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Non-thrombotic pulmonary embolism can occur from rare but diverse etiology and is not
well understood. Increasing prevalence of osteoporosis in the aging population has con-
tributed to increased utilization of percutaneous vertebral augmentation procedures of ver-
tebroplasty and its recent modification, kyphoplasty. Though these procedures are relatively

well tolerated, there is risk of potentially fatal complication of bone cement embolization
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to distant vasculature. We report a case of symptomatic pulmonary cement emboli devel-
oped 2 day’s post kyphoplasty and its successful treatment with novel anticoagulant for 6
months. We also summarize evidence to assist clinicians and radiologists for early identifi-
cation, treatment, and prevention of cement pulmonary emboli.

Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Considering the aging American population, osteoporotic
vertebral fractures have become a major public health con-
cern with its significant impact on quality of life [1]. When
conventional measures of treatment cannot be implemented,
percutaneous minimally invasive vertebral augmentation
methods (vertebroplasty [VP] and kyphoplasty [KP]) involving
the injection of bone cement (polymethyl methacrylate ce-
ment [PMMA]) into the vertebral body are useful tools for the
management of symptomatic fractures without neurologic

impairment [2]. Since its introduction in 1987 by Galibert
et al. [3], both vertebroplasty and a recent modification of
balloon kyphoplasty have gained wider acceptance for the
treatment of a variety of benign and malignant vertebral
pathologies [2,4]. Though procedures are well tolerated with
low rate of clinical complications, potentially serious, and
fatal complication of distant organ cement embolization have
been reported [5,6]. VP has been associated with higher risk of
cement leakage and symptomatic embolization as compared
to KP [5]. We report an interesting case of symptomatic ce-
ment pulmonary embolism 2 day’s post KP and its successful
treatment with novel anticoagulation agent for 6-months.
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Fig. 1 - X ray chest AP and lateral views show kyphoplasty of T10 vertebral body (blue arrow head) for anterior wedging
compression fracture. Paravertebral extravasation of cement (blue arrow) is seen on right lateral aspect on AP view and is
seen tracking upward, likely in the paravertebral venous plexus (Color version of the figure is available online.)

Case presentation

Forty-nine-year-old non-smoker female with past medical
history of hypertension, hyperlipidemia, supraventricular
tachycardia, asthma, fibromyalgia, and thyroid cancer status
post thyroidectomy presented with sharp low back pain from
T-10 compression fracture status post fall. After conservative
medical management, pain persisted, and she was referred
for percutaneous KP. During pre-operative assessment, the pa-
tient was asymptomatic except mid back pain. She underwent
kyphoplasty of T-10 vertebral body (Fig. 1) which was compli-
cated by extravasation of the cement material along the lat-
eral wall of vertebral body (Fig. 2). Subsequently, infusion of
cement was paused, and the introducer was withdrawn into
the middle of vertebral body. After a delay of 20 seconds, re-
maining cement was infused (total amount = 2.5 mL) without
further extravasation. Patient tolerated procedure well and
was later discharged home with no symptoms during the dis-
charge.

Two day’s post procedure patient presented to the emer-
gency department with complaint of pleuritic chest pain, new
productive cough with gray colored sputum, and shortness of
breath. Patient described pain as intermittent sharp stabbing
sensation, aggravated by activity, and alleviated with rest. She
denied any associated fevers, hemoptysis or GI symptoms. Pa-
tient was hemodynamically stable, normotensive with regular
heart rate, and oxygen saturation of 97% on room air. Labora-

tory parameters were within normal limit except elevated d-
dimer. CT PE was notable for distal sub-segmental pulmonary
arterial embolization (bilateral upper and right lower lobe).
Non-contrast hyperattenuation of bone cement within the
pulmonary artery lumen was suggestive of non-thrombotic
pulmonary embolism (Fig. 3). We could not determine the ex-
act timings of occurrence of cement emboli; however, it is high
likelihood that embolism of cement material occurred during
the procedure at the time of extravasation. Considering her ac-
tive symptoms, patient was hospitalized, and initiated on sys-
temic anticoagulation. Novel oral anticoagulation agent (apix-
aban) was continued for 6 months’ after detailed discussion
of risks of bleeding vs. benefits of preventing superimposed
thrombus formation.

