22 (3.2)

Thyroid cancer 15 (2.2)

Esophageal cancer 14 (2.1)

Colorectal cancer 12 (1.8)

Hepatocellular cancer 10 (1.5)

Adenocarcinoma of unknown origin 9 (1.3)

Other cancer* 51 (7.5)

*This category included 10 patients with an unknown cancer,
seven with bladder cancer, five with ovarian cancer, five
with neuroendocrine cancer, five with skin cancer, four with
pancreatic cancer, four with salivary gland cancer, three with
endometrial cancer, three with hemangioendothelioma, two
with vulvar cancer, two with blue-cell tumor, and one patient
with gastric cancer.

Volume 476, Number 10 Thromboembolism After Long Bone Metastases 2055

Copyright � 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



longer duration of hospitalization (OR, 1.06; 95% CI,
1.02–1.10; p = 0.003) with increased risk of symptomatic
VTE development (see Appendix, Supplemental Digital
Content 1). Lung cancer (OR, 1.74; 95%CI, 0.91–3.34; p =
0.094) was included in the multivariable analysis as a result
of a p value of < 0.1. Additional variables controlled for
were age, the modified Charlson Comorbidity Index,
visceral metastases, and chemoprophylaxis. Multivariate
logistic regression was also used to assess the relation
between chemoprophylaxis and wound complications
controlling for age and the modified Charlson
Comorbidity Index. We used Cox regression analysis after
controlling for the confounding factors age, gender, body
mass index (BMI), the modified Charlson Comorbidity
Index, visceral and other bone metastases, estimated blood
loss, operation type, and pathologic fracture to determine
differences in survival between the symptomatic VTE and
non-VTE groups. Kaplan-Meier plots demonstrated the
survival curves for both groups. We applied multiple
imputations to estimate missing values for estimated blood
loss during surgery (61 of 682 patients) and preoperative
hemoglobin levels (46 of 682 patients). A two-tailed
p value < 0.05 was considered significant. All statistical
analyses were performed using Stata 13.0 (StataCorp LP,
College Station, TX, USA).

Results

Symptomatic VTE was diagnosed in 6% (44 of 682) of
patients; 22 had a PE and 22 had a DVT (Table 3). The
median age of the 44 patients was 62 years (IQR, 56–69
years), and 14 (32%) were men. Of the 22 patients with a
PE, two had a confirmed DVT 1 day later, seven tested
negative on CT or ultrasound, and 13 did not undergo as-
sessment of DVT presence. One patient died 5 days post-
operatively as a result of PE. Symptomatic VTE was
diagnosed in six patients with metastatic multiple myeloma
and two patients with lymphoma. More than half of the
patients (57%) developed a symptomatic VTE after their
postoperative discharge; the median postoperative hospi-
talization of these patients was 7 days (IQR, 5–15 days),
and the median time between surgery and symptomatic
VTE development was 12 days (IQR, 4–45 days, last
symptomatic VTE event documented at 85 days after
surgery).

After controlling for potentially relevant confounding
variables (Table 4), we found that the following two factors
were independently associated with, respectively, in-
creased and decreased risk of symptomatic VTE de-
velopment: longer duration of hospitalization (OR, 1.06;
95% CI, 1.02–1.11; p = 0.006) and higher preoperative
hemoglobin levels (OR, 0.75; 95% CI, 0.60–0.93; p =
0.011; Table 4). Symptomatic VTE occurred in 39 of 569

patients when considering the group that used any che-
moprophylaxis and in five of 113 patients for no chemo-
prophylaxis, demonstrating no association after controlling
for age, gender, the modified Charlson Comorbidity Index,
and lung cancer histology (OR, 1.65; 95% CI, 0.63–4.32;
p = 0.310). Patients who had a symptomatic VTE within
90 days had lower 1-year survival than did those without
symptomatic VTE after controlling for the confounding
variables: age, gender, BMI, fracture, the modified Charl-
son Comorbidity Index, visceral and other bone metasta-
ses, estimated blood loss, operation type, and pathologic
fracture (27% [95% CI, 14%–40%] and 39% [95% CI,
35%–43%]; p = 0.041) (Fig. 1). The probability of

Table 3. 90-Day VTE, wound complications, and anticoagulant
use (n = 682)

Variable
All patients

(n = 682) Number (%)

VTE events 44 (6.5)

PE 22 (3.2)

DVT 22 (3.2)

Wound complications 18 (2.6)

Superficial infections 0 (0)

Deep infections 9 (1.3)

