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fixating vertebrae destroyed by malignancy
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OBJECTIVE Severe lytic cancerous lesions of the spine are associated with significant morbidity and treatment chal-
lenges. Stabilization and restoration of the axial load capability of the vertebral body (VB) are important to prevent or
arrest vertebral collapse. Percutaneous stent screw—assisted internal fixation (SAIF), which anchors a VB stent/cement
complex with pedicular screws to the posterior vertebral elements, is a minimally invasive, image-guided, 360° internal
fixation technique that can be utilized in this patient cohort. The purpose of this study was to assess the feasibility,
safety, and stabilization efficacy of VB reconstruction via the SAIF technique in a cohort of patients with extensive lytic
vertebral lesions, who were considered to have an unstable or potentially unstable spine according to the Spinal Instabil-
ity Neoplastic Score (SINS).

METHODS This study was a retrospective assessment of a prospectively maintained database of a consecutive series
of patients with neoplastic extensive extracompartmental osteolysis (Tomita type 4—6) of the VB treated with the SAIF
technique. VB reconstruction was assessed on postprocedure plain radiographs and CT by two independent raters.
Technical and clinical complications were recorded. Clinical and imaging follow-ups were assessed.

RESULTS Thirty-five patients with extensive osteolytic metastatic lesions of the VB underwent 36 SAIF procedures.
SAIF was performed as a stand-alone procedure in 31/36 cases and was associated with posterior surgical fixation in
5136 (4/5 with decompressive laminectomy). In 1 case an epidural cement leak required surgical decompression. VB
reconstruction was categorized as satisfactory (excellent or good rating) by the two raters in 34/36 cases (94.5%) with
an interrater reliability of 94.4% (Cohen’s kappa of 0.8). Follow-up, ranging from 1 to 30 months, was available for 30/36
levels. Long-term follow-up (6-30 months, mean 11.5 months) was available for 16/36 levels. Stability during follow-up
was noted in 29/30 cases.

CONCLUSIONS SAIF provides 360° nonfusion internal fixation that stabilizes the VB in patients with extensive lytic
lesions that would otherwise be challenging to treat.
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(VB) can significantly impact the load-bearing

capacity of the spine,*® leading to instability, frac-
tures, and potential neurological deficit.** While percuta-
neous augmentation procedures have traditionally focused
on pain palliation, mechanical stabilization is an indepen-
dent surgical indication.

Surgical treatment is effective at restoring the mechani-
cal stability of the anterior and posterior columns,* but
instrumented fusion may not always be appropriate in
cases of multilevel metastatic involvement or in patients
with poor bone quality. Moreover, corpectomy and graft-
ing, which reinforce the anterior column, are invasive and
can lead to significant morbidity, especially in medically
fragile patients.6-222344

Vertebral augmentation (VA), performed with verte-
broplasty or balloon kyphoplasty, is a minimally invasive
option that reinforces the anterior column,* but when oste-
olysis causes extensive destruction of the cortical bound-
aries of the VB, there is risk of cement leakage, possibly
resulting in neural compression or insufficient augmen-
tation of the VB.#*?! In the present study, we address the
stabilization of such lesions, characterized by “extreme
osteolysis” (EO) with wide circumferential discontinuity
of the cortical boundaries of the VB, corresponding to
extracompartmental type 4—6 lytic lesions in the Tomita
classification (Fig. 1).!

VB stents (VBSs) are barrel-shaped, balloon-expand-
able metallic cages that can be used to reduce the verte-
bral fracture,>* reconstruct the VB, and aid in cement
augmentation of EO cases.” Nevertheless, in a VB with
extensive cortical dehiscence, there is risk of VBS/cement
mobilization before new bone apposition occurs.’

The recently described percutaneous stent screw—as-
sisted internal fixation (SAIF),® whereby the VBS/cement
complex is anchored with pedicular screws to the posterior
vertebral elements, is a minimally invasive, image-guided,
360° internal fixation technique. It can be performed as a
stand-alone procedure or in combination with a posterior
surgical approach to stabilize the anterior column. We hy-
pothesized that SAIF can be successfully employed in EO
as a means of VB reconstruction and restoration of axial
load capability with the aim of obviating the need for a
more invasive corpectomy and grafting. The purpose of
this study was to assess the feasibility, safety, and stabiliza-
tion efficacy of VB reconstruction via the SAIF technique
in a cohort of patients with EO of the VB, who were con-
sidered to have an unstable or potentially unstable spine ac-
cording to the Spinal Instability Neoplastic Score (SINS).!8

Methods

Patients

This is a retrospective analysis of a single-center, pro-
spectively maintained database of a consecutive series of
patients with neoplastic EO of one or more thoracolumbar
VBs treated with SAIF between May 2015 and September
2018. The study was authorized by the Ethics Committee
of Canton Ticino.

