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Abstract
Study Design: Narrative review.

Objective: The prevalence of adult spinal deformity (ASD) has been cited anywhere between 2-32%, while the prevalence in the
elderly population has been estimated at 68%. Neurologic complications following ASD surgery remains a concern. Previous lit-
erature reported incidence of neurologic complications varied between 1-10%, while non-neurologic complications reported were
as high as 50%. To assess the incidence of neurologic deficits, complications, and outcomes following ASD surgery, an international
group of spine deformity surgeons initiated a prospective, multicenter, international, observational study: Scoli-RISK-1I.

Methods: Two hundred seventy-two patients were enrolled from |5 centers with ASD having primary or revision surgery with a
major Cobb>80°, revision including an osteotomy, and/or a complex 3-column osteotomy. Patients had lower extremity muscle
strength (LEMS) exams performed preoperatively and at specific time points through 2-year follow-up.

Results: Preoperatively, 203 patients (74.9%) had no LEMS impairment (normal) and 68 (25.1%) had a LEMS of <50 (abnormal).
Compared with baseline, 23.0% of all patients experienced a LEMS decline at discharge, with this rate decreasing to 17.1% at 6-
weeks and to 9.9% at 6-months and remaining stable at 10.0% at 2-years.

Conclusion: This study revealed that a decline in LEMS after complex ASD surgery is common and more frequent than previously
reported. We identified such a decline in 23.0% of patients at discharge, with neurologic function recovering over time to a decline of
10.0% at 2-years postoperatively. The Scoli-RISK-1 study revealed valuable information regarding the incidence, natural history, and
prognosis of neurologic and non-neurologic complications following ASD surgery and provides useful information for patient counseling.

Keywords
scoliosis, deformity, neuro, fusion, revision surgery

Introduction

The demographics of the global population are expected to
shift dramatically as the world’s population ages rapidly, cre- ' Columbia University, New York, NY, USA
ating a Significant impact on health care and hea]th Systems_l 2 University of Toronto and Toronto Western Hospital, Toronto, Ontario,
In today’s aging society, the prevalence of adult spinal defor- ,<2Mda

ity (ASD) has been cited anywhere between 2% and 32% Duke University, Durham, NG, USA
ml .y . y ) 0 f)’ *Queen Mary Hospital, The University of Hong Kong, Pokfulam, Hong Kong,
while the prevzalfnce in the elderly population has been esti-  saR, China
mated at 68%.“ ASD has consistently been shown to have a  °Norton Leatherman Spine Center, Louisville, KY, USA

significant negative impact on health-related quality of life

(HRQoL) and often requires operative or nonoperative man- ‘ o
Meghan Cerpa, Department of Orthopedic Surgery, Columbia University, The

5,6 . .
agement. Op_eratlve management of ASfD may consist of Spine Hospital at New York Presbyterian Hospital, 5141 Broadway, 3 Field
complex, technically advanced reconstructive surgery to treat  west—022. New York, NY 10034, USA.

these deformities. Email: mc4338@cumc.columbia.edu

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
@ ® @ @ Commercial-NoDerivs 4.0 License (http://www.creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of
BB the work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Corresponding Author:



https://orcid.org/0000-0002-5722-6364
https://orcid.org/0000-0002-5722-6364
mailto:mc4338@cumc.columbia.edu
https://sagepub.com/journals-permissions
https://doi.org/10.1177/2192568219828729
http://journals.sagepub.com/home/gsj
http://www.creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F2192568219828729&domain=pdf&date_stamp=2019-05-08

Cerpa et al

9S

Advancements in medical technology have facilitated
improvements in surgical correction for ASD, although these
intricate procedures are associated with a vast array of potential
complications during and following surgery. Neurologic com-
plications following ASD surgery remains one of the para-
mount concerns for both patient and surgeon. In previous
literature, the reported incidence of neurologic complications
was inconsistent, varying between 1% and 10%, while non-
neurologic complications reported were as high as 50%.””
These fluctuating rates were primarily derived from retrospec-
tive studies with heterogeneous populations and inconsistent
definitions of complications, which likely underestimated the
true incidence of complications following ASD surgery.

For appropriate preoperative planning and patient counsel-
ing, risk factors and possible complications must be consid-
ered, thus creating a complication profile for each patient. To
address the inconsistencies in the current literature and to truly
assess the incidence of neurologic deficits, complications, and
outcomes following ASD surgery, an international group of
spine deformity surgeons decided to initiate a prospective, mul-
ticenter, international, observational study: Scoli-RISK-1.
Before Scoli-RISK-1 began enrollment, the study protocol was
developed to ensure homogeneity of the population with pre-
cise inclusion/exclusion criteria requirements, ensure an objec-
tive and consistent approach to quantify and collect data, and
determine all primary and secondary research questions the
study would assess.

