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Abstract 

Pulmonary Embolism of Cement (PCE) is considered a catastrophic complication of 

kyphoplasty. Considering the predilection of thoracic and upper lumbar levels as well as the 

role of valveless vertebral plexus and abdominal caval system, we report the utility of 

performing an intra-osseous phlebography in the fractured vertebral body visualized through 

lateral view fluoroscopic cine-images to assess the direct contrast efflux towards the Inferior 

Vena Cava (IVC). The flow patterns of anterior external vertebral venous plexus and its 

tributaries are depicted using schematic diagrams and fluoroscopic images. Stepwise technique 

of this perivertebral venogram is discussed as well as recognition of confounding paravertebral/ 

radiculomedullary arterial anatomy post ballooning. The new venous channels opening up after 

balloon inflation are highly likely to be the surrogate pathways for cement embolization to the 

heart and pulmonary artery. This simple additional imaging step (“antegrade inferior vena 
cavogram”) helps to avoid anterior venous plexus extravasation of cement towards the IVC, 

using bipedicular contrast lavage and sequential injection using different viscosities and hence 

varied setting times for the cement administered through each pedicle. This article also 

highlights the management of pulmonary embolism using interventional radiology as well as 

open surgical methods. The article also eludes into some alternate vertebral augmentation 

device strategies to achieve complete obviation of cement extravasation outside the confines of 

fractured vertebral bodies as well. 

 

Keywords: Vertebral Phlebography; Contrast Venogram; Balloon Kyphoplasty; Pulmonary 

Embolism; Cement Extravasation 
   

Abbreviation 

IVC: Inferior Vena Cava; VCF: Vertebral Compression Fractures; PCE: Pulmonary Cement Embolism; PMMA: 

Polymethylmethacrylate; PTE: Polyethylene Terephthalate; CFK: Catheter Fabric Kyphoplasty 

 

Introduction 

Over the past decade, there is a surge of evidence about fast and sustained pain relief, reduced use of pain medication and 

improved mortality after kyphoplasty in Vertebral Compression Fractures (VCF) [1-8]. Vertebroplasty, kyphoplasty, lordoplasty 

and stentoplasty are effective minimally invasive treatments reported in literature for stable vertebral compression fractures 

without compression of the spinal cord or neural foraminal structures. Luginbhul, et al., in 2020 published a review citing 4.6-

6.8 % incidence of asymptomatic Pulmonary Cement Embolism (PCE) depending on cement viscosity, injection pressure and 

number of injected vertebrae treated [9-11]. Wang, et al., cite kyphoplasty safety studies finding an occurrence of cement 
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embolisms 8%-33% with 0.5%-4% of those cases being symptomatic [10,18]. Martin Lopez JE in 2015 reported in a level II 

systematic review that stentoplasty is comparable to kyphoplasty in terms of kyphosis correction, radiation exposure and cement 

extravasation [12]. Agko, et al., cites the same occurrence of reported cement leakage as a complication of kyphoplasty (8.6%-

33%) and 30%-75% for vertebroplasty [1]. Agko, et al., additionally cites the risk for pulmonary embolism as being 0.4% for 

kyphoplasty and 0.9% for vertebroplasty [1]. 

  

Pulmonary Cement Embolism (PCE) is caused by cement leak into the paravertebral venous system then into the pulmonary 

artery via the azygos vein [14-17]. Subsegmental fragments are often asymptomatic, while a large central embolism in pulmonary 

artery or a saddle embolism causing cardiac issues get symptomatic faster. There has not been any age or sex predilection for 

pulmonary cement embolism, hence the anatomical factors (bone mineral density, anterior cortex fracture, large basivertebral 

vein etc), injection technique (large volume, high pressure etc), biomaterial characteristics of the cement (viscosity, prothrombotic 

nature etc), presence of Inferior Vena Cava (IVC) filter etc are crucial [1]. The relevance of venous drainage of vertebral bodies 

with respect to kyphoplasty has been recently published by Iwanaga, et al., in an anatomical study [7]. Considering that the 

reported cases of PCE in literature arose in mostly thoracic and upper lumbar vertebral fractures, the venous drainage is shared 

between between valveless vertebral plexus and abdominal caval system and no vessel imaging is typically performed before 

balloon kyphoplasty in regular VCF.  

