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Over the past several decades, surgical treatment 
options for adult spinal deformity (ASD) have 
expanded, including both minimally invasive and 

open techniques.3,12,14,18,27 Determining the most suitable 
approach in patients should take into account the risks 
and benefits of each surgical technique. Unfortunately, 
studies comparing the different operative techniques are 
lacking. Moreover, outcomes and complications of ASD 
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Object. It is hypothesized that minimally invasive surgical techniques lead to fewer complications than open surgery for adult spinal de-
formity (ASD). The goal of this study was to analyze matched patient cohorts in an attempt to isolate the impact of approach on adverse events.

Methods. Two multicenter databases queried for patients with ASD treated via surgery and at least 1 year of follow-up revealed 280 
patients who had undergone minimally invasive surgery (MIS) or a hybrid procedure (HYB; n = 85) or open surgery (OPEN; n = 195). These 
patients were divided into 3 separate groups based on the approach performed and were propensity matched for age, preoperative sagittal 
vertebral axis (SVA), number of levels fused posteriorly, and lumbar coronal Cobb angle (CCA) in an attempt to neutralize these patient 
variables and to make conclusions based on approach only. Inclusion criteria for both databases were similar, and inclusion criteria specific to 
this study consisted of an age > 45 years, CCA > 20°, 3 or more levels of fusion, and minimum of 1 year of follow-up. Patients in the OPEN 
group with a thoracic CCA > 75° were excluded to further ensure a more homogeneous patient population. 

Results. In all, 60 matched patients were available for analysis (MIS = 20, HYB = 20, OPEN = 20). Blood loss was less in the MIS 
group than in the HYB and OPEN groups, but a significant difference was only found between the MIS and the OPEN group (669 vs 2322 
ml, p = 0.001). The MIS and HYB groups had more fused interbody levels (4.5 and 4.1, respectively) than the OPEN group (1.6, p < 0.001). 
The OPEN group had less operative time than either the MIS or HYB group, but it was only statistically different from the HYB group (367 
vs 665 minutes, p < 0.001). There was no significant difference in the duration of hospital stay among the groups. In patients with complete 
data, the overall complication rate was 45.5% (25 of 55). There was no significant difference in the total complication rate among the MIS, 
HYB, and OPEN groups (30%, 47%, and 63%, respectively; p = 0.147). No intraoperative complications were reported for the MIS group, 
5.3% for the HYB group, and 25% for the OPEN group (p < 0.03). At least one postoperative complication occurred in 30%, 47%, and 50% 
(p = 0.40) of the MIS, HYB, and OPEN groups, respectively. One major complication occurred in 30%, 47%, and 63% (p = 0.147) of the 
MIS, HYB, and OPEN groups, respectively. All patients had significant improvement in both the Oswestry Disability Index (ODI) and visual 
analog scale scores after surgery (p < 0.001), although the MIS group did not have significant improvement in leg pain. The occurrence of 
complications had no impact on the ODI.

Conclusions. Results in this study suggest that the surgical approach may impact complications. The MIS group had significantly fewer 
intraoperative complications than did either the HYB or OPEN groups. If the goals of ASD surgery can be achieved, consideration should 
be given to less invasive techniques.
(http://thejns.org/doi/abs/10.3171/2014.3.FOCUS13534)
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Abbreviations used in this paper: ALIF = anterior lumbar inter-
body fusion; ASA = American Society of Anesthesiologists; ASD 
= adult spinal deformity; BMI = body mass index; CCA = coronal 
Cobb angle; EBL = estimated blood loss; LIF = lateral interbody 
fusion; LL = lumbar lordosis; MIS = minimally invasive surgery; 
ODI = Oswestry Disability Index; OR = operating room; PI = pelvic 
incidence; PPS = percutaneous pedicle screw; PT = pelvic tilt; SVA 
= sagittal vertical axis; TK = thoracic kyphosis; TLIF = transforami-
nal lumbar interbody fusion; VAS = visual analog scale.