All patients underwent preprocedure CT and gadolini-
um-enhanced MRI of the spine at the target level to define

E XTENSIVE neoplastic osteolysis of the vertebral body
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the extent of lytic lesions, the degree of vertebral collapse
(= or > 50%), and the presence of an associated epidural
mass defined as epidural spinal cord compression (ESCC)
grade’ between 1b and 3, inclusive. All target lesions were
deemed to be unstable or potentially unstable according
to the SINS."®

An individualized clinical decision on the treatment
plan for each patient was reached by a multidisciplinary
spine tumor board composed of medical and radiation
oncologists, spine surgeons, and neuroradiologists, who
defined indications for and the timing of invasive treat-
ment, radiation, and chemotherapy. Informed consent was
obtained for all procedures.

SAIF Procedure

SAIF procedural details have been previously de-
scribed.® Briefly, all procedures were performed percu-
taneously while the patient was under general anesthe-
sia, with the aid of biplane fluoroscopic guidance. When
deemed necessary, cavity creation was performed utiliz-
ing curettage and vacuum suction (Q-VAC technique).
Following transpedicular implant of the VBS(s) and
placement of uni- or bilateral pedicular screws, cement
augmentation was performed through the screw(s) with
high-viscosity polymethyl methacrylate (PMMA; Verta-
Plex HV, Stryker) under real-time fluoroscopy.

In cases of multilevel lytic lesions, when deemed ap-
propriate, additional vertebrae at adjacent or distant levels
were treated with cement-only VA during the same ses-
sion. Patients undergoing a stand-alone SAIF procedure
were allowed to stand and walk without spinal braces as
early as 3 hours after the procedure. Most SAIF proce-
dures were performed in a day surgery setting.

Assessment of VB Reconstruction, Complications, and
Follow-Up

VB reconstruction was assessed with postprocedure
plain radiographs and CT scans. CT data sets were recon-
structed utilizing a bone algorithm with 3- and 10-mm-
thick maximum intensity projection (MIP) images in
three orthogonal planes. A neuroradiologist (A.C.) and a
neurosurgeon (P.S.) independently reviewed the postpro-
cedure images to assess the technical results, assigning a
VB reconstruction “score.” We applied a previously pub-
lished, qualitative 4-grade scale (poor, fair, good, excel-
lent),” based on the overall assessment of correct place-
ment and expansion of the implants, cement filling of the
lytic cavities, and restoration of the VB height. A poor
grade was characterized as a failure to achieve sufficient
augmentation of the anterior column, whereas an excellent
grade indicated stent expansion and cement distribution
filling the lytic lesion and reconstructing the destroyed
portion of the VB, satisfactory height restoration, and cor-
rect screw positioning.

Intraprocedural complications, including potentially
significant cement leaks, and misplacement of the screws
were recorded.

At 1 month after treatment, patients were followed up
with clinical examination and upright spine radiographs.
Patients underwent routine oncological clinical and imag-
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FIG. 1. Schematic of Tomita’s classification of spinal metastases. Lesions in the present study featured extensive osteolysis of the
VB with wide cortical discontinuity, defined as “extreme osteolysis,” corresponding to extracompartmental type 4-6 lesions in the
Tomita classification. Reprinted with permission from Tomita K, Kawahara N, Kobayashi T, Yoshida A, Murakami H, Akamaru T:
Surgical strategy for spinal metastases. Spine (Phila Pa 1976) 26 (3):298-306, 2001. https://journals.lww.com/spinejournal/.

ing follow-up with CT, PET-CT, MRI, or plain radiogra-
phy, as clinically indicated. Those clinical charts and im-
aging studies were reviewed as part of this study. Imaging
follow-up data were evaluated to assess the recurrence of
vertebral collapse, new or worsening spinal deformity of
the treated segment, mobilization of the implants, signs
of subsidence, new vertebral fractures at adjacent levels,
and local tumor progression. Patients were referred to the
multidisciplinary spine tumor board for any recurrent or
new spinal events.