Materials and Methods

This prospective, observational, international, multicenter
study evaluated neurologic complications associated with sur-
gical correction of complex ASD; defined as: major Cobb
angle of >80° in the coronal and/or sagittal plane; corrective
osteotomies for congenital spinal deformity or for any type of
deformity revision; 3-column osteotomy (ie, pedicle subtrac-
tion osteotomy (PSO), vertebral column resection (VCR)
between C7-L5 inclusive); reconstruction for deformity-
induced myelopathy; or deformity reconstruction with conco-
mitant spinal cord decompression with ossification of the
ligamentum flavum or posterior longitudinal ligament.

The study was conducted in 15 spinal deformity centers
worldwide: North America (9), Europe (3), and Asia (3). A
total of 272 consecutive patients were enrolled between Sep-
tember 2011 and October 2012 by 43 board-certified surgeons.
The ethics committees/institutional review boards granted
approval at all sites and patients signed informed consent prior
to enrollment. The study is registered with clinicaltrials.gov,
NCT01305343. Each participant’s operating surgeon decided
on surgical approach, instrumentation, corrective maneuvers,
and use of bone grafts/substitutes. Patients were between 18
and 80 years old and had ASD with the major deformity apex in
the cervicothoracic or thoracolumbar region (Table 1).

An American Spinal Injury Association (ASIA) neurologic
examination'® was performed by an ASIA-certified examiner
within 6 weeks preoperative, at hospital discharge, and

Table I. Study Inclusion and Exclusion Criteria.

Inclusion °
criteria o

Signed informed consent

Age 18 to 80 years old, inclusive

Diagnosis of adult spinal deformity (ASD) with an

apex of the major deformity in the cervicothoracic

or thoracolumbar region (apex between C7 and L2,
inclusive) with any of the following deformity
characteristics:

o Primary scoliosis, kyphosis or kyphoscoliosis
with a major Cobb angle >80° in the coronal or
sagittal plane

o Congenital spinal deformity undergoing
corrective spinal osteotomy

o Revision spinal deformity undergoing corrective
spinal osteotomy

e  Any patient undergoing a 3-column spinal

osteotomy (ie, pedicle subtraction osteotomy,
vertebral column resection) from C7 to L5,
inclusive

e  Any patient with preoperative myelopathy due to

their spinal deformity

e  Any patient with ossification of the ligamentum

flavum or posterior longitudinal ligament and a

deformity that needs concomitant reconstruction

along with decompression of the spinal cord

Exclusion
criteria o

Unlikely to comply with follow-up

Recent history <3 months of substance dependency
or psychosocial disturbance

Presence of active malignancy

Has active, overt bacterial infection, systemic or
local

e Recent (<3 months) history of significant spinal
trauma/injury/fracture/malignancy in the spinal
region

Patients with complete, long-term paraplegia
Pregnant or nursing women; women unable to
agree not to become pregnant for a period of 6
months after surgery

Prisoners

Institutionalized individuals

6 weeks, 6 months, and 2 years postoperative. The primary
outcome measure was the change in the ASIA lower
extremity motor score (LEMS) at each time point. The LEMS
evaluates motor function on a scale of 0 (no motor function) to
5 (full motor function) for 5 lower extremity muscle groups
with a 50-point maximum (25 per side). Neurological recovery
was defined as any recovery of LEMS points at any time point
through the follow-up period in comparison with LEMS at
discharge. Recovery was categorized into 3 groups: full (back
to baseline status or better), partial, and no recovery.

Further neurologic outcomes subanalysis categorized post-
operative neurological decline into “major” (loss of 5 points or
more) and “minor” decline (loss of less than 5 points). Based on
previous literature, a 5-point change in the LEMS has been
reported to be the minimal clinically important difference in
spinal cord injury patients.'' A second subanalysis assessed
unilateral LEMS decline, defined as patients with decline in
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LEMS by at least 1 point with no new weakness on the con-
tralateral extremity, and bilateral LEMS decline, defined as
patients with a decline in LEMS in both legs following surgery.

Standing coronal/sagittal x-rays, patient-reported outcomes,
and adverse events were collected at each visit. Adverse events
were classified as perioperative (intraoperative and those
occurring within the first 6 weeks after surgery) and late (those
occurring after 6 weeks). These adverse events were also cate-
gorized into major or minor according to Glassman et al.'* All
nonneurologic adverse events recorded by the participating
spine surgeons were included. The study used the Web-based
online data capture system (€CRF) OpenClinica. Additionally,
a clinical endpoint committee (CEC) evaluated all neurologic
and nonneurologic complications. These were assessed and
adjudicated to ensure their accuracy.

Differences in demographic and surgical characteristics
between the groups were analyzed using the Fisher exact test
for categorical variables and the ¢ test for continuous variables.
Changes in the LEMS were analyzed using a mixed model for
repeated measures with an unstructured covariance to handle
missing data points. The statistical analysis was performed
using SAS software, version 9.2 (SAS Institute).

Results

A total of 272 consecutive patients were enrolled between
September 2011 and October 2012. One patient lacked a pre-
operative LEMS and was excluded, therefore only 271 patients
could be included in the analyses. The study population
included 182 women and 89 men. The mean age (+ standard
deviation) was 56.9 (415.3) years. A total of 169 (62.1%)
patients had previous spine surgeries, and 212 (77.9%) patients
had 1 or more nonneurologic comorbidities.