See the corresponding editorial in this issue (E16).
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are largely reported in terms of patient characteristics fol-
lowing traditional open techniques with little published 
data about minimally invasive procedures.27,32

Open techniques require extensive soft tissue mobili-
zation (Fig. 1A), and long-segment fusions are associated 
with complication rates ranging from 10% to 75%.4,8,10,11, 

15,19,23,25,30,31,33 Minimally invasive surgery (MIS) for ASD 
correction has become increasingly popular. As reported 
by Smith et al., outcome measures after ASD surgery 
in elderly patients improve more dramatically than in 
younger patients, and with an increasing elderly popula-
tion, minimally invasive surgical correction will remain 
an important option.32 Less disruptive procedures are fo-
cused on using combined approaches with a variety of 
techniques: minimally invasive transpsoas lateral inter-
body fusion (LIF), mini-open transforaminal lumbar in-
terbody fusion (TLIF), anterior lumbar interbody fusion 
(ALIF), presacral interbody fusion (AxiaLIF, TranS1 
Inc.), and minimally invasive pedicle screw fixation (Fig. 
1B). An MIS aims to diminish the soft tissue disruption 
of the surgical approach without compromising the objec-
tives of deformity surgery, that is, stabilization of the de-
formity, global and sagittal realignment, and arthrodesis. 
On the other hand, an intermediate “hybrid” option using 
combined open and minimally invasive techniques, such 
as lateral transpsoas fusions and/or mini-open TLIF, fol-
lowed by posterior laminectomy and/or osteotomies, has 
potential benefits related to construct durability, higher 
fusion rates, and deformity correction.

Minimally invasive procedures offer several hypo-
thetical advantages over traditional open surgical ap-
proaches, including decreased muscle dissection causing 
reduced paraspinal atrophy, decreased rates of infection, 
shorter time to narcotic independence, and decreased 
health care costs as well as the ability to place an in-
terbody graft to increase fusion.17,18,20,24,27,28,36 Potential 
disadvantages may include limited sagittal correction. 
Complications of these increasingly applied procedures 
in the treatment of ASD must be examined, compared, 
and reported.

To determine whether complications in ASD sur-
gery are related to surgical approach, we retrospectively 
analyzed a prospective, propensity-matched cohort of pa-
tients with similar surgically treated levels.

Methods
Study Design and Group Definition

We conducted a retrospective review of one prospec-
tively and one retrospectively collected multicenter data-
base contributed to by 16 participating institutions. An ini-
tial query for patients with ASD treated via surgery and at 
least 1 year of follow-up revealed 280 patients who had un-
dergone MIS or a hybrid procedure (HYB; n = 85) or open 
techniques (n = 195), with a mean age of 63 ± 8.9 years 
(mean ± standard deviation). The OPEN group contained 
patients who had undergone open pedicle screw fixation 
with or without interbody fusion. The MIS group consisted 
of patients who had undergone a stand-alone transpsoas 
LIF, LIF with percutaneous pedicle screw (PPS) fixation, 
and minimally invasive TLIF with PPS fixation. A third 
and final group included patients who underwent a HYB 
approach consisting of both open and minimally invasive 
techniques (minimally invasive LIF/TLIF with open ped-
icle screw fixation and/or laminectomy and/or osteotomy). 
Study inclusion criteria for the retrospective MIS/HYB da-
tabase were defined as an age > 18 years and one of the fol-
lowing factors: coronal Cobb angle (CCA) > 20°, ≥ 3 fused 
intervertebral segments, sagittal vertical axis (SVA) > 5 
cm, pelvic tilt > 20°, or at least 1 year of follow-up. Study 
inclusion criteria for the prospectively enrolled OPEN pa-
tients were defined as an age > 18 years and one of the 
following factors: CCA > 20°, SVA > 5 cm, pelvic tilt (PT) 
> 25°, or thoracic kyphosis (TK) > 60°. Propensity match-
ing was used to identify 3 groups of patients with statisti-
cally equivalent profiles, deformities, and extent of fusion. 
Our subgroups were propensity matched for preoperative 
age, preoperative SVA, number of levels fused posteriorly, 
and preoperative major lumbar CCA. All patients younger 
than 45 years were excluded, as were OPEN patients with 
a thoracic CCA of > 75°. Subgroup analysis was performed 
to assess the incidence of major clinical and radiographic 
complications, as defined by Glassman et al.19 Complica-
tions were analyzed and classified as intraoperative or 
postoperative and major or minor (Table 1).

