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Abstract. — OBJECTIVE: Up to 70% of pa-
tients with cancer are likely to develop spine
metastasis. Radiation therapy is the standard of
care for painful spinal metastases in absence of
unstable or impending fractures. More frequent-
ly these patients require open palliative sur-
gery for pain, vertebral collapse and neurolog-
ical deficits. Minimally Invasive Spine Surgery
(MISS) techniques using percutaneous pedicle
screw fixation may be considered as an alter-
native to open surgery in selected cases. MISS
techniques are thought to be associated with
fewer tissues damages resulting in early pain
relief, they also allow for early mobilization and
optimization of function.

PATIENTS AND METHODS: From 2011 to
2018, 52 patients affected by spinal metastasis
were treated with MISS techniques in Rizzoli Or-
thopaedic Institute of Bologna and in Cisanel-
lo Hospital of Pisa, Italy. All patients underwent
percutaneous pedicle screw fixations (PPSF)
coupled with mini-decompressions in case it
was required by spinal cord compressions. All
patients were evaluated pre and post-operative-
ly by Frenkel classification and VAS scores.

RESULTS: Mean follow-up time was 19,4
months. Preoperatively, Frankel scores were E
in 37 patients, D3 in 6 patients, D2 in 3 cases, D1
in 3 patients, B in one patient and C in two. The
Frankel score improved in 10 patients, remained
stable in 40 patients and worsened in two pa-
tients. Preoperatively, the mean VAS score in 29
patients treated with PPSF procedure with spi-
nal decompression was 7, while postoperative-
ly, it became 5. In 23 patients who underwent
only PPSF procedure without spinal decompres-
sion mean VAS score was 5, postoperatively it
became 3.

CONCLUSIONS: In selected cases, MISS sur-
geries may be considered as a valid alternative
to open surgery. Although the efficacy of PPSF
has been well documented in trauma or degen-
erative spine surgery, there is not sufficient lit-
erature about MISS techniques in spinal metas-
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tasis and further studies are needed to eluci-
date the most appropriate patient in which this
approach could represent the gold standard of
treatment.

Key Words:
MISS surgery, Metastasis, Spine surgery, Minimal-
ly-invasive, Spinal metastasis, Orthopedic oncology.

Introduction

Up to 70% of patients with cancer are likely to
develop spine metastasis'. In fact, the three most
frequently diagnosed tumors, such as lung, breast
and prostate cancers, usually spread to bone, and
indeed, the spine is the most frequently affected
segment of the skeleton®*. Decisions around care
in this part of population must be shared between
the patient his or her loved ones and a multidisci-
plinary team with an up-to-date knowledge of the
currently used therapeutic interventions and the
relative clinical evidence. Clinical presentations
of spinal metastasis may vary but instability and
neurologic deficits are usually present. Radiation
therapy, when the tumor is sensitive, is the stan-
dard of care for painful spinal metastases in ab-
sence of unstable or impending fractures’. More
frequently, however, these patients require open
palliative surgery for pain, vertebral collapse and
neurological deficits. Actually, in selected cases,
Minimally Invasive Spine Surgery (MISS) tech-
niques using percutaneous pedicle screw fixation
(PPSF), coupled or not with mini-decompres-
sions, may be considered as a valid alternative to
open surgery when the latter is not safe due to pa-
tients’ poor clinical conditions. MISS techniques
are thought to be associated with fewer tissues
damages resulting in earlier pain relief, also al-
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lowing for early mobilization and optimization
of function®. This is a retrospective case series
study about the management of symptomatic
metastatic spinal disease. Algorithm of Gasbar-
rini et al’ was applied to selected patient treated
with MISS techniques using PPSF coupled or
not with mini-decompressions. Functional out-
comes, neurological status improvements or im-
pairments, complication rates and Visual Analog
Scale (VAS) have been evaluated.

Patients and Methods

From November 2011 to December 2018, 52
out of 1400 patients affected by spinal metastasis
were selected according Gasbarrini et al’ algo-
rithm and treated by MISS techniques in two re-
ferral centers with (29 cases) or without (23 cases)
spinal decompressions. In 28 patients treated with
spinal decompressions, pre-operative emboliza-
tion was performed (Table I). The main indica-
tions to MISS surgery, according to Gasbarrini
et al’, were spinal metastasis which caused patho-
logical fractures, neurological deficits or uncon-
trollable pain. All patients underwent percutane-
ous pedicle screw fixations (PPSF) coupled with
mini-decompressions if required by spinal cord
compressions. All patients were evaluated pre
and post-operatively and their neurological status
was assessed by the Frenkel classification and
VAS scores. All complications were recorded and
classified as minor or major as McDonnell et al®
suggested. Pre-operative evaluation of all patients
was performed using CT-scan or MRI images
coupled with clinical examination and neurolog-

Table I. Demographics.