Statistical Analysis

Analyses were conducted using SPSS version 20.0.0
(IBM Corp.). Descriptive statistics for clinical and dem-
ographic data were expressed as the mean or median and
range. VB reconstruction results were judged according to
the following scale: poor, fair, good, or excellent. Excellent
and good ratings were considered as satisfactory results.?
Cohen’s kappa coefficient (k) was used to assess the pro-
portion of agreement of the two independent raters beyond
that expected by chance,'' and the classification by Landis
and Koch* was used to define the agreement level: poor,
< 0.00; slight, 0.00-0.20; fair, 0.21-0.40; moderate, 0.41—
0.60; substantial, 0.61—0.80; or almost perfect, 0.81-1.00.

Results

In 35 patients, 36 SAIF procedures were performed to
treat 36 levels with EO. A summary of patient character-
istics and features of the lytic lesions is provided in Table
1, whereas technical results and periprocedural complica-
tions are summarized in Table 2.

Technical Results

SAIF procedures were performed as a stand-alone
intervention in 31/36 cases, in conjunction with percuta-
neous posterior surgical fixation in 1/36 cases, and after
decompressive laminectomy and posterior surgical fixa-
tion in 4/36 cases. Bilateral VBS implants were utilized in
33/36 levels (92%), and a unilateral VBS implant was used
in 3/36 levels (8%). Bilateral screws were utilized in 18/36
levels (50%), and unilateral screws were used in 18/36 lev-
els (50%). Cavity creation in the VB with Q-VAC* was
performed in 29/36 levels.

During the same procedure, cement-only VA was per-
formed at adjacent or distant vertebral levels (i.e., affected
by lytic lesions, but not defined as EO) in 22/35 patients, at
a total of 61 levels.

VB Reconstruction

VB reconstruction scores assigned by the two raters
were, respectively, excellent at 27/36 (75%) and 28/36
(78%) levels, good at 7/36 (19.4%) and 6/36 (16.7%), fair
at 2/36 (5.6%) and 2/36 (5.6%), and poor at none of the
treated levels, with satisfactory results (excellent or good
rating) in 34/36 cases (94.5%) for both raters. The inter-
rater reliability was 94.4% with a Cohen’s kappa of 0.8
indicating strong interrater reliability.

Procedural and Periprocedural Safety

An extravertebral cement leak was visible at 12/36 lev-
els (33%) on postprocedure CT, with an epidural or a fo-
raminal location in 7/36 levels (19%). In 1 case the epidur-
al cement leak caused the postprocedural onset of an L2
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TABLE 1. Characteristics of the study population and features of

TABLE 2. Summary of technical results and periprocedural

lytic lesions complications
Variable Value Variable Value

Total no. of patients 35 Procedure, no. of levels (%)

Sex: M/F 21114 Stand-alone SAIF 31/36 (86.1)

Mean age in yrs (range) 69.9 (43-87) SAIF + pPF 1/36 (2.8)

ECOG score SAIF + L-PF 4136 (11.1)
Mean 1.62 VBS, no. of levels (%)

Median 1 Bilat 33/36 (91.7)
Range 0-4 Unilat 3/36 (8.3)

Treated levels 36 Screws, no. of levels (%)

Thoracic 16/36 (44.4%) Bilat 18/36 (50.0)
Lumbar 20/36 (55.6%) Unilat 18/36 (50.0)

Primary cancer, no. of levels (%) Cavity creation, no. of levels (%) 29/36 (80.6)
Solid tumor metastases 31(86.1) VA (cement only)

Multiple myeloma/plasmocytoma 5(13.9) No. of patients 22/35

Epidural mass, no. of levels (%) 23/36 (63.9) No. of levels 61

ESCC grade, no. of levels VB reconstruction scale, no. of levels (%)

0 8 Reader 1

1a 5 Excellent 27/36 (75.0)
1c 5 Fair 2/36 (5.6)
2 5 Poor 0/36 (0)

