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Pulmonary cement embolism following balloon kyphoplasty:
The impact of a procedural complication in
a new era for lung cancer management
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Abstract. Pulmonary cement embolism (PCE) is a recognized
complication of balloon kyphoplasty, a vertebral augmenta-
tion technique that stabilizes vertebral compression fractures,
alleviating associated pain. Balloon kyphoplasty is particu-
larly relevant when patients with advanced stages of cancer
present with longer survival times, and therefore benefit from
such augmentation techniques to improve pain and prevent
additional complications. The embolization of cement to
pulmonary vasculature may be unnoticed given the frequent
absence of symptoms and routine imaging tests following the
procedure. The present study reports the case of a 58-year-old
female with stage IV lung cancer with a painful compres-
sion L3 fracture who underwent balloon kyphoplasty with
no initially reported complications. The patient maintained
the usual respiratory symptoms; therefore, the diagnosis was
only made in a routine CT scan 3 months after the surgery. A
literature review of PCE is performed, integrating the current
evidence regarding diagnosis, therapeutics, prognosis and
prevention. Certain poorly clarified aspects are identified as
potential investigation starting points.

Introduction

The intense pharmacological research on lung cancer over
the last two decades has enabled the identification of novel
targeted therapies for clinical practice. With prolonged
survival in advanced stages, techniques aimed at improving
quality of life, including balloon kyphoplasty for vertebral
augmentation, are becoming increasingly important. The
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implementation of these techniques should also imply the
recognition and management of associated complications at
any stage of cancer follow-up.

Balloon kyphoplasty is a minimally invasive surgical
procedure that allows the stabilization of compressive verte-
bral fractures (1). Patients with cancer represent a high-risk
group for these fractures, considering not only the underlying
disease, but also the prevalence of risk factors for osteoporosis
in this population, including advanced age and corticosteroid
therapy (2).

Pulmonary cement embolism (PCE) is a recognized
complication resulting from distant leakage of cement (2),
either by penetration into the venous plexuses or by retrograde
migration through the arterial vessels into the aorta (3). Its exact
prevalence is unknown, ranging between 2 and 26% according
to the selected diagnostic imaging method (4). Considering the
frequent paucity of symptoms and the use of protocols that
do not include thoracic imaging tests following the procedure,
it is believed that these estimates may be undervalued (5,6).
The diagnosis usually implies a high clinical suspicion, and in
patients with lung cancer, with the multiplicity of respiratory
symptoms and the frequent overlap with other lung chronic
diseases, it may be even more challenging.

The present study reports a case of a 58-year-old female
patient with lung cancer diagnosed with PCE 3 months after
kyphoplasty, which was performed for chronic persistent low
back pain.

Case report

A 58-year-old female non-smoker, with a previous history
of hyperparathyroidism secondary to vitamin D deficiency,
was diagnosed in 2011 with stage IIB lung adenocarcinoma
(cT3NOMO) (Fig. 1). Lung biopsy consisted of fixation using
10% formaldehyde at room temperature (22°C) for 5 h, followed
by dehydration in ascending alcohol series (70, 95 and 100%)
before clearing in xylol and paraffin embedding. Sections were
cut at 3 ym and the antigen retrieval step was performed by
heating. The sections were dewaxed in xylol and rehydration in
descending alcohol series. Immunohistochemistry testing was
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using the Ultraview Universal kit (Ventana Medical Systems,
Inc., Tucson, AZ, USA) and Benchmark XT platform (Ventana
Medical Systems, Inc.) in accordance with the manufacturers
protocols: Biotin blocking (incubation with 0.005% biotin for
10-15 min at room temperature) was followed by incubation
with primary antibody for 32 min at 42°C and incubation
with HPR multimer labeled secondary antibody for 20 min at
room temperature and staining for 8 minutes; all with ultra-
View Universal DAB detection kit (cat. no. 760-500; Ventana
Medical Systems, Inc.). Tissue observation was performed
under a light microscope (4 fields of view were examined:
Magnification, x100/ field of view 2 mm; magnification,
x40/field of view: 5 mm; magnification x20/field of view:
8 mm and magnification, x10/field of view: 16 mm).

