
INTRODUCTION

Hip fracture is a major risk factor for venous throm-
boembolism (VTE), and its correlation has been empha-
sized for more than half a century1-3). The risk of VTE 
is high for patients who sustain hip fractures with a 
prevalence of over 30% reported in the literature4,5). 
Most cases of  VTE begin as deep vein thrombosis 
(DVT) in the calf veins, with progression to proximal 
veins, and advancement to pulmonary thromboembo-
lism (PTE)6-8). Although distal DVT may appear to be 

asymptomatic, with its proximal extension to proximal 
veins and pulmonary arteries, it can become fatal with 
development of severe symptoms or even death6,9). With 
the increasing global population and longer life expec-
tancy, the numbers of hip fractures and patients with 
VTE are expected to increase10,11). 

According to one estimate, approximately one half of 
DVT cases associated with surgery begin intraopera-
tively, and among surgeries, the highest risk has been 
reported for major orthopedic surgery6,12,13). Therefore, 
current guidelines on VTE prophylaxis for patients 
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with hip fracture focus primarily on the prophylaxis of 
postoperative VTE14). However, as reported by Song et 
al., the majority of patients with femur neck fracture 
in their study who were diagnosed with DVT postop-
eratively already had thrombus before surgery15). Prev-
alence of preoperative VTE as high as 29.8% has been 
reported for patients with hip fracture, and preopera-
tive assessment for VTE is recommended for patients 
with surgical delay over 24 hours15-17). 

The primary objective of this study was to assess 
the prevalence of VTE after immediate screening in 
patients with hip fracture. The second objective was to 
identify risk factors for preoperative VTE. The third 
objective was to examine the prognosis of patients di-
agnosed with VTE preoperatively after administration 
of perioperative anticoagulation. We hypothesized that 
VTE may be present within 24 hours of injury.

MATERIALS AND METHODS

1. Patients and Study Design
A retrospective review of patients with fractures 

located around the hip from July 2019 to May 2022 
at a single institution was conducted. Types of frac-
tures included femur neck fractures, intertrochan-
teric fractures, subtrochanteric fractures, femur shaft 
fractures, and pelvic bone fractures. Patients with 
an elevated level of D-dimer were included. Patients 
who had multiple fractures, a diagnosis of VTE prior 
to injury, or were ineligible for injection of contrast 
media due to impaired kidney function, were excluded 
(Fig. 1). This study was conducted in accordance with 

the Declaration of Helsinki (2013) and was approved 
by the Institutional Review Board (IRB) of College of 
Medicine, The Catholic University of Korea (approval 
No. HC22RISI0058). The written informed consent was 
waived by the IRB due to the retrospective nature of 
the study.

2. Diagnosis of VTE and Perioperative 
Anticoagulation

Patients with an elevated level of D-dimer under-
went immediate screening for VTE using computed 
tomography (CT) angiography. During CT scans, scan-
ning of patients from the thorax to the lower extremi-
ties at the arterial phase and the portal phase was per-
formed. CT scans were performed using CT scanners 
(SOMATOM Force; Siemens Healthineers) with 384 
detector rows. Ionic contrast material (2 mL/kg; up to 
150 mL) was injected at 3 to 4 mL/sec. Bolus tracking 
within the descending aorta began 18 seconds after the 
contrast injection, and as the Hounsfield unit at the 
bolus tracked region reached 100, the arterial phase 
scan was initiated after 25 seconds. The portal phase 
scan began after a delay of 270 seconds. The arterial 
phase was scanned with a slice thickness of 3 mm and 
the portal phase was scanned with a slice thickness of 
5 mm. Examination and interpretation of CT angiog-
raphy images were performed by a board-certified ra-
diologist who specialized in angiography, who was not 
informed of the purpose of the study.

Intermittent pneumatic compression (IPC) was ap-
plied on both lower extremities on admission for all 
patients. In cases of preoperative DVT, a subcutane-

Fig. 1. Patient flowchart. VTE: venous 
thromboembolism.
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ous injection of 40 mg enoxaparin was administered 12 
hours prior to surgery, followed by reapplication of IPC 
postoperatively, encouraging ambulation, and admin-
istration of additional anticoagulation. In cases of pre-
operative PTE, surgery was delayed and subcutaneous 
injection of 1 mg/kg enoxaparin was administered at 
12-hour intervals for one week prior to surgery (Fig. 2). 
Unless other types of thromboprophylaxis were required 
due to medical conditions, IPC was reapplied postopera-
tively with administration of additional anticoagulation 
by subcutaneous injections of enoxaparin, initiated 12 
hours after surgery, which was exchanged for rivaroxa-
ban and maintained for at least three months.