 

We feel that any intraoperative phlebography information can be used as a test for identifying surrogate venous channels that 

can potentially lead to pulmonary embolism. We report a patient who underwent a pre-cementing phlebography of VCF where 

a persistent contrast efflux was seen into the inferior vena cava, which was getting filled via prevertebral or paravertebral venous 

plexus (Fig. 1). 

 

 
Figure 1: A-D: The kyphoplasty cannula is inserted into the T9 vertebral body via a transpedicular route, after verifying the 
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level of fracture fluroscopically. The contrast injection revealed a remarkable swift egress of contrast into the Inferior Vena 

Cava (IVC), through bridging vein(s) in the prevertebral/ paravertebral region (Manjila sign), draining into the IVC, Delayed 

fluoroscopic images show the efflux of contrast from the IVC towards the heart. Images E-H show the bipedicular access at the 

same vertebral level, left transpedicular injection showing veins in the spinal canal draining into the perivertebral area, F 

revealing status post unilateral balloon inflation, G: phlebogram via contralateral pedicle showing more venous anatomy 

visualized in the spinal canal and H showing viscosity-adjusted cement delivery with no radiological evidence of local 

extravasation. Image I showing a schematic diagram explaining the path of cement leaving the vertebral body via draining 

veins to inferior vena cava. This can lead to right atrium and pulmonary vessels. Images J to O show the balloon inflation can 

lead to increased visualization of new venous channels while treating multiple VCF levels in severe osteoporosis.  Image J 

shows upper level of VCF accessed bipedicularly, minimal stagnation of pervertebral venous drainage, K showing minimal 

venous structures seen in spinal canal and L showing completion of kyphoplasty. Image M shows access to inferior level 

vertebra using bipedicular access and increased visualization of veins in the spinalcanal in N and cautious cement delivery into 

the vertebral body without extravasation in image O. 

 

Ethical Statement 

The project did not meet the definition of human subject research under the purview of the IRB according to federal regulations 

and therefore was exempt. 

 

Illustrative Case: 

This 76-years old thin built caucasian lady with known osteoporosis presented with mid thoracic back pain and MRI scan showed 

three contiguous acute vertebral body fractures in T7-9 levels. Contrast venogram in this case before balloon inflation in T9 

vertebral body showed direct flash filling of inferior vena cava, possibly via draining tributaries. This radiological finding warned 

us about the patent venous drainage that could be a surrogate conduit for fast transit of cement into the IVC. Once a flash 

visualization of IVC was noted in a standard transpedicular contrast injection, another 3-cc continuous slow injection of 

Omnipaque -250 was used under live fluoroscopic imaging (Fig. 1) We aborted further balloon inflation and chose to use a 

hyperviscous, low volume, low pressure cement injection initially, to create an intracavitary lining, followed by remaining lower 

viscosity cement after waiting for 30 seconds. 3 cc of Kyphon high viscosity bone cement was used at this level and the procedure 

was completed without any extravasation of bone cement at this level. Of note, the T7 and T8 vertebral bodies did not show any 

venous communication to the IVC on phlebography. 

