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Minimally invasive versus conventional spine surgery for vertebral
metastases: a systematic review of the evidence
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Abstract: One of the major determinants of surgical candidacy in patients with symptomatic spinal
metastases is the ability of the patient to tolerate the procedure-associated morbidity. In other pathologies,
minimally invasive (MIS) procedures have been suggested to have lower intra-operative morbidity while
providing similar outcomes. We conducted a systematic review of the PubMed library searching for articles
that directly compared the operative and post-operative outcomes of patients treated for symptomatic spinal
metastases. Inclusion criteria were articles reporting two or more cases of patients >18 years old treated
with MIS or open approaches for spinal metastases. Studies reporting results in spinal metastases patients
that could not be disentangled from other pathologies were excluded. Our search returned 1,568 articles, of
which 9 articles met the criteria for inclusion. All articles were level ITI evidence. Patients treated with MIS
approaches tended to have lower intraoperative blood loss, shorter operative times, shorter inpatient stays,
and fewer complications relative to patients undergoing surgeries with conventional approaches. Patients
in the MIS and open groups had similar pain improvement, neurological improvement, and functional
outcomes. Recent advances in MIS techniques may reduce surgical morbidity while providing similar

symptomatic improvement in patients treated for spinal metastases. As a result, MIS techniques may expand

the pool of patients with spinal metastases who are candidates for operative management.
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Introduction

Each year more than 1.5 million Americans are diagnosed
with some form of cancer (1) and 40-70% of these patients
will develop vertebral metastases (2-7). This makes for
upwards of 1 million Americans annually who are diagnosed
with vertebral metastases. These lesions may develop
through direct extension, lymphatic spread, dissemination
through nutrient arteries, or most commonly through

Batson’s venous plexus (8,9). Any tumor has the potential
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to seed the vertebral column, but spinal metastases are
most common secondary to lung (24% of cases), breast
(24%), liver (12%), prostate (11%), and kidney (11%)
primary tumors (10-22). Though the majority of these
lesions are subclinical, as much as 10% of patients may
present with symptoms of mechanical instability or epidural
cord compression (10,23,24), including weakness, sensory
disturbances, bowel or bladder dysfunction, and gait
disturbance.

Treatment of spinal metastases is dependent upon the
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patient’s clinical pictures and expected survival, as well
as the location and focality of the spinal tumor (25). In
the overwhelming majority of cases, the symptomatic
spinal metastasis represents just one of many sites of
disease. Consequently, the goal of surgery is not cure,
but rather palliation (12,13,18,21,22,25-33). As patients
are being considered for surgery, one of the key selection
criteria is expected patient survival. Multiple prognostic
scoring systems have been developed to aid providers in
determining post-operative live expectancy, including
the Tokuhashi (34,35), Sioutos (18), van der Linden (31),
Tomita (20), and Bauer scales (36,37). In general, guidelines
suggest that patients with life expectancies less than
3 months be treated non-surgically (19,21,30,38-46), as the
procedure-associated morbidity outweighs the potential
therapeutic benefits. However, new advances in minimally
invasive (MIS) surgical approaches promise to reduce the
morbidity associated with the surgical treatment of spinal
metastases. Consequently, surgery may become an option
in patients for whom conventional approaches are deemed
too morbid. The goals of this review are to: (I) report the
extant literature directly comparing MIS and conventional
approaches to the operative management of spinal
metastases; and (II) perform a meta-analysis of the results.

Methods
Search strategy

A systematic review of the English literature available
on PubMed was performed, along with a review of
the bibliographies of the examined articles. The query
utilized in the PubMed search was designed to include
as many articles as possible pertaining to the pathology
and interventions of interest. The final search string was:
(minimally invasive surgery OR MIS OR MISS OR VAST
OR mini-open spine surgery OR endoscopic thoracoscopy)
AND (spine OR vertebra OR vertebrae OR spinal) AND
(metastasis OR bone neoplasm OR bone tumor OR spine
neoplasm OR spine tumor OR metastatic epidural spinal
cord compression OR MESCC OR ESCC OR spinal
instability)

Eligibility criteria

%  Criteria used for the inclusion of articles were:

*  Artdcles published prior to October 1, 2017,
¢ Full-text availability in English or full-English

© Annals of Translational Medicine. All rights reserved.