3. Method of Assessment
A review of electronic medical records and picture 

archiving and communication system records was 
performed for collection of patient data and radiologic 
findings. Time from injury to diagnosis of VTE was 
recorded. For patients with hip fracture, age, sex, type 
of fracture, comorbidities, previous anticoagulation, 
malignancy, pre-injury ambulatory level, body mass in-
dex (BMI), smoking history, D-dimer level, and interna-
tional normalized ratio (INR) were compared between 
patients with VTE and those without VTE. A review 
of medical records was performed to evaluate the prog-
nosis of patients who were diagnosed preoperatively 
with VTE and the prevalence of VTE that was newly 
diagnosed postoperatively during the admission period.

4. Statistical Analysis
Statistical analysis was performed using IBM SPSS 

Statistics for Windows (ver. 20.0; IBM Corp.). Analysis 
of continuous data was performed using a t-test, and 
analysis of categorical data was performed using a chi-

squared test. Logistic regression was used for multivari-
ate analysis for identification of risk factors for VTE. A 
P-value of <0.05 was considered statistically significant.

RESULTS

A total of 524 patients with fractures located around 
the hip who had an elevated level of D-dimer under-
went screening for VTE using CT angiography between 
July 2019 and May 2022. The mean age of the patients 
was 78.54±10.71 years (range, 19-101 years). The study 
included 140 male patients (26.7%) and 384 female 
patients (73.3%). There were 171 patients (32.6%) with 
femur neck fracture, 272 patients (51.9%) with intertro-
chanteric fracture, 17 patients (3.2%) with subtrochan-
teric fracture, 49 patients (9.4%) with femur shaft frac-
ture, and 15 patients (2.9%) with pelvic bone fracture. A 
summary of patient demographics is shown in Table 1.

The overall prevalence of preoperative VTE was 
12.6% (66 of 524 patients). Forty-two patients had DVT 
alone, 17 patients had PTE alone, and seven patients 
had both DVT and PTE. None of  the 66 patients 
showed symptoms of VTE or fatal conditions prior to 
diagnosis of VTE. Of patients with VTE, 68.2% (45 of 
66 patients) were diagnosed within 24 hours of injury, 
and 33.3% (15 of 45) of these patients had PTE. Pa-
tients with preoperatively diagnosed VTE were asymp-
tomatic before and after surgery. There were no cases 
of VTE that were newly diagnosed postoperatively.

The prevalence of VTE was lower for patients who 
were previously on anticoagulants prior to injury com-
pared with patients not on anticoagulants (18.2% vs. 
32.5%, P=0.02). A higher proportion of overweight pa-
tients, with BMI of 25 kg/m2 or higher (19.4% vs. 34.8%, 
P<0.01) was observed in the VTE group. Time from in-

Fig. 2. Preoperative VTE prophylaxis 
protocol for hip fracture patients. IPC: In-
termittent pneumatic compression, DVT: 
deep vein thrombosis, CT: computed to-
mography, VTE: venous thromboembo-
lism, PTE: pulmonary thromboembolism.
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jury to screening for VTE was not a significant factor 
for the prevalence of VTE (P=0.67). After adjustment 
for other risk factors using multivariate logistic re-
gression, the risk of VTE was higher for patients with 
femur shaft fractures compared to patients with femur 
neck fracture (odds ratio [OR] 4.83, P<0.01). Patients 
who were on anticoagulants prior to diagnosis of VTE 

were less likely to have VTE compared with patients 
who were not on medication (OR 0.36, P<0.01). Being 
overweight with BMI 25 kg/m2 or higher was a signifi-
cant risk factor for VTE (OR 2.12, P=0.01) (Table 2).

