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OBJECTIVE Surgical decision-making and planning is a key factor in optimizing outcomes in adult spinal deformity
(ASD). Minimally invasive spinal (MIS) strategies for ASD have been increasingly used as an option to decrease post-
operative morbidity. This study analyzes factors involved in the selection of either a traditional open approach or a mini-
mally invasive approach to treat ASD in a prospective, nonrandomized multicenter trial. All centers had at least 5 years
of experience in minimally invasive techniques for ASD.

METHODS The study enrolled 268 patients, of whom 120 underwent open surgery and 148 underwent MIS surgery.
Inclusion criteria included age = 18 years, and at least one of the following criteria: coronal curve (CC) = 20°, sagittal
vertical axis (SVA) > 5 c¢m, pelvic tilt (PT) > 25°, or thoracic kyphosis (TK) > 60°. Surgical approach selection was made
at the discretion of the operating surgeon. Preoperative significant differences were included in a multivariate logistic
regression analysis to determine odds ratios (ORs) for approach selection.

RESULTS Significant preoperative differences (p < 0.05) between open and MIS groups were noted for age (61.9 vs
66.7 years), numerical rating scale (NRS) back pain score (7.8 vs 7), CC (36° vs 26.1°), PT (26.4° vs 23°), T1 pelvic
angle (TPA; 25.8° vs 21.7°), and pelvic incidence—lumbar lordosis (PI-LL; 19.6° vs 14.9°). No significant differences in
BMI (29 vs 28.5 kg/m?), NRS leg pain score (5.2 vs 5.7), Oswestry Disability Index (48.4 vs 47.2), Scoliosis Research
Society 22-item questionnaire score (2.7 vs 2.8), Pl (58.3° vs 57.1°), LL (38.9° vs 42.3°), or SVA (73.8 mm vs 60.3 mm)
were found. Multivariate analysis found that age (OR 1.05, p = 0.002), VAS back pain score (OR 1.21, p = 0.016), CC
(OR 1.03, p < 0.001), decompression (OR 4.35, p < 0.001), and TPA (OR 1.09, p = 0.023) were significant factors in ap-
proach selection.

CONCLUSIONS Increasing age was the primary driver for selecting MIS surgery. Conversely, increasingly severe
deformities and the need for open decompression were the main factors influencing the selection of traditional open
surgery. As experience with MIS surgery continues to accumulate, future longitudinal evaluation will reveal if more expe-

ABBREVIATIONS ALIF = anterior lumbar interbody fusion; ASD = adult spinal deformity; CC = coronal curve; LL = lumbar lordosis; LLIF = lateral lumbar interbody fusion;
MIS = minimally invasive spinal; NRS = numerical rating scale; ODI = Oswestry Disability Index; OLIF = oblique lumbar interbody fusion; OR = odds ratio; PI = pelvic
incidence; PT = pelvic tilt; SRS-22 = Scoliosis Research Society 22-item questionnaire; SVA = sagittal vertical axis; TK = thoracic kyphosis; TLIF = transforaminal lumbar
interbody fusion; TPA = T1 pelvic angle.
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rience, use of specialized treatment algorithms, refinement of techniques, and technology will expand surgeon adoption

of MIS techniques for adult spinal deformity.

https://thejns.org/doi/abs/10.3171/2020.4.SPINE20169
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INIMALLY invasive spinal (MIS) approaches for
M adult spinal deformity (ASD) have been shown

to be effective alternatives to traditional surgery
in appropriately selected patients.'* The major benefit of
MIS surgery reflects a decreased exposure-related mor-
bidity resulting in less blood loss and potentially quicker
recovery.* MIS approaches to deformity correction typi-
cally involve use of interbody fusion, most commonly lat-
eral lumbar interbody fusion (LLIF) and oblique lumbar
interbody fusion (OLIF), as well as tubular transforaminal
lumbar interbody fusion (TLIF) and mini-open anterior
lumbar interbody fusion (ALIF). These various interbody
fusion techniques are combined with percutaneous instru-
mentation to achieve deformity correction. The evolution
from traditional open surgery to the adoption of circum-
ferential MIS techniques to treat ASD is often challeng-
ing. The learning curve and the adoption timeline may
be many years. The major concern that persists among
surgeons is that MIS deformity surgery, particularly with-
out use of advanced techniques such as anterior column
realignment, has limited the ability to create significant
lordosis.’

