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A B S T R A C T

Percutaneous vertebroplasty consists of percutaneous injection of polymethylmethacrylate (PMMA) via a
transpedicular approach for the treatment of collapsed osteoporotic or metastatic vertebrae. Even if percuta-
neous vertebroplasty is considered to be minimally invasive, threatening complications can occur. Cement
leakage is the most common complication of percutaneous vertebroplasty. Rigorous patient selection and in-
dividual therapeutic strategy may reduce the occurrence of leakage, in particular the risk of cement entry into
the venous system and the spinal canal is the potent major hazard of this technique. Cement pulmonary and
cardiac embolism are reported in literature as a cause of unexpected death after percutaneous vertebroplasty.
Authors report a fatal case of pulmonary cement embolization occurred after vertebroplasty with haemoper-
icardium, due to the perforation of the right atrium wall from a cement solidified fragment. A complete post
mortem examination documented the presence of multiple cement fragments in the pulmonary arteries and
transmural perforation of the wall of the right atrium by a whitish needle-like foreign body. Pulmonary mi-
croembolization was observed under polarized light.

1. Introduction

Percutaneous vertebroplasty is a minimally invasive technique,
described for the first time in 1987 by Galibert, consisting of percuta-
neous injection of a biomaterial, usually polymethylmethacrylate
(PMMA), into the collapsed vertebrae via a transpedicular approach.1–3

Since percutaneous vertebroplasty was introduced, many studies have
reported on its effectiveness for relieving persistent pain and for
strengthening vertebral bodies weakened by various vertebral diseases,
such as osteoporotic vertebral compression fractures, osteolytic me-
tastases, myeloma, and vertebral angioma.4,5 However, complications
can still occur during the procedure despite the fact that it is considered
to be minimally invasive. Reports to the FDA concerned soft tissue
damage and nerve root compression related to the leakage of bone
cement. In addition the FDA mentioned the lack of prospective, ran-
domized, controlled trials to characterize the long-term safety and ef-
fectiveness of vertebroplasty and kyphoplasty. Cement leakage is re-
ported as the main cause of complications; in particular the risk of
cement entry into the venous system and the spinal canal is the potent
major hazard of this technique.6,7 Fatal cases in cardiac perforation are
still unreported.

2. Case report

We present the case of a 72yo woman affected by osteoporosis with
a 12-week history of severe back pain caused by multiple thoracic
vertebral compression fractures. Her past history included reduction
mastoplasty. Percutaneous vertebroplasty was performed at T10-T11-
T12 with a percutaneous radio-guided injection of 8 cc polymethyl-
methacrylate (PMMA) directly into the fractured vertebral body using
the left transpedicular approach. The patient complained about a mild
discomfort shortly after surgery, and a sudden cardiac arrest developed
3 h later. Despite the prompt resuscitation attempts the woman died
shortly after. A complete autopsy was performed the day after death.
After opening the pericardial sac, 80 gr blood clot was found. A
transmural perforation of the wall of the right atrium 1mm in diameter
was also detected with a whitish needle like foreign body 10mm in
length and with a thickness of 1mm still surfacing from it (Fig. 1a–b).
Mild adventitial haemorragic infiltration of the proximal aortic segment
nearest the transmural surfacing needle-like foreign body was observed
(Fig. 1c). The coronary arteries were studied according to Fineschi and
Baroldi method, whose result was negative for lumen obstruction. A
paravertebral cement leakage in correspondence of T12 was also de-
tected. A gross examination of lungs revealed the presence of whitish
string-like foreign bodies with a maximum length of 25mm in the main
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branches of both pulmonary arteries (Fig. 1d). Samples of organs were
collected for histopathological examination and stained with H&E.
Multiple foci of contraction band necrosis were detected near the site of
perforation (Fig. 2a), where a thin layer of fibrin with few erythrocytes
infiltrating the subepicardial fat and myofibers were also observed
(Fig. 2b–c). Mild coronary arteriolosclerosis was also detected, hence
patchy or diffuse fibrosis was excluded. Acute emphysema was

recorded in the lungs (Fig. 2d). Foreign bodies birefringent under po-
larized light were observed in the lumen of pulmonary septal vessel
(Fig. 3a–d). A cardiac tamponade due to perforation of the right atrium
from embolized PMMA after vertebroplasty was identified as the cause
of death.

Fig. 1. a-b. Right atrium, complete perforation of the wall from a whitish needle-shaped foreign body. c. Haemorrhagic infiltration of aortic wall (black arrow) in
correspondence of atrial perforation (asterisk). d. Foreign bodies in the main branches of pulmonary artery.

