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Venous thromboembolism (VTE) is a potentially fatal complication that is relatively common after hip surgery.
Since patients with a hip fracture have a higher risk of preoperative VTE due to an inability to ambulate after
injury and aggravation of underlying age-related conditions, it may be difficult to effectively prevent VTE using
only conventional approaches. Very few studies have been published reporting on the prevalence and prevention
of VTE in patients with a hip fracture compared to those with hip arthroplasty. For this reason, we aimed to share
recent updates on the diagnosis and prevention of VTE in patients with a hip fracture. Preoperative screening
tests to diagnose VTE need to be performed more actively following hip fracture and indirect multidetector
computed tomography venography is considered the most effective test for this purpose. As the risk of VTE
appears to increase with time following a hip fracture, preventive measures should be taken as soon as possible
in patients with a hip fracture. A wide variety of mechanical and pharmacological options are available for
prophylaxis. When considering patient compliance and preventive impact, intermittent pneumatic compression
devices and foot pumps are recommended as mechanical modalities. Of the available preventive medications for
patients with a hip fracture, low molecular weight heparin seems to be the most appropriate option because of its
short half-life and fast onset of action. Surgery should be performed as soon as possible in patients with hip
fractures, and we recommend mechanical and pharmacological methods as active interventions immediately
after injury to prevent VTE.
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INTRODUCTION

Hip fractures are the most common type of fracture in an
aging population. Older adults, in particular, have higher
morbidity and mortality rates following a hip fracture
because of prolonged periods confined to a bed, postoperative
aggravation of underlying conditions and others1,2). Venous
thromboembolism (VTE) is the second most common
complication following hip fracture surgery3); pulmonary
embolism (PE) is the fourth common cause of death in these
patients4). Without thromboprophylaxis following a hip
fracture, the incidences of VTE, proximal thromboembolism,
and fatal PE range between 42-50%, 20-27%, and 0.6-
7.5%, respectively5-8). In comparison, VTE occurs at a rate
of 20-30% after hip arthroplasty9,10). The risk of VTE in
patients with a hip fracture has been recognized for many
years, and prevention of VTE has been emphasized by
American College of Chest Physicians (ACCP)11), National
Institute for Health and Clinical Excellence (NICE)12),
Scottish Intercollegiate Guidelines Network (SIGN)13),
Korean Hip Society14) and many other associations. A
recent study has reported a relatively high prevalence of
preoperative VTE in patients for whom surgery was delayed
for more than 24 hours after hip fracture8). Since patients
with a hip fracture have a higher risk of preoperative
VTE because of their inability to ambulate after injury and
aggravation of age-related underlying conditions, it may
be difficult to prevent VTE effectively using only conventional
approaches. Also, only a few studies are available in the
literature reporting on the prevalence and prevention of
VTE in patients with a hip fracture compared to those with
hip arthroplasty. Therefore, we aimed to share recent updates
on the diagnosis and prevention of VTE in patients with
a hip fracture.

PREVALENCE AND RISK FACTORS

Studies report varying incidences of VTE following hip
fractures and its prevalence after surgery ranges up to
80%15). To date, most studies have focused on postoperative
VTE in patients with a hip fracture; few studies have
explored the preoperative prevalence of VTE after hip
fracture16-19). The results of previous studies suggest that
patients with a hip fracture have a considerably high
prevalence of VTE preoperatively, ranging from 9% to
12.7%16-19). Older patients are more likely to experience
fractures of the hip than in other parts of the body and
they often have other concomitant conditions (e.g., venous

thrombosis or other internal diseases). The high likelihood
of a patient with a hip fracture experiencing VTE is related
to the extended bed rest before surgery18). Furthermore, a
delay in surgery following a hip fracture, which may occur
for various reasons, contributes significantly to the increased
prevalence of preoperative VTE15-19). A delay more than
48 hours in surgical intervention after hip fracture has
been shown to increase the prevalence of preoperative
VTE to as high as 54% to 62%18,20). A recent study using
indirect multidetector computed tomography (MDCT)
venography has shown that, in patients who experienced
a greater than 24-hour delay to surgery following an
injury, the prevalence of preoperative VTE was 11.1%,
despite mechanical and pharmacological prophylaxis8).
Other factors known to increase the risk of preoperative
VTE are female gender, subtrochanteric femur fractures,
lung diseases and past history of VTE.