This study retrospectively analyzed data from a pro-
spective, nonrandomized multicenter trial in which sur-
geons had at least 5 years of experience with MIS tech-
niques for ASD. Our goal was to identify the factors that
influenced the participating surgeons in their selection of
either a traditional open approach or an MIS approach.

Methods

IRB approval was obtained at each of the 10 participat-
ing centers (see Appendix). Only surgeons who performed
both MIS and traditional open deformity surgery par-
ticipated in the trial. Enrolled patients provided informed
consent to be involved in this observational investigation.
Inclusion criteria included age = 18 years, and at least one
of the following criteria: coronal curve (CC) = 20°, sagit-
tal vertical axis (SVA) > 5 cm, pelvic tilt (PT) > 25°, or
thoracic kyphosis (TK) > 60°. Surgical approach selection
was at the discretion of the operating surgeon.

Radiological Assessment

All patients had preoperative anteroposterior and lat-
eral scoliosis radiographs. Standard radiographic param-
eters were assessed, including CC, SVA, T1 pelvic angle
(TPA), lumbar lordosis (LL), pelvic incidence (PI), PT,
and PI-LL mismatch. The TPA is an alternative method
to assess global sagittal alignment that accounts for pel-
vic compensation and is an angle defined by a line drawn
from the center of T1 to the bifemoral heads and a line
drawn from the bifemoral heads to the mid-S1 endplate.®
Unlike SVA, it is an angular measurement, so calibration
is not needed. All imaging was reviewed at a single site
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(Hospital for Special Surgery, New York, New York) for
uniformity, and calculations were performed using spe-
cialized software (SpineView, ENSAM ParisTech).

Clinical Assessment

Several surveys were utilized to assess outcomes, in-
cluding the numerical rating scale (NRS) for back and leg
pain, Oswestry Disability Index (ODI), and Scoliosis Re-
search Society 22-item questionnaire (SRS-22). The NRS
ranges from 0 (no pain) to 10 (unbearable pain). The ODI
ranges from 0 to 100, with increasing values associated
with worsening disability. The SRS-22 assesses 5 domains
(function, pain, self-image, mental health, and satisfaction)
and ranges from a mean score of 1-5, with higher scores
reflecting better outcomes.

Surgical Technique

Participating surgeons assessed each enrolled patient
and determined the surgical approach (open vs MIS) based
on the presentation, comorbidities, physical examination,
and radiographic imaging. There was no specific surgical
protocol for the group, and the surgeon was allowed to se-
lect the approach based on what he or she considered the
best option to achieve optimal outcomes. Minimally inva-
sive approaches used a combination of LLIF/OLIF, ALIF,
and/or TLIF, with percutaneous instrumentation. Open ap-
proaches involved traditional posterior muscle dissection
with placement of pedicle screw fixation in combination
with interbody fusion and/or osteotomies.

Statistical Analysis

Statistical analysis involved t-tests and nonparametric
tests (Mann-Whitney U-test) for comparisons between
MIS and open surgery patients. Preoperative variables
with significant differences found on the univariate analy-
sis were included in a multivariate logistic regression anal-
ysis to determine odds ratios (ORs) for approach selection.
The variables included were age, baseline back pain, base-
line CC, baseline PI-LL, baseline PT, if a decompression
was performed, and baseline TPA.

Results

A total of 268 patients were enrolled in the investigation
from June 2015 to January 2018. There were 120 open and
148 MIS-treated patients (Table 1). Significant preopera-
tive differences (p < 0.05) between open and MIS groups
were noted with univariate analysis for age (61.9 vs 66.7
years), NRS back pain score (7.8 vs 7), CC (36° vs 26.1°),
PT (26.4° vs 23°), TPA (25.8° vs 21.7°),and PI-LL (19.6° vs
14.9°). No significant differences were found in univariate
analysis when comparing the open versus the MIS group
in baseline preoperative BMI (29 vs 28.5 kg/m?), NRS leg



TABLE 1. Demographics, surgical characteristics, patient-
reported outcomes, and radiographic imaging of open and MIS
surgical approach patients