Pennington et al. MIS spine surgery for vertebral metastases

translation;

¢ Article reports surgical treatment of vertebral
metastases or epidural metastases;

¢ Adult population (all patients >18 years old);

¢ Articles directly compared a MIS technique with
a conventional approach;

¢ Article reports clinical and intra-operative
results for both conventional and MIS cohorts;

¢ Format of the article is a randomized controlled
trial, nonrandomized trial, case series (= two
patients), case-control study, or cohort study;

¢ Artcle is prospective or retrospective;

¢ Metastases involve mobile spine (C1-L5).

% Criteria used for exclusion of articles were:

¢ Article reports primary spinal tumors;

¢ Article reports intradural tumors;

¢ Article reports outcomes of stereotactic
radiosurgery, vertebroplasty, or kyphoplasty;

¢ Article reports on patients with lumbosacral
pathology;

¢ Study population includes patients less than
18 years of age;

¢ Article fails to report intra-operative and
quantifiable clinical data for both approaches
(study either pools results or performs only
qualitative analysis of results).

Study eligibility

Abstracts were screened by two reviewers (Z Pennington
and AK Ahmed) using the inclusion and exclusion criteria
stated above. In cases of disagreement, a third review (CA
Molina) was involved to make the final decision. Full-text
versions of articles meeting the criteria were gathered and
reviewed in full to determine eligibility for inclusion in the
final analysis. Data relevant to the questions of this review
were then extracted and tabulated. The inclusion and
exclusion of studies was performed according to the latest
version of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement (www.

prisma-statement.org).

Results

The results of our search are summarized in the PRISMA
flow diagram shown in Figure 1. In brief, our search
returned 1,564 records from the PubMed database; an
additional 21 records were identified through other sources,
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A4

Records after
duplicates

removed (n=1,568)

\

Abstracts
screened (n=187)

4

Full-text articles
d for

\ 4

Articles excluded
(n=137)

eligibility (n=50)

\ 4

Studies included
in qualitative
synthesis (n=9)

\ 4

Full-text articles excluded, with reasons (n=41)

25 Did not directly compare MIS and open groups

5 Tumor patients cannot be separated from
non-tumor patients

3 Study is case report

2 Study is review

1 Pathology not in mobile spine

2 Intervention is vertebroplasty alone

2 Pathology is primary tumor

1 Surgical technique is open approach

Figure 1 PRISMA statement summarizing collection of articles related to the primary research questions.

which led to a total of 1,568 articles after elimination of
duplicates. The abstracts of 187 articles were screened
based upon their title, of which 137 were excluded. Full-
text versions of the remaining 50 studies were gathered and
screened for further eligibility. Of these 50 studies, 9 studies
were found to meet inclusion criteria for the study and
were included in the qualitative analysis. Of the 41 excluded
articles, 25 were excluded because they did not directly
compare MIS and open groups, 5 were excluded because
the data for the tumor patients could not be separated
from those with other pathologies, 3 studies were found
to be case reports, 2 studies were review articles, 2 studies
investigated vertebroplasty-alone, 2 studies examined
only primary tumors, 1 study reported pathology of the
sacrum only, and 1 study reported on the use of technique
equivalent to conventional open approaches.

The main outcomes we extracted from the reports
included the MIS technique utilized, mean blood loss,
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operating time, hospital length of stay, prevalence and
extent of neurological improvement, complication rate, and
degree of pain palliation. Additionally, for articles directly
comparing open and MIS techniques, we also extracted
inferential statistics comparing the outcomes of the two
groups with respect to blood loss, operative time, length
of stay, complication rate, and neurological recovery. For
classification of the level of evidence, we utilized the “Levels
of Evidence for Primary Research Question” adopted by
the North American Spine Society.

