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Abstract
Pulmonary cement embolization is an infrequently reported complication of vertebral augmentation procedures. The two commonly used procedures to restore 
vertebral integrity following osteoporotic vertebral fractures or metastatic cancer are vertebroplasty and kyphoplasty. Kyphoplasty follows a modified technique 
to ensure safer deposition of cement into the vertebral body and, therefore, reportedly carries a lower risk of cement embolization. Cement can leak from the 
vertebral site into the immediately surrounding venous system, through the right atrium, and into the pulmonary arterial system. Cement extravasation and 
subsequent pulmonary cement embolism can result in acute distress and detrimental harm to the patient’s overall condition. Caution should be taken by clinicians 
to recognize and appropriately treat the condition accordingly.

We present three unique cases of cancer patients who developed pulmonary cement embolization following vertebroplasty or kyphoplasty. The patients presented 
with subsequent respiratory or cardiac symptoms, and CT scans revealed emboli residing within the pulmonary vasculature. After appropriate embolism 
management, the three patients recovered and continued with their respective cancer treatment regimens. Cement extravasation may be unpredictable, and 
the potentially asymptomatic presentation of pulmonary cement embolism may make it difficult to diagnose without proper imaging. We reviewed the current 
literature and provide recommended procedural guidelines and appropriate management techniques for clinicians to consider.
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Introduction
Percutaneous vertebral augmentation is commonly used for 

treatment of vertebral compression fractures from osteoporosis or 
cancerous lesions to relieve pain and restore height. Vertebroplasty 
and kyphoplasty are fluoroscopy-guided injections of poly-methyl-
methacrylate (polyMMA) cement into the vertebral body, usually 
through a transpedicular approach. Vertebroplasty involves 
deposition of polyMMA cement directly into the vertebral body 

matrix. Kyphoplasty is a modification of the traditional vertebroplasty 
technique, which uses a balloon tamp to create a low-pressure cavity 
within the vertebral body for cement deposition.

Complications, although rare, arise from both procedures due to 
cement extravasation outside of the vertebral body. Cement leakage 
has been reportedly lower for kyphoplasty compared to vertebroplasty 
[1-3]. One potentially catastrophic sequela of cement extravasation 
into the paravertebral veins is Pulmonary Cement Embolism (PCE), 
which has a reported rate between 3.5% and 23%, [2-4] and may lead 
to infarction of a significant portion of the lung depending on the 
size of the occlusion [5]. There have been multiple reports of cement 
pulmonary embolism following vertebroplasty in the literature, and 
to the best of our knowledge, not many cases of pulmonary cement 
embolism following kyphoplasty have been reported.

In this report, we present three cases of kyphoplasty or 
vertebroplasty preceding pulmonary cement embolization, along with 
the corresponding management and clinical significance. The purpose 
of this report is to help clinicians recognize and make appropriate 
management decisions in the event of cement embolization following 
kyphoplasty.
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Case Presentation
Patient #1 is a 64-year-old man who presented 4 months previously 

with new-onset back pain, was found to have multiple lytic lesions 
throughout his skeleton, and was diagnosed with multiple myeloma. 
He received radiation therapy to a T9 costovertebral lesion and had 
temporary relief of his back pain. He then presented with recurrent 
back pain and underwent T9 and L4 kyphoplasty under fluoroscopy, 
with transpedicular cannulation of T9 and L4, biopsies, and midline 
curetting. At L4, a bilateral approach was used. Cement injection was 
performed using the Stabili-T® System (DFINE® Inc., San Jose, CA, 
USA) under biplanar fluoroscopy, with no cement leakage noted after 
10 mL of cement was injected into L4 and subsequent injection of 4.2 
mL of cement into T9. After the kyphoplasty, the patient complained 
of dyspnea and band-like chest pain with inspiration, which was 
ruled-out as cardiac in origin and which was initially thought to be 
due to his T2 compression fracture. A Computerized-Tomography 
(CT) pulmonary angiogram revealed cement extravasation from the 
T9 vertebral body into the azygous vein, Superior Vena Cava (SVC), 
and Right Atrium (RA), with cement embolus within the left lower 
lobar Pulmonary Artery (PA). Anticoagulation with dalteparin was 
initiated, and the patient was transferred to a tertiary care facility. 
Cardiothoracic Surgery consultation was obtained. As there was no 
obstruction of flow through the SVC or RA and since his dyspnea 
resolved, medical management was recommended over surgical 
intervention. His last follow-up was 17 months later, with new 
diagnoses of hypercalcemia-induced seizure disorder and acute 
renal insufficiency, but with no apparent sequelae from his cement 

embolization (Figure 1-3).

Patient #2 is a 44-year-old woman who presented one month 
previously with new-onset back pain and was found to have L2 
compression fracture. Biopsy of L2 initially was diagnosed as metastatic 
low-grade neuroendocrine carcinoma of unknown primary, although 
she was subsequently diagnosed with metastatic breast cancer. She 
underwent right lateral L2 corpectomy, followed by percutaneous 
L1-L3 instrumented fusion, with the pedicle screws augmented 
with cement. She was subsequently found to be tachycardic, and 
CT pulmonary angiogram revealed embolized cement within the 
left lower lobar PA and extending into the lingular PA branch. As 
the patient had persistent tachycardia, with associated findings of 
jugular venous distention and heart murmur, an echocardiogram was 
performed, which revealed a 1.1-cm x 0.5-cm echogenic structure 
within the right atrium, but which could not be further characterized. 
The patient was initially anticoagulated with dalteparin, which was 
subsequently switched to enoxaparin for 4 months, and then to 
rivaroxaban for another 2 months, after which anticoagulation was 
discontinued. She continues to undergo treatment for her metastatic 
breast cancer 22 months after her cement embolization (Figure 4).