3 4 Reader 2

VB collapse, no. of levels (%) Excellent 28136 (77.8)
<50% 14 (389) GQOd 6/36 (16.7)
>50% 22 (614) Fair 2/36 (5.6)

INS Poor 0/36 (0)

S Mean 10.8 Cement leak, no. of levels (%) 12/36 (33.3)
Median 11' Epidural-foraminal space 7/36 (19.4)
Range 7-14 Periprocedural complication, no. of levels

Cement leak requiring surgery w/ no permanent 1/36
ECOG = Eastern Cooperlative Oncoll.ogy Group; IESCC = epidural spinal cord neurological deficit
compression; SINS = Spinal Instability Neoplastic Score. Self-limiting neurological symptom 1/36
Death (day 2, PE) 1/36

sensory and motor deficit necessitating emergent L.2 de-
compressive hemilaminectomy, with complete resolution
of symptoms. In another case a small epidural leak caused
transient, self-resolving L5 radicular pain. The remain-
ing cement leaks were asymptomatic. No other patients
experienced worsening of their neurological status after
the procedure. One patient with a preexisting neurological
deficit due to spinal cord compression underwent SAIF as-
sociated with laminectomy and posterior instrumentation
and did not experience worsening of his neurological con-
dition. One patient who had undergone SAIF combined
with laminectomy and surgical stabilization subsequently
developed a pulmonary embolism on day 1 postprocedure,
with no evidence of PMMA emboli, and died on day 2. No
other periprocedural clinical complications occurred.

Follow-Up Results and Nonneurological Complications

A summary of follow-up results is provided in Table 3.
Postprocedure clinical and imaging follow-up was avail-
able at 1 month for 30/36 treated levels, at 3 months for
24/36 levels, and at 6 months or later (range 6—30 months,
mean 11.5 months) for 16/36 levels.

In 1 patient treated with unilateral-screw SAIF, the
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L-PF = decompressive laminectomy and posterior fixation; PE = pulmonary
embolism; pPF = percutaneous posterior fixation.

nonanchored VBS mobilized dorsally, toward the neu-
roforamen, 1 month postprocedure in the context of an
unrecognized preexisting vertebral osteomyelitis. This
required surgical removal, curettage, and stabilization.
Implant stability was otherwise observed in all remaining
cases until the last available follow-up. Mild subsidence of
the treated VB around the VBS/cement complex was ob-
served during follow-up in 5/30 levels (17%) with available
follow-up, without the onset of new symptoms. Interver-
tebral osseous fusion was noted in 4/16 levels (25%) with
long-term follow-up (= 6 months). Local disease progres-
sion was observed in 2/30 levels (7%) at 3 and 5 months
postprocedure, respectively, not affecting local spinal sta-
bility. No new fractures were noted at adjacent levels at the
follow-up imaging.

Discussion

In this series of patients with EO and an SINS indicat-
ing potentially or frankly unstable lesions, the SAIF tech-
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TABLE 3. Summary of follow-up results

Variable No. of Levels (%)

Follow-up, no. of levels

1mo 30/36

3 mos 24/36

=6 mos* 16/36
VBS mobilization (non-screw-anchored VBS) 1/301
Asymptomatic subsidence 51301 (17)
Local progression 21301 (7)

Intervertebral fusion 4/167 (25)

* Mean follow-up 11.5 months (range 6—30 months).
T Levels with available follow-up (range 1-30 months).
T Levels with available late follow-up (range 6-30 months).

nique proved to be a feasible and safe minimally invasive
procedure for VB reconstruction and stabilization, with
durable results at follow-up. These clinical results seem
to confirm recently published biomechanical data on a
finite-element analysis (FEM) of the SAIF technique ap-
plied to a vertebra affected by EO.3' SAIF was effective
in recovering the axial stiffness and reducing the strains
of the treated vertebra in the tested scenario. In contrast, a
short posterior fixation was unable to significantly restore
stiffness and stability. Posterior fixation combined with
SAIF showed only minor additional effects as compared
to those obtained with SAIF alone. These biomechanical
results clearly underscore the importance of anterior col-
umn support during stabilization of osteolytic lesions of
the VB.