Fig. 2. a. Foci of contraction band necrosis (H&O, 10x). b-c. Fibrin layer on the right atrium surface with erythrocytes infiltrating the subepicardial fat and
myofibers. d. acute pulmonary emphysema.
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3. Discussion

The reported incidence paravertebral leakage of cement ranges
widely, from 38% to 73% of patients with malignant collapse, and in
30–65% of patients with osteoporotic vertebral collapse.6,7 Cement may
leak into a large variety of anatomical compartments, including the
needle track, the prevertebral soft tissue in 6%–52.5% of patients, and
the spinal canal in up to 37.5% of patients. It may also leak into the
intervertebral disc in 5%–25%, prevertebral veins in 5%–16.6%, and
epidural veins in 16.5% of patients. Leakage into the metameric artery,
inferior vena cava, aorta and lungs have also been reported.8 According
to the literature, one possible reason for cement leakage (regardless of
subsequent embolism of cement material into pulmonary arteries)
could be associated with an insufficient polymerisation of the injected
cement, probably due to an unbalanced monomer-to-powder ratio.7

The cement injection usually occurs through two 10 or 11-gauge can-
nulae, each of these inserted into one pedicle. Due to problems re-
garding the cement flow through the relatively slender cannulae with
the risk of accidently cementing the cannulae into the vertebral body,
both the viscosity and curing time of the involved cement are important
factors to consider during the treatment.9 Accurate needle placement,
slow injection of cement under good-quality fluoroscopy, and early
recognition of cement leaks with termination of injection and release of
syringe pressure can all help decrease the risk of cement leaks. Venous
cement leakage is reported in up to 24% of percutaneous vertebro-
plasty, neverthless, the majority of these remain asymptomatic and
carry a risk of pulmonary embolism. Pulmonary embolism caused by
percutaneous vertebroplasty has been reported in literature, although
the incidence of pulmonary embolism caused by cement from this
procedure is unknown because patients do not routinely undergo chest
imaging after the procedure. Luetmer et al. reported a relatively high
incidence of small asymptomatic cement pulmonary embolism (9.4%)
in a cohort of 244 patients treated at 465 vertebral levels during 313
separate vertebroplasty sessions.10 Of these, 87% had cement pul-
monary embolism, and 13% had probable cement pulmonary embo-
lism. A review of the literature found the incidence of cement pul-
monary embolism to range from 2.1% to 30%.11–20 Paradoxical

cerebral embolism, renal artery embolism and acute respiratory distress
syndrome are other life-threatening consequences reported in litera-
ture. The possible mechanisms of cement embolism are insufficient
polymerisation of the PMMA at the time of the injection, the needle
position with respect to the basivertebral vein, and overfilling of the
vertebral body, which facilitates cement migration into the venous
system. In a few cases, even small emboli may be lethal if they lodge in
the right atrium or ventricle and cause cardiac perforation and cardiac
tamponade rather than traveling to the pulmonary circulation.21–30

Linear pieces of cement as small as 10–20mm long have been reported
to cause cardiac tamponade, and pieces as small as 20mm have been
reported to cause perforations of the right ventricle. It is not surprising
that this complication can occur when we consider that all pulmonary
emboli pass through the right-sided cardiac chambers. If the cement
reaching the right ventricle is too long and stiff to go into the pul-
monary artery, it may stay in the heart.31–35 Several recommendations
have been made to prevent cement leakage into the circulation: (1)
cement of an appropriate viscosity and volume should be injected. A
paste-like consistency and smaller amounts are preferred; (2) high-re-
solution fluoroscopy and mixing of the PMMA with barium or tungsten
for opacification are essential for the early detection of venous PMMA
migration; (3) greater attention should be paid during the multilevel
procedure, which has a higher associated risk of pulmonary embolism
than single-level PVP; (4) if vertebral venography identifies a direct
shunt from the needle tip to the venous system, a repositioning of the
needle tip and gelfoam insertion could prevent venous drainage.36

Cardiac perforation is an extremely rare complication of vertebroplasty,
with only few cases reported in literature; to the best of our knowledge
this is the first fatal cardiac perforation in embolism of leaked cement
after vertebroplasty. It has been supposed that while still in a semi-fluid
state, the bone cement migrated to the right atrium through the venous
system and the cement solidified in the cardiac chambers, resulting in
the formation of multiple whitish string-like foreign bodies. One of
these perforated the right atrium, others passed through the tricuspid
valve in the right ventricle and then in the pulmonary arteries.

Fig. 3. a. Multiple PMMA emboli in the lumen of pulmonary septal vessels (H&O, 20x). b-d. Multiple PMMA emboli birefringent under polarized light (20x).
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