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BACKGROUND: Cancer patients experience pathological fractures and the typical poor
bone quality frequently complicates stabilization. Methods for overcoming screw failure
include utilization of fenestrated screws that permit the injection of bone cement into the
vertebral body to augment fixation.

OBJECTIVE: To evaluate the safety and efficacy of cement augmentation via fenestrated
screws.

METHODS: A retrospective chart review of patients with neoplastic spinal instability who
underwent percutaneous instrumented stabilization with cement augmentation using
fenestrated pedicle screws. Patient demographic and treatment data and intraoperative
and postoperative complications were evaluated by chart review and radiographic evalu-
ation. Prospectively collected patient reported outcomes (PRO) were evaluated at short
(2- <6 mo) and long term (6-12 mo).

RESULTS: Cement augmentation was performed in 216 fenestrated pedicle screws in 53
patients. Three patients required reoperation. One patient had an asymptomatic screw
fracture at 6 mo postoperatively that did not require intervention. No cases of lucency
around the pedicle screws, rod fractures, or cement extravasation into the spinal canal were
observed. Eight cases of asymptomatic, radiographically-detected venous extravasation
were found. Systemic complications included a pulmonary cement embolism, a lower
extremity deep vein thrombosis, and a postoperative mortality secondary to pulmonary
failure from widespread metastatic pulmonary infiltration. Significant improvementin PRO
measures was found in short- and long-term analysis.

CONCLUSION: Cement augmentation of pedicle screws is an effective method to enhance
the durability of spinal constructs in the cancer population. Risks include cement extrava-
sation into draining blood vessels, but risk of clinically significant extravasation appears to
be exceedingly low.

KEY WORDS: Tumor, Fenestrated screws, Spinal instability, PMMA bone cement, Cancer, Spine, Instability, Stabi-
lization
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Congress of Neurological Surgeons ancer-related spinal instability is an
independent surgical indication since
neither systemic options nor radiation

therapy can restore the mechanical integrity

of the spinal axis. Spinal instability typically

ABBREVIATIONS: BPI, brief pain inventory; DVT,
deep vein thrombosis; EBL, estimated blood loss;
K wire, Kirschner wires; MDASI, MD Anderson
symptom inventory; PE, pulmonary embolus;
PMMA, poly-methyl-methacrylate; PRO, patient
reported outcomes
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presents with movement-related back pain that
is not relieved by pain medication or steroid
treatment. The spinal instability neoplastic
score! was developed to facilitate classification
of spinal instability and provide a common
language across disciplines and among spine
surgeons. With improved cancer therapies
offering extended survivals for many cancer
histologies, the rate of long-term cancer related
complications such as spinal instability is
expected to grow.

Traditionally, spinal stability was achieved via
open surgeries using a variety of techniques.
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Currently, the most common stabilizing procedure involves
cannulation of pedicles above and below the fracture with
connecting rods creating a bridge over the fracture level. Bone
quality is typically poor in cancer patients due to the osteolytic
metastases, chemotherapy, radiation, and other comorbidities.
Durability of these constructs is thus compromised in cancer
patients. Methods of overcoming screw failure have recently been
developed including expandable screws, which increase the screw
purchase with the bony interface,” and fenestrated screws. The
latter involves injection of poly-methyl-methacrylate (PMMA)
bone cement through the screw into the vertebral body, thus
decreasing the risk of screw pull out.>* Despite promising biome-
chanical studies, these techniques have yet to be validated in the
cancer population. The objective of this study was to evaluate the
safety and efficacy of cement augmentation via fenestrated screws
for treatment of neoplastic related instability.

METHODS

This is a retrospective chart and imaging review at a tertiary cancer
center between April 2016 and August 2017. The study was approved
by the local ethics committee with a waiver for informed consent and
all data were kept in accordance with HIPAA regulations. Patients with
neoplastic spinal instability who underwent percutaneous instrumented
spinal stabilization with cement augmentation using fenestrated pedicle
screws (Medtronic, Dublin, Ireland) and were followed up clinically,
radiologically or both at least 6 wk postoperatively at time of data
collection were included. Patients who underwent open posterior stabi-
lization, those whose constructs were not augmented with PMMA, and
those who underwent direct PMMA augmentation without the use of
fenestrated pedicle screws were excluded.