No EGFR mutation or ALK translocation was observed. A
leftupper lobectomy was performed in March 2011 (pT3NOMO),
followed by adjuvant chemotherapy with Cisplatin (75mg/m?,
by intravenous infusion over 6 h, on day 1, every 21 days, for
12 weeks) and Vinorelbine (80 mg, oral, on day 1 and day 8,
every 21 days, for 12 weeks). Disease progression was detected
18 months later with bilateral pulmonary metastases, and
second-line chemotherapy with Pemetrexed (500 mg/m?, by
intravenous infusion over 10 min, on day 1, every 21 days)
was initiated. Progressive disease was observed following two
cycles (6 weeks), leading to third-line therapy with Erlotinib
(150 mg, oral, daily), a drug that was maintained for 4 years
with stable disease, despite the absence of EGFR mutations.
In June 2016, disease progression was again documented and
treatment with Nivolumab was initiated (240 mg, by intra-
venous infusion over 30 min, on day 1, every 14 days) under
an early access program regime with clinical improvement
and partial remission of the disease (PDLI determination,
performed retrospectively: 0%).

In January 2017, lower back pain was reported. The pain
became persistent, yielding only partially to analgesic and
anti-inflammatory medication. Lumbar spine computed tomog-
raphy (CT) revealed a compression fracture in L3. Additional
investigation by magnetic resonance imaging revealed aspects
suggestive of vertebral hemangioma, but the possibility of a
metastatic lesion was not excluded. A thoraco-abdominal
CT scan documented partial remission of the disease, raising
doubts regarding the nature of the L3 fracture.

The patient underwent kyphoplasty with bone biopsy in
January 2017 (Fig. 2). [Tissue fixation using 10% formaldehyde,
at room temperature (22°C) for 24 h with subsequent decalcifica-
tion.] Dehydration in ascending alcohol series (70, 95 and 100%).
Tissue clearing in xylol and paraffin embedding. Sections cut at 3
pm. Antigen retrieval step through heating, dewaxing in xylol and
rehydration in descending alcohol series. Immunohistochemistry
testing was using the Ultraview Universal kit and Benchmark
XT platform (both from Ventana Medical Systems, Inc.) in
accordance with the manufacturers protocols as above.

Tissue observation was performed under a light microscope
(4 fields of view were examined: Magnification, x100/field of
view 2 mm; magnification, x40/field of view: 5 mm; magnifi-
cation x20/field of view: 8 mm and magnification, x10/field of
view: 16 mm). Histopathological study revealed no evidence of
malignancy and Nivolumab was maintained.

No thoracic imaging tests were performed following the
procedure. Over the subsequent 3 months, the patient reported

RODRIGUES et al: PULMONARY CEMENT EMBOLISM FOLLOWING BALLOON KYPHOPLASTY

Figure 1. Pulmonary adenocarcinoma (axial section, parenchymal window).
Alveolar consolidation with ground-glass opacities in the left upper lobe cor-
responding to a pulmonary adenocarcinoma.

Figure 2. L3 balloon kyphoplasty (lumbar spine X-ray). Bone cement deposi-
tion in the L3 vertebral body following balloon kyphoplasty.

the usual pattern of dyspnea for medium efforts and cough with
mucus expectoration, without other symptoms. The control CT
in April 2017, following 18 cycles of Nivolumab, revealed a
partial response. However, an embolism of the two pulmonary
arteries, right interlobar, and segmental and subsegmental
branches of the right and left lower lobes were observed,
with emphasis on the high density of the embolic material,
compatible with pulmonary cement embolism (Figs. 3 and 4).
Further investigation excluded deep venous thrombosis in the
lower limbs, as well as the presence of other major embolic foci
of the kyphoplasty material. Transthoracic echocardiography
revealed no signs of right ventricular dysfunction.
Therapeutic hypocoagulation was performed with
Enoxaparin (1 mg/kg intravenous, every 12 h) for 6 months,
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and it was decided at a multidisciplinary meeting to maintain
prophylactic doses since then. A chest CT scan at the third
month of therapy documented the persistence of the embolic
material.

The patient remained clinically stable with no lower
back pain and maintained partial remission of the disease
throughout 46 cycles of Nivolumab. Eventually, the patient
progressed with bone metastasis and Gemcitabine was
initiated (1,000 mg/m?, by intravenous infusion >30 min, every
7 days, for periods of 21 days, with one week apart) with early
marked deterioration, following which the patient was referred
for best supportive care.

Discussion

Balloon kyphoplasty is a vertebral augmentation technique
developed in the 1990s as a variant of vertebroplasty, aiming
to restore vertebral body height in compression fractures,
reducing pain and associated deformities (7).

The procedure consists of placing a balloon into a fracture,
with subsequent inflation-deflation sequence to create a cavity
into which polimethylomethylacrylate (PMMA) cement is
inserted (1). Cement leaking usually occurs when cement is
too fluid or is administrated with too much pressure (5). The
consequences of extravasation are primarily local, potentially
causing catastrophic manifestations, including anterior medul-
lary syndrome, pseudoaneurysms and ischemia. In other cases,
there is distant embolization, with PMMA penetration into the
aorta or pulmonary arteries (3).