Direct comparisons of MIS and conventional techniques

Our search criteria yielded nine studies directly comparing
MIS and open approaches for the treatment of unstable
or symptomatic vertebral metastases (Tables 1,2). Seven of
the nine studies are retrospective case series of patients

operated with minimally-invasive or open techniques, one
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study is a prospective case series, and one study, that by
Hansen-Algenstaedt et al., is case-control study directly
comparing the two classes of treatments. All results were
classified as level III evidence and reported between 8 and
60 total patients. The earliest of these comparative studies
was reported by Huang and colleagues in 2006 (51). These
authors reported a retrospective series of 29 patients (68.9%
male; mean 58 years old) undergoing minimal access
thoracotomy and anterior decompression and 17 patients
(47.1% male; mean 57 years old) undergoing standard
thoracotomy. In the MIS cohort, mean blood loss was
1,100 mL (200-4,300 mL) and mean operative time was
179 minutes (120-250 minutes). Sixty-nine percent of
patients improved by one or more Frankel grades and
complications were seen in 20.7% of patients. The open
cohort had statistically similar outcomes, with a mean
blood loss of 1,162 mL (300-3,000 mL), a mean operative
time of 180 minutes (120-315 minutes), neurological
improvement >1 Frankel grade in 70.8% of patients, and
complications in 23.5% of patients. The groups were
similar for all endpoints examined except the need for post-
operative intensive care unit (ICU) stay; only 6.9% of the
minimal access group required a post-operative ICU stay
compared to 88% of the open cohort (P<0.0001).

The next study comparing MIS and open techniques
was published by Chou and Lu, who reported a series of
16 patients treated with either MIS posterior decompression
or corpectomy with transfascial instrumentation, or open
decompression and fusion (47). Within each cohort, five
patients were treated for spinal metastases. Mean blood loss
within the MIS cohort was 1,320 mL (600-2,000 mL) and
mean operative time was 6.8 hours (6-9 hours). Within the
open cohort, mean blood loss was 3,120 mL (350-7,800 mL)
and mean operative time was 6.8 hours (5-7 hours). Both
groups saw motor performance improve to 4+/5 or better
in all patients post-operatively and complications in 20% of
patients, with one wound infection in the MIS group and
one epidural hematoma in the open group. Neither pain
improvement nor length of stay was reported for either
group.

In 2012, Fang and colleagues reported a series of
41 patients undergoing surgery for thoracolumbar
metastases, who were treated with either posterior en bloc
spondylectomy (n=17; 41.2% female; mean 51.0 years old)
or mini-open anterior corpectomy (n=24; 62.5% female;
mean 56.6 years old) (48). Indications for surgery were
intractable pain, acute, progressive neurological deficits,
or spinal instability. Within the open cohort, mean blood
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loss was 1,721+£293 mL and mean operative time was
403+55 minutes, which were significantly greater (P=0.0001)
than the blood loss (1,058+263 mL) and operative duration
(175+38 minutes) seen in the MIS cohort. The degree of
neurological improvement was statistically similar between
groups (P=0.063), with 91.7% of patients in the mini-
open group improving one or more American Spinal
Injury Association (ASIA) grades, and 76.5% of patients
in the open cohort improving by at least one ASIA grade.
Pain relief was also similar between groups, both of which
showed significant improvements in visual analogue scale
(VAS) pain score relative to pre-operative pain status—
open (6.6 points; P=0.000) and MIS (6.4 points; P=0.000).
Complications were more common in the open group
(29.2%) than in the MIS group (11.8%), though this
difference did not prove statistically significant. Recurrence
was more common in the MIS group (20.8% wvs. 0.0%;
P=0.045), but this did not contribute to a significant survival
difference between the groups.

Stoker ez al. published a series of eight patients (62.5%
male; mean 54.3 years old) treated with either video-
assisted thoracoscopy (VATS) or open thoracotomy (OT)
for symptomatic thoracic metastases secondary to non-small
cell lung cancer (55). Patients in body groups were grossly
similar with respect to age at surgery (VATS: 54 vs. OT:
54), BMI (24 vs. 22 kg/m’), cigarette smoking history (44 vs.
36 pack-years), and tumor size (7.3 vs. 7.3 cm), and all
patients were Eastern Cooperative Oncology Group
(ECOQG) 0 or 1. Patients in the VATS group experienced
lower blood loss (813+463 vs. 1,250+1,500 mL) and
operative time (367+117 vs. 518+264 minutes) than
those treated with OT. Intraoperative complications
were documented in one patient from each group and
perioperative and post-operative complications were
documented in all patients in both groups. Mean length of
stay was much lower for the VATS group (5.8 days) than
the OT group (24 days). Neither neurological improvement
nor pain relief was quantified by the authors.