Vertebroplasty and/or balloon kyphoplasty are widely
used for pain palliation in cancer-related vertebral com-
pression fractures,'®>*26 but when stability is a concern,
posterior spinal instrumentation is warranted.® Stand-
alone VA is relatively contraindicated in the presence of
vertebra plana, osseous comminution, posterior wall de-
hiscence, or wide cortical erosions. In fact, these were
exclusion criteria in a prospective randomized controlled
trial comparing kyphoplasty to nonsurgical management
in cancer patients with vertebral fractures.'* While VA
is sometimes done in these situations for pain palliation,
such procedures do not address the instability.

VBS augmentation has been reported as a viable op-
tion to reconstruct the anterior column in EO,? but when
the VB’s cortical boundaries are widely dehiscent, there
is risk of VBS mobilization.>*® Misplaced or dislocated
stents outside the VB can cause serious complications
such as injury to the nerve roots, spinal cord, lumbar plex-
us, great vessels, pleura, or mediastinal organs.*’ For these
reasons, at the institution at which this study was under-
taken, the patients with EO would have been treated with
anterior column reconstructive surgery combined with
posterior instrumentation. Percutaneous image-guided
screw fixation is an emerging procedure for osteosynthesis
using cannulated cement-augmented screws, demonstrat-
ing promising results in the fixation of osteolytic bone me-
tastasis in the spine and other skeletal locations.”-!314.20.30.36

The patients considered to be eligible for SAIF are
medically fragile, which often limits the indication for
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corpectomy, anterior stabilization, and open posterior in-
strumentation. Beyond that, poor bone quality due to mul-
tilevel metastatic involvement and/or osteoporosis repre-
sents a condition predisposing to instrumentation failure.

This is the first reported series of patients with EO
spinal lesions treated with the SAIF technique® in which
screws were used in combination with VBSs in EO spinal
lesions with the intent to obtain 360° nonfusion internal
VB fixation. A VBS was used to restore VB height, scaf-
fold the VB, help cement containment, and reinforce the
anterior column extensively destroyed by the lytic lesion.
The addition of the screws guaranteed anchoring of the
VBS/PMMA implant to the generally intact posterior ele-
ments, bridging the middle column and preventing their
mobilization. The combined use of VBS, PMMA, and
pedicular screws can represent a VB prosthesis in these
extensively destroyed metastatic lesions and can be used
as a stand-alone technique or combined with posterior
instrumentation and/or decompressive laminectomy or
separation surgery, potentially obviating the need for cor-
pectomy and grafting.

In this series, all patients were evaluated by multiple
specialists in the setting of a multidisciplinary spine tu-
mor board with extensive experience in the treatment of
oncological disease. After that consultation, when deemed
appropriate and if reconstructive anterior column surgery
was contraindicated, SAIF was performed as a stand-alone
procedure (Figs. 2—4) or was combined with a posterior
surgical approach for external fixation (Fig. 5) and decom-
pressive laminectomy. Even in this challenging cohort,
characterized by higher SINSs (12-14) and higher ESCC
grades (2-3), anterior and posterior stabilization was per-
formed, avoiding more invasive surgical reconstruction of
the anterior column and meaningful morbidity risks.®!¢ In
this study, the SAIF group was not compared to a control
group, as the patients in this series were in a very chal-
lenging clinical position with other clinical conditions and
severe lesions of the VB that posed contraindications to
standard augmentation procedures, making a more inva-
sive anterior column surgery less palatable.?

SAIF Technique

SAIF was preferentially performed with bilateral VBS
implants to offer more satisfactory VB reconstruction re-
sults.” Ideally, the SAIF technique should be performed
with bilateral screw fixation (Figs. 2 and 4), but when EO
involved one of the two pedicles, a unilateral screw was in-
serted through the intact pedicle to ensure osseous anchor-
ing to the VBS/cement complex (Figs. 3 and 5). Especially
in these cases, the VBSs should be positioned converging
toward the midline of the VB so that, upon expansion, the
two stents could have a “kissing configuration,” favoring
the creation of a PMMA bridge between the two VBSs.
The screw anchor and cement bridge ensure stability of
the construct. In 3 cases, given the presence of mixed lytic
and sclerotic components in the VB, a unilateral VBS was
implanted in the lytic area.

