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Asymptomatic Pulmonary Cement Embolism after
Cement-Augmented Pedicle Screw Instrumentation:
A Case Report
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Cement-augmented pedicle screw instrumentation (CAPSI) is a widely used surgical technique
in osteoporotic patients. Since CAPSI improves the pull-out strength of screws and enhances
bone density of the screwed vertebral body, it can prevent fixation related complications such
as screw loosening, and cage subsidence can be prevented. However, several complications due
to cement leakage have been reported. Herein we describe a rare case of asymptomatic pulmonary cement embolism (PCE) after CAPSI. A 65-year-old osteoporotic patient was diagnosed
with Kummell’s disease at T10. Vertebroplasty at T10 and cement augmented posterior fixation
with posterolateral fusion were performed at 2 levels above and below. Postoperatively mild
fever, and sputum formation were observed. On a simple chest tomographic image, diffuse
PCE was visible on both lung parenchyma. Since his symptoms were not related to PCE no anticoagulant was added to his medication and he was managed conservatively. After conservative
care, he was discharged without pulmonary symptom. PCE after CAPSI has been reported in
several articles and it can end in the death of the patient. When asymptomatic PCE is detected,
close observation with conservative care is a feasible therapeutic strategy.
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INTRODUCTION
Pedicle screw fixation is widely performed for the treatment
of patients suffering from trauma, tumors, and degenerative
diseases. As the proportion of elderly individuals in the population increases, the demand for surgical management for osteoporotic patients with poor bone quality has also increased.
Screws insertion in osteoporotic vertebrae became a prevalent
challenge. Pedicle screwing in the osteoporotic cancellous bone
can result in screw loosening, or bone collapse. To overcome
this issue, several surgical techniques and instruments were
developed such as bicortical purchase of the screw, expandable
screws, and cement-augmentation pedicle screw instrumentation (CAPSI). Cement augmentation not only provides an optimal fixation strength, but also enhances the density of the
instrumented vertebral body, leading to prevent further subsidence of the vertebral body and the progression of kyphotic
deformity. The biomechanical efficacy of CAPSI with poly-
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methylmethacrylate (PMMA) and calcium ceramics has been
5)
demonstrated in many articles . CAPSI has been found to
enhance pull-out strength in both osteoporotic vertebrae and
revision spine surgery models. However, there are several
complications related to cement insertion such as cement leakage through the venous system or adjacent bone fractures.
Local cement leakage to the spinal cord or nerve root through
the basivertebral veins can cause myelopathy or radiculopathy.
Unlike the complications from cement leakage into the basivertebral veins, leakage into segmental veins was reported
to be related to more systemic and severe complications like
9,17)
pulmonary cement embolism (PCE) . If the embolic volume
of the cement is not large enough to block the main vessels
of the heart or lung, the leak is unlikely to cause adverse
symptoms. However, when the volume is large enough to
interfere with venous flow, the result can be fatal. Herein we
report a rare case of asymptomatic PCE after CAPSI in a severely
osteoporotic patient. We present the following case in accordance with the CARE Guideline.
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CASE REPORT
A 65-years-old man visited the outpatient clinic due to persistent severe back pain with a pain intensity of 8 on the
visual analog scale (VAS) and worsening paraparesis over a
period of 2 months. He was diagnosed with T10 burst fracture
2 month earlier at a private clinic. After 2 weeks of bed rest,
self-ambulation was possible with stabilizing orthosis and he
was treated conservatively. However, his pain later became
aggravated and motor power for both lower limbs weakened

Fig. 1. (A) T2 sequence sagittal magnetic resonance image shows
high signal change on spinal cord due to encroachment of fractured bony
fragment at T10 level (white arrow). (B) Computed tomography shows
air density at intervertebral space of T10 vertebral body (white arrow).