DIAGNOSIS

Patients with VTE may experience leg swelling, pain,
erythema and local heating, dyspnea and other symptoms,
but differential diagnosis of VTE can be difficult due to:
i) an overlap in symptoms associated with a hip fracture
(e.g., swelling and severe pain) or ii) no presenting
symptoms. Moreover, in addition to postoperative VTE,
VTE may occur preoperatively in association with hip
fracture or may exist as an underlying disease before
injury. Since following a hip fracture VTE may progress
to proximal complications such as intra- or postoperative
fatal PE, more active screening than in ordinary surgical
patients is warranted. VTE is currently diagnosed via
blood test, Doppler ultrasound and CT scan, and can
also be diagnosed using contrast venography.

One representative blood test is the D-dimer in which a
negative result means the absence of deep vein thrombosis
(DVT). The D-dimer test may be used to help rule out the
possibility of DVT, however, results should be interpreted
carefully because a positive result may be observed in cases
of liver disease, inflammation, malignant tumor, pregnancy,
trauma, and even after recent surgery. Since older patients
with a hip fracture may show elevated levels of D-dimer due
to their underlying diseases and trauma regardless of VTE,
there are limitations to singular use of the D-dimer test for
confirming the presence of DVT.

Imaging tests for VTE include, but are not limited to,
ultrasonography, contrast venography, and CT venography.
Ultrasonography is the first-line imaging test and preferred
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diagnostic approach for diagnosing DVT particularly in the
proximal portion of leg veins (Fig. 1)14,21,22). Ultrasonography
is non-invasive, can be performed immediately and easily
used as a component of follow-up exams. However, according
to a recent meta-analysis, ultrasonography showed a sensitivity
of 94.2% and a specificity of 93.8% in femoral vein and
popliteal vein DVT, whereas it revealed a relatively low
sensitivity at 67.0% in below knee DVT in the distal veins22).
Moreover, ultrasonography may be affected by the skill

level of the operator. Additionally, ultrasonography requires
position changes during the examination and is can be
difficult to be perform to patients with a hip fracture who
may experience pain if required to change positions.
Furthermore, additional tests should be conducted for
the diagnosis of PE. Venography using contrast medium
is recognized as a relatively accurate diagnostic test of
DVT (Fig. 2). However, this method is not the preferred
first-line imaging test for VTE because it is invasive, causes

FFiigg..  11.. The ultrasonography showed deep vein thrombosis at a popliteal vein (arrow) in a patient with intertrochanteric
femoral fracture.

FFiigg..  22.. (AA) This plain radiograph showed an intertrochateric femoral fracture in a 77-year-old women. (BB) The venography
was performed due to suspicion of deep vein thrombosis. The narrowing of deep femoral vein was observed because of deep
vein thrombosis (arrow).
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patient discomfort, restricted to patients with renal insufficiency
and contrast hypersensitivity, and challenging to use
when diagnosing PE23,24). CT venography has emerged as
an alternative method of ultrasonography because it
ensures short examination time and has high sensitivity
and specificity at 100% and 96.6%, respectively25,26). In
recent years, high-resolution indirect MDCT venography
has enabled more accurate and prompt diagnosis of VTE,
and has been acknowledged as a useful technique for
evaluating VTE in hip fracture patients8,26-28). Indirect
MDCT venography can detect both DVT and PE with
relatively easy screening process and no change in patients’
positioning by obtaining combined images of lower-
extremity venography and pulmonary angiography8,26-29)

(Fig. 3). Briefly, indirect MDCT venography is a combined
imaging study examining the subdiaphragmatic deep-
vein system at the time of CT pulmonary angiography. CT
pulmonary angiography is obtained in the craniocaudal
direction, ranging from the apex to the adrenal gland, during
a single inspiratory breath-hold. Indirect CT venography
is performed from the kidneys to the feet to detect DVT
after a thoracic scan. However, there are concerns about
equipment cost, additional radiation during the exam
and adverse effects of contrast media. On a study on
radiation dose, the mean radiation dose for indirect
MDCT venography was 5.2±0.5 mSv, indicating a
lower amount of radiation compared to that of CT of the
chest and abdomen or CT venography29). This method
appears to be a relatively safe test taking into consideration
that most hip fracture patients are older adults with more
limited concerns about the effect of additional radiation
on the reproductive system30). Nevertheless, precautions
are warranted when performing indirect MDCT venography
in patients predicted to have side effects induced by contrast

media. Since indirect MDCT venography should be used
selectively due to contraindications, careful attention is
needed in patients with elevated serum creatinine levels
(serum creatinine >1.5 mg/dL), those with renal disease
or hyperthyroidism and pregnant women31-33).

In summary, a relatively high prevalence preoperative
VTE has been observed in patients with a hip fracture.
Even though VTE may occur after a fracture, it may also
exist as an asymptomatic underlying condition. This form
of VTE may progress to fatal complications such as intra-
or postoperative fatal PE. Considering hip fracture-induced
bed rest and age-related risk factors, more active screening
tests are needed to diagnose preoperative VTE after hip
fracture; indirect MDCT venography seems to be the most
effective imaging option.