 

Anatomy of Vertebral Venous Plexus and Relationship to Inferior Venacava 

Extracorporeal venous architecture in thoracolumbar spine is very complex, especially with the communication to Batson’s 
plexus and Azygos system of veins. The paravertebral venous plexus comprises of the anterior and posterior internal and 

external venous plexuses which are in communication with each other (Fig. 2,3) A basivertebral vein in median location is 

suggested as one of the anatomic variants when hypertrophic, that predispose to embolism of cement [19]. This vein eventually 

communicates with epidural veins, prevertebral veins and the inferior vena cava via azygos veins or lumbar paraspinal veins 

independently. The inferior vena cava is formed at the L5 vertebral body level anteriorly and then lies retroperitoneal to the right 

of midline. Then it pierces diaphragm at level of T8 vertebral body. Importantly, these venous tributaries should not be confused 

with the radiculomedullary artery - which is smooth, less tortuous and follows a definite path extending from anterior vertebral 

body wall posteriorly to the neural foramen, beneath the pedicle of the same vertebra.  

 

Reports from vertebroplasty literature recommend a maximum of 4-5 cc cement per vertebral level and a maximum of 6 levels 

treated per session with a maximum 20-30 cc PMMA. Wang et al showed that kyphoplasty performed on 4 or more vertebral 

levels was not found to increase risk to patient safety and it might decrease unnecessary risks associated with multiple operations 

and anesthesia sessions [18]. 
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Figure 2: A: Contrast syringe loaded with 5 cc Omnipaque 250 in homolateral pedicle while the contralateral pedicle has 

kyphoplasty balloon positioned in situ; B: Saline irrigation through the cannula is undertaken if the contrast stagnation is noted 

within the vertebral body; C: Contralateral pedicle is then accessed through the cannula, the above procedure is repeated. 

Often times, the saline will emerge through the contralateral cannula on ipsilateral injection, like a vertebral “lavage” reported 

in vertebroplasty literature, showing occasionally bloody return as in D:  Sometimes some persistent fresh vertebral body 

bleeding can be seen, especially in acute fractures, however the cement injection will seal the fracture site to achieve 

hemostasis, however should be done with extreme caution under fluoroscopic imaging. 

 

 
Figure 3: A: Schematic diagram of venous drainage to inferior venacava (corresponding to T8-L5 vertebral levels), with relation 

to the azygos system which handles most of the drainage from paravertebral veins; B. The anterior and posterior external and 

internal confluence of veins and the basivertebral median vein are depicted in drawing of axial plane; C: sagittal view 

depicting the same anatomy of perivertebral plexus, especially the corresponding venous anatomy which is crucial during 

intraoperative phlebography - “ inferior vena cavogram” due to tributaries leading from the fractured vertebral body. Of note, 
understanding the venous anatomy can help plan cement injection via contralateral pedicle (in bipedicular access) and in 

adjacent levels (especially in multilevel fractures needing cement augmentation) can help preventing inadvertent cement 

extravasation at those levels; D: Spinal arterial anatomy that helps identifying a segmental radiculomedually artery seen on the 

lateral fluoroscopic image as a vessel, less tortuous and following the anatomy from anterior vertebral body to the neural 

foramen, unlike venous drainage. 
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Antegrade Cavogram Technique via Vertebral Phlebography 

As a part of balloon kyphoplasty, the Jamshidi needles are inserted into the pedicles under AP and lateral fluoroscopy in a 

standard fashion. Then 2 cc of undiluted Omnipaque-250 contrast is injected through each pedicle into the vertebral body. This 

can be started with the homologous pedicle via 12.8 mm inner diameter cannula (Medtronic Inc, MN) and Expander II balloon 

which has a hollow stylet. Then the contralateral pedicle is accessed for contrast phlebogram. The speed of contrast injection can 

be adjusted if there is non-opacification of bridging veins. One should carefully look for de novo venous channels that open up 

after balloon inflation. If there is contrast -visualization of bridging veins, extreme caution should be exercised and the use of 

sequential injections - hyperviscous, low volume, low pressure contrast injection initially- is recommended. This is followed by 

serial fluoroscopic imaging (or cine fluoroscopy), at 30 seconds and again at 1 minute. These delayed images would show the 

focal extravasation of cement if any. Once the intracavitory cement is formed into a thin shell lining the void, further injection of 

less viscous, small amount, low pressure injection can be continued with serial imaging [4]. 