Our method for percutaneous spinal stabilization with cement
augmentation has been previously described.” Briefly, patients were
placed under general anesthesia and positioned prone. Image guidance
was used, either with neuro-navigation (ie, O-Arm computrd tomog-
raphy with Stealth Navigation [Medtronic]) or standard fluoroscopy, for
localization and for pedicle cannulation and screw insertion. After verifi-
cation of proper screw positioning, PMMA was injected bilaterally at
each level through the fenestrated screws under fluoroscopic guidance. In
cases where cement extravasation is suspected, as suggested by fluroscopy,
injection of cement is stopped. Manufacturer recommended PMMA
volumes were injected when feasible. In cases where cement extravasation
into blood vessels or posteriorly into the spinal canal were suspected, the
injection was halted. Kyphoplasty at the fracture level was performed,
except in cases of high-grade epidural tumor extension or fractured
osseous fragments into the spinal canal. Sub-fascial, interconnecting rods
were placed and secured. Tubular decompression of the spinal cord or
exiting nerve roots was then performed when necessary (Figure 1).

Patient and tumor data collected included patient demographics,
tumor histology, and location of spine tumor. Treatment variables
included details of surgical decompression, operative time, estimated
blood loss (EBL), number of spinal segments instrumented, number of
fenestrated screws implanted, number of suspected cases where PMMA
extravasation was suspected, number of intraoperative adverse events
and length of hospital stay. Postoperative data included return to the
operating room for revision, additional necessary spinal interventions
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and potential PMMA related complications (pulmonary embolus [PE]
or deep vein thrombosis [DVT]). Imaging data reviewed included screw
lucency, screw pull out, pedicle fracture, hardware fracture and visible
cement extravasation.

Patient reported outcome (PRO) data were prospectively collected and
are described in detail in our previous studies.®’ Briefly, PROs were
collected using a web based software while in clinic or as outpatients
using an online link to fill out surveys. When necessary, hand-written
surveys were collected and data were later transferred to the electronic
database. The changes in PROs were compared from preoperative to
the short-term postoperative period defined as 2 to up to 6 mo and to
long-term follow-up, defined as 6 mo or greater. Two PRO tools were
collected for this analysis: the brief pain inventory (BPI) and the MD
Anderson symptom inventory (MDASI). The BPI has been previously
validated in the cancer population® and is utilized to assess pain and
disease interference.” Combining 4 pain-related individual items creates
a pain construct and combining 7 disease-interference items creates
a disease-interference construct. Combining both constructs creates a
patient pain experience construct. Similarly, the MDASI is an additional
PRO tool that has been validated in cancer patients'® and is particu-
larly useful for spine cancer since it includes a spine specific module
(MDASI-sp)."" Combining 13 individual items create the MDASI core
symptom construct, combining 6 disease interference items creates a
MDASI disease interference construct and combining 5 spine tumor-
specific items creates an MDASI spine tumor-specific construct.

Statistical Analysis

Descriptive statistics including medians, means, standard deviations,
and frequencies were used to define the cohort. The Wilcoxon Signed-
Rank test for matched pairs was used to compare 12 BPI and 24 MDASI
preoperative and postoperative individual items. The mean score for each
individual item was used to generate 3 BPI and 3 MDASI constructs
as previously described. A construct was not calculated for a patient
if the majority of each construct’s individual items were not answered.
The Wilcoxon Signed-Rank test for matched pairs was used to compare
all constructs preoperatively to postoperatively. All P-values were 2-
sided with an alpha level of significance of <0.0014 calculated using
Bonferroni correction for the 36 individual items and an alpha level of
significance of <.05 for the 5 constructs. All statistical analyses were done
in SAS (version 9.4; SAS Institute, Cary, North Carolina).

RESULTS

Fifty-three patients were included in the analysis (30 male,
57%). Median age at the time of surgery was 63.5 yr. The
median radiological follow-up was 148 d (range 2-542). The most
common pathologies were lung and renal cell carcinoma with a
similar distribution among spine segments across the study cohort
with 38% thoracic, 36% lumbar, and 26% in the thoracolumbar
region (Table 1).