Data Collection
Outcomes for the 3 study cohorts were assessed based 

Fig. 1.  A: Intraoperative photograph of an open surgical approach for the correction of ASD. Note the extensive soft tissue and 
muscle release needed for the exposure.  B: Intraoperative photograph of a posterior percutaneous screw fixation procedure, 
which was done following a 3-level lateral interbody fusion. Note the reduction in muscle dissection and exposure compared with 
that in the open approach.
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on 1-year postoperative outcome variables, including vi-
sual analog scale (VAS) scores for both back and leg and 
the Oswestry Disability Index (ODI). Demographic and 
intraoperative data were also recorded for each group, 
including age, comorbidities, American Society of Anes-
thesiologists (ASA) physical status score, body mass in-
dex (BMI), estimated blood loss (EBL), operating room 
(OR) time, duration of hospital stay, and number of levels 
fused both posteriorly and via an interbody graft. Ex-
cessive blood loss (> 4 L) was characterized as a minor 
complication. All patients had 36-in standing scoliosis 
radiographs; recorded preoperative and postoperative ra-
diographic parameters included CCAs of the thoracic and 
lumbar spine, TK, pelvic incidence (PI) minus lumbar 
lordosis (LL), PT, and SVA (Fig. 2).

Statistical Analysis
Patients were matched using propensity scores by ap-

plying linear regression. Propensity matching took into 
account age, SVA, number of levels fused posteriorly, and 
the lumbar CCA. Patients whose data were matched had 
the same propensity to undergo one of the 3 approaches 
(OPEN, HYB, MIS) based on their preoperative profile, 
thus creating a more homogeneous population. The mean 
and standard deviation were used to describe continuous 
variables, and frequency analyses were used for categori-
cal variables. Comparisons among the three groups were 
performed using ANOVA and chi-square analysis. Change 
between preoperative and postoperative parameters was 
analyzed using a paired t-test. All complications were re-
corded and compared between groups using the chi-square 
test. A p value of 0.05 was significant.

Results
Of 280 patients undergoing ASD surgery in the da-

TABLE 1: List of complications in patients who underwent surgery for ASD*

Complication Minor Major

intraop CSF leak, excessive bleeding, intraop coagulopathy, fracture of  
  posterior element, breach of pedicle, fracture of vertebral  
  body

bowel/bladder injury, cardiac arrest, injury to cauda equina,  
  death, inadvertent extubation, malignant hyperthermia, injury  
  to nerve root, vascular/visceral injury

postop superficial infection, radiculopathy, sensory deficit, skin compli- 
  cation, superficial thrombophlebitis, excessive bleeding

bowel/bladder deficit, DVT/PE, deep infection (wound dehis- 
  cence), death, motor deficit, myocardial infarction, neurologi- 
  cal complication, optic deficit, pneumonia, reintubation,  
  sepsis, stroke, instrumentation failure

*  Based on data from the Adult Deformity Outcomes Study (Glassman et al., 2007). DVT = deep venous thrombosis; PE = pulmonary embolism.

Fig. 2.  Preoperative (A and B) and postoperative (C and D) 36-in long-cassette radiographs obtained in a patient who under-
went a minimally invasive correction of ASD. The radiographic parameters of LL, PI, SVA, and TK were measured.
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tabase, 60 remained after propensity matching to control 
for age, SVA, number of levels fused posteriorly, and lum-
bar CCA.

Demographic Data 
No significant differences existed among the groups 

with regard to sex (88% female for the entire cohort, 90% 
for the OPEN and HYB groups, and 85% for the MIS 
group), age (mean 63 years), ASA score (mean 2.2), num-
ber of comorbidities (mean 2.3 per patient), and history 
of previous spine surgery (65% of cases were primary; 
Table 2). The MIS group had significantly lower BMI 
when compared with the HYB group (23.9 vs 28.1 kg/
m2, p = 0.03). 