 

If there is significant extravasation seen in lateral and AP view, a delayed 2 min and 5 min fluoroscopic images are taken to 

ensure that the distal cement flow is not entering the IVC. If there is clear evidence of systemic migration of prevertebral cement 

into IVC, a chest fluoroscopic image is also done to screen for cement, however the radiologic differential diagnosis includes a 

calcified granuloma eroding into the pulmonary artery, calcified lymph node and a calcified thrombosed pulmonary artery 

aneurysm. Hence a CT chest/ abdomen would be the next prudent step. 

 

Of note, AP view is unreliable due to overlap of bony anatomy and inadequate visualization of bridging veins draining antegrade 

to IVC. Hence, irrigation of contrast and saline into the vertebral body is considered a generous vertebral body “lavage”, before 
injecting cement (Fig. 2) [6]. The contrast venogram technique can display varied patterns of venous opacification in acute spinal 

trauma cases compared to regular osteoporosis.  

 

We advocate pre- ballooning and post- ballooning contrast venograms in order to understand the opening of newer channels as 

a result of ballooning itself, reorganizing and repositioning local fracture fragments. Many would consider these a superfluous 

step, as they would follow a logical and cautious differential-viscosity cement injection regardless of high-risk venous anatomy. 

With added phlebographic information, the injection velocity modulations and differential viscosites of cement can be done 

better during injections of the same and adjacent levels respectively (Fig. 1) There are contradicting opinions on the efficacious 

use of vertebral phlebography in the early vertebroplasty literature, despite higher risk of PCE compared to balloon kyphoplasty. 

Some believe that the pre-cementing venography does not reliably predict contrast leak due to contrast dilutions, bone conditions 

like osteonecrosis or Kummell’s disease or extracorporeal spillage into disc space. The direction of the flow of contrast into IVC 

is rarely seen in antegrade cavogram via vertebral veins as there are various alternate channels which are slow cannot hit the 

large vessel during the normal time of contrast injection. We believe that a higher volume should be used if IVS is visualized, as 

it is suggestive of a larger flash venous shunt. Visualization of a significant efflux of contrast i.e venous blood directly into IVC 

(Manjila sign) (Fig. 4) can have serious implications, if the cement extravasates and gets carried antegrade into pulmonary 

vasculature. Just like anecdotal reports of renal vein embolization, there are reports of cement embolization via retrograde 

migration into aorta and anterior spinal arterial system producing neurologic deficits.  

 

Technological Modifications in Balloon Kyphoplasty  

The technological modifications stem from both improvisation of cement characteristics and intravertebral use of device itself. 

Apart from using PMMA, various combinations of PMMA mixed with barium or tungsten upto 30% by weight were tried for 

improving opacification, however its nondegradable and toxic properties were unacceptable.  Calcium Phosphate Cement (CPC) 

and polypropylene fumarate were among the other biomaterials used to improve the cement characteristics. 

 

To develop a contained-cement device for VCF augmentation, many meshed bags are used effectively such as Optimesh, 

Vesselplasty and Catheter Fabric Kyphoplasty (CFK). Optimesh utilizes an inflatable bag introduced via pedicle or 

extrapedicularly into the vertebral body in its reduced configuration and, once positioned within the vertebra, is expanded and 

eventually filled with bone chips. Vesselplasty is another device which utilizes an artificial container made of Polyethylene 

Terephthalate (PTE) instead of balloon. Catheter Fabric Kyphoplasty (CFK) is another breakthrough cement delivery system in 

which an expander made up of fabric was left behind in the vertebra until the cement solidified. Another Chinese inflatable 

mesh-bag-shaped bone filler allows the cement diffuse through the meshes and cement distribution controlled by mesh bag [3]. 
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Benevue kyphoplasty is another modern technology with a sideways delivery of coil followed by PMMA bone cement delivery. 