Superficial wound complications 5 (0.7)

Deep wound complications 4 (0.6)

Anticoagulant 113 (17)

None 358 (52)

Low-molecular-weight heparin 129 (19)

Warfarin 66 (9.7)

Aspirin 16 (2.3)

Subcutaneous heparin

Median (IQR)

Time between surgery and VTE (days) 12 (4-45)

PE 7 (4-41)

DVT 24 (7-51)

Duration postoperative hospitalization
for patients with VTE (days)*

7 (5-15)

PE 6 (5-13)

DVT 8 (5-16)

*Time in days between operation and discharge for patients
with VTE; the VTE developed during or after this period.
‡this category included 10 patients with an unknown cancer,
seven with bladder cancer, five with ovarian cancer, five
with neuroendocrine cancer, five with skin cancer, four with
pancreatic cancer, four with salivary gland cancer, three with
endometrial cancer, three with hemangioendothelioma, two
with vulvar cancer, two with blue-cell tumor, and one patient
with gastric cancer; VTE = venous thromboembolism; PE =
pulmonary embolism; DVT = deep vein thrombosis; IQR =
interquartile range.
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developing a symptomatic VTE rose gradually with a no-
table increase at 30 days after surgery (Fig. 2). Timing of
symptomatic VTE ranged from 1 day to 85 days.

With the numbers available, we found no association,
after controlling for age and the modified Charlson
Comorbidity Index, between any of the studied chemo-
prophylaxis regimens and the occurrence of 18 wound
complications, consisting of 10 (56%) for LMWH (refer-
ence value), six (33%) for warfarin (OR, 1.40; 95% CI,
0.47–4.19; p = 0.547), one (6%) for aspirin (OR, 0.54; 95%
CI, 0.07–4.32; p = 0.563), one (6%) for no form of che-
moprophylaxis (OR, 0.31; 95% CI, 0.04–2.43; p = 0.263),
and zero for heparin (no values available). An additional
subanalysis between chemoprophylaxis in its entirety and
no chemoprophylaxis also showed no difference, but this
was underpowered.

Discussion

Patients undergoing major surgery for bone metastases are
at high risk for developing postoperative VTE. This study
is advantaged over prior work considering the more than
double sample of patients with long bone metastases and
extensive followup in light of the cohort’s clinical char-
acteristics adding more than 15 potential variables for
analysis. The symptomatic VTE incidence was 6% and
after controlling for potential confounding variables such

as age and lung cancer histology, we found that pre-
operative hemoglobin levels and duration of hospitaliza-
tion were independently associated with symptomatic VTE
development. After controlling for confounding variables,
patients with symptomatic VTE had worse survival, al-
though only one of the 682 (0.1%) patients died from PE.
There was no association between any of the studied an-
ticoagulant regimens and the development of symptomatic
VTE or postoperative wound complications. However, we
were not sufficiently powered to address this problem.

Table 4. Multivariate logistic regression assessing risk factors for 90-day VTE after multiple imputation (40 imputations) (n = 682)

Explanatory variable Odds ratio (IQR) Standard error p value

Total estimated blood loss during
surgery (mL)*

1.00 (1.00–1.00) 0.00 0.111

Lung cancer 1.71 (0.86–3.41) 0.60 0.127

Duration hospitalization (days) 1.06 (1.02–1.11) 0.02 0.006

Preoperative hemoglobin levels (g/dL)† 0.75 (0.60–0.93) 0.09 0.011

Age (years) 1.00 (0.97–1.03) 0.01 0.997

Modified Charlson Comorbidity Index§ 0.87 (0.74–1.02) 0.07 0.080

Visceral metastases 1.08 (0.55–2.14) 0.38 0.816

Anticoagulant

None 0.51 (0.18–1.41) 0.26 0.193

Low-molecular-weight heparin

Subcutaneous heparin 0.87 (0.11–7.01) 0.92 0.894

Aspirin 0.47 (0.10–2.08) 0.36 0.317

Warfarin 1.07 (0.46–2.48) 0.46 0.883

Bold indicates significance (p < 0.05).
*estimated blood loss was available in 583 patients (91%) from the no VTE group and in 38 patients (86%) from the VTE group.
†preoperative hemoglobin level was available in 595 patients (93%) from the no VTE group and in 41 patients (93%) from the VTE
group.
§these values were based on any additional comorbidity in addition tometastatic disease score according to themodified Charlson
Comorbidity Index; VTE = venous thromboembolism; IQR = interquartile range.