Intraoperative Data 
Table 3 displays intraoperative data from the 3 co-

horts, demonstrating that the MIS and HYB groups had 
more interbody levels fused (4.5 and 4.1, respectively) 
than the OPEN group (1.6, p < 0.001). There was less EBL 
in the MIS group (669 ml) than in the OPEN group (2322 
ml, p < 0.001). Excessive blood loss (> 4 L) was recorded 
as a complication in 3 patients in the OPEN group (15%). 
Comparing OR times, we noted that the OPEN proce-
dures were on average shorter than the HYB procedures 
(367 minutes vs 665 minutes, p < 0.001) but not signifi-
cantly different from the MIS procedures (507 minutes). 
There was also no significant difference in terms of the 
length of stay (mean 8.5 days with a range of 1–23 days).

Radiographic Parameters
Preoperatively, there were no significant differenc-

es except that the MIS and HYB groups had a smaller 
thoracic CCA than the OPEN group (16°/15° vs 28°, p < 
0.008; Tables 4 and 5). Postoperatively, the OPEN group 
had a smaller PI-LL mismatch than the MIS group (6° 
vs 17°, p < 0.03). Also postoperatively, the OPEN group 
had a significantly greater lumbar CCA than the MIS and 
HYB groups (21° vs 11°/10°, p < 0.005) and greater tho-
racic CCA (21° vs 12°/6°, p < 0.003). In all 3 groups, there 
was a significant decrease in the lumbar CCA, with no 
significant changes in the PT for all groups. The HYB 
and OPEN groups demonstrated a significant decrease 
in the PI-LL mismatch, thoracic CCA, and SVA and an 
increase in the TK. With respect to pre- versus postopera-
tive changes, the HYB group had a significantly greater 
change in the lumbar CCA than the OPEN group (-24° 
vs -14°, p = 0.02). The OPEN group had a greater change 
in the PI-LL mismatch than the MIS group (-14° vs -3°, 
p = 0.04).

Clinical Outcomes 
There were no significant differences among the 

groups in terms of preoperative and postoperative scores 
for VAS back, VAS leg, and ODI (Table 6). All 3 groups 
had a statistically significant decrease in their VAS and 
ODI scores, except the MIS group did not see a signifi-
cant improvement with leg pain postoperatively. 

Complications 
On average, there were 1.06 complications per patient 

for the OPEN group, 0.84 per patient in the HYB group, 
and 0.30 per patient in the MIS group (p = 0.04) (Table 
7). When comparing the OPEN group to the MIS group, 
there were no significant differences for postoperative 
complications or major complications, but there were 
more intraoperative complications (0.3 vs 0, p = 0.03) and 
minor complications (0.4 vs 0, p = 0.4) per patient. Over-
all, 45.5% of patients had at least one complication, and 
46% of the 60 patients had a major complication, without 
any significant differences among the 3 groups (62.5% for 
the OPEN group vs 30% for the MIS group, p = 0.147). 
The comparison of intraoperative complications revealed 
that the MIS group had significantly fewer complications 
than the HYB group, which in turn had fewer complica-
tions than the OPEN group. The analysis of individual 
complications did not reveal any significant differences 
between the groups, except some HYB patients experi-
enced deep venous thrombosis (15.8% vs 0% in MIS and 
OPEN groups, p = 0.05).

Discussion
Adult spinal deformity is one of the most challeng-

ing disorders for a spine surgeon to treat and may be as-
sociated with a substantial number of perioperative and 
postoperative complications.10,19,21–23,25,29 Factors associat-
ed with higher complication rates include comorbidities, 
age, smoking, osteoporosis, long fusions, and excessive 
blood loss.7,15,16,26 Glassman et al.19 demonstrated that ma-
jor complications in their cohort led to worse outcomes, 

TABLE 2: Summary of demographic data among 60 patients who underwent surgery for ASD

Group No. of Patients Mean Age (yrs) Sex (%M:%F) ASA Score BMI (kg/m2) No. of Comorbidities

MIS 20 64.0 15:85 2.5 23.9* 1.8 
HYB 20 69.1 10:90 2.1 28.1 3.2
OPEN 20 61.6 10:90 2.2 27.3 2.0

*  The only significant difference was in BMI between MIS and HYB groups (p = 0.03).