Cement augmentation was performed in 216 fenestrated
pedicle screws. Thirty-seven operations (70%) included percu-
taneous stabilization without decompression while 16 (30%)
entailed either a central or a foraminal decompression (Table 2).
Median EBL was 100 cc (range 10-800 cc). In most surgeries, 4
pedicle screws were used (mean 4.1) with stabilizing constructs
typically placed over 3 contiguous spinal segments (mean 3.3).
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FIGURE 1. Case example: 50-yr-old male with history of widely metastatic adenocarcinoma of the
lung. He presented with severe, debilitating mechanical back pain. Neurologically intact at presentation.
Imaging demonstrated multilevel spinal metastases, particularly a progressive lytic compression fracture
at T7 with bilateral posterior element involvement (spinal instability neoplastic score 13). There was
no apparent spinal cord compression. Notably there was an old planum burst fracture at T5 and sclerotic
lesion at T4 providing a rigid junctional level above the planned construct and hence he underwent T6-T8
percutaneous stabilization with T7 kyphoplasty to ensure anterior column support. There were no postop-
erative complications and the patient was discharged home 3 d after surgery with significant improvement
of his back pain at follow-up. A, magnetic resonance imaging T1 noncontrast enhanced demonstrating
the hypointense T7 lesion with compression fracture and posterior element involvement. B, Postoperative
computed tomography scan demonstrating the PMMA filled vertebral bodies along with the sclerotic and
mixed lytic-sclerotic multilevel tumor infiltration. C, Postoperative sagittal and D Anterior-posterior x-
rays demonstrating the stabilizing construct.

Intraoperative suspicion of cement extravasation either anteriorly ~ Patient Reported Outcomes

to a draining blood vessel or posteriorly towards the spinal
canal was suspected in 17 cases prompting cessation of cement
injection. No intraoperative adverse events requiring modification
of surgery (such as conversion to an open procedure or abortion
of the procedure) were noted (Table 2).

OPERATIVE NEUROSURGERY

PRO data collected demonstrated statistically significant
improvement in the BPI individual items worst pain (2 < .0001),
average pain (P < .0001), general activity (P < .0001),
mood (P = .001), walking ability (» = .0007), normal work
(P < .0001), and enjoyment of life (? < .0001) at short-term

VOLUME 16 | NUMBER5 | MAY 2019 | 595



BARZILAIET AL

TABLE 1. Patient and Tumor Characteristics TABLE 2. Surgical Details
N % n %
Total 53 100 Total 53 100
Gender Decompression
Male 30 57 None 37 70
Female 23 43 Central 1 21
Age Facetectomy 5 9
Range Suspected intra-Op PMMA extravasation 17 32
Min 19 Intra-Op adverse events 0 0
Max 87 Operative time (min)
Median 63.5 Range
Mean 614 Min 83
Fracture level Max 336
Thoracic 20 38 Median 141
Thoracolumbar 14 26 Mean 167.5
Lumbar 19 36 Estimated blood loss (mL)
Histology Range
Lung 13 25 Min 10
Renal 7 13 Max 800
Prostate 5 9 Median 100
Multiple myeloma 5 9 Mean 164.8
Breast 4 8 Spinal segments instrumented
Thyroid 3 6 Range
Other 16 30 Min 3
Max 5
Median 3
follow-up and in general activity (P = .0008), normal work Mean 33
(P = .0007), and enjoyment of life (P = .0002) at long-term Number of fenestrated screws implanted
follow-up. BPI constructs pain severity (P < .0001), interference )
(P < .0001), and patient pain experience (P < .0001) demon- m::( g
strated statistically significant improvement at short term with Median 2
improvement in interference (? = .0002) and patient pain Mean 41
experience (P = .001) remaining durable at long-term follow-up Total 216
(Figure 2). Length of hospital stay (days)
Analysis of MDASI individual items demonstrated statistically Range
significant improvement in pain (7 = .0002) and enjoyment Min 2
. . Max 44
of life (P < .0001) at short-term follow-up and in general Median c
activity (P = .0012) and work (P < .0001) at long-term follow- Mean 67

up. MDASI spine tumor specific (? = .02) and interference
(P = .0006) constructs demonstrated statistically significant
improvement at short-term and interference (P = .0008) at long-
term follow-up. (Figure 2)

Postoperative Complications

Three patients required a reoperation. One patient presented at
3-mo follow-up with recurrence of mechanical back pain. Radio-
graphic evidence demonstrated pull out of the bottom screws of
her construct. Interestingly, intraoperative images demonstrated
a paucity of cement injected into these screws as there was
suspicion of cement extravasation prompting cessation of cement
injection during the initial surgery. She was subsequently taken
for hardware revision. Another patient required revision of instru-
mentation secondary to a fracture of an instrumented pedicle
1 mo after the initial surgery. One patient required a wound
revision due to dehiscence while receiving bevacizumab (Table 3).
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Radiographic Evaluation