Table 1. Patient Demographics

 Total No VTE VTE P-value

No. of patients 524 458 (87.4) 66 (12.6)
Sex 0.43
   Male 140 (26.7) 125 (27.3) 15 (22.7)
   Female 384 (73.3) 333 (72.7) 51 (77.3)
Fracture type <0.01
   Femur neck 171 (32.6) 150 (32.8) 21 (31.8)
   Intertrochanter 272 (51.9) 250 (54.6) 22 (33.3)
   Subtrochanter 17 (3.2) 14 (3.1) 3 (4.5)
   Femur shaft 49 (9.4) 31 (6.8) 18 (27.3)
   Pelvis 15 (2.9) 13 (2.8) 2 (3.0)
Comorbidities
   HTN 369 (70.4) 322 (70.3) 47 (71.2) 0.88
   DM 176 (33.6) 159 (34.7) 17 (25.8) 0.15
   Dyslipidemia 68 (13.0) 60 (13.1) 8 (12.1) 0.83
   CKD 63 (12.0) 56 (12.2) 7 (10.6) 0.71
   CVA 75 (14.3) 67 (14.6) 8 (12.1) 0.59
   CAD 57 (10.9) 52 (11.4) 5 (7.6) 0.36
   Arrhythmia 34 (6.5) 31 (6.8) 3 (4.5) 0.49
   Pulmonary disease 82 (15.6) 73 (15.9) 9 (13.6) 0.63
Pre-injury Koval score (mean) 2.58±1.93 2.56±1.91 2.71±2.06 0.55
Pre-injury Koval score <4 364 (69.5) 320 (69.9) 44 (66.7) 0.58
Time from injury to admission 0.67
   <24 hr 388 (74.0) 343 (74.9) 45 (68.2)
   ≥24, <72 hr 69 (13.2) 59 (12.9) 10 (15.2)
   ≥72 hr 67 (12.8) 56 (12.2) 11 (16.7)
Anticoagulant 161 (30.7) 149 (32.5) 12 (18.2) 0.02
Cancer history 57 (10.9) 48 (10.5) 9 (13.6) 0.44
Smoking 37 (7.1) 35 (7.6) 2 (3.0) 0.17
Elevated INR 29 (5.5) 26 (5.7) 3 (4.5) 0.71
Age (yr) 78.54±10.71 78.52±10.76 78.67±10.42 0.92
Height (m) 1.58±0.07 1.58±0.71 1.57±0.09 0.49
Weight (kg) 56.87±9.61 56.71±9.54 57.92±10.11 0.34
BMI (kg/m2) 22.86±3.33 22.79±3.33 24.38±2.94 0.03
   ≥25 112 (21.4) 89 (19.4) 23 (34.8)  <0.01
D-dimer (mg/L) 16.10±12.83 16.70±12.95 12.25±11.12 <0.01

Values are presented as number (%) or mean±standard deviation.
VTE: venous thromboembolism, HTN: hypertension, DM: diabetes mellitus, CKD: chronic kidney disease, CVA: cerebrovascular accident, CAD: 
coronary artery disease, INR: international normalized ratio, BMI: body mass index. 
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DISCUSSION

VTE may be present in patients with fractures lo-
cated around the hip within 24 hours of injury. Of 
patients with VTE, 68.2% (45 of 66) were diagnosed 
within 24 hours of injury, including 15 patients with 
PTE. There was no correlation with time from injury 
to the prevalence of VTE (P=0.67). The results of our 
study indicate that VTE that includes PTE can occur 
in fracture patients at any time after injury within 24 
hours. As all patients in our study who were diagnosed 
with VTE preoperatively were asymptomatic, if they 
had not undergone preoperative screening for VTE, 
they would have undergone surgery with the pres-
ence of emboli in their pulmonary arteries. The acute 
inflammatory reaction caused by tissue trauma and 
activation of the clotting cascade can be regarded as 
unique risk factors for PTE under the perioperative 
circumstances of surgical patients18). Incidence of symp-
tomatic intraoperative PTE between 0.6% to 10% has 
been reported, and diagnosis and management in the 
intraoperative setting can be difficult, due to ongoing 
performance of surgical procedures19).

VTE occurs for the first time in approximately 100 
persons per 100,000 annually in the United States20). 
The prevalence of preoperative VTE for the patients in 
our study was 12.6% (66 of 524). The relatively higher 
prevalence may be due to the high-risk characteristics 
of our study cohort including old age and fracture. The 
preemptive screening performed prior to development 
of symptoms could be another explanation. 

General risk factors for VTE include advanced age, 
cancer, prior VTE, venous insufficiency, pregnancy, 
trauma, frailty, and immobility21). Shin et al.17), who 

studied risk factors for VTE in hip fracture patients 
with a delay of more than 24 hours from injury to 
surgery, concluded that female gender, subtrochanteric 
fracture, pulmonary disease, cancer, previous hospital-
ization for VTE, and varicose veins can be regarded as 
risk factors for VTE. In our study, patients with femur 
shaft fractures, patients who were not on anticoagu-
lants, and overweight patients (BMI ≥25 kg/m2) were 
at risk of VTE. The results may differ from those re-
ported in previous studies, as other studies were based 
on patients with postoperative VTE or patients with 
preoperative VTE with surgical delay17,21). In our study, 
the risk of preoperative VTE was 0.36 times lower for 
patients who were previously on anticoagulants due to 
underlying diseases, compared to patients who did not 
receive anticoagulant administration (OR 0.36, P<0.01).

All VTE patients in our study were asymptomatic 
preoperatively, and after receiving perioperative anti-
coagulation, remained asymptomatic postoperatively. 
In addition, there were no patients with VTE that 
was newly diagnosed postoperatively. Development 
of symptoms of VTE is dependent on the extent of 
thrombosis, perfusion by collateral vessels, severity 
of occlusion of the associated vessel, and the patient’s 
capacity to tolerate the thrombosis1). Although VTE 
may present without symptoms, in cases of symptom-
atic DVT, patients may experience leg pain, swelling, 
and erythema, and dyspnea, intrathoracic distress, or 
shock may be observed in patients with PTE6,21). Early 
diagnosis and treatment of VTE using mechanical and 
pharmacological measures may provide an explanation 
for our results.