The injected PMMA volume varied according to the
size of the lytic lesions, trabecular compliance, stent ex-
pansion, and cement distribution. The goal is to obtain
optimal cement filling and interdigitation in the nonlytic
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FIG. 2. Images obtained in the case of a lung cancer metastatic T4 fracture in a neurologically intact 72-year-old patient. Sagittal
(A) and axial (B) fat-sat T2-weighted MRI showed VB collapse with central canal involvement and spinal cord compression, while
CT (C-D) showed extensive osteolysis of trabecular and cortical VB components, namely posterior wall and left anterolateral wall
dehiscence (arrows in C). The SAIF technique was performed with transpedicular stent placements (E) and expansion, followed by
screw insertion (F-G) and cement augmentation. Postprocedure CT (H-K) showed fracture reduction, posterior wall retropulsion
correction due to ligamentotaxis, and the stents/cement complex anchored by screws to the posterior elements, acting as a VB
prosthesis. Figure is available in color online only.
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FIG. 3. Images obtained in a 67-year-old patient with multiple myeloma and multilevel spine osteolysis. CT studies (A-C) showed
EO of T7 with largely discontinuous VB cortical boundaries and a situation of impending collapse. The SAIF technique with
bilateral stents and a unilateral screw was performed at T7 (D-F), along with cement-only VA at multiple other levels weakened by
nonextreme lytic lesions. Follow-up CT at 24 months postprocedure (G-I) showed osseous re-apposition in formerly lytic lesions,
embedding of the stents/cement complex, and intervertebral fusion suggesting stability.

adjacent trabecular bone whenever possible. Techniques
utilized to limit PMMA leakage and/or displacement of
the soft tissue include the creation of a cavity,%1°% the use
of high-viscosity PMMA > the containment effect of the
VBS mesh,” and real-time fluoroscopic control during ce-
ment injection. These approaches were considered par-
ticularly relevant, as these patients had highly destructive
lesions typically with a dehiscent posterior wall and the
frequent coexistence of an epidural mass.

There were 22/36 levels with a high degree of verte-
bral collapse and 23/36 levels with an epidural mass on
preprocedure MRI. Although MRI postprocedure was not
routinely performed to assess soft-tissue encroachment of
the central canal, there was no worsening of neurological

status postprocedure. We hypothesize that cavity creation
and fracture reduction, with reexpansion of the collapsed
VB in a craniocaudal direction, may have had a role in
preventing clinically significant soft-tissue migration in
the central canal. All screws were positioned within the
pedicles and in the VBS under fluoroscopic guidance, with
no screw loosening observed at follow-up. The screws im-
planted in the SAIF technique are not connected to exter-
nal fixation bars; thus, there are no strong stress forces on
the screws that can predispose to screw loosening.

SAIF Stabilization Efficacy

The main aim of the SAIF procedure is VB reconstruc-
tion to restore axial load-bearing capability while avoid-
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FIG. 4. Images of a breast cancer metastatic T1 fracture in a 56-year-old
patient. MRI (A) and CT (B-C) showed the severe VB lytic destruction
and collapse. Long-segment posterior instrumentation would have limit-
ed the patient’s mobility, and a T1 corpectomy would have posed signifi-
cant surgical challenges. The patient could be treated with a percutane-
ous, minimally invasive, stand-alone SAIF approach (D). Postprocedure
CT (E-G) displayed the optimal VB reconstruction by stents augmented
with bone cement, anchored to the posterior elements by transpedicular
fenestrated screws.

ing more invasive traditional surgery in this compromised
cohort. A previously published qualitative score based on
postprocedure plain radiographs and CT images was used
to assess the reconstruction:’ the construct was judged
satisfactory when appropriate placement of the devices,
VBS expansion, and cement filling restored VB height and
achieved reconstruction of the destroyed VB, appearing as
a 360° nonfusion internal fixation of the affected VB. The
reconstruction was judged satisfactory (good or excellent)
in 94.5% of cases by the two raters, with high interrater
agreement.

Follow-up, ranging from 1 to 30 months, was available
for 30 treated levels. At follow-up, the implants were stable
with no VBS mobilization in 29/30 cases. The screw an-
choring may represent a means of avoiding VBS mobili-
zation in conjunction with other technical measures, such

514 J Neurosurg Spine Volume 32 « April 2020

as a PMMA bridge, cement interdigitation, and optimized
implant(s) positioning. In the late follow-up CT studies (=
6 months postprocedure), formation of a new cortical bone
shell was noted around the construct, and in some cases
intervertebral osseous fusion was observed (Fig. 3), sug-
gesting the achievement of stability. Clinical and imaging
follow-up was limited by patient death or loss to follow-
up, but is nevertheless representative in such a cohort with
advanced metastatic disease.

