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Vertebral compression fractures are frequently seen 
in cases of osteolytic or metastatic disease. They 
represent a major health care problem. Kypho-

plasty, in pathological spinal fractures, improves QOL and 
function by alleviating pain and reducing the intake of oral 
and parenteral analgesia.1,3,8,13

In particular patients with middle and upper thoracic 
fractures suffer from pain and decreased lung function 
due to anterior height loss and kyphosis.4,11,16

Upper thoracic kyphoplasty may pose special chal-
lenges considering the relatively small pedicle size and 
severe angulations associated with kyphosis.9,11,12

The purpose of this retrospective study was to com-
pare preoperative and postoperative pain intensity, QOL, 
and kyphotic angle in patients who underwent upper tho-
racic kyphoplasty to treat pathological fractures. Surgical 
nuances and potential pitfalls are also highlighted.

Methods
The authors undertook a retrospective study of 14 

patients (6 women and 8 men; mean age 62 years, range 
41–71 years) who underwent kyphoplasty for metastatic 
disease of the upper thoracic spine (30 levels overall). 
The mean follow-up period was 16 months (minimum 1 
year). Patients with shorter follow-up were excluded to fo-
cus on the duration of the presumed improvement and to 
assess the effectiveness of the procedure in maintaining 
the kyphotic angle after surgery (before exclusion of pa-
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tients with a shorter follow-up, the number of patients was 
23). Diagnosis was as follows: multiple myeloma in 6 pa-
tients; lung cancer in 3; breast cancer in 2; and melanoma, 
leiomyosarcoma, and bladder cancer in 1 each. Four pa-
tients underwent neoadjuvant and 4 underwent adjuvant 
radiosurgery to treat the affected level. The remaining 
patients had multiple myeloma, and radiation treatment 
was not performed.

Patients had vertebral compression fracture between 
T-1 and T-5, all due to malignancy. All patients suffered 
back and anterior chest pain that was aggravated by pos-
tural changes and was refractory to pain medication. We 
frequently obtained preoperative CT scans of the frac-
tured VB, which were sagittally reconstructed to evalu-
ate the posterior wall. Spinal MR imaging (T1-weighted, 
T2-weighted, and STIR sequences) was also conducted 
to detect VB edema and associated impending fractures.

Intraoperative SSEP and MEP monitoring was used 
in 5 cases with cord compression. As other authors sug-
gest, we did not consider spinal canal encroachment a 
contraindication to the procedure.8,23,24 Three levels were 
treated in 7 cases, 2 levels in 2 cases, and 1 level in 5 
cases. Three cases were accessed bilaterally. The proce-
dure took an average of 25 minutes for each level, and the 
mean amount of cement applied at each level was 3 ml. 
An 11-gauge needle was used in 6 patients and an 8-gauge 
needle was used in 8 cases. The diagnosis of bone metas-
tasis was confirmed by bone biopsy during surgery. Four 
patients were discharged from the hospital on the day of 
the procedure, and 10 patients went home after 24 hours.

All patients underwent clinical evaluation and plain 
spinal radiography before and after surgery, as well as 
at 3, 6, and 12 months postoperatively (thereafter, it was 
performed at 6-month intervals). Pain was assessed using 
a VAS, and functional capacity was assessed using the 
ODI. The VAS scores were determined by the patients, 
who marked a point on a 0–100 line that represented 
their average perception of pain (0 = no pain; 100 = worst 
possible pain). It was also confirmed by the spine fellow 
(M.E.). The degree of kyphosis was measured and com-
pared on lateral standing plain radiographs/CT scans. We 
estimated the local kyphotic angle (superior and inferior 
endplates of affected vertebrae) for more accurate results. 
Two independent fellows (M.E. and I.P.) evaluated the ra-
diographs. Finally the volume of injected cement/cement 
extravasation was recorded, and any procedure-related 
complications were analyzed.

Statistical Analysis
The results of VAS, ODI, kyphotic angle, and verte-

bral height measurement before and after the procedure 
were compared and analyzed using a paired t-test (SPSS, 
version 14.0). Probability values less than 0.05 were con-
sidered statistically significant.