Preoperative measures to reduce the incidence or for 
management of preoperative VTE is required for pa-
tients who sustain fractures around the hip. According 
to current guidelines for use in clinical practice, both 
mechanical and pharmacological VTE prophylaxis is 
recommended after individualized risk assessment14,22,23). 
If there are no contraindications, application of com-
pression stockings or IPC is recommended on admission 
and postoperatively until mobilization close to the pa-
tient’s pre-admission status can be achieved24,25). Preop-
erative pharmacological prophylaxis is recommended in 
cases where surgical delay is expected, commencing as 
early as within 14 hours of admission, following assess-
ment of risk for bleeding and thrombosis24). Injection of 
low-molecular-weight heparin (LMWH), no less than 
12 hours preoperatively, or unfractionated heparin, 

Table 2. Multivariate Analysis for VTE Risk Factors

 OR P-value 95% CI

Age 1.03 0.06 1.00-1.06
Fracture type
   Femur neck - <0.01 -
   Intertrochanter 0.91 0.91 0.19-4.39
   Subtrochanter 1.29 0.99 0.34-4.97
   Femur shaft 4.83 <0.01 2.18-10.69
   Pelvis 1.24 0.80 0.25-6.23
Anticoagulant 0.36 <0.01 0.18-0.74
BMI ≥25 kg/m2 2.12 0.01 1.17-3.85

VTE: venous thromboembolism, OR: odds ratio, CI: confidence 
interval, BMI: body mass index.
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under close serological monitoring, is recommended as 
appropriate preoperative agents26,27). Postoperative phar-
macological thromboprophylaxis commencing 12 hours 
after wound closure, and continuing for at least 28 
days is recommended24). Although no definitive leading 
pharmacological agent has been identified, LMWH has 
become the standard agent according to many guide-
lines based on increased bioavailability, low bleeding 
complications, and long plasma half-life14,24,25,27). Promis-
ing results in reduction of VTE have been achieved 
with aspirin and direct oral anticoagulant such as 
rivaroxaban, however, there are concerns with regard 
to hemorrhagic events in the immediate postoperative 
period26,28,29). Regarding treatment of preoperative VTE, 
there is no definite protocol for treatment of patients 
with preoperative VTE who require surgery, and inferi-
or vena cava filtering is reserved for patients who can-
not receive any form of prophylaxis preoperatively30).

This study is the first to examine the incidence of 
preoperative VTE in hip fracture patients immediately 
after sustaining an injury using CT angiography. How-
ever, this study has limitations. First, the study was of 
a retrospective design, and the results may have been 
influenced by confounding factors or bias. Second, this 
was a single center study, and the results may differ in 
other provinces with different social backgrounds and 
ethnicity around the world. Third, patients with im-
paired kidney function who were not eligible to receive 
an injection of contrast media were excluded from the 
study. Fourth, although patients underwent examina-
tion using CT angiography after providing informed 
consent, they were exposed to radiation and received 
injections of contrast media, which could cause side ef-
fects. However, unlike ultrasound used in other studies, 
CT angiography offers the advantage of detecting DVT 
and PTE during one examination. To lower the radia-
tion dose, CT angiography was performed using tube 
voltage at a setting of 100 kV in the arterial phase and 
80 kV in the delay phase, which is comparatively lower 
than CT scans of the abdomen or chest with tube volt-
age settings of 120 kV at our institution. To prevent 
side effects from contrast media, all patients received 
adequate hydration and renal protection prior to ad-
ministration of contrast media. None of the patients in 
our study developed side effects. Fifth, the indication 
for CT angiography was an elevated level of D-dimer. 
Many confounding factors are associated with D-dimer 
elevation, including trauma, female gender, increasing 

age, immobility, and drug use31). Therefore, there may 
be uncertainty with regard to the necessity of CT an-
giography for these patients. However, only a negative 
D-dimer result combined with a three-level Wells rule 
can safely rule out VTE14,26,32). If D-dimer elevation is 
not acceptable as an indication for CT angiography in 
patients with hip fracture, conduct of additional study 
to determine indications for VTE screening, such as 
the risk factors for preoperative VTE, is warranted.

CONCLUSION

The risk of VTE is high for patients with fractures 
located around the hip at any time after sustaining an 
injury, particularly patients with femur shaft fracture, 
overweight patients, and patients who are not on anti-
coagulants. Clinicians should be aware that VTE may 
be present within 24 hours of injury, and screening for 
VTE or prophylactic measures should be considered for 
high-risk patients.
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