to grade 3, causing him to visit to the outpatient clinic in a
wheel chair.
On magnetic resonance image and computed tomography
(CT), partial bony encroachment and spinal cord compression
at the T10 level were visible (Fig. 1). We diagnosed him with
Kummell’s disease. Severe osteoporosis was confirmed by a
T-score of -3.3 on dual-energy X-ray absorptiometry (GE Lunar,
Madison, WI, USA) scan. Vertebroplasty (VP) at T10 and cementaugmented posterior fixation with posterolateral fusion 2 levels
above and below were planned. After VP was performed with
6 cc of PMMA through bilateral pedicles on T10, each pedicle
screw insertion site was augmented with 2 cc of PMMA. During
the injection of cement at T11 and 12 cement leakage to the
anterior segmental veins was visible. Further injection was immediately halted and there was no obvious unstable hemodynamic change.
Postoperative thoracolumbar simple tomography showed
cement leakage at the anterior segmental vein of T11, T12
and chest X-ray showed multiple PCE on both lung parenchyma
(Fig. 2). Since the patient experienced no respiratory distress
or chest pain he was treated conservatively with mucolytics
and oral analgesia. On post-operative day (POD) 2, his back
pain subsided significantly (VAS 3) and he could walk with
the assistance of a walker. Line 76: POD 6, the patient had
mild fever and sputum with an increased level of C-reactive
nd
protein (CRP; 249 mg/L). Therefore, intravenous 2 generation
cephalosporin was administered. There were still no signs of
dyspnea, tachypnea or cyanosis and arterial blood gas analysis
was within the normal range. Since his symptoms were not
related to PCE we didn’t add any anticoagulant to his medication. On POD 16 his muscle strength of lower extremity
improved to grade 4 and he could walk without assistance.
CRP levels had decreased to 9.8 mg/L and he was discharged
without any pulmonary symptoms.

DISCUSSION

Fig. 2. (A) Postoperative thoracolumbar simple tomograph shows
cement leakage at anterior segmental vein of T11, T12 (white arrows).
(B) Chest X-ray shows multiple hyperdense lesions on both lung
parenchyma indicating pulmonary cement embolism (white arrows).

The incidence of PCE in VP or kyphoplasty (KP) was repor10,11)
. Although the incidence of PCE
ted to be 3.5% to 23%
after CAPSI is not well known, there have been several case
reports and clinical studies reporting the occurrence of PCE
following the procedure. Those were found on pubmed.org
by searching with keywords of “cement”, “pedicle screw”, and
“embolism” and symptomatic cases are listed in Table 1. There
were total 103 cases of PCE after CAPSI reported in the literature
and 34 of these patient suffered from symptoms such as shortness of breath, dyspnea, tachypnea, cyanosis, chest pain, cough,
hemoptysis, dizziness, and sweating. The other patients were
asymptomatic. Unfortunately 3 patients out of 34 were died
due to fulminant pulmonary embolism and one patient under6)
went pulmonary arteriotomy . For patients who experienced
mild or no symptoms, close observation with conservative
care or prophylactic anticoagulation was undertaken. PCE was
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Table 1. Reported PCE after CAPSI (articles are listed based on published year)
Type of screw and No. of PCE cases
Symptom
References
Year
Treatment
augmentation material
(PCE/total)
(symptomatic patients/PCE)
2010 Solid/Palacos
1/1
Dyspnea, hypoxia
Pulmonary arteriotomy
Rasch et al.11)
1/1
Dyspnea, tachypnea
LMWH and warfarin
Tonolini and Bianco14) 2012 Solid
4)
2013 Fenestrated
12/42
No life-threatening symptoms
El Saman et al.
20)
2013 Solid
1/1
Sudden death
Zheng et al.
6)
2017 Solid
8/31
Chest discomfort (8/8)
LMWH and warfarin
Erdem et al.
9)
2017 Solid
13/165
3 deaths, 2 anaphylactic shock (5/13) LMWH and warfarin
Janssen et al.
16)
2018 Fenestrated
46/281
Hemodynamic instability (4/46)
LMWH and warfarin
Ulusoy et al.
7)
2019 Solid
11/202
Dyspnea, instability (2/11)
Conservative care
Guo et al.
PCE: pulmonary cement embolism; CAPSI: cement-augmented pedicle screw instrumentation; LMWH: low-molecular-weight heparin.