Surgical Technique
Procedures were performed after induction of gen-

eral anesthesia, and biplanar fluoroscopy was used.
The most important factors for successful kyphoplas-

ty outcome were correct positioning of the patient dur-

ing the procedure and a good view of the VB. Shoulders 
can prevent an adequate lateral view, and therefore an 
appropriate-height pillow was placed under the patient’s 
chest to lower both shoulders so that they would lie per-
pendicularly along both sides of the bed. The arm and the 
shoulder were left hanging parallel to the trunk to avoid 
any artifact from the shoulder blades. To get a good view, 
we adjusted the C-arm fluoroscope for each affected VB.

The trocar needle was first introduced into the plane 
between the proximal rib and transverse process at the 
superior lateral pedicular wall. It was then advanced 
through the transverse process, costotransverse joint, and 
rib with a slight twisting motion. The needle was then ad-
vanced through the pedicle, and its direction was adjusted 
depending on the shape of the compressed VB. Once the 
needle traversed the cortex of the posterior lateral wall 
of the VB through the lateral pedicular wall, the needle 
required less pressure to advance into the VB.

Advancement of the needle was controlled in the lat-
eral projection with alternating anteroposterior views. The 
needle tip was placed in the anterior one-fourth of the VB, 
and it was close to the spinous process on the anteropos-
terior view. For severely collapsed vertebrae, a bilateral 
approach was used, as typically the lateral aspect of the 
VBs was better presented than the middle. Additionally, 
in cases of focal kyphosis due to the index fracture, the 
levels above and below the fracture were also included in 
the treatment plan. In those cases, it was helpful to first per-
form the kyphoplasty to treat the adjacent levels and then 
to treat the index fractured level to achieve optimum con-
trast and visualization of the fracture on the C-arm screen. 
In those cases in which radiographic cord compression was 
seen preoperatively, we used neurophysiological monitor-
ing during surgery. We used MEP and SSEP monitoring 
before, during, and after balloon inflation. Potentials were 
also monitored during PMMA injection.

Results
Pain relief and mobility improvement were observed 

immediately after the operation and maintained until the 
latest follow-up (mean VAS scores 79 and 30, and mean 
ODI scores 83 and 33, pre- and postoperatively, respec-
tively; p < 0.001) (Table 1). We did not notice any differ-
ences in outcome (VAS or ODI) in patients with different 
tumor histologies, but the numbers of patients in the sub-
groups were too small to allow any statistical comparison.

The mean kyphotic angle was 25.03° before surgery 
and 22.65° in the early postoperative period (p > 0.3). At 
latest follow-up, the mean kyphotic angle did not differ 
significantly from previous measurements (26.3°, p > 0.1).

The volume of the PMMA injected per VB varied 
from 1.5 to 4.5 ml (mean 3 ml). There were no appar-
ent clinical complications directly related to injection of 
the PMMA. Extravasation of cement (into the intradiscal 
space) occurred in 3 (10%) of 30 treated VBs and led to 
termination of the injection. In 5 patients there was pre-
operative evidence of radiographic cord compression, but 
the patients were neurologically intact. These patients re-
ceived similar treatment, with the addition of intraopera-
tive neurophysiological monitoring. None of the patients 
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exhibited MEP/SSEP changes during the procedure. All 
patients remained neurologically intact.

Overall, there were no clinically significant side ef-
fects associated with the extrapedicular approach. No neu-
rological deficits or lung-related complications (pneumo- 
or hemothorax) were reported in any patients. No patients 
experienced an adjacent-level fracture. Four patients were 
discharged home on the same day, and 10 patients were 
discharged within 24 hours (Figs. 1–3).