In 2015, Lau and Chou published a series of 49 patients
treated for symptomatic vertebral metastases, including
the 10 patients previously reported by Chou and Lu (53).
Their series compared 21 patients (52.4% male; mean
55.8 years old) undergoing MIS transpedicular corpectomy,
posterior decompression, and transfascial instrumentation
to 28 patients (64.3% male; mean 59.5 years old)
undergoing open decompression and fusion. Patients in
the mini-open group had significantly lower blood loss
(916.7 vs. 1,697.3 mL; P=0.019) and length of stay (7.4 vs.
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11.4 days; P=0.001) than those in the open cohort. The
two groups were similar though with regards to operative
time (452.4 vs. 413.6 minutes; P=0.329), percentage of
patients requiring transfusion (57.1% vs. 64.3%; P=0.611),
perioperative complication rate (9.5% vs. 21.4%; P=0.265),
number of fused segments (P=0.292), and number of levels
corpectomized (P=0.413). Post-operatively, 42.9% of
patients in each group improved by 1 or more ASIA grades.
One patient in the mini-open cohort and two patients in the
open cohort required a revision operation (P=0.803) and
post-operative complications were seen in 14.3% of patients
in each group.

Miscusi and colleagues reported a retrospective series
of 41 patients treated for thoracic metastases causing acute
myelopathy (54). Patients were treated with either MIS
laminotomy/laminectomy with percutaneous fusion (n=23;
73.9% female; mean 58 years old) or open laminectomy and
fusion (n=19; 63.2% female; 52 years old). Compared to
the open group, patients in the MIS group had significantly
shorter operative times (2.2 vs. 3.2 hours; P<0.01), lower
blood loss (240 vs. 900 mL; P<0.01), lower likelihood
of requiring blood transfusion (0% vs. 63.2%; P<0.01),
shorter post-operative bed rest (2 vs. 4 days; P<0.01), and
shorter hospital length of stay (7.2 vs. 9.25 days; P<0.01).
The prevalence of complications did not differ significantly
between the two groups, however, 4.3% in the MIS group
vs. 0% in the open group (P>0.05). Both groups showed
significant improvement in neurological status, with 65%
of patients in the MIS group and 63% of patients in the
open group reported a neurological improvement of >1
ASIA grade. Patients in the MIS cohort were more likely
to report an improvement in pain as measured by the VAS
pain scale though (74% vs. 53%; P=0.007), and reported
greater improvements in quality of life, symptoms, and
functional outcome scores as measured on the European
Organization for Research and Treatment of Cancer QOL
questionnaire (EORTC QLQ-C30) and Bone Metastasis
module (EORTC QLQ-BM22).

The only case-control study published to date comparing
open and MIS techniques was reported by Hansen-
Algenstaedt and colleagues (49). The authors compared
30 patients undergoing open posterior decompression
and fusion (60% male; mean 60.2 years old) to 30
patients (43.3% male; mean 61.8 years old) undergoing
percutaneous pedicle screw fixation with some form of
mini-open or thoracoscopic decompression, the nature of
which was dictated by the level of the lesion and location
within the affected vertebra. Both cohorts were statistically
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similar with regards to ASA score, Frankel grade, tumor
type, demographics, and pre-operative treatment. Patients
in the MIS group had lower blood loss (1,156.0£572.3 ws.
2,062.1+1,148.0 mL; P<0.001), fewer patients requiring
blood transfusion (40% vs. 76.7%; P=0.006), and shorter
hospital stays (11.0+5.0 vs. 21.1x10.8 days; P<0.001). The
MIS group did have a larger number of instrumented
segments on average (5.5+3.1 vs. 3.8£1.7; P=0.012), but
had fewer patients requiring posterior decompression
(66.7% wvs. 96.7%; P=0.003), fewer decompressed segments
(1.0£1.0 vs. 1.8£0.8 levels; P=0.001) and longer fluoroscopy
time (116.1+63.3 vs. 69.9+42.6 s; P=0.002). Post-operative
outcomes were grossly similar between the two groups.
In the MIS group, 20% of patients improved by 1 or
more Frankel grades (P=0.014), mean VAS pain score
improvement was 2.0 points at post-op day 7 and 5.2 points
at 3-month follow-up, improvement in ECOG score was
0.6 at 3-month follow-up (P=0.003), and improvement in
Karnofsky performance status (KPS) was 10% at 3-month
follow-up (P<0.001). In the open cohort, 33.3% of patients
improved by one or more Frankel grades (P=0.006), mean
pain improvement was 3.1 points at post-op day 7 and
4.6 points at 3-month follow-up, mean ECOG
improvement was 1.0 at 3-month follow-up (P<0.001), and
mean KPS score improvement was 20% at 3-month follow-
up (P<0.001).