Fig. 1 Kaplan-Meier plot demonstrating the survival proba-
bility with 95% CIs for patients with and without postoperative
symptomatic VTE (p = 0.041).
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This study has limitations. First, because of the retro-
spective study design, there was no uniform anticoagulant
regimen or standardization regarding chemoprophylaxis
use. In general, we used 40 mg enoxaparin daily for lower
extremity surgery and 325 mg aspirin daily for lower or
upper surgery. Second, uncontrolled for differences likely
exist in the survival analysis between the symptomatic
VTE and non-VTE groups, because only one fatal PE was
identified. However, we controlled for multiple con-
founding survival variables such as age and the modified
Charlson Comorbidity Index. Third, we could not confirm
the exact duration and compliance of anticoagulant use
for all patients because chemoprophylaxis duration dur-
ing and after hospitalization was not recorded and post-
discharge compliance was not monitored. However, both
institutions maintained a protocol that required patients to
use anticoagulants for 4 weeks postoperatively. Addi-
tionally, it was protocol that patients use sequential
compression devices and compression stockings during
postoperative hospitalization. Fourth, we included only
symptomatic VTE because of the lack of a screening
protocol, which likely resulted in an underestimated VTE
incidence. We anticipate a relatively low number of
clinically relevant VTEs were missed because this com-
plicated patient population was closely monitored by
healthcare providers and frequently visited the clinic
postoperatively. Fifth, a history of VTE was not included
in our analysis as a result of the unreliability of this spe-
cific personal history data in a tertiary center. Lastly,
metastases from lymphoma and multiple myeloma were
included, which are known for their increased symp-
tomatic VTE risk and better prognosis [20]. Nonetheless,
we included them because these metastases represent 21%
(146 of 682) of the long bone metastases.

In this series, 6% of patients (44 of 682) developed
symptomatic VTE and 3% (22 of 682) developed PE.
This symptomatic 90-day VTE rate is within the reported
symptomatic VTE range of 2.7% to 28% of comparable
musculoskeletal metastases series [3, 10, 23, 25, 28, 30, 32,
39, 41, 47]. The Ratasvouri [39] study reported comparable
results of a symptomatic 90-day VTE rate of 10% (30 of
306), PE rate of 3.3% (10 of 306), poor survival of patients
with VTE, and the late onset of postoperative VTE de-
velopment. In addition, higher preoperative hemoglobin
was identified as a factor associated with decreased post-
operative symptomatic VTE development and more than
15 potential variables were added to the analysis. Also,
although underpowered, this study elaborated on the dis-
cussion regarding wound complication and chemopro-
phylaxis in the context of VTE prevention strategies.

Although the proportion of symptomatic VTE was
considerable, for fatal PE, it is low, occurring in only one of
682 patients, meaning that these patients are not dying as a
direct cause of symptomatic VTE. Thrombocytosis is an
independent predictor of survival in multiple cancers [42,
45] through enhanced invasiveness of tumor cells [19],
promotion of tumor cell motility [40], and stimulation of
epithelial-mesenchymal transition [22]. However, the
mechanism by which symptomatic VTE and nonfatal PE
are associated with worse survival is poorly understood. A
recent study demonstrated that activated platelets, which
are seen during VTE, may inhibit the immune response to
cancer cells by facilitating T lymphocyte inhibition
through binding to transforming growth factor-b in serum.
The study further postulated that antiplatelet therapy may
be an effective adjunct to immunotherapy [37]. These data
should be considered when considering chemoprophylaxis
in the setting of surgery for metastatic disease. Another
possible reason for the poor survival in patients with VTE
is the highly complex patient population with multiple
comorbidities and other disease-related factors, in which
patients with more advanced cancer develop VTE more
easily. Moreover, only one fatal PE was confirmed in-
dicating that VTE may function more as a predictor than as
the main cause for poor survival.

The lower extremity, and especially the femur, was the
most common surgery site. Although lower extremity
procedures have a greater effect on patient mobility, the
location of surgery was not a factor associated with
symptomatic VTE development in this study. It is possible
that the risk caused by skeletal metastatic disease—
malignancy promotes a hypercoagulable state—
substantially outweighs the risk of immobility as a result of
lower extremity surgery. A higher preoperative hemoglo-
bin level was an independent factor associated with de-
creased symptomatic VTE. This biomarker was previously
identified as a predictive marker for cancer-associated VTE
[21]. Clinically, preoperative hemoglobin should be

Fig. 2 Kaplan-Meier plot demonstrating the probability of
developing a symptomatic VTE within 90 days postoperatively
0.03% (95% CI, 0.02–0.04). The risk of symptomatic VTE oc-
currence has a sudden increase at 30 days postoperatively and
keeps increasing gradually thereafter.
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incorporated into the risk adjustment as a factor associated
with postoperative symptomatic VTE.