Variable Open Surgery ~ MIS Surgery  p Value
No. of patients 120 148
Age, yrs 61 9(12.6) 66.7 (9.7) 0.001
BMI, kg/m? 29 (8.9) 28.5(5.4) 0.707
Decompression 70 (58.3%) 49 (33.1%)  <0.001
NRS back pain score 78(21) 7 (2.0 <0.001
NRS leg pain score 2(3.4) 5.7 (2.93) 0.38
oDl 484( 1) 472 (14.5) 0.565
SRS-22 score .7(0.6) .8(0.6) 0.23
Sacral slope, ° 321 (11.7) 34 2(12.0) 0.189
CC,° 36 (20.8) 261 (14.8) 0.001
PT,° 26.4 (10.4) 23(8.7) 0.002
PI, ° 58.3 (13.9) 571 (13.4) 0.402
PI-LL, ° 19.6 (20.9) 14.9 (16.5) 0.034
LL,° 38.9(19.7) 42.3 (19.0) 0.176
SVA, mm 73.8(72.7) 60.3 (58.6) 0.191
TPA, © 25.8 (13.28) 21.7 (10.0) 0.008

Data are presented as mean (SD) unless otherwise indicated. Boldface type
indicates statistical significance.

pain score (5.2 vs 5.7), ODI (48.4 vs 47.2), SRS-22 (2.7 vs
2.8), PI (58.3° vs 57.1°), LL (38.9° vs 42.3°), or SVA (73.8
vs 60.3 mm).

In the open group, 99 patients (83%) returned for 1-year
follow-up, with a mean of 1.1 years (Fig. 1). As Table 2
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shows, the open group showed significant improvement in
NRS back (7.8 to 3.73) and leg (5.2 to 3.1) pain scores,
ODI (48.4 to 30.1), and SRS-22 (2.7 to 3.5) scores. Ra-
diographic parameters also improved with PT (26.4° to
23.7°), PI-LL (19.6° to 5.9°), LL (38.9° to 54.1°), SVA
(73.8 mm to 36.9 mm), and TPA (25.8° to 20.0°). In the
MIS surgery group, 90 patients (61%) presented for 1-year
follow-up, with a mean of 1.0 years (Fig. 2). Similar to the
open surgery group, there were significant improvements
in NRS back (7.0 to 2.9) and leg (5.7 to 2.5) pain scores,
ODI (47.2 to 27.3), and SRS-22 scores (2.8 to 3.5; Table
3). Radiographic improvements were also noted, includ-
ing PT (23.0° to 20.8°), PI-LL (14.9° to 6.9°), LL (42.3° to
49.8°), SVA (60.3 to 39.8 mm), and TPA (21.7° to 18.1°).

Multivariate analysis found that age (OR 1.05, p =
0.002), back pain (OR 1.21, p = 0.016), CC (OR 1.03, p
< 0.001), need for decompression (OR 4.35, p < 0.001),
and TPA (OR 1.09, p = 0.023) were significant factors in
approach selection (Table 4). For every l-year increase in
age there was a 5% increase in selecting an MIS surgical
approach. Conversely, for every 1-point increase in VAS
back pain, there was a 21% increase in choosing an open
approach. Similarly, for every 1° increase in CC and TPA,
there was a 3% and 9% higher likelihood of selecting an
open approach, respectively. The most notable variable
was whether a patient required a decompression of the
neural elements, which showed a 335% increased likeli-
hood of selecting an open approach.

Discussion

Initial studies by Glassman et al.’® showed a correla-
tion between positive sagittal balance and worse clini-
cal outcomes. Subsequent investigation by Lafage et al”’

FIG. 1. Preoperative anteroposterior (A) and lateral (B) radiographs and postoperative anteroposterior (C) and lateral (D) radio-
graphs from a 74-year-old woman with kyphoscoliosis who underwent traditional open surgery. Her preoperative values were: SVA
143.9 mm, TPA 33.7°, PT 30.1°, PI-LL 26.5° and CC 41.2°.
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TABLE 2. One-year outcomes in patients who underwent open
surgery (n =99)