Kumar et al. published a prospective series comparing
27 patients (67% male; mean 62 years old) treated with
percutaneous pedicle screw fixation with or without mini-
open posterior decompression and 18 patients (45% male;
mean 65 years old) treated with open decompression and
fusion (52). The majority of patients had gross or potentially
unstable spines with 100% of the MIS group and 95%
of the open group having a Spinal Instability Neoplastic
Score (SINS) of 7 or more. Compared to patients in the
open cohort, those undergoing MIS management had
significantly lower blood loss (184 vs. 961 mL; P<0.001)
and shorter time to the start of radiotherapy (13 vs.
24 days; P<0.001). No differences were reported with
regards to operative time (MIS: 253 minutes vs. Open:
269 minutes), duration of ICU stay (MIS: 1 day vs. Open:
1 day), or duration of hospital stay (MIS: 9 days vs. Open:
13 days). Both groups showed significant improvement
in VAS pain scores post-operatively; patients in the MIS
cohort had a mean improvement of 5.2 points (P<0.001)
and those in the open cohort had a mean improvement of
3.5 points (P<0.001). Neurological improvement greater
than 1 Frankel grade was seen in 56% of patients in the
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MIS cohort and 50.0% of patients in the open cohort.
Functional improvement was also significant for all patients,
with a mean ECOG improvement of 0.5 in the MIS group
(P<0.001) and 0.6 for the open group (P<0.001). In both
groups the majority of patients were ambulatory at 3-month
follow-up (MIS: 79% vs. open: 64%), but the authors
did not report the percentage of patients who recovered
ambulation following surgery. Lastly, median survival was
longer in the open cohort (12 vs. 7.5 months), but this
difference was not reported as significant and 3-month
overall survival rates were the same for both groups (MIS:
74% vs. open: 75%).

The most recent comparison of open and MIS
procedures was reported by Hikata and colleagues, who
published a retrospective series of 50 patients (54%
male; mean 63.2 years old) treated with either mini-
open posterior decompression and percutaneous pedicle
screw fixation (n=25) or open decompression and fusion
(n=25) (50). Pre-operatively both groups were grossly
similar in terms of age, sex, spinal level, KPS, diffusivity of
spinous metastatic disease, presence of visceral metastases,
Frankel grade, and Tokuhashi score. MIS patients were
reported to have significantly lower blood loss (340.1+302.5
vs. 724.3+545.9 mL; P=0.005), to be significantly less likely
to require red blood cell (RBC) transfusion (12% vs. 40%;
P=0.029), and to require significantly shorter post-operative
bed rest (2.0+1.5 vs. 3.6+1.6 days; P<0.001). The two groups
were otherwise similar with respect to operative time
(MIS: 204.6+55.4 minutes vs. Open: 188.9£43.6 minutes)
and the number of levels fused (MIS: 5.1+1.3 vs. Open:
5.9£2.3). Both groups also provided statistically similar
levels of neurological improvement—56% of the MIS
cohort and 56% of the open cohort improved 1 or more
Frankel grades—and pain improvement on the VAS scale
(MIS: 4.6£3.0 vs. Open: 5.0£3.0). Complications were less
common in the MIS group though, with only 12% of MIS
patients experiencing a complication, compared to 44% of
patients in the open cohort (P=0.012).