Demographics Number (%)
Gender
Male 26 (50)
Female 26 (50)
Tumor pathology
Breast 14 (27)
Renal 9 (17)
Lung 4(8)
Prostate 24
Other 23 (44)
Level of pathology
Thoracic 26 (50)
Lumbar 26 (50)
Need for mini-decompression
Yes 29 (56)
No 23 (44)

ical evaluation. All surgeries were carried out
under fluoroscopic control using standard MISS
approaches. In case of spinal cord compression,
a preoperative embolization was performed, and
a surgical curettage was associated (Figures 1-7).

Results

Fifty-two consecutive patients were treated with
MISS in our institutions, respectively 26 males
and 26 females, mean age of 59.3 years old (IC
95%: 55.8-62.7). Twenty-three patients underwent

Figure 1. Hepatic carcinoma metastasis of L3. CT-Scan
Images in coronal, sagittal and axial planes. The tumor is
confined in the vertebral body. According to SINS score®,
this is considered as unstable spine (TS: 8) so is advisable
to perform a surgical posterior stabilization without decom-
pression. In this tumor thermal-ablation is the gold standard
treatment.
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Figure 2. Surgical mini-invasive approach for the case
showed in Figure 1.

Figure 3. Intraoperative X-rays
of the case showed in Figures
1,2.

Figure 4. Post-operative im-
aging of the case showed in
Figures 1, 2, 3. Ct Scan show-
ing screws position.
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only PPSF procedure without decompression,
while 29 patients necessitated a surgical curettage
procedure to relieve pressure on the spinal cord.
Spinal metastases were as follows: 14 cases of
breast carcinoma (26.9%), 9 cases of renal cell car-
cinoma (17.3%); and other of various carcinomas.
Twenty-six patients (50%) had spinal metastasis
in dorsal segment, 26 patients (50%). They were
evaluated each month clinically and radiologically;
MRI and Ct scan were performed in all patients
preoperatively and a CT-scan was always per-
formed after surgery. All patients underwent clin-
ical and radiological (CT-scan or MRI) follow-up
every 3 months in the first year after the interven-
tion and then every six months. Mean follow-up
time was 19.4 months (IC 95%: 14.3-25). Preoper-
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Figure 5. Pre-operative CT-Scan in coronal, axial and sagittal planes showing adenocarcinoma metastasis of L2 with collapse
of vertebral body. This patient was treated by thermal-ablation and stabilization using CARBON/PEEK materials.
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Figure 6. Intra-operative images showing surgical approach, intraoperative X-rays and thermal ablation management of the
case in Figure 6.

Figure 7. Post-op-
erative X-rays in
sagittal and coro-
nal planes. Ct scan
showing SCrews
position. The CAR-
BON/ PEEK sys-
tem allows a post
radiotherapy treat-
ment more effective
compared to the one
after positioning of
standard  metallic
instrumentation.
The case showed is
the same of the Fig-
ures 6 and 7.
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Table Il. Functional outcomes.

Functional category analyzed

Number (%)

Neurological assessment (Frenkel Score)
Improved
Unchanged
Worsened
Status at last follow-up
Alive with disease (AWD)
No evidence of disease (NED)
Dead for causes directly linked to spinal met (DUD)
Dead for other causes (DOC)
Need for mini-decompression
Yes
No

10 (19)
40 (77)
24

36 (70)
0

0
16 (30)

29 (56)
23 (44)

atively, Frankel scores were E in 37 patients, D3 in
6 patients, D2 in 3 cases, DI in 3 patients, B in one
patient and C in two of them. The Frankel score
improved in 10 patients, remained stable in 40 pa-
tients and worsened only in two patients. Accord-
ing to the latest available follow-up, 44 patients
were evaluated as E, 4 as D3, 1 as D2, 2 as DI and
one patient as B. Preoperatively, the VAS score in
29 patients treated with PPSF procedure with spi-
nal decompression was 7 on average, while post-
operatively, the VAS score became 5 on average.
In 23 patients who underwent only PPSF proce-
dure without spinal decompression VAS score was
5 on average, postoperatively VAS score became
3 on average. According to the latest available
follow-up, 36 patients were classified as alive with
disease (AWD), 16 dead for disease progression or
other causes but not related to the spinal metastasis
(DOC) and no patient died for a cause directly re-
lated to the spinal metastasis (DUD) (Table II). In
our series, 3 minor and 3 major complications were
reported. In one case an aseptic screw mobilization
was detected without clinical consequences, while
two patients had wound dehiscence healed without
additional surgeries. As to the three major compli-
cations, in two cases an intraoperative lesion of the
dural sac during mini-decompression procedure
was reported without consequences, and finally, in

Table Ill. Medical and surgical complications.

one case a hematoma was reported with neurolog-
ical compression symptoms which required a new
surgery of spinal decompression with symptom
regression (this last patient affected by metastases
of hepatic carcinoma in D8 had not performed
preoperative embolization) (Table III).