In a complex case treated with bilateral VBSs and a
unilateral-screw SAIF for lung cancer metastatic thoracic
EO, mobilization of the non-screw-anchored VBS oc-
curred. The ex post facto case analysis revealed a series
of clinical and technical errors likely contributing to the
occurrence of this unfortunate complication. The patient
had unrecognized osteomyelitis at the metastatic vertebral
level that worsened and evolved into an epidural abscess.
Moreover, the presence of osteolysis involving one pedicle
suggested unilateral screw fixation on the intact side, but a
“kissing configuration” of the VBSs was made impossible
by a sclerotic spur within the otherwise lytic VB, which
eventually prevented the desired creation of a PMMA
bridge between the two VBSs. Interestingly, evolving os-
teomyelitis likely caused mobilization of the nonanchored
VBS, while the screw-anchored VBS remained in place.

The majority of patients with EO experience mechani-
cal pain. While pain palliation is an indication for treat-
ment, it did not represent a formal endpoint of the present
study. Our rationale was straightforward. Thousands of
studies, including randomized controlled trials in which
patients were randomized against conservative therapy
in both osteoporotic and neoplastic fractures, have dem-
onstrated meaningful pain improvement with augmenta-
tion.*?4? Even sham studies that fail to demonstrate the
expected differential benefit have included augmentation
patients whose pain dramatically improves after the pro-
cedure."” In our cohort with EO and diffuse metastatic dis-
ease, concomitant VA was deemed necessary at adjacent
or distant levels in 22/35 patients (61 levels; Fig. 3), and
these patients concurrently received different regimens of
radiotherapy, chemotherapy, and supportive care (includ-
ing steroids and analgesic drugs)," including for metastatic
deposits outside of the skeleton, e.g., the viscera. Despite
these confounding factors, in a retrospective review of the
medical records, an experienced medical oncologist (V.E.)
assessed pain amelioration potentially attributable to the
SAIF procedure in 19/35 patients (with no new or changed
therapeutic regimen). In 4/35 patients, pain amelioration
was attributable to the procedure in combination with che-
mo- or radiotherapy, while in 7/35 patients no significant
pain amelioration was noted after the procedure. In 1 case
pain was not evaluable because the patient had died 2 days
after the procedure because of a pulmonary embolism un-
related to PMMA migration. The remaining 4/35 patients
had no definite preprocedure pain clearly attributable to
the vertebral target lesion. In this study we utilized a clini-
cal oncological evaluation rather than a formal visual ana-
log scale. The outcomes illustrated symptomatic improve-
ment and are comparable to those previously reported with
the use of VBS in extensive VB lytic lesions.’

The SAIF procedure allows patients to recover quickly
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FIG. 5. Images of a solitary plasmocytoma of T6 in a very tall and fit 52-year-old patient. Multiplanar CT images (A-C) showed EO
of the VB also involving the left pedicle and the impending asymmetrical fracture causing scoliotic deformity in the frontal plane
(B). The SAIF technique with bilateral stents and a unilateral screw was performed to reconstruct the VB (D) and avoid corpec-
tomy. In the same anesthesia period, percutaneous short-segment dorsal instrumentation was added, as shown by postprocedure
CT (E-H), to provide further stability given the patient’s body habitus. PET-CT follow-up at 12 months (1), following chemotherapy,
showed stable spinal alignment and no signs of residual or recurrent disease. Figure is available in color online only.

as compared to their recovery following open surgery. Its
less invasive nature facilitates the start or resumption of
radiotherapy or chemotherapy soon after the procedure.
Moreover, the proposed SAIF technique offers the advan-
tage of immediate stabilization of the VB, while radiother-
apy alone cannot ensure stabilization. Indeed, stand-alone
radiotherapy can be followed by a phase of increased ver-
tebral fragility and fracture risk.?*-7

Furthermore, patients with mechanical pain attributable
to metastatic destruction or collapse of the VB with result-
ing intervertebral instability are nonresponders to radio-
therapy alone. These patients generally require some form
of stabilization procedure to address their mechanical in-

stability.?” Thus, we believe SAIF to have a complemen-
tary role to treatment with radiation and/or chemotherapy
to achieve immediate VB reconstruction and stabilization,
rapid pain relief, and local disease control.?