TABLE 3: Intraoperative data for 60 patients who underwent 
surgery for ASD

Group
No. of Levels Fused 
(posterior/interbody) EBL (ml)

OR Time 
(min)

Length of 
Stay (days)

MIS 5.6/4.5 669 507 6.4
HYB 6.4/4.1 1518 665 4.5
OPEN 5.2/1.6 2322 367 7.4
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as evidenced by lower 12-Item Short-Form Health Survey 
scores at 1 year postoperatively. However, Albert et al.2 re-
ported no change in outcome score (36-Item Short-Form 
Health Survey) in patients with complications undergoing 
ASD correction. The current study is the first to examine 
the incidence of complications associated with surgical 
approach in 3 cohorts of patients propensity matched for 
age, outcome (pre- compared with postoperative ODI), 
and coronal and sagittal radiographic parameters.

Innovation in operative technique, along with an im-
proved understanding of biomechanics and surgical out-
comes, has permitted the development of several surgical 
approaches in treating adult scoliosis. To determine the 
ideal approach in treating adults with spinal deformity, it 
is necessary to know if the presence of complications is 
related to approach or to patient characteristics. Unfortu-
nately, outcomes for adult deformity surgery are largely 
reported in reference to a specific surgical technique 

and are not applicable to other procedures. This study is 
among the first to compare complications of open versus 
less invasive surgical approaches. To differentiate com-
plications and compare different techniques, propensity 
matching was used to compare homogeneous groups.

Open surgery is the most studied technique but is 
also associated with the greatest morbidity. Bhagat et al.6 
recently reported on a cohort of 48 patients who had open 
surgical correction of ASD and a 39.5% major compli-
cation rate, whereas Cho et al.10 reported a 34.4% major 
complication rate in adult deformity revision surgery. In 
our study we noted an incidence of 46% for any (intraop-
erative and postoperative) complication for all 3 groups 
combined, with the highest incidence in the OPEN group, 
albeit not statistically significant (MIS 30%, HYB 47%, 
OPEN 63%, p = 0.147). Along these same lines, the MIS 
group had the fewest, and the OPEN group had the most, 
postoperative complications (30% vs 50%), major com-
plications (30% vs 63%), and minor complications (0% 
vs 25%); however, these differences were not statistically 
significant. The only statistically significant difference in 
regard to complication rates was the intraoperative com-
plications between the MIS and the OPEN groups (0% 
vs 25%, p = 0.03). However, the majority (15%) of intra-
operative complications in the OPEN group were exces-
sive blood loss (> 4 L), which has a questionable impact 
on short- and long-term outcomes.34 The HYB group’s 
rate of complications fell between the MIS and OPEN 
groups. A lack of power due to the small cohort is prob-
ably why the majority of significant differences were not 
found between the groups. Note that MIS procedures to 
treat ASD are relatively new. Sixteen sites contributed to 
the databases used in this study to pool cases since there 
is not a large volume of these cases with a long follow-up 
at this time.

Few studies have evaluated outcomes and the in-
cidence of complications in MIS for ASD.5,9,38,39 In the 
present study we defined the MIS group as those who 
underwent stand-alone LIF, LIF with PPS fixation, mini-
mally invasive TLIF with PPS, and percutaneous presa-
cral interbody fusion. This group overall had less blood 
loss (669 ml) than the OPEN group (2322 ml, p < 0.001) 
but longer OR time (507 vs 367 minutes, p = 0.10). As 
described above, there was a statistically significantly 
lower rate of intraoperative complications with this group 
as well. We believe this lower rate can be explained by 
less tissue disruption and lower blood loss. In addition, 
the study design comparing these 2 disparate databases 
may be a factor in this statistical difference. The most 
frequent complication reported in the MIS group was im-
plant failure (8%). Our study supports previously reported 
lower infection rates and intraoperative blood loss associ-
ated with MIS.17,18,20,27,28,38

Combining traditional open deformity correction 
with MIS techniques is an alternative method of achiev-
ing the goals of deformity surgery. In our study the inci-
dence of complications in the HYB group was between 
the rates for the MIS and OPEN subgroups. Operative 
time for the HYB subgroup was significantly longer (665 
minutes) than that for the OPEN group (p < 0.001). This 
is probably attributable to the increased number of inter-