Summary

We identified nine studies directly comparing the results
of MIS (n=183 unique patients) and open procedures
(n=163 unique patients). Averaging across all studies,
mean operative blood loss in the open cohort is
1,418.7 mL (range, 714.3-3,120 mL), mean operative
time is 278.7 minutes (range, 180-518 minutes), and mean

hospital length of stay is 14.7 days (range, 9.25-24 days).
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Average pain improvement in the open cohort was 5.2
points on the VAS scale (range, 3.5-7.2), 55% of patients
reported neurological improvement of one or more ASIA
or Frankel grades (range, 33-100%), and complications
were seen in 26% of patients (range, 0-100%). For the
patients undergoing MIS approaches, mean blood loss was
745.0 mL (range, 184-1,320 mL), mean operative time was
230.9 minutes (range, 132-468 minutes), and mean hospital
length of stay was 8.7 days (range, 5.8-11 days). Within
this group of studies, 58% of MIS patients improved one
or more ASIA or Frankel grades post-operatively (range,
20-100%), mean pain improvement was 5.3 points on the
VAS scale (range, 4.3-6.6), and complications were reported
in 17% of patients (range, 3-100%). Due to the high degree
of heterogeneity in the MIS techniques reported by the
different studies, as well as the inability to disentangle the
results of different MIS approaches within several of the
studies, it was not possible to perform a meta-analysis of
the results. Qualitatively however, MIS operations were
associated with lower blood loss (745.0 vs. 1,418.7 mL),
shorter operative times (230.9 vs. 278.7 minutes), shorter
hospital stays (8.7 vs. 14.7 days), and lower complication
rates (17% vs. 26%), while providing similar neurological
improvement (58% wvs. 55%) and pain relief (5.3 vs. 5.2 points
on VAS scale).

Case report

A 55-year-old female with a history of breast cancer
presented to the clinic of IL with severe back pain that
was mechanical in nature. The patient was evaluated
radiographically and was found to have a lytic T10 lesion
involving the vertebral body and both pedicles. The lesion
was evaluated using the SINS (56) and Epidural Spinal
Cord Compression (ESCC) Scale (57,58), which revealed a
ESCC grade 1c lesion with a SINS score of 12, suggesting
a potentially unstable segment (Figure 2). As a result, the
patient was offered an MIS procedure with vertebroplasty
of the lytic segment and short-segment percutaneous
instrumentation (Figure 3).

Discussion

The treatment of spinal metastases is largely guided by a
combination of how advanced is the patient’s disease and the
severity of the symptoms displayed by the patient (25). For the
overwhelming majority of patients with spinal metastases, the
lesions remain asymptomatic, or the severity of symptoms is
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Figure 2 Pre-operative imaging in a 55-year-old breast cancer patient presenting with mechanical back pain demonstrating (A) greater than

50% collapse of the central vertebral body, (B) grade 1c epidural cord compression, and (C,D) bilateral pedicular involvement.

Figure 3 Post-operative results following treatment with T10

vertebroplasty and short-segment percutaneously-placed pedicle

screw instrumentation. L, left.

mild enough that patients can be treated with a combination of
radiotherapy and systemic agents. However, in 14% or more
of patients (24,30,59-63), patients present with neurological

© Annals of Translational Medicine. All rights reserved.

symptoms secondary to oncologic compression of neural
elements or intractable pain secondary to spinal instability. In
these cases, the preferred route of treatment is less obvious.
Up undil a decade ago, standard therapy for these patients was
also a combination of radiation and systemic therapy, as this
had proved equally effective at providing symptomatic relief,
while at the same time having lower associated morbidity
than contemporary surgical techniques. In 2005 though,
Patchell and colleagues published the results of a trial of
101 patients randomized to either radiotherapy and surgical
decompression (n=50) or radiotherapy alone (n=51) (30).
Patients randomized to the former group were significantly
more likely to ambulate post-operatively (OR =6.2;
P=0.001), as well as demonstrate improvements in their
ASTA motor score (P<0.006) and Frankel grade (P=0.0008)
30 days post-operatively. These results were supported
by contemporaneous retrospective studies (5,45,64), and
consequently surgery has become a standard consideration for
all patients with symptomatic vertebral metastases.