Five months’ after the initial presentation, patient again
presented to ED with increasing shortness of breath. On ex-
amination, she was found to be tachycardic (147 beats per
minute), and had blood pressure of 130/100 mm Hg. Respi-
ratory rate and oxygen saturation were within normal limits.
Blood workup revealed elevated troponin (40-77 ng/L) and BNP
(443 pg/mL). EKG showed supraventricular tachycardia with
stable incomplete right bundle branch block. CT PE noted sta-
ble cement emboli with normal caliber of main pulmonary
trunk and branches. Transthoracic echocardiography was un-
remarkable with normal biventricular size and systolic func-
tions. Patient underwent diagnostic coronary angiogram for
suspected non-ST elevation myocardial infarction and pos-
sible dyspnea as angina equivalent. Cardiac catheterization
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Fig. 2 - On axial and coronal images of CT thorax with IV contrast show paravertebral extravasation of cement (white arrow).

revealed normal coronary arteries, normal filling pressures,
and cardiac output. There was no evidence of pulmonary hy-
pertension on right heart cath. VQ scan did not identify un-
matched perfusion defects, ruling out concerns for chronic
thromboembolic pulmonary hypertension (CTEPH). Spirome-
try revealed restrictive process. She endorsed significant anx-
iety related to her cement emboli diagnosis and its contri-
bution to her recurrent dyspnea spells. She was discharged
home in stable condition with no need for supplemental
oxygen.

Discussion

Non-thrombotic pulmonary embolism (NTPE) is defined as
the embolization of non-thrombotic material into the pul-
monary vasculature. The potential sources could be biologic
(various cell types [adipocytes, hematopoietic, amniotic, tro-
phoblastic, tumor], bacteria or fungi) or nonbiologic from for-
eign material or gas [7]. Bone cement (PMMA) pulmonary em-
bolism is well-known but rare complication following percu-
taneous VP and KP vertebral augmentation procedures with
reported prevalence of 0.9% and 0.4%, respectively [5]. Due
to the lack of routine screening after these procedures, the
frequency of asymptomatic pulmonary embolus is not well-
documented. However, Choe Du et al. verified a frequency of
4.6% for asymptomatic pulmonary embolus [8], while Duran
et al. reported a 6.8% rate of PMMA embolus following verte-
broplasty [4]. Moreover, a significant correlation of this compli-
cation found with paravertebral venous cement leak but not
with the number of vertebral bodies treated or with the type
of procedure performed [8]. A higher risk of cement leakage
has been noted in vertebroplasty (30%-75%) when compared
to kyphoplasty (8%-33%) [9]. Biomechanical studies of KP have
suggested that the risk of cement extravasation is reduced
because balloon inflation creates a void within the vertebral
body into which cement can be injected under relatively low

pressure [6,10]. Our patient underwent percutaneous KP with
intraoperative complication of paravertebral extravasation of
cement and subsequent development of cement PE.

The vertebral venous system is an important collateral ve-
nous network serving as the main vehicle for embolic compli-
cations following VP and KP procedures. Post cement leak, a
pathway for the migration of cement to the lungs involves its
flow through the basivertebral vein and anterior external ver-
tebral venous plexus, to the pulmonary arteries via the seg-
mental spinal veins, vena radicularis magna, azygos vein, and
accessory hemiazygos vein [11]. The lack of valves in the ve-
nous system often facilitates this migration. Several risk fac-
tors have been identified for the development of cement em-
boli. The lower viscosity of cement material may have a higher
risk of embolism [12]. Leakage is expected to occur more fre-
quently in neoplastic disease when compared with osteoporo-
sis, possibly secondary to neo-angiogenesis. Reflecting this
phenomenon, all patients in Choe et al. study had multiple
myeloma [8]. However, Duran et al. had higher proportion of
osteoporotic lesions undergoing procedure, arguing the poten-
tial role of reasons other than malignancy [4]. In addition, in-
sufficient polymerization of PMMA at the time of injection,
needle position with respect to the basivertebral vein, and
overfill of vertebral body could aid the cement migration [13].

Following the classic Virchow’s triad for development of
venous thromboembolism, methyl methacrylate (MMA) poly-
mers were shown to promote endothelial injury with local
cytotoxicity, and release of procoagulant substances whereas
the polymerized PMMA in the occluded vessel promotes local
venous stasis [14]. Resultant superimposed thrombus forma-
tion may contribute to delayed clinical symptoms as reported
previously in the literature [15]. Similarly, there were descrip-
tion of cement removed from the pulmonary artery in symp-
tomatic cases was noted to be covered by thrombi [16]. Use of
long-term anticoagulation in our patient may have played a
role in preventing progression of cement PE.