Variable Baseline 1-Yr Postop p Value
NRS back pain score 7.8(2.1) 3. 73 (3.0 <0.001
NRS leg pain score 2(3.4) 1(31) <0.001
ODI 48 4 (18.1) 301 (20.7) <0.001
SRS-22 score .7(0.6) .5(0.8) <0.001
Sacral slope, ° 321 (11.7) 35 3(12.2) 0.005
CC,° 11.9 (20.8) 6.42 (26.0) <0.001
PT, ° 26.4 (10.4) 23.7 (10.9) <0.001
PI, © 58.3 (13.9) 60 0(14.3) 0.625
PI-LL, © 19.6 (20.9) .9 (16.4) <0.001
LL,° 38.9 (19.7) 541 (16.7) <0.001
SVA, mm 73.8(72.7) 36.9 (57.7) <0.001
TPA, © 25.8 (13.3) 20.0 (11.5) <0.001

Data are presented as mean (SD).

demonstrated the importance of the pelvis. Schwab et al.!
suggested that optimal realignment parameters are SVA
<5 cm, PT < 20°, and PI-LL mismatch = 10°. Although
age can modify radiographic alignment goals, appropriate
realignment by either a traditional open or an MIS surgi-
cal approach is considered a key goal to optimize clinical
outcomes. Whether an MIS surgical approach can achieve

FIG. 2. Preoperative anteroposterior (A) and lateral (B) radiographs and postoperative anteroposterior (C) and lateral (D) radio-

graphs from a 74-year-old woman with kyphoscoliosis who underwent MIS surgery. Her preoperative values were: SVA 78.2 mm,
TPA 23.4°, PT 22.1°, PI-LL 28.7°, and CC 36.2°.
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similar correction and outcomes to traditional open sur-
gery for all types of deformity is unclear and has led
to the development of treatment guidelines, such as the
minimally invasive spinal deformity surgery (MISDEF2)
algorithm.!! The goal of the MISDEF2 algorithm was to
guide surgeons in deciding whether a particular deformity
could be treated by MIS surgery. However, MISDEF?2 is
based only on radiographic alignment criteria and does
not factor in other relevant patient data, such as clinical
presentation.

This study analyzed the decision-making of surgeons
who perform both traditional open and MIS deformity
surgery to identify factors impacting approach selection.
While spinopelvic malalignment (as reflected in the TPA)
and degree of scoliosis were drivers for approach selec-
tion, notably, other variables were also influential, includ-
ing age, back pain, and whether decompression was need-
ed. The lack of SVA being a primary driver may be due to
the fact that pelvic compensation is not accounted for with
SVA, in contrast to TPA. Given that the higher likelihood
was relatively modest, at a 9% increase per 1° increase in
the TPA, it suggests that only severe spinopelvic malalign-
ment resulted in choosing an open approach. The smaller
3% increased likelihood per 1° increase in coronal curva-
ture probably reflects the relative improved ability of MIS
approaches to achieve coronal correction. Increasing back
pain was also a driver for selecting an open approach. The
cause of this finding is not obvious but may be related to
the perception by the surgeon that a maximal correction




TABLE 3. One-year outcomes in patients who underwent MIS
surgery (n =90)

Variable Baseline 1-Yr Postop p Value
NRS back pain score 70 (2.0 .9(2.6) <0.001
NRS leg pain score 7(2.9) 5(2.9) <0.001
ODI 472(14 5) 273 (17.8) <0.001
SRS-22 score .8(0.6) 5(0.7) <0.001
Sacral slope, ° 34 2(12.0) 36 0(11.1) 0.021
CC,° 4 (14.8) 2(21.3) 0.33
PT, ° 23 0(8.7) 20 8(8.2) 0.013
PI, © 571 (13.4) 56 7(13.8) 0.679
PI-LL, © 14.9 (16.5) 9 (11.3) <0.001
LL,° 42.3 (19.0) 49 8 (14.5) <0.001
SVA, mm 60.3 (58.6) 39.8 (43.6) <0.001
TPA, © 21.7 (10.0) 18.1(8.2) <0.001

Data are presented as mean (SD).

was warranted in cases of severe deformity and the pre-
sumption that this could be best achieved with an open
approach.