The clinical protocol utilized by practitioners involved
in our multidisciplinary spine tumor board is to consider
stabilization via SAIF when a patient has a VB affected
by EO and would have difficulty recuperating in a timely
fashion from more traditional operative approaches. In
fact, EO lesions commonly demonstrate wide cortical
boundary erosion and bone comminution, advanced ver-
tebral collapse, and an epidural mass, which all represent
at least relative contraindications to more standard VA
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procedures. In these patients SAIF could represent a mini-
mally invasive option when anterior column reconstruc-
tive surgery is contraindicated or not desired. Finally, in
the presence of lytic involvement of the posterior elements,
signs of gross instability such as fracture-related kyphotic
or scoliotic deformity, or the highest SINSs or when de-
compressive laminectomy is indicated, SAIF can be com-
bined with a posterior surgical approach, as was done in
5/35 patients in this series.

Complications

The majority of complications were technical and
asymptomatic. Two patients (5.7%) reported a clinical
complication secondary to an epidural leak, including
an L2 sensory and motor deficit necessitating surgical
posterior decompression, with no permanent deficit, and
transient self-limiting L5 radicular pain for which no treat-
ment was required. Two previous studies have reported a
similar rate of epidural cement leakage, either during VA
of neoplastic lytic lesions with a dehiscent posterior wall
(14.2%)"° or during VBS augmentation in EO (12.2%).° No
other patients experienced worsening of their neurologi-
cal status postprocedure. One patient with metastatic lung
cancer died on postoperative day 1 as the result of a non—
PMMA-related pulmonary embolism, which can be con-
sidered a non—SAIF-specific perioperative complication.

One nonanchored VBS mobilized at the 1-month fol-
low-up and required surgical correction. This situation
was likely related to underlying osteomyelitis. We rec-
ommend bilateral screw fixation of the VBSs; whenever
this is not possible, a “kissing configuration” of the VBSs
should be obtained to ensure the creation of a PMMA
bridge between the two VBSs. Similarly, we do not rec-
ommend the SAIF technique if both pedicles are involved
by the osteolysis and do not ensure safe osseous anchoring
via the screw(s).

This SAIF series, in which a total of 2/36 levels re-
quired repeat surgery, compares favorably to a recent large
retrospective series of posterior instrumentation, separa-
tion surgery, and anterior column cement reconstruction,’
which reported an 18% overall rate of multiple surgeries
due to wound complications, CSF leakage, tumor recur-
rence, hardware failure, and other causes.

Study Limitations

The principal limitations of this study are attributable
to its real-world design, relatively small sample size, and
the absence of a systematic clinicoradiological follow-up.
Moreover, this study lacked a control group; however, as
previously mentioned, the multidisciplinary team consid-
ered the patients to be poor candidates either for VA be-
cause of their EO lesion features or for anterior column
surgery because of their clinical conditions. The VB re-
construction scale that we utilized is qualitative but did
have optimal interrater agreement between raters from
two distinct disciplines.

The strength of this study relates to the prospectively
established database utilized, with all treated cases man-
aged and followed up based on an established multidisci-
plinary clinical practice. We believe that this study may
represent a preliminary step to support SAIF, a promising
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new technique, and that a larger study may provide stron-
ger information upon which to base this minimally inva-
sive approach of stabilization in patients with extensive
lytic VB lesions. In addition, FEM analysis data provide
a supportive biomechanical rationale for use of the tech-
nique in EO cases.’!

Conclusions

The SAIF technique allows 360° nonfusion internal
fixation to stabilize the VB in patients with extensive lytic
lesions. SAIF appears to be an effective stabilization pro-
cedure with durable results at follow-up, and while there
were transient and permanent complications, the popula-
tion targeted for this procedure is inherently challenging.
Therefore, SAIF may represent an alternative option to a
more invasive corpectomy, either as a stand-alone inter-
vention or in combination with a posterior surgical ap-
proach of decompression and stabilization.
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