Discussion

Spinal metastasis is a very frequent disease;
the bone is one of the most targeted tissues and
the spine is the most frequently involved site in
the skeleton. It is important to maintain proper
oncological perspective when managing this pa-
tient population. Many of these patients do not
have long to live, and, therefore, the goal must
be to improve or maintain their quality of life
during the remaining life-time. Management of
spinal metastasis is a trending topic as the newest
surgical techniques have been lately developed
in order to palliate pain related and neurological
symptoms to reduce surgery-related complica-
tions. It is intuitive to say that open posterior
surgery has been employed for palliative reason,
but complication rates have been shown to ap-
proach 25%’, related to extensive blood loss and
postoperative wound infections associated with

Complications

Treatment/consequences

Minor complications

Aseptic screw mobilizations
wound dehiscence

Major complications
Intraoperative lesion of dural sac

DN —

No/no clinical consequences
Antibiotics/healed

Intraoperative suture/no clinical consequences
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muscle dissection and denervation. MISS tech-
niques, using PPSF only or mini-decompression
with a small central incision, are thought to be
less invasive procedures, allowing early mobili-
zation and maintaining or improving functional
and neurological outcomes. Moreover, MISS or
open surgery in spinal metastases treatment, is
to be used alongside other adjuvant therapies,
such as radiation or chemotherapy. This last as-
pect is very important. In fact, in patients treated
with MISS surgery the healing of the surgical
wounds is faster and therefore allows a radio-
therapy treatment already after 2 weeks from the
surgical treatment (in open surgery radiotherapy
treatments can be performed after 30-40 days).
Recently, MISS techniques using carbon\PEEK
devices to facilitate post-operative radiotherapy
treatments have been suggested with encouraging
results'®. In our series, only 2 cases were treated
with this system. Hamad et al', report a prospec-
tive study of 51 consecutive patients with met-
astatic spinal disease treated with PPSF. Out of
the 51 patients, 49 could be successfully treated
with MISS (26 females and 23 males). Twenty-six
patients (55%) required a mini-decompression,
while 27 patients (55%) had improvement in the
Karnofsky’s performance status (KPS) by at least
10 points (p<0.0005). Only 2 patients (4%) had a
worsening of KPS, due to other coexisting prob-
lems. Six of the 13 patients improved their neu-
rology by one Frankel grade following surgery
and 95% reported improvement in pain. Mean
blood loss was 92 mls only for the fixation group
and 222 mls for those requiring mini-decompres-
sion, with no other differences between these
two surgical groups. Screw positioning was ex-
cellent in 91%, with 98% having uncompromised
bony hold. Only two patients required revision
surgery for aseptic loosening. They concluded
that MISS using PPSF is a safe and reproducible
technique that maintains or improves functional
outcome in the vast majority of patients present-
ing spinal metastases. Furthermore, Schwab et
al'? report the successful short-term treatment
of 24 patients with a minimally invasive ap-
proach for malignancies in the spine without
spinal decompression. They concluded that pain
and ambulatory status had both improved af-
ter this minimally invasive approach. Recently,
Pennington et al’ report a review of literature
about MISS vs. conventional spine surgery for
vertebral metastases. The authors reported the
results of nine studies by an immediate compar-
ison of the achieved results from both MISS and

open techniques for the treatment of symptomatic
vertebral metastases. All in all, these studies
compared 183 patients treated with MISS tech-
niques to 163 patients treated with conventional
approaches to decompression and fusion. Six of
the studies referred significantly lower blood loss
in the MISS group, three reported significantly
shorter operative times, four outlined significant-
ly shorter recovery times, two reported a lower
complication rate, and four referred similar or
superior improvements in pain post-operatively.
Additionally, five studies indicated the MISS
techniques to provide clinically similar improve-
ments in neurological function. The conclusion
of the review was that MISS may provide similar
improvements in neurological function and pain
relief, while decreasing the morbidity of surgery,
including blood loss, operative time, complica-
tion rate, and in-patient length of stay. The over-
all quality of evidence currently available is low
since all evidence is currently class either III or
IV. Since a strong evidence-based recommenda-
tion cannot be made, the decision to use MISS
techniques should be made on the basis of patient
preference and surgeon familiarity.

Conclusions

A multidisciplinary approach is an important
care component in these cases. Local radiation
is often an important adjuvant therapy in the set-
ting of spinal metastases, and this is particularly
true when a minimally invasive approach is to
be considered. The surgery goals are to stabilize
and/or decompress the spine. Debulking of tumor
is possible in a minimally invasive fashion, but if
tumor debulking is a central part of the local con-
trol plan, then an open procedure may be more
suitable. MISS either with or without spinal de-
compression in the treatment of patient affected
by spinal metastases in selected cases, according
to Gasbarrini et al’ algorithm, may be considered
as a valid alternative surgical approach to open
surgery. In our series, the patients had an im-
provement of neurological status and pain with
relative low complications rate. Although the
efficacy of PPSF has been well documented in
trauma or degenerative spine surgery, there is
not sufficient literature about MISS techniques in
spinal metastasis and further studies are needed
to elucidate the most appropriate patient in which
this approach could represent the gold standard
of treatment.
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