PREVENTION

1. Start Time and Duration of Prevention

Early surgery is considered a key factor for reducing
morbidity and mortality in patients with a hip fracture13,34-37).
Most treatment guidelines suggest medical assessment
of patients and immediate surgical intervention, and
recommend early surgical treatment within the first 48
hours of admission12,34,38). Nevertheless, delayed surgery is
often unavoidable during the preoperative evaluation by
internal medicine physicians or during transfer to a tertiary
hospital after a hip fracture. Most previous studies have
focused on the prevention of postoperative VTE, but the
risk of VTE appears to increase immediately after injury
before undergoing surgery in patients with a hip fracture2,39-41).
It has to be taken into account that VTE may exist not only
after hip fracture, but also as an underlying disease prior

FFiigg..  33.. Both pulmonary embolism and deep vein thrombosis were observed on indirect multidetector computed tomographic
venography preoperatively in an 89-year-old female patient with intertrochanteric femoral fracture.
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to injury8,13). Since delays in surgery increase the risk of
VTE, measures to prevent VTE should be taken as soon
as possible after the injury and before surgery. Unless
contraindications exist, the SIGN, NICE and Korean
Hip Society recommend preoperative pharmacological
prophylaxis in patients with a hip fracture12-14). The time
to initiation of postoperative pharmacological prevention
varies from the 6 to 12 hours after surgery and the duration
recommended by clinical practice guidelines vary (between
28 to 35 days). The exact duration of prevention are likely
to be informed by the presence of underlying conditions,
intraoperative findings, postoperative status of the wound
and others11-13).

2. Mechanical Prophylaxis

Mechanical prophylaxis aims to prevent venous congestion
and has drawn an increasing amount of attention as recent
studies have reported the risk of bleeding and complications
in the patient group that received pharmacological prophylaxis42).
Mechanical prophylaxis includes, among others, compression
stockings, elastic bandages, foot pumps, and intermittent
pneumatic compression (IPC) devices. Of these, foot pumps
and IPC devices are advised considering patient compliance
and preventive effects. However, mechanical prophylaxis
alone is not recommended to patients with a hip fracture12,13),
and this seems to be attributable to the usefulness of
pharmacological prophylaxis and patient compliance. The
biggest advantages of mechanical prophylaxis with no
risk of bleeding are usability without specific treatment from
the preoperative period and applicability when bleeding is
detected or pharmacological prophylaxis is constrained13).

3. Pharmacological Prophylaxis

The most common prophylactic drugs for VTE are aspirin,
heparin, vitamin K antagonists (warfarin) and factor Xa
inhibitors. Aspirin in particular has been shown to be a
relatively safe option for the prevention of VTE. According
the results of a comparative study on low molecular weight
heparin (LMWH) and aspirin in patients with a hip fracture,
the incidence of postoperative DVT was higher in the aspirin
group than in the LMWH group. The use of aspirin alone
appears to be less effective in the prevention of postoperative
VTE among patients with a hip fracture compared to other
pharmacological prophylaxis43). A large number of recent
studies on VTE prevention methods have suggested the
use of LMWH11-14,30,44). The ACCP, NICE, SIGN, Thrombosis

Interest Group of Canada and many other associations
recommend the use of LMWH for preventing preoperative
VTE after admission to hospital11-13,30,44) (Table 1). Although
active pharmacological prophylaxis are required for
thromboprophylaxis immediately after injury in patients
with a hip fracture8), there are limitations in the choice of
administered drugs because undergoing surgery within
the earliest possible time also needs to be considered
concurrently. In this regard, LMWH, with a short elimination
half-life (4.5 hours) and fast onset of action is thought to
be an appropriate drug for preventing preoperative VTE
in patients with a hip fracture. Warfarin and vitamin K
antagonists are economic and effective oral anticoagulants,
but limitedly used to prevent preoperative VTE in hip
fracture patients due to their long half-life and slow onset
of action (international normalized ratio [INR] range, 2.0-
3.0). In addition, these anticoagulants cannot be administered
to pregnant women and have food interactions. In the
clinical practice guidelines of multiple medical associations,
the use of warfarin in hip fractures is an evidence-based
approach for postoperative prevention, but is not recommended
as a preoperative measure12,13,44). Fondaparinux is most
commonly used factor Xa inhibitor and suggested as a
primary option by the NICE and SIGN for prevention of
postoperative VTE after hip fractures12,13). In a previous study,
fondaparinux and LMWH (enoxaparin) were randomly
given to 1,711 patients with a hip fracture after surgery at
a daily dose of 2.5 mg. The rates of VTE were 8.3% and
19.1%, respectively (P<0.001) and the incidences of proximal
DVT were 0.9% and 4.3% (P<0.001)39). However, no
differences were found in symptomatic DVT and fatality
rates. Furthermore, the preoperative use of fondaparinux
is not advised due to its long half-life (17-21 hours) and
slow onset of action12,13).