occurred with both solid and fenestrated pedicle screws, but
13)
Sun et al. reported that cement leakage was significantly
less common in the fenestrated screw group. The incidence
of PCE may be underestimated because postoperative chest
CT scans are rarely performed and most patients are asymptomatic as in our case. Some cases presented an insidious
onset several months after surgery, therefore thorough evaluation of postoperative simple chest X-ray images is essential.
Cement leakage can occur in several types of peri- or intravertebral body veins. These include the basivertebral veins,
hemiazygos veins, azygos veins and segmental veins. The segmental veins are known to connect directly to major vessels
like azygos vein or inferior vena cava (IVC) which connect
9)
to the right heart and pulmonary artery . Above the T10 vertebral levels some azygos or hemiazygos veins directly drains
into the pulmonary artery16). Therefore cement leakage to the
perivertebral segmental, hemiazygos or azygos veins should
be considered as main route to PCE. These 2 types of vein
are relatively short and tend to connect directly to the main
vessels. Cement leakage through the segmental vein was correlated with right-side-pedicles and a large volume of cement
7)
in a previous study . When a large volume of cement occupies a small cavity, the intracavitary pressure increases, causing
extravasation of the cement to the segmental veins. Right segmental veins are closer to the IVC and shorter than veins on
the other side.
A larger volume of cement, lower viscosity, higher fracture
severity grade, the presence of an intravertebral cleft, and the
lack a cavity creation prior to cement insertion are risk factors
7)
for cement leakage . The risk factors of cement leakage to
these vessels can be divided into 3 groups. Risk factors in the
first group are related to poor bone quality. In osteoporotic
patients, cancellous bone of the vertebral body is more porous
and thus has a higher probability of leakage. Malignant tumor
on vertebral body defects the cortical bone and neo vasculariza8)
tion are reasons for more cement leakage . In trauma patients,
higher fracture severity grade, and the presence of an intravertebral cleft are the risk factors. Risk factors in the second
group are related the level or number of operated vertebrae.