Patient #3 is a 65-year-old man who initially presented 5 months 
previously with acute renal failure and was diagnosed with multiple 
myeloma. He developed progressive back pain and was found to have 
multi-level pathologic compression fractures. He first underwent 
T8-T12 kyphoplasty. Under biplanar fluoroscopy, Jamshidi needles 

Figure 1: Coronal image from Computerized Tomography (CT) pulmonary 
angiogram revealing a cement embolus within the azygous vein of Patient 
#1.

Figure 2: Coronal image from Computerized Tomography (CT) pulmonary 
angiogram revealing a cement embolus within the left lower lobar pulmonary 
artery of Patient #1.

Figure 3: Axial image from Computerized Tomography (CT) pulmonary an-
giogram revealing a cement embolus within the left upper lobar lingular pul-
monary artery of Patient #2.

Figure 4: Axial image from Computerized Tomography (CT) pulmonary an-
giogram revealing a cement embolus within the left lower lobar pulmonary 
artery of Patient #2.
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were used to cannulate the vertebral bodies, and an osteotome was 
used to create a cavity within the vertebral bodies. Kyphoplasty was 
then performed using the Stabili-T system, with 3.8 mL of methyl-
methacrylate injected at T8, 4.9 mL at T9, 2.6 mL at T10, 4.1 mL 
at T11, and 1.9 mL at T12 under direct biplanar fluoroscopy. Two 
months later, the patient underwent L2 biopsy and kyphoplasty in a 
similar fashion, with 4.1 mL of methyl-methacrylate injected at L2. 
During evaluation for possible stem cell transplant 2 months after this 
latter kyphoplasty, he was admitted at an outside facility for suspected 
pneumonia and was found to have cement emboli in his lungs. He 
was transferred to a tertiary care facility and underwent an attempted 
right pulmonary artery embolectomy. However, the embolectomy 
was complicated by bleeding, and right lower lobectomy was 
performed. His postoperative course was complicated by Clostridium 
difficile colitis, acute-on-chronic renal failure, hyperkalemia, and 
supraventricular tachycardia. His condition returned to baseline, 
and he was able to be subsequently discharged from the hospital. 
He currently continues to receive chemotherapy for his myeloma 18 

within pulmonary artery branches.

Risk of cement leakage is elevated with high pressure of cement 
injection, low viscosity of cement, and high volume of cement 
injection [1]. It has been recommended that vertebral body cement 
injection should not exceed 4 mL to 6 mL and that cement be of a 
tooth-paste like consistency before injection [2,3]. Pre-operative 
venograms and positioning the patient in prone position have been 
suggested to decrease risk of embolization [5], and use of IVC filter and 
surgical intervention was successful in preventing pulmonary cement 
embolism in one report [6]. Appropriate precaution and adherence 
to recommendations may lower the risk of cement extravasation and 
concurrent pulmonary cement embolism.

Post-operative screening for cement pulmonary embolization 
may be challenging due to its variable clinical presentation, but it is 
still of high importance. Since cement emboli can be detected with 
X-ray imaging, it has been widely recommended that chest X-rays be 
conducted post-operatively in both symptomatic and asymptomatic 
patients. [1-5].

Treatment would be recommended for symptomatic patients or 
patients with a large embolism. A non-surgical approach of heparin, 
followed by six months of warfarin is preferred for most cases. Surgical 
removal should be reserved for cases of a large embolism, when 
normal respiratory or cardiac function is threatened [3]. Shape of a 
venous embolus should also be considered, as larger, sharper emboli 
can cause substantial damage to the vasculature and walls of the heart 
[6]. Surgical or endovascular removal clearly presents an invasive 
procedure with risks and should not be used in all cases, especially 
when the patient is reporting no respiratory symptoms.

Conclusion
Pulmonary cement embolization is a clinically significant, though 

underreported, complication arising from cement extravasation 
during vertebral augmentation procedures. With prompt recognition 
and appropriate management, all three patients in this report recovered 
from cement pulmonary embolization or subsequent sequelae (patient 
#3) and continued with their respective chemotherapy regimens. 
Recognition may provide a challenge for clinicians, as PCE has 
variable presentation and may follow an uncomplicated surgery. Post-
operative screening is recommended for all patients, and treatment 
is only recommended for symptomatic patients or patients with 
large emboli. Anticoagulant therapy is recommended for these cases, 
as embolectomy may present additional risks and should only be 
considered for significant emboli with cardiopulmonary dysfunction.
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months after the right lower lobectomy (Figure 5).

Discussion
Although complications following percutaneous vertebral 

augmentation are uncommon, one sequela of cement extravasation, 
pulmonary cement embolization, should be acknowledged due to its 
potential harm. In this report we detailed the background and clinical 
presentation of three cases of pulmonary cement embolization 
following kyphoplasty.

Clinical presentation is variable due to the asymptomatic nature 
of pulmonary cement embolization, and it is often diagnosed 
incidentally with post-operative imaging.  PCE has been reported 
that fewer than 1% of cases present with respiratory symptoms [2,4]. 
For this reason, the true incidence of the event may be difficult to 
estimate. If neglected, large pulmonary emboli can cause irreversible 
damage to the lungs, irregular heart rhythms, and death.

In patients with a symptomatic presentation, respiratory 
symptoms may present during the procedure or any time after. 
Reported cases range from the same day as the procedure, or even 
days [4,5] to weeks [1,2] after the procedure. Unpredictable timeline 
and variety of symptoms, or lack thereof, complicate the presentation 
of pulmonary cement embolization. However, X-ray and CT imaging 
has shown to be sufficient in detecting the radiopaque cement lodged 
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