Discussion
Patients with metastatic spinal disease suffer sig-

nificant morbidity due to vertebral compression fractures 
that cause severe pain and affect their QOL. Balloon ky-
phoplasty in cases of metastatic spinal fracture improves 
QOL and function by markedly decreasing back pain and 
reducing intake of pain medications.1,14,17,18,26,28

Balloon kyphoplasty is not approved or recommend-
ed by the manufacturer (Medtronic, Inc.) for use in the 
upper thoracic spine. In this study we reviewed data ob-
tained in 14 patients with upper thoracic (T1–5) metastat-
ic neoplasms. All patients were successfully treated with 
balloon kyphoplasty, and the follow-up period exceeded 
12 months.

The mean transverse diameter of the pedicle at the T-1 
VB was 6.4 mm in women and 7.3 mm in men. At T-3, 
however, the mean diameter was 3.4 mm in women and 3.9 
mm in men.21

The upper thoracic vertebrae have short and narrow 
pedicles shaped like a heart (back to front), which allows 
a trocar inserted extrapedicularly to be placed in the an-
terior part of the VB and in the midline. A transpedicular 
approach can be hazardous, and even a small amount of 
cement leakage can cause serious neurological complica-
tions because the spinal canal is small.7,10–12 Limitations 
include an inadequate pedicle size and lateral angulation 
of the pedicle with respect to the VB. In thoracic VBs at 
T-8 and above, pedicles are narrow and laterally directed 
as previously reported.21

Kallmes et al.11 reported their experience with middle 
and upper thoracic vertebroplasty via a transpedicular ap-
proach. In these cases the final position of the needle was 
more likely to be in the lateral part of the VB rather than 
the midline or the anterior part. An appropriate volume 
of cement cannot be injected due to the lateral placement 
of the needle.

There is no definitive clinical evidence supporting the 

effectiveness of the extrapedicular approach for upper tho-
racic vertebral compression fractures. Han et al.7 reported 
their experience with the extrapedicular approach for the 
middle and upper thoracic spine; they commented that the 
final position of the needle was in the midline and thus they 
succeeded in injecting a higher volume of cement.

In our experience with the extrapedicular approach, 
there is a low risk of pedicle fracture because the needle 
is advanced only through the lateral side of the pedicle. 
This allows the needle to reach the midline of the VB and 
sometimes across the midline. The needle passes through 
the costotransverse joint, rib head, and lateral margin of 
the pedicle. The chest cavity is protected by the head of 
the rib. Potential complications of the extrapedicular ap-
proach include entering the pulmonary cavity or causing 
rib fractures.9,20,21

In our series, clinically evident myelopathy (but not 
radiographic cord compression alone) was a contraindica-
tion to the operation. Other authorities also do not consider 
a retropulsed fracture/canal involvement to be a contrain-
dication.8,23,24 Although the procedure is riskier in those 
cases, there are some ways to avoid complications; these 
include use of the following: 1) neuromonitoring (MEPs/
SSEPs), 2) more anterior direction of the trocar, and 3) lo-
cal anesthesia (although in our practice and especially in 
multilevel kyphoplasty procedures, we opt for general an-
esthesia). On the other hand, some surgeons would have 
probably chosen open procedures in some of our cases. 
However, open surgery in patients with metastatic cancer 
may be associated with significant morbidity. In general 
we considered overt instability, myelopathy, and intractable 
pain after kyphoplasty/radiotherapy or potentially curative 
cases (for example, in cases involving a solitary renal met-
astatic neoplasm) as indications for open procedures.25,27 
Patient factors should always be taken into account in the 
decision-making process (ECOG [Eastern Cooperative 
Oncology Group] Performance Status, Karnofsky Perfor-
mance Scale Score, life expectancy). Radiotherapy is also 
a well-established treatment in patients with metastatic 
disease. If no cord compression exists according to the rec-
ommendations of the spinal oncology team, conventional 
radiotherapy suffices for local tumor control, particularly 
for radiosensitive histological types (lymphoma, myeloma, 
and seminoma).6,22 In the setting of oligometastatic disease 
and/or radioresistant histology (even in low-grade cord 
compression), newer technologies like radiosurgery and 
intensity-modulated radiation therapy as a single-fraction 