4. Inferior Vena Cava (IVC) Filter

To prevent PE, insertion of the IVC filter through the
catheter can be considered in patients with acute DVT.
However, the recurrence rate of DVT was higher in the
group with permanent IVC filter compared to the group
without, and no difference was found in the survival rate
between the groups during the 2-year follow-up40). The
use of permanent IVC filters is not recommended for short-
term effects45,46), and the ACCP does not recommend IVC
filters for primary prophylaxis of PE. The indications for
IVC filter placement have broadened with the recent
development of new retrieval IVC filters. Nevertheless,
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a recent randomized, open-label, blinded end point trial
(PREPIC 2, Prevention of Recurrent PE by Vena Cava
Interruption) have addressed that the use of a retrieval
IVC filter is an invasive procedure with no confirmed
effectiveness in the treatment of acute PE compared to
the use of medication alone8,47). A 6-month follow-up
study of 17 French centers investigated 200 acute PE
patients with a combination of anticoagulation therapy
and retrieval IVC filters and 199 patients with the use of
anticoagulants alone. In the filter group, the filter was
successfully inserted in 193 patients and was retrieved
as planned in 153 of the 164 patients in whom retrieval
was done at 3 months. By 3 months, recurrent PE had
occurred in 6 patients (3.0%) in the filter group and in 3
(1.5%) in the group with anticoagulation alone. Among
the 193 patients in the filter group, access site hematoma
occurred in 5 patients (2.6%), filter thrombosis in 3
(1.6%) and retrieval failure due to mechanical reasons in
11 (5.7%). A single patient experienced cardiac arrest
during filter insertion. These outcomes imply that there
is no clear evidence showing efficacy of retrieval IVC
filter implantation for treatment of patients with acute
PE. The above clinical findings suggest that IVC filters
should be used for patients with recurrent PE despite of
sufficient use of anticoagulants or with contraindication
to anticoagulants47,48). When DVT is detected in preoperative
study after injury in patients with a hip fracture, associated
complications include intra- or postoperative fatal PE.
Preoperative insertion of retrieval IVC filters may be
considered in a limited number of patients (e.g., those for
whom pharmacological treatment for thrombus removal
cannot be sustained for a sufficient length of time until

surgical intervention or drug therapy is not applicable)
(Fig. 4). When determining the placement of retrieval IVC
filters, medical cost, patient’s cardiovascular function,
presence of IVC thrombosis, mechanical thrombectomy
and others must be taken into consideration.

SUMMARY

Different thromboprophylaxis modalities should considered
for patients undergoing surgery for hip fracture, unlike patients
undergoing ordinary hip surgery. Additionally, since hip
fracture-induced factors increase the risk of VTE over time,
mechanical and pharmacological VTE-prophylactic
measures should be initiated immediately after injury unless
contraindicated. Among the available preventive drugs,
LMWH, with a short half-life and fast onset of action appears
to be most appropriate for preoperative thromboprophylaxis
in patients with a hip fracture. Enoxaparin, one of the most
widely used LMWHs, is injected subcutaneously once
daily at a dose of 4,000 IU immediately after injury to 12
hours before surgery. When VTE is diagnosed in preoperative
examination, enoxaparin is injected subcutaneously twice
daily at a dose of 100 IU/kg regardless of symptoms.
Prevention of postoperative VTE can be initiated with the
same methods applied to patients undergoing ordinary hip
surgery.

CONCLUSION

VTE is a common complication in patients with a hip
fracture, and the risk of VTE increases immediately after
injury unlike in other ordinary hip surgery. Since hip fractures

FFiigg..  44.. (AA) This plain radiograph showed an intertrochateric femoral fracture in an 81-year-old man. (BB) Deep vein
thrombosis (arrow) of femoral vein was observed on preoperative indirect multidetector computed tomographic venography.
(CC) Inferior vena cava filter was inserted preoperatively.
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frequently occur in older patients, VTE is more likely to
develop as an underlying condition prior to hip fractures.
Thrombi located distally before surgery can migrate proximally
during or after surgery and may result in fatal complications.
Therefore, more active screening is crucial to diagnose
preoperative VTE after hip fracture; indirect MDCT
venography is thought to be a useful imaging option. We
strongly recommend that surgical intervention in patients
with a hip fracture is performed as soon as possible following
injury and that mechanical and pharmacological prophylaxis
are used concomitantly immediately after injury.
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