24 www.thenerve.net

Instrumentation for more than six segments and thoracic level
surgery are considered riskier. Proximity to the pulmonary veins
and heart would be a reason for frequent PCEs following
9)
thoracic level CAPSI . Risk factors in the third group are related
to surgical technique, and instruments. Viscosity and the amount
of cement material used are critical factors. Viscosity is not
a measurable value; therefore, despite the ambiguity, toothpaste-like viscosity is generally recommended. Low viscosity
can cause early leakage before the hardening of the cement
by polymerization of the PMMA. The higher the volume of
cement used the higher the risk of cement leakage will be,
as reported in several articles. Too much cement will increase
pressure in the intra-vertebral body cavity, facilitating the
2,15)
migration of cement to the IVC . Creating a large enough
cavity prior to cement augmentation is recommended to control
the intracavitary pressure. This is supported by the findings
from a post-mortem cohort in which PCE was significantly
3)
more common in the VP group than the KP group . Technically, gradually pulling out the bone needle while injecting
the cement will result in a larger cavity and help adjust the
intracavitary pressure. In our case, Even though the patient
had inevitable risk factors like severe osteoporosis, and multiple
thoracic instrumented levels, PCE could be prevented by recognizing the importance of the technical and material-related
risk factors and concentrating on controlling them.
Close observation and conservative care would be sufficient
for asymptomatic patients. Long-term follow-up of asymptomatic patients without preventive anticoagulation resulted in
3)
no symptom development . However, insidious onset symptoms from PCE were reported in several case reports; therefore,
awareness of the treatment options for symptomatic PCE is
19)
necessary . Even though the effect of preventive anticoagulation has not been well established, intravenous heparin
followed by oral anticoagulants has been used to manage PCE
10)
patients . This approach is believed to prevent thrombus for3)
mation on the embolized cement . Although the regimen for
anticoagulation and antiplatelets varies, intravenous heparinization followed by six months of coumarin therapy was re10)
commend by some authors . If the patient is unstable hemo-
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dynamically more invasive treatment should be considered.
Small linear or string-like and bendable fragments are more
19)
suitable for endovascular extraction . Even when leaked cement settles in the segmental vein, it can migrate later to the
IVC or pulmonary artery. To prevent further migration these
fragments can be retrieved preemptively using endovascular
snares. A surgical approach should be considered when the
cement pieces are too large to be extracted thorough the femoral
19)
catheter window . A cement embolus at the main trunks of
the pulmonary arteries it can induce hemodynamic instabi15)
lity. Tozzi et al. reported such a case, which was treated
with open pulmonary embolectomy after CAPSI. Krueger et
10)
al. reported 5 cases that required open cardiac surgery to
remove cement from the central pulmonary artery and right
ventricle after VP. Even diffuse peripheral cement emboli can
12)
cause lobar necrosis which requires surgical resection .
No treatment is superior to prevention; thus, there are several
suggestions for the prevention of PCE. These can be categorized
into 3 groups. The first is to prevent leakage by thorough
fluoroscopic inspection during the procedure. To do so, more
vivid visualization of cement leakage is required by increasing
the proportion of barium in PMMA, which can help with early
detection. Once cement extravasation to the segmental vein
is detected the procedure should be halted, because the vein
is directly connected to the azygos vein and IVC. Leakage
through the segmental veins was detected in 14% of lateral
17)
radiographs and 52% of anterior-posterior (AP) views . Since
the lateral view is mainly utilize during CAPSI, frequent verification of leakage with the AP view is recommended. Concurrent venography can also be considered before cement injection
for selective use embolization agent. However the use of contrast media for venography may interfere with early detection
8)
of cement leakage, and is therefore controversial .
The second suggestion is controlling the intracavitary pressure through cement material or surgical technique. A comparative study between cement-augmented traditional pedicle
screws and fenestrated screws showed similar clinical and perioperative outcomes, but cement leakage was significantly less
13)
common in the fenestrated screw group . On the other hand
when fenestrated screws are used extra attention at location
of proximal fenestrations is necessary to prevent posterior lea5)
kage . In terms of cement leakage, PMMA is better than ceramic
bone cements, because ceramic cements have lower viscosity5,18). A proper toothpaste-like viscosity is ideal, as liquefied PMMA can leak before polymerization. Injecting highly
viscous cement leads to the polymerization of PMMA in a
short time, reducing the spreading distance which can lead
18)
to insufficient cement injection. Zhang et al. reported in their
comparative study that significant cement leakage was observed
in a randomly designated high viscosity group. The optimal
mount of cement should be enough to form a strong bonescrew interface, but not enough to induce extravasation of
the cement to the neighboring venous plexus. The injection

of 1.0 cc or 1.5 cc increases the pull out strength to 58.1%.
Although the pull out strength can increase with up to 3 cc
of cement augmentation, a maximum of 2.6 cc is recommended
for osteoporotic patients at the thoracic levels, and 1.0 cc and
5)
1.5 cc provide sufficient axial pullout strength . With respect to the surgical technique, sequential cementation at each
9)
level is recommended . Staged injection technique with a small
amount of cement allows solidification of the previously injected cement which will blocks endangered veins. In addition
to this tapping with ballooning of the KP instrument prior
to CAPSI will create a cavity large enough to prevent intracavitary pressure increase and seal the venous drainage by
compressing the cancellous bone.
Lastly PCE can be prevented by using of preventive material
or controlling systemic pressure. Gelfoam preinjection embolization was reported to be an effective technique for preventing
1)
1)
cement leakage . Bhatia et al. performed gelfoam embolization prior to cement insertion routinely for osteoporotic
patients, and reported 2% epidural leakage rate. Preoperative
placement of IVC filter could also be considered as a preventive
13)
4)
step . El Saman et al. insisted that a positive end expiratory
pressure of 15 cmH2O could reduce local cement leakage. The
underlying mechanism is the temporary induction of high
pressure in the IVC and segmental vein, which can suppress
7)
pressure in the tapped cavity before cement augmentation .

CONCLUSION
PCE after CAPSI was reported in several articles and can
result in the death of the patient. Anticoagulants, cardiovascular
intervention, or surgery should be considered for symptomatic
PCE patients. As prevention is the best way to manage PCE,
caution regarding the cement viscosity and, amount as well
as the control of intracavitary pressure is required. When asymptomatic PCE is detected, close observation with conservative
care is a feasible therapeutic strategy.
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