Symptoms of PCE are frequently absent. Although the
majority of cases of PCE occur within days or weeks of the
procedure, in certain cases they appear immediately (4). The
respiratory impact is usually mild, but catastrophic events,
including cardiac perforation, cardiac tamponade and cement
implantation syndrome, have also been reported (8.9).

The patient in the present study reported no new symp-
toms, being diagnosed only 3 months later using a routine
CT scan; however, the patient's usual pattern of dyspnea and
cough associated with the neoplastic disease may have led to
an undervaluation of symptoms. In cancer patients, the clinical
implications of PCE are frequently unknown.

Mansour et al (2) recently published a paper regarding
102 cancer patients with vertebral fractures who underwent
vertebroplasty with PMMA injection. Cement PCE was
detected in 12.7% of patients; of these, 76.9% had malignant
fractures, and the remaining 23.1%, a number of which had
active cancer, had osteoporotic fractures. The majority of
cases were asymptomatic. Over the 10 year period of analysis,
none of the recorded mortalities were associated with PCE.

Imaging tools are crucial for the diagnosis of PCE. Tubular
or branching-shape opacities in thoracic X-ray may suggest the
diagnosis in patients with a previous history of vertebral inter-
vention. A chest CT scan typically reveals hyperattenuating
material in the pulmonary vasculature (10).

There is no standardized therapeutic approach for PCE and
the current available evidence is primarily based on clinical
cases (11). Based on the investigations performed so far,
acrylic cement does not appear to have intrinsic thrombogenic
properties (12) or to activate coagulation in vitro. In a study
undertaken by Blinc er al (13), cement did not induce platelet
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Figure 3. Pulmonary cement embolism (coronal chest computed tomography
with maximum intensity projection reconstruction). Pulmonary cement
embolism and cement deposition in the L3 vertebral body.

Figure 4. Pulmonary cement embolism (axial chest computed tomography
with maximum intensity projection reconstruction). Embolism of right inter-
lobar artery and certain segmental and subsegmental branches of the right and
left lower lobe arteries, emphasizing the high density of the embolic material.

aggregation and even prolonged activated partial thrombo-
plastin time (APTT); however, the turbulent flow caused by the
cement has been suggested as the promoter of prothrombotic
mechanisms and vascular damage (12).

At present, the therapeutic strategy is based on the presence
of symptoms, and on the location and size of embolic material.
A systematic review performed by Krueger et al (5) in 2009
concluded with a recommendation to maintain vigilance in
peripheral and asymptomatic embolisms, and to initiate hepa-
rinization followed by 6 months of coumarin therapy in cases
of central and/or symptomatic embolisms. In massive central
and symptomatic embolisms, the option of surgical embo-
lectomy may be contemplated, weighing up the risks of this
procedure (5). Patients with cancer may constitute a particu-
larly high-risk group for PCE. It is unknown whether cancer
intrinsic prothrombotic status may modify the risk associated
with PCE in these patients, changing the therapeutic strategy,
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for example, in asymptomatic and peripheral embolisms. At
present, in central and/or symptomatic embolisms, treatment
with low-molecular-weight heparin is a valid option during
chemotherapy or immunotherapy (14).

The prognosis in cement embolization is generally good;
however, there are currently 6 associated mortalities reported
in the literature (15-20), 4 of which correspond to pulmonary
embolisms (15,18,19).

With regards to prevention, there is no formal indication
for the performance of routine imaging tests following the
procedure.

In 2010, Venmans et al (21) studied a group of 54 verte-
broplasty patients with thoracic CT after a mean follow-up of
22 months. The incidence of PCE was 26%. Cement emboli
caused no structural parenchymal changes or inflammatory
pulmonary responses, leading the authors to consider routine
thoracic X-ray or CT to be unnecessary (21). By contrast, other
authors, weighing up the risks and benefits, recommend at
least one post-procedure X-ray (4,5).

Strategies, including prone position during the procedure,
in order to augment intrathoracic pressure (4), and venography
with fluoroscopy prior to the cement injection, to predict
possible leaks (22), may serve a role in reducing the risk of
embolization. Inferior vena cava filters have also been used to
prevent cement migration to the lungs (23).

A number of questions remain to be answered, including
PCE natural history, ideal treatment and best prevention strate-
gies.

At a time when lung cancer patients have access to more
therapeutic and palliative interventional options, a greater
number of iatrogenic complications are likely to occur over
time. Awareness of these complications by oncologists and
palliative medicine specialists is crucial, in order to reduce
instances of morbidity and mortality.
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