(Fig. 4,5) KIVA implant is yet another one where a steerable needle tip without ballooning. Flexible unipedicular technologies 

came into existence recently under Medtronic, Stryker, Vexim etc. However, distinctively, Blazer device (with steerable tip in a 

standard flexible tip kyphoplasty) and Osseon (fenestrated steerable tip kyphoplasty needle with inflation of a built- in / mounted 

banana shaped balloon) were developed later. Fig. 5 shows the device options which does not employ standard cement delivery 

methods. Yet another development was the bipedicular titanium device called SpineJack implant for restoring height in VCF [5]. 

 

 
Figure 4: A: An antegrade venous drainage ( “inferior vena cavogram”) during vertebral phlebography (pre-cement injection ) 

and a rapid efflux of contrast from the inferior venacava. This lateral view contrast venogram reveals the surrogate path for 

extravasated bone cement that can potentially lead to a catastrophic pulmonary embolism (Manjila sign); B: Schematic 

representation of the pre/ paravertebral venous channel(s) that allow contrast drainage into the inferior vena cava before or 

after balloon inflation during kyphoplasty, with pedicle transpedicular cannula in situ. Although the paravertebral veins drain 

mostly via azygos system, the fractures themselves or fragments compacted by balloon inflation can open up channels that 

lead to the anterior external vertebral venous plexus or some direct tributaries into the inferior vena cava (as shown in B), 

suggesting a huge risk of extravasated kyphoplasty cement following the same path resulting in a fatal pulmonary embolism. 

 

 
Figure 5: Various device modifications used to avoid cement extravasation. A; Benevue kyphoplasty with a sideways delivery 

of coil followed by PMMA bone cement delivery: KIVA implant after using steerable needle  tip without ballooning. B. Blazer 

device with steerable tip in a standard flexible tip kyphoplasty method. C.   Osseon fenestrated steerable tip kyphoplasty 

needle with inflation of a built- in / mounted banana shaped balloon.  D. Osseon showcasing a viscosity- adjusted delivery of 

cement using unipedicular access though fenestrated curved tip kyphoplasty needle and. E Optimesh cage filled with 
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compacted bone chips without cement injection, thereby obviating the risk of pulmonary embolism. 

 

Management of PCE Cases 

The management includes early diagnosis and treatment which includes hypotension, arrhythmia and oxygen desaturation. If 

the symptoms occur during surgery, abandon further cement injection and make the patient supine. If a patient becomes 

symptomatic in the recovery area or after days/ weeks, the strategy should comprise of avoiding hypoxia and hypotension, 

before getting definitive radiological diagnosis of the extent and location of PCE using echocardiogram, CTA chest or MRI chest. 

[13]. Supplemental oxygen can be administered via facemask to maintain PaO2>60 mm Hg and SaO2>90%; a tracheal intubation 

and mechanical ventilation is to be performed if there is no improvement. If there is a history of seizures, anticonvulsants should 

be added. Anticoagulation such as low‐molecular‐weight heparin/ enoxaparin/ Anti-Xc should be administered immediately to 

reduce the danger of pulmonary infarction and prevent delayed consequences of a retained thrombogenic foreign material.  

Using minimally invasive endovascular method, the cement can be snared out through the pulmonary artery, tricuspid valve 

apparatus, into the inferior vena cava and pulled distally through the right common iliac vein [2,9,20]. If endovascular 

intervention is technically not feasible, an emergent open thoracotomy/ sternotomy is needed, modified to suit atriotomy, inferior 

cavotomy, tricuspid annulotomy, repair of cardiac perforation, evacuation of pericardial effusion/ hematoma etc depending on 

the clinical situation.  

 

Conclusion 

The article highlights the perils of pulmonary cement embolism during a balloon kyphoplasty. It is reassuring for the spine 

surgeon to watch out for early PCE if he can visualize the perivertebral venous anatomy by doing a contrast phlebography 

intraoperatively before injection of cement. The management algorithm is outlined with a synopsis of improvised non-cement 

technology in kyphoplasty. 
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