With approximately 38,000 VP and 16,000 KP performed an-
nually, radiologists are more likely to encounter complications
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Fig. 3 - Axial and coronal images of CT chest with IV contrast in bone window show cement emboli (white arrow head) in

sub-segmental right upper lobe pulmonary arteries.

of these procedures on routine imaging [17]. Considering the
high density of PMMA, conventional X-rays may identify soli-
tary or multiple tubular or branching radio-dense lines in the
lung fields [8], raising the suspicion of cement PE. CT is the
most effective modality in the diagnosis of PE. While the con-
trast media for the detection of thrombotic PE is mandatory

on CT examinations, the unenhanced chest CT can readily de-
tect the hyperdense (>500 Hounsfield units), often branching
cement deposits within the pulmonary vessels. Bone window
settings should be utilized for contrast-enhanced images to
assist the recognition of cement emboli [8,18]. Additional con-
cern of fat marrow emboli may represent a diagnostic chal-
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lenge where the mediastinal window might aid in identifi-
cation [4]. Bliemel et al. found low incidence rate of asymp-
tomatic cement PE detection on screening plain radiographs
post-procedure and recommended proceeding with confirma-
tory CT imaging for suspicious cases [19].

There is no established protocol for the management of
cement pulmonary emboli. Treatment is recommended to re-
duce the risk of pulmonary embolism, pulmonary infarction,
and respiratory failure. In addition to analgesics, bed rest and
supplemental oxygen, anticoagulation is utilized to reduce the
risk of secondary thrombus formation and complication of
CTEPH. Systemic anticoagulation for 3-6 months is largely re-
served for symptomatic cement PE patients [4,20]. In large cen-
tral emboli with risk of cardio-respiratory decline, aggressive
treatment with pulmonary arterial embolectomy has been
suggested [13]. Interestingly, endovascular placement of IVC
filter to capture cement emboli, and its successful removal via
operative venotomy has been performed as primary preven-
tive measure [9,21]. Considering dyspnea on presentation and
bilateral distribution of subsegmental cement PE, our patient
was treated with long term anticoagulation. Six-months’ post
anticoagulation repeat imaging showed stable findings with-
out propagation of clot and its long -erm hemodynamic com-
plication of CTEPH.

In order to prevent potentially fatal complication of dis-
tant organ cement emboli, several measures have been sug-
gested in the literature. Elevating intraabdominal pressure
(prone-positioning) and intrathoracic pressures (manual in-
sufflation under general anesthesia) and thereby increasing
venous pressures might reduce the risk of extrusion of fat,
bone marrow, air, and bone cement into the intra and extra-
vertebral venous plexuses [22]. The risk of PMMA extravasa-
tion is increased in acute fractures (within 3-4 weeks) as frac-
ture lines are not yet sealed by hematoma and callus. Careful
patient and procedure selection (KP with balloon tamp pro-
ducing intra-vertebral cavity) might limit PMMA extravasation
[23]. Numerous technique related precautions have been dis-
cussed to alleviate the risk of cement emboli including use of
<4-6 mL of PMMA to augment 1 vertebral body, use of large-
caliber needles, correct handling of VP and/or KP mixture
(strictly adhering the manufacturer directions, avoiding too
early injection, injection during the transitional phase from
liquid to solid), and staged and/or fractional injection of ce-
ment with an immediate pause for about 20 seconds follow-
ing extravasation prior to proceeding again [16,22,24,25]. The
role of additional imaging has been evaluated. Antecedent in-
travertebral venography may be beneficial to determine the
optimal condition for VP and/or KP, however, recent investiga-
tions did not find significant impact of such approach, partic-
ularly when percutaneous VP and/or KP procedures are per-
formed by qualified, experienced operators[25,26] Moreover,
pooling of venography contrast may disturb the evaluation
of intraoperative PMMA extravasation, particularly for osteo-
porotic fractures with compromised blood flow. Choe Du et al.
proposed increasing the amount of barium in the PMMA mix-
ture, in order to detect even a minimum of extravasated ma-
terial [8]. Transesophageal echography may be considered be-
cause spinal instrumentation appeared to correlate signifi-
cantly with intraoperative pulmonary fat and bone marrow
embolism [27].

Conclusion

With the growing utilization of percutaneous vertebral aug-
mentation techniques of VP and KP, there’s increased recog-
nition of cement embolization into the distant vasculature.
Careful patient and procedure selection, appropriate handling
of bone cement mixture, modified techniques, intra and peri-
operative precautions, and early detection and management
of patients might contribute to reduce the risk of potentially
fatal complication of pulmonary cement emboli.
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