Of the variables studied, the need for an open de-
compression was the main driver for an open approach
selection. Focal direct decompression can be performed
with MIS surgical approaches, as evidenced by 33.1% of
patients in the MIS group who had decompression. How-
ever, for certain deformity cases, it is generally not time-
efficient to perform MIS direct decompression for diffuse
symptomatic stenosis in the context of performing longer-
segment multilevel interbody fusions and instrumentation.
Indirect decompression via LLIF has also been shown to
be effective,'? but indirect decompression is less effective
for certain types of stenosis. Wang et al.!* found that bone
lateral recess stenosis was a risk factor for unsuccessful
indirect decompression with LLIF. It is unclear what spe-
cific criteria were used by the participating surgeons to
exclude the option of MIS direct and/or indirect decom-
pression, but the necessity for open decompression was
the most prominent differentiating selection factor.

Deformity surgery is associated with high risks of com-
plications that are elevated in the elderly. Smith et al.'"* an-
alyzed 291 patients who underwent deformity surgery and
noted a 78.9% complication rate in the 65- to 86-year-old
age group versus a 55.4% complication rate in the 18- to
44-year-old age group. It is not surprising, therefore, that
increasing age was associated with more likely selecting
an MIS approach given the decreased exposure-related
morbidity and perceived decreased complication risk.

Overall, both groups (open and MIS surgery) had sig-
nificant improvements in both the clinical and radiograph-
ic parameters assessed. This suggests that appropriate se-
lection was made in these cases, although it is not known
whether the alternative approach could have resulted in a
different, potentially better or worse outcome. The findings
of this investigation reflect the perspective of the partici-
pating surgeons as a whole. One of the major drawbacks of
such a statistical analysis of multicenter collective data is
the potential to overgeneralize certain variables that con-
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TABLE 4. Results of the multivariate analysis

Variable Reference OR 95% CI p Value
Age MIS approach 1.05 1.02-1.08 0.002
Back pain Openapproach  1.21  1.04-1.41 0.016
CcC Openapproach  1.03  1.02-1.05  <0.001
Decompression  Open approach  4.35 2.26-8.33  <0.001
TPA Openapproach ~ 1.09  1.01-1.18 0.023

tribute to surgical decision-making. It does not emphasize
any individual surgeon’s decision-making paradigm. For
example, Anand et al.!>!¢ have shown an increased abil-
ity to treat spinal deformity patients with circumferential
MIS techniques utilizing a specialized 2-stage protocol,
even with severe spinopelvic malalignment.

A strength of this study is that the results showing that
spinopelvic alignment, back pain, and need for decom-
pression impact the decision to perform open surgery are
likely a real-world representation of the adoption time-
line of MIS surgical techniques for ASD. The adoption
timeline to treat greater degrees of spinal deformity with
MIS techniques may be well over 5 years. Increasing ex-
perience with the adoption of algorithmic protocols and
advancing technology will probably further expand the
selection of MIS techniques, even in severe ASD.

Conclusions

This investigation reviewed various factors influencing
the choice of open versus minimally invasive techniques
for ASD. Increasing age was the primary driver for select-
ing MIS surgery. Conversely, increasingly severe deformi-
ties and, in particular, the need for open decompression
were the main factors influencing the decision for tradi-
tional open surgery. It is probable that with mounting ex-
perience, comfort with indirect decompression, refinement
of treatment algorithms, and technological advancement,
spine surgeons will increasingly employ MIS surgical
techniques for ASD.

Appendix

The following centers participated in this study: Department
of Neurosurgery, University of Michigan, Ann Arbor, Michigan;
Department of Neurological Surgery, Oregon Health & Science
University, Portland, Oregon; Department of Neurosurgery,
University of California, San Francisco, California; Department
of Orthopaedic Surgery, Scripps Clinic, La Jolla, California;
Spine Institute of Louisiana, Shreveport, Louisiana; Department
of Neurosurgery, Barrow Neurological Institute, Phoenix,
Arizona; Department of Neurosurgery, University of Miami,
Florida; Department of Neurological Surgery, Rush University
Medical Center, Chicago, Illinois; Department of Neurosurgery,
University of Pittsburgh Medical Center, Pittsburgh,
Pennsylvania; and Department of Orthopaedics, Cedars-Sinai
Medical Center, Los Angeles, California.
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