TABLE 4: Preoperative and postoperative radiographic  
parameters among patients who underwent surgery for ASD* 

Parameter
Group

MIS HYB OPEN

CCA-lumbar (°)
    preop 33 34 36
    postop 11 10 21
    Δ −22 −24 −14
    p value <0.001 <0.001 <0.001
CCA-thoracic (°)
    preop 16 15 28
    postop 12 6 21
    Δ −4 −9 −7
    p value 0.051 <0.001 0.003
TK (°)
    preop 33 32 33
    postop 36 40 43
    Δ 3 9 9
    p value 0.274 0.012 0.001
PI-LL (°)
    preop 20 26 20
    postop 17 11 6
    Δ −3 −12 −14
    p value 0.402 0.006 <0.001
PT (°)
    preop 29 36 29
    postop 26 37 25
    Δ −3 −1 −4
    p value 0.337 0.865 0.138
SVA (mm)
    preop 28 61 65
    postop 31 34 35
    Δ −2 −29 −30
    p value 0.795 0.010 0.020

*  Boldface indicates significant values. 
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body levels fused (4.1) compared with the OPEN group 
(1.6) and the increased number of posterior levels fused 
(6.4) compared with the MIS group (5.2). The time re-
quired for repositioning between the lateral and prone 
positions also led to longer OR times. Although the aver-
age length of stay for the HYB group was shorter (4.5 
days) than those for both the MIS (6.4 days) and OPEN 
(7.4 days) groups, the difference was not statistically sig-
nificant. Further study is required to determine why the 
MIS subgroup had a similar length of hospital stay as the 
OPEN group.

Preoperatively, there were no significant differences 
in any of the parameters among the groups except for the 
thoracic CCA, which was smaller in the HYB group (15°) 

than in both the MIS (16°) and the OPEN (28°, p = 0.008) 
groups. Although the amount of change in the thoracic 
CCA was not significant, the postoperative thoracic CCA 
was (MIS 12°, HYB 6°, OPEN 21°, p < 0.03). Our analysis 
also determined a larger preoperative PI-LL mismatch for 
the HYB group (26°) than the MIS (20°) and OPEN (20°) 
groups, although the difference was not statistically signifi-
cant. The amount of correction in the PI-LL mismatch was 
similar for each group and was not statistically significant 
(3°–14°). Otherwise, pre- and postoperative values showed 
no differences among the groups. When examining pre- 
and postoperative values within the groups, however, cer-
tain factors become evident. All groups showed significant 
improvements in the lumbar CCA, although no improve-

TABLE 5: Preoperative and postoperative radiographic parameters among groups that underwent surgery for ASD*

Parameter

Preop Postop Δ
Mean  

Difference p Value
Mean  

Difference p Value
Mean  

Difference p Value

CCA-lumbar (°)
    OPEN vs MIS 2.63 1.000 10.30 0.004 7.67 0.069
    OPEN vs HYB 1.30 1.000 11.50 0.002 9.77 0.016
    HYB vs MIS 1.33 1.000 −1.21 1.000 −2.11 1.000
CCA-thoracic (°)
    OPEN vs MIS 11.90 0.008 9.31 0.031 −2.59 0.914
    OPEN vs HYB 12.60 0.005 15.42 <0.001 2.66 0.891
    HYB vs MIS −0.70 1.000 −6.11 0.274 −5.25 0.128
TK (°)
    OPEN vs MIS 0.44 1.000 6.63 0.300 6.19 0.302
    OPEN vs HYB 1.16 1.000 2.82 1.000 0.57 1.000
    HYB vs MIS −0.72 1.000 3.81 1.000 5.62 0.420
PI-LL (°)
    OPEN vs MIS 0.89 1.000 −10.90 0.030 −11.41 0.035
    OPEN vs HYB −5.08 0.969 −4.66 0.893 −2.03 1.000
    HYB vs MIS 5.97 0.723 −6.24 0.508 −9.38 0.174
PT (°)
    OPEN vs MIS 0.04 1.000 −0.69 1.000 −0.84 1.000
    OPEN vs HYB −6.90 0.165 −11.80 0.001 −3.14 1.000
    HYB vs MIS 6.93 0.154 11.11 0.003 2.30 1.000
SVA (mm)
    OPEN vs MIS 36.62 0.100 3.93 1.000 −32.68 0.087
    OPEN vs HYB 3.60 1.000 0.86 1.000 −1.08 1.000
    HYB vs MIS 33.02 0.158 3.07 1.000 −31.60 0.111

*  Boldface indicates significant values.

