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A 20-year-old man presented with a femur fracture and epidural hemorrhage (EDH) following a fall. One
month after fracture surgery, swelling developed in both legs, and he was diagnosed as having a deep-vein
thrombosis and pulmonary embolism. A retrievable inferior vena cava filter (IVCF) was inserted, because
EDH is a contraindication to anticoagulants. Four months later, he complained of abdominal pain, and a com-
puted tomography scan showed a fractured IVCF strut. After percutaneous removal failed 3 times, the IVCF
was surgically removed by orthopedists using a portable image intensifier without cardiopulmonary bypass.
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Case report

A 20-year-old man presented to the emergency de-
partment after a fall. His initial vital signs were sta-
ble, but he was diagnosed as having an epidural
hemorrhage (EDH) and left femur fracture. On admis-
sion, closed reduction with external fixation was per-
formed to treat the fractured femur. One month post-
operatively, swelling developed in both legs. A com-
puted tomography (CT) scan showed deep-vein
thrombosis (DVT) in the left popliteal vein and a pul-
monary embolism (PE) in the left lower lobe.
Therefore, a retrievable inferior vena cava (IVC) filter
(IVCF, Celect; Cook Medical Inc, Bloomington, IN,
USA) was inserted, because EDH is a contraindication
for the use of anticoagulants. Removal was planned
for 2 months after IVCF insertion (Fig. 1). A follow-
up CT examination 2 months after the IVCF was in-

serted showed no PE, decreased but residual DVT,
and an intact IVCF. We still planned IVCF removal,
because the EDH was stable and the follow-up CT
scan showed that the PE was resolved. However, the
patient refused IVCF removal. Four months after
IVCF insertion, he complained of abdominal pain. An
abdominal CT scan showed that the strut of the IVCF
was fractured, but it had not migrated. Anticoagula-
tion therapy was started because of the fractured
IVCF, and the patient agreed to IVCF removal. Three
consecutive percutaneous trials of IVCF removal
failed, as we were unable to capture the IVCF hook
(Fig. 2). Therefore, surgical removal was considered.

The operation was performed through a right sub-
costal incision, and the entire IVC below the liver
was exposed. Six thousand units of heparin (100
U/kg) were infused. The IVC was clamped for 3 mi-
nutes to confirm that hemodynamic instability (i.e,
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Fig. 1. Simple radiologic image after percutaneous inferior vena
cava filter installation. Intact inferior vena cava filter is iden-
tified.

Fig. 2. Simple radiologic image for percutaneous inferior vena
cava filter removal. Fractured strut is identified.

hypotension) had not developed, and then it was
opened without circulatory supports such as car-
diopulmonary bypass. The patient was hemodynami-
cally stable during the 45 minutes of IVC clamping.
The IVCF was found below the right renal vein, and
the hook of the IVCF was embedded in the endothe-
lial hyperplasia and fibrous tissue. The IVCF was
easily removed from the IVC. However, the fractured
strut was not found within the IVC. A portable image

Fig. 3. Removed inferior vena cava filter and fractured strut.

intensifier (C-arm) was used to localize the fractured
strut, which had migrated extravascularly. An ortho-
pedic surgical team performed exploration, and they
found that the fractured IVCF strut had punctured
the third lumbar vertebral body. They removed it
with part of the third lumbar vertebral body (Fig. 3).

The patient was discharged on the seventh day post-
operatively without adverse events. At the 6-month
follow-up, he was doing well and had no symptoms.

Discussion

PE continues to be a main cause of morbidity and
mortality in the United States. The incidence of fatal
PE has been estimated to range from 50,000 to
200,000 cases per year. The causes of PE are throm-
bus, air, or fat, and a common source of embolism is
DVT in the lower leg. The treatment of choice for
DVT is anticoagulation therapy [1].

Nonetheless, insertion of an IVCF is considered in
cases with a contraindication for the use of anti-
coagulants. The most common indication for an IVCF
is a DVT followed by a PE, which is a contraindi-
cation for anticoagulation therapy. Other indications
for an IVCF are recurrent DVT despite adequate anti-
coagulation therapy, complications of anticoagulation
therapy, massive PE with residual DVT in a patient
at risk for further PE, free-floating iliofemoral or 1IVC
thrombus, and severe cardiopulmonary disease [2]. In
patients whose IVCF is transiently inserted (e.g., vic-
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tims of trauma), a retrievable filter is recommended,
because late complications can be avoided. Removal
of the IVCF is considered in patients who are no lon-
ger at a significant risk of thromboembolic disease,
those who are able to tolerate the therapeutic level
of anticoagulation, and patients who are at risk of in-
fection and other morbidities [3].

Compared to a permanent IVCF, a retrievable IVCF
has a similar incidence of complications. Early com-
plications of an IVCF include misplacement, hema-
toma, insertion site bleeding or thrombosis, and in-
fection; late complications include recurrent DVT, IVC
thrombosis, IVC penetration, filter migration, filter
tilting, and strut fracture [4].

Ray et al. [2] reported a failure rate of 14.9% for
percutaneous IVCF removal. Half of the failures were
due to a thrombus in the filter, and the other half
occurred because the filter attached to the IVC wall
The migration of a filter, defined as moving more
than 1 cm, occurs in 5% of cases, and this can ob-
struct major circulatory systems such as the renal
veins, pulmonary veins, and even the heart [5,6]. The
causes of migration are the failure of firm engage-
ment, a large vena cava, trauma, physiologic changes
in the IVC diameter, and the Valsalva maneuver.
Fractures of the IVCF strut occur in 3.4% of patients
who have had an IVCF over the long term. The
mechanism of fracture may be associated with tilting
of the filter, continuous strain on the engaged strut,
and metal fatigue [5,7]. If the fractured fragment mi-
grates, it is usually found in the pulmonary arteries,
iliac or femoral veins, right heart, or IVC near the
filter. Few cases of extra-caval migration have been
reported in the literature. Migration sites have in-
cluded the adjacent pancreas, the area around the in
situ IVCF, the retroperitoneum, and unknown sites. A
case of extravascular migration of a fractured strut
that punctured the vertebral body has not been pre-
viously reported. Migration of the fragment can cause
embolism, fatal arrhythmia, and cardiac wall injury.
Even cardiac tamponade and sudden cardiac death
due to migration of the fractured fragments of the
IVCF have been reported [6,7]. If fracture of the IVCF
strut is detected, close surveillance for the possibility
of migration is required.

It is controversial whether the use of circulatory
supports during IVC clamping is beneficial. Our pa-
tient tolerated IVC clamping for 45 minutes without

cardiopulmonary bypass. Clamping the IVC around
the right renal vein results in the loss of venous re-
turn from the lower legs, which is approximately
30% of systemic venous return. The natural collater-
al veins such as the azygous, epidural, and superficial
abdominal veins have the ability to increase flow.
The mean arterial pressure is generally well main-
tained because of the compensatory increase in sys-
temic vascular resistance and a moderate increase in
the heart rate. Although these responses vary widely,
most patients can tolerate IVC clamping for approx-
imately 1 hour. Beyond this period, decompensation
becomes increasingly apparent [8].

If surgical removal is needed in cases of a frac-
tured and migrated IVCF strut, localization of the
IVCF and its fragment is important. In the present
case, it was difficult to localize the fractured strut us-
ing previous imaging studies with a long interval be-
cause of the possibility of extravascular migration.
Therefore, repeating 3-dimensional CT immediately
before an operation and use of an intraoperative
C-arm are recommended to localize the position of
the IVCF and fractured strut.
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