TABLE 1: Summary of mean pain and functional capacity scores*

Time of Exam VAS Score p Value ODI Score p Value

preop 79 ± 12.9 83 ± 12.4
1st day postop 37 ± 9.9 <0.001 40 ± 15.1 <0.001
3 mos 22 ± 8.9 <0.001 30 ± 6.7 <0.001
6 mos 22 ± 6.9 <0.001 30 ± 10.3 <0.001
12 mos 30 ± 8.2 <0.001 33 ± 7.4 <0.001

*  Mean values are presented ± SD. The p values refer to comparison 
with preoperative scores. Fig. 1.  Axial CT scan (A) and axial T2-weighted MR image (B) show-

ing the extrapedicular trajectory (arrow).
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treatment are gaining popularity;2,6 intensity-modulated 
radiation therapy provides better local control and more 
durable response while sparing normal tissues from unnec-
essary irradiation,6 and in many centers there is a trend to 
replace conventional radiotherapy. Radiotherapy is known 
for the detrimental effects to the bone15 and for further 
weakening the VB, resulting in a 39% risk of subsequent 
fractures.19 Therefore further stabilization may be needed, 
which can be achieved with kyphoplasty, either before or 
after radiotherapy. Gerszten et al.5 reported favorable re-
sults in their series of combined kyphoplasty and adjuvant 
radiosurgery. Overall, since this is a rapidly evolving area, 
much controversy exists, and neither the therapeutic mo-
dality nor their sequence has been well established, with 
the choice frequently being driven by personal preferences 
rather than evidence-based data.

There are certain limitations to our study, as it is a 
retrospective study with no control group and therefore 

the level of recommendation is low. However, this is a 
series from a single surgeon (F.D.V.) in a uniform patient 
population, and we believe that useful conclusions can be 
drawn. Balloon kyphoplasty was associated with a trend 
toward improvement of kyphotic angle that lasted for a 
few months after surgery and returned to the preoperative 
level after 1 year, which can be explained by the natu-
ral history of the disease and continuation of vertebral 
deformity over time. With regard to pain and functional 
outcome, the improvement was maintained until the latest 
follow-up. Pflugmacher et al.17 reported the same results 
of improvement in pain and functional outcome, as well 
as restoration of vertebral height, in patients with meta-
static spinal disease. Depending on a patient’s medical 
condition and the angulation of the VB, we performed 
bilateral or unilateral cement injection. With regard to the 
diameter of the needle, we agree with Kallmes et al.11 and 
Han et al.7 that a larger diameter makes injection of ce-

Fig. 2.  Illustrative case of an 82-year-old patient with unknown primary cancer, who sustained a T-4 compression fracture 
with significant kyphotic angulation, cord compression, and severe pain.  A and B: Sagittal and axial T2-weighted MR images 
of thoracic spine showing T-4 compression fracture with kyphotic deformity and cord compression at this level.  C: Sagittal CT 
scan showing PMMA injection at T-3, T-4, and T-5, with no leakage.  D: Axial CT scan demonstrating unilateral injection of the 
pedicle and cement contained in body.  E: Lateral plain radiograph showing kyphoplasty at T3–5.

Fig. 3.  Illustrative case of a 57-year-old patient with myeloma and T-2 compression fracture.  A: Axial T2-weighted MR im-
age of the thoracic spine demonstrating a T-2 compression fracture without kyphosis.  B: Postoperative T2-weighted MR image 
showing T-2 after cement injection.  C: Anteroposterior plain radiograph revealing unilateral kyphoplasty of T-2 from the right 
side.
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ment safer and easier. We used a smaller diameter needle 
only when the remaining height of the compressed VB 
was less than the outer diameter of the needle.

Conclusions
Balloon kyphoplasty via an extrapedicular approach to 

the upper thoracic spine is an efficient and safe minimally 
invasive procedure that provides immediate and long-term 
pain relief, improvement in functional ability, and prevents 
further kyphotic deformity. It is technically challenging 
with a potential for serious complications. With a funda-
mental knowledge of anatomy, as well as excellent abil-
ity to interpret fluoroscopy images, balloon kyphoplasty is 
feasible and safe in the upper thoracic spine.
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