No cases of lucency around the pedicle screws or rod fractures
were found. One patient had asymptomatic radiological proof of a
broken pedicle screw 6 mo after surgery and did not require inter-
vention. There were no cases of evidence of cement extravasation
into the spinal canal. Radiographic evidence of cement extrava-
sation into draining vessels were apparent in 8 cases, of which
1 patient had evidence of cement embolus in the pulmonary
artery. This radiological finding did not require intervention as
at the time the patient remained asymptomatic. Also noteworthy,
this patient had kyphoplasty done along with percutaneous stabi-
lization and it is not possible to determine which level caused this
cement embolus. One case of in-house mortality was documented
secondary to pulmonary failure from widespread metastatic
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FIGURE 2. Prospective PRO data. Prospectively collected PRO data demonstrating improvement in mean BPI and MDASI construct scores.
Short term = 2 to <6 mo, Long term = 6 to 12 mo. (BPL brief pain inventory; MDASI, MD Anderson symptom inventory) *P < .05

infiltration of the lungs with no evidence of PE or other cement
related toxicities. Lastly, 1 patient had a lower extremity DVT that
was likely unrelated to the instrumentation (Table 3).

DISCUSSION

This is the first clinical series demonstrating the safety and
efficacy of cement augmentation via fenestrated pedicle screws
in cancer-related spinal instability. The data presented demon-
strate that when properly placed, the risks of hardware failure
including screw pull out, instrumentation breakage, or lucency
are low. Taken together with the expected extended survivals in
cancer patients and growing need of construct supplementation
for improved durability, cement augmentation of pedicle screws
seems appealing. The use of fenestrated screws facilitates this
process with low morbidity and short operative times.

Traditionally, stabilization has been achieved via open surgery.
There are no available guidelines recommending construct length,
but several authors have advocated stabilization of at least 2 levels
above and 2 levels below the index level in open surgeries. In
our previous analysis of 318 patients who underwent separation
surgery for solid malignancies, only 2.8% experienced hardware
failure.'” Experience with minimal access surgery techniques
for spinal stabilization in the trauma and degenerative settings
has led to the investigation of these new techniques in the
cancer population. Percutaneous instrumentation has revolu-

OPERATIVE NEUROSURGERY

tionized spine stabilization as it enables preservation of muscle
attachments and posterior elements.'? In the cancer population,
this has been shown to be a “safe and effective option for palliation
of mechanically unstable, cancer-related, vertebral compression
fractures with posterior element involvement.””"!> As previously
mentioned, bone quality in cancer patients is typically poor for
multiple reasons. Variable fusion rates in this population are
reported (36%-100%) and various options for bone graft are
used according to surgeon’s preference.'* This has brought forth
a need for technical innovation to increase construct durability
while simultaneously decrease the extent of surgery. The injection
of PMMA into the instrumented pedicles is one method to
enhance construct durability and use of fenestrated screws to
facilitate the PMMA injection is an appealing option. We have
previously published a technical guide and outcomes paper
using PMMA-augmented screws.’ At the time, “Kirschner wires
(K wires) were inserted, and the pedicles were tapped. The K
wires were then exchanged for 10-gauge kyphoplasty needles.
Subsequently, cement was injected into the tapped vertebral
bodies along the screw trajectory. After the injection, kypho-
plasty needles were exchanged for K wires, and cannulated screws
were put into place.” The recent FDA-approval of fenestrated
screws prompted a transition to this method that has significantly
stream-lined the procedure. For percutaneous stabilization with
cement augmentation we typically instrument 1 level above and 1
below the index level. Rarely, with multilevel fractures or adjacent
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TABLE 3. Postoperative Complications

N %
Total 53 100
Return to OR
Wound revision 1 2
Hardware revision 2 4
Additional interventions
Kypho at index level 1 2
Kypho at adjacent level 1 2
PO adverse events
PE* 3 6
DVT 1 2
Death** 1 2
Imaging review
Lucency 0 0
Pull out 1 2
Pedicle fracture 2 4
Screw fracture 1 2
Rod fracture 0 0
Cement in vessel 8 15
Radiographic follow-up (days)
Range
Min 2
Max 542
Median 140
Mean 176.0

*Cement found in pulmonary artery on postop chest scans. Did not require anticoagu-
lation and remained asymptomatic for at least 6 wk post operatively.