TABLE 6: Preoperative and postoperative outcome measures among groups that underwent surgery for ASD*

Group VAS Back (Δ) p Value VAS Leg (Δ) p Value ODI (Δ) p Value

MIS −3.7 <0.001 −0.7 0.564 −20.7 <0.001
HYB −4.5 <0.001 −2.4 0.057 −13.5 0.004
OPEN −3.4 0.001 −3.4 0.005 −16.7 0.001

*  All had significant improvements in the outcome measures, except for VAS leg pain in the MIS group. Boldface indicates sig-
nificant values.
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ments were seen in PT. The HYB and OPEN groups 
showed significant improvement in the thoracic CCA, PI-
LL mismatch, SVA, and TK. A critique of MIS has been 
its limitation in sagittal plane correction. We cannot draw 
conclusions in regard to this issue as enrolled patients 
were, in general, already globally balanced, and the MIS 
techniques could maintain it. The MIS group was the only 
group unable to correct the PI-LL mismatch to within 10°, 
leaving the patient with a spinopelvic mismatch. Advanced 
techniques of minimally invasive sagittal plane correction 
have been described in the literature.1,13,14,35,37 For example, 
Deukmedjian et al.13 used the lateral transpsoas approach 
to release the anterior longitudinal ligament and place a 
hyperlordotic interbody cage in 7 patients, gaining an aver-
age of 17° per level of anterior longitudinal ligament re-
lease. Similar results were described by Akbarnia et al.1 
and Uribe et al.,35 who discovered a 21° increase in lum-
bar lordosis and a 10°–20° increase in segmental lordosis, 
respectively, with anterior column realignment. Wang and 
Madhavan37 used a posterior approach for a minimally in-
vasive pedicle subtraction osteotomy, which resulted in a 
15-cm correction of the SVA. New innovations arise on a 
regular basis and will likely play a significant role in the 
future of MIS for ASD correction.

Study Limitations
The retrospective study design and review of the 

data are major limitations of this study. Furthermore, the 
multicenter nature of the study introduces a level of vari-
ability that is difficult to control for with respect to data 
collection and complication reporting. Given that 2-year 
follow-up reporting has become standard, the relatively 
short follow-up of 1 year in our cohort can be perceived 
as a shortfall of this interim analysis, as no conclusions 
can be made with regard to fusion status and long-term 

complications. However, the minimally invasive surgical 
procedures are relatively new, and no 2-year follow-up 
data for any large group of patients are currently avail-
able. Future studies with longer follow-ups are needed, 
and this cohort will be followed up for a longer time 
frame. Another disparity is the ability of the OPEN group 
to perform 3-column osteotomies for sagittal rebalanc-
ing, although only 3 of the patients in the OPEN group 
underwent an osteotomy. Given the different nature of 
the OPEN and MIS procedures, it is extremely difficult to 
match patients to create an exactly homogeneous popula-
tion. The relatively small sample size is also a limitation. 
A power analysis revealed that this study could detect 
only large differences with 80% power, although this in-
dicates that differences detected within this study should 
not be overlooked. To minimize these important differ-
ences and to further establish concrete evidence, a well-
designed prospective study is needed.

Conclusions
Our data suggest that type of surgical approach may 

impact complications. The MIS group had significantly 
fewer intraoperative complications than did either the 
HYB or OPEN groups. Radiographic and clinical im-
provements were similar for all groups. A prospective 
analysis of MIS techniques for deformity is warranted to 
examine complications more closely. If the goals of ASD 
surgery can be achieved, one should consider implement-
ing less invasive techniques.
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TABLE 7: Complications among patients who underwent surgery for ASD*
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