Duration of hospitalization was also independently but
only slightly associated with increased symptomatic VTE.
We note that this association between longer duration of
hospitalization and development of symptomatic VTE
does not imply that longer hospitalization causes symp-
tomatic VTE. It may well be the other way around: the
occurrence of symptomatic VTE results in longer hospi-
talization. This is demonstrated by comparing different
means of hospitalization. The means of hospitalization for
all patients without VTE (7 6 6 days) and patients with
symptomatic VTE that developed during hospitalization
(146 6 days) are quite different, but this longer duration of
hospitalization is preceded by early development of
symptomatic VTE in this group (4 6 3 days). Additionally,
the means of hospitalization for all patients without VTE
patients (7 6 6 days) and those with symptomatic VTE that
developed after discharge (8 6 7 days) are nearly identical,
resulting in no difference (see Appendix, Supplemental
Digital Content 2). This indicates that the occurrence of
symptomatic VTE during hospitalization may result in a
longer hospitalization and that longer duration of
hospitalization should not be considered a factor associated
with symptomatic VTE development.

No association was found between a specific anticoag-
ulant regimen and the development of wound complica-
tions. However, this analysis was underpowered to detect a
relationship given the relatively low rate of wound com-
plications within each separate anticoagulant group. Shal-
lop et al. [41] reported a comparably low risk of wound
complications and infection in intramedullary nailing for
metastatic bone lesions as did a systematic review in-
cluding 3211 metastatic lesions in the femur [17]. The risk
of major wound complications seems lowwith only nine of
682 patients undergoing revision surgery for deep in-
fection, three for a deep, large hematoma, and one patient
who developed a large retroperitoneal hematoma and was
admitted to the intensive care unit. Meanwhile, symptom-
atic VTE development occurs frequently in this population.
Considering these results, future studies need to determine
the relation between wound complications and various
anticoagulant agents as well as the ideal prophylactic
dosage to address the high rate of symptomatic VTE [41].

The probability of developing a symptomatic VTE in-
creased precipitously 30 days postoperatively and steadily
increased over a 90-day period (Fig. 2). Previous studies
have shown that the risk of postoperative symptomatic
VTE persists for several weeks after hospital discharge in
patients undergoing high-risk orthopaedic surgery [4, 5, 7,
48]. Correspondingly, most symptomatic VTEs, which
occurred in 25 of 44 patients (57%), developed after dis-
charge; for patients with symptomatic VTE, the time in
days between surgery and symptomatic VTE (median,

12 days; IQR, 4–45 days) was considerably longer than the
duration of postoperative hospitalization (median, 7 days;
IQR, 5–15 days). The onset of late postoperative symp-
tomatic VTE was also observed in comparable studies, and
it has been suggested that longer duration of prophylaxis
may prevent this [41, 46]. However, most major national
orthopaedic guidelines remain unclear about the duration
of anticoagulant use, stating that patients and physicians
should discuss the duration of prophylaxis [26]. Although
this study was not designed to specifically address this
compliance variable, previous studies report poor compli-
ance of outpatient anticoagulant use and inappropriate
prophylaxis prescription at discharge [6, 13, 50]. More-
over, given the tendency toward shorter hospitalization
after major orthopaedic surgery, the importance of com-
pliance of outpatient anticoagulants in preventing post-
operative symptomatic VTE must be stressed [31]. Novel
oral anticoagulants could fulfill a prominent role, because
most patients prefer oral agents [12]. Further study should
elucidate the ideal duration of a postoperative prophylactic
regimen. Interestingly, 10 of the 22 patients with symp-
tomatic DVT (45%) had a DVT away from the site of
surgery; five patients (23%) had DVTs isolated to the
contralateral limb and five patients (23%) had bilateral
DVTs. This supports the concept that systemic factors
stimulate thrombosis in patients with cancer in addition to
local and mechanical factors.

In conclusion, our study presents a high symptomatic
90-day VTE rate among patients undergoing surgery for
long bone metastases, warranting several considerations.
First, protocols may need to incorporate patient-specific
risk factors such as preoperative hemoglobin levels. Sec-
ond, future studies should elucidate the ideal postoperative
VTE prevention regimen. In concordance with similar
studies, the risk for VTE is clearly high, requiring further
investigation.
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