**Death occurred 1 wk post operatively (still within surgical admission) secondary to
respiratory failure from multiple lung metastases. The acute respiratory failure was not
related to a pulmonary embolus or cement extravasation.

segment fractures we use longer construct to add anchor points.
In our experience, the extent of vertebral body collapse, fractures
in junctional areas or degree, of kyphosis typically do not neces-
sitate longer constructs. Augmentation of the anterior column is
achieved with kyphoplasty when feasible. Patients with mechani-
cally unstable fractures without posterior element involvement,
extensive cortical destruction, or significant epidural extension
can often be treated with kyphoplasty alone.

Kyphoplasty and vertebroplasty have generated an abundance
of data regarding the safety of PMMA injection into the spinal
vertebrae.”"'7 According to current literature, “leakage of bone
cement into paravertebral venous system occurs in a high
percentage of cases.”'® From there, the cement can travel to the
right side of the heart and the pulmonary circulation. Several
reports have previously described PMMA cement embolus in
the pulmonary circulation. Although standard treatment of a
pulmonary embolism requires 3 to 6 mo of systemic anticoag-
ulation, some studies show that PMMA is not thrombogenic,19
thus the need for anticoagulation following asymptomatic cement
PE remains debatable.?>*! However, for symptomatic cases,
surgical removal of the cement embolus has also been advocated.??
One patient in the current series had radiographic evidence
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of a cement embolus in the pulmonary circulation. As the
patient remained a-symptomatic, long-term anticoagulation was
not initiated. Further, as kyphoplasty was also performed at
the fracture level, it is not possible to determine whether the
cement embolus arose from the kyphoplasty needle or fenestrated
SCrews.

Patient reported outcomes are an important method of
outcome analysis in the cancer population. The prospective PRO
data demonstrated in our current scudy support the growing body
of evidence that percutaneous stabilization provides significant
and durable symptom palliation for neoplasia related, mechan-
ically unstable patients. A major goal in the cancer population
is rapid return to systemic treatment following surgery. The
median length of stay in this series was 5 d, which is shorter
than previous reports,”®> and the minimally invasive nature
of the procedure allows rapid return to oncologic treatment.
Furthermore, radiation is a key component in the treatment of
spinal metastases. We have previously demonstrated the safety of
PMMA injection prior to radiosurgery planning in a clinical and
dosimetric analysis.>* The fact that radiation can be delivered to
PMMA-filled vertebrae without compromising safety or efficacy
allows cement injection in the adjacent segments as well without
jeopardizing current or future treatment options.

Limitations

We appreciate the inherent limitations of this study from the
retrospective nature of a portion of the data collection. Further,
though this is, to our knowledge, the largest series evaluating
this new technique, comparative, large-scale, and long-term data
will be required for external validation and optimal patient and
technique selection guidance.

CONCLUSION

Cement augmentation of pedicle screws in neoplastic spinal
instability appears to be safe and effective. When properly
positioned, exceedingly low rates of hardware failure occur and
may include fracture of screw, rod, or pedicle. Physicians must
be aware of the potential to cause cement embolus with potential
devastating consequences and hence cement injection should be
done under fluoroscopic guidance. Prospective PRO data support
previous reports of the palliative benefit of percutaneous stabi-
lization in cancer related spinal instability.
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COMMENT

I n this paper, the authors present their experience with using fenes-
trated screws for spinal instability related to metastatic cancer. With
this technique, the authors demonstrate that cement can be delivered
safely and effectively into the vertebral body through fenestrations in the
screws via a percutaneous approach. By doing so, the authors have shown
that the average length of the constructs is shorter than what has typically
been reported and used for stabilization in the oncologic setting. Despite
the shorter construct lengths, the authors did not encounter much in
the way of instrumentation failure, rod breakage, screw pullout, or need
for revision/extension. The complications and morbidity associated with
this technique are low. Overall, it seems that a benefit of their technique
may be less blood loss and reduced operative times. However, the range in
operative times (83-336 minutes) and estimated blood loss (10-800 ml)
for this minimally invasive technique where a maximum of 6 screws were
placed perhaps reveals the challenges and limitations of this approach in
select cases. Further study is needed to better define and clarify the indica-
tions for such constructs and whether the anticipated survival and extent
of osseous and systemic metastases impacts the decision-making process.
The authors have thoughtfully presented their work and are congratu-
lated for an outstanding contribution to the spine oncology literature.

John H. Shin
Boston, Massachusetts
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