Unlike surgery for primary spinal tumors, the goal of
surgery for spinal metastases is overwhelming palliation
of symptoms, not cure (12,13,18,21,22,25-33). As a
result, the consulting surgeon must consider the patient’s
overall health, as well as the clinical picture of the vertebral
metastases. The majority of published studies have suggested
that surgery only be considered in patients with a life
expectancy greater than 3 to 6 months (19,21,30,38-46),
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as patients with lower life expectancies are liable to have
complication profiles that far outweigh any potential
benefit of surgery. Unfortunately, this means that many
patients, especially those with metastases secondary to
aggressive primary pathologies, such as lung cancer,
pancreas cancer, and melanoma, are ineligible for surgical
symptom palliation due to the aggressive course of their
disease (22,26,28,29,33,38,65,66). In the past decade
though, multiple groups have begun to publish the
results of patients with degenerative spine pathologies
treated with MIS techniques. These authors report
MIS techniques to have lower associated soft tissue
damage (67,68), lower post-operative infection rates
(53,69-73), lower post-operative pain, and shorter hospital
lengths of stay (74), while providing functional results
similar to conventional procedures (45,54,67,75-77).
Consequently, multiple authors have begun to explore the
application of these techniques to patients with vertebral
metastases, a medically-vulnerable population less able to
deal with the rigors of conventional surgery.

In this review, we reported the results of nine studies
directly comparing the results of MIS and open techniques
for the treatment of symptomatic vertebral metastases.
In total, these studies compared 183 patients treated with
MIS techniques to 163 patients treated with conventional
approaches to decompression and fusion. Six of the studies
reported significantly lower blood loss in the MIS group
(48-50,52-54), three reported significantly shorter operative
times (48,49,54), four reported significantly shorter recovery
times (50,52-54), two reported a lower complication rate
(48,50), and four reported similar or superior improvements
in pain post-operatively (48,49,52,54). Additionally,
five studies reported the MIS techniques to provide
clinically similar improvements in neurological function
(48-50,52,54).

Together, these results suggest that MIS techniques
might be an option for patients with vertebral metastases
who are otherwise too unhealthy to undergo surgery,
whether due to age, extent of systemic disease, presence
of medical comorbidity, or low expected survival. These
results must be carefully considered though, as all of the
available evidence is low quality—nine of the studies are
considered level III evidence and the remaining 25 studies
are considered to be level IV evidence, comprising mostly
retrospective case series. Nevertheless, MIS techniques
show promise in the palliative management of spinal
metastases, especially with the improvements being made

© Annals of Translational Medicine. All rights reserved.

Pennington et al. MIS spine surgery for vertebral metastases

in the field of stereotactic radiosurgery. Because of these
advances, some centers are now moving towards utilizing
“separation surgery” as their standard of care (78,79). In this
treatment method, patients are first surgically decompressed
and then treated with high dose, single fraction
(18-24 Gy) or hypofractionated (18-30 Gy in 3-6 fractions)
focal radiation (78-81). The aim of surgery in these cases
is to create a resection cavity around the spinal cord at
the lesion level, and then to address the remaining tumor
using the stereotactic radiation. MIS surgery seems well-
matched to this indication, as it decreases recovery time and
so potentially allows for the faster delivery of radiation (82).
Currently, there is no high-quality evidence to support this
claim, but with the increased use of MIS techniques, such
evidence may become available in the near future. Until
such point, the choice to utilize MIS techniques is one that
must be made by the patient and their attending surgeon.
While the techniques have a steeper learning curve than
traditional, open techniques, they have a lower associated
morbidity and so may be the only reasonable option
available to the sickest of patients.

Conclusions

Spinal metastases are a relatively common clinical
phenomenon, affecting 40-70% of the more than 1,000,000
cancer patients diagnosed annually in the United States.
As the disease course progresses, these lesions can produce
intractable mechanical pain and spinal instability, or even
neurological dysfunction secondary to direct compression
of the neural elements. Unfortunately, these most advanced
patients are also those who are least able to tolerate the
morbidity associated with surgical decompression and
fusion. Over the past decade though, MIS techniques have
been developed, which current evidence suggests may
provide similar improvements in neurological function
and pain relief, while decreasing the morbidity of surgery,
including blood loss, operative time, complication rate, and
in-patient length of stay. The overall quality of evidence
currently available is low—all evidence is currently class
IIT or IV—and consequently, the decision to utilize MIS
techniques is one that should be made based upon patient
preference and surgeon familiarity.
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