The average number of levels operated on was 11.7 (range
3-23 levels). The mean total operative time was 448.5
(£164.4) minutes, with an estimated total blood loss of
2639.0 (£+2008.8) mL. Procedures included primary or revi-
sion surgery for ASD with a major Cobb angle of >80° in the
coronal or sagittal plane in 29.0% of the patients, revision
surgery including an osteotomy in 60.7%, and/or a 3-column
osteotomy in 75.7%, emphasizing the complex nature of these
patients’ conditions and their surgical treatments.

Neurologic

Seven patients did not have LEMS completed at discharge and
1 patient also lacked preoperative LEMS, resulting in 265
patients included in the group analyses. Thirteen patients
(4.8%) missed their 6-week assessment; 19 patients (7.0%)
missed their 6-month assessment and 62 patients (22.9%) did
not attend the 24-month visit.

Preoperatively, 203 patients (74.9%) had no lower extremity
motor impairment (LEMS of 50; normal group) and 68 (25.1%)
had a LEMS of <50 (abnormal group). The normal group
included a higher percentage of women than the abnormal
group (70.4% and 57.4%, P = .053) and a lower percentage

with previous spine surgery (57.6% and 76.5%, P = .006).
Patients with a postoperative LEMS decline were similar in
both groups at each time point. The decline was most pro-
nounced at discharge, with gradual improvement over time
(Table 2). Compared with baseline, 23.0% of all patients expe-
rienced a LEMS decline at discharge, with this rate decreasing
to 17.1% at 6 weeks and to 9.9% at 6 months and remaining
stable at 10.0% at 2 years.

Compared with baseline, the LEMS declined for 22.1% of
the patients in the normal group and 25.8% in the abnormal
group at discharge; 11.1% and 6.5%, respectively, at 6 months;
and 9.2% and 13.0%, respectively, at 2 years. There was a
small significant decline in the mean LEMS at all follow-up
assessments as compared with baseline (P = .001 up to
6 months and P = .002 at 2 years) in the normal group, whereas
the abnormal group had a significant improvement at 6 months
(P <.001) and 2 years (P = .003) (Table 3). Importantly, no
patient in this study experienced permanent postoperative para-
plegia following their index surgical procedure.'*'*

Of the 61 patients (23%) who experienced a decline in
LEMS at discharge, major neurological decline (5 LEMS
points loss) occurred in 20 patients (33%), whereas 41 (67%)
experienced a minor decline. For 20 patients with a major
decline of 5 or more LEMS points loss at discharge, full recov-
ery was seen in 4 patients (24%) at 6 weeks, increasing to 65%
at 6 months and 67% at 24 months, while the rest remaining
with some neurologic decline. Four patients (24%) showed no
recovery at 6 weeks, but only one patient showed no recovery
at 6 months (5%). In contrast, 20 of 41 patients (49%) with a
minor decline of less than 5 LEMS points loss at discharge
showed full recovery at 6 weeks, increasing to 70% at 6 months
and 74% at 24 months, with some decline persisting in the rest.
No recovery was observed in 18 of 41 patients (44%) at
6 weeks, with the rate decreasing to 20% at 6 months and
18% at 24 months."

Furthermore, of the 23% of patients that had a decline in
LEMS a unilateral decline was seen in 32 patients (12%), while
the other 29 (11%) had bilateral symptoms. The unilateral
cohort did include more women 26 (81.3%) than the bilateral
cohort 14 (48%) (P = .007). The study population mean age
was 56.9 + 15.3 years compared with 63.1 + 10.5 years in the
unilateral group and 60.7 + 10.1 in the bilateral group. Patients
were otherwise similar in both groups at every time point, with
the majority having only minor neurologic LEMS decline (uni-
lateral n = 25, 78%; bilateral n = 19, 66%). The patients with
unilateral motor decline were more likely to have undergone a
combined anterior-posterior approach, 11 patients (34.4%) ver-
sus 2 patients (6.9%) with bilateral deficits (P = .009) (Table
2). The median number of levels involved in surgery was also
higher in the unilateral group compared with the bilateral
group, that is, 13.0 (interquartile range [IQR] 11.0-17.5) and
10.0 (IQR 9.0-13.0) (P = .005), respectively. There was no
statistically significant difference in other operative variables
between the 2 groups. Unilateral versus bilateral motor decline
did not significantly affect the length of stay in the hospital or
disposition on discharge.'®
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Table 2. Demographics and Surgical Characteristics.

Type of Lower Extremity Motor Score (LEMS) Decline at Discharge

Normal vs Abnormal

Unilateral vs Bilateral

Minor vs Major

Normal Abnormal Unilateral Bilateral Minor Major
Variable (n = 203) (n = 68) (n = 32) (n=129) (n=41) (n = 20) P
Gender, n (%)
Male 60 (29.6) 29 (42.7) .053 6 (18.8) 15(51.7) .007 12 (29) Il (55) 225
Female 143 (70.4) 39 (57.4) 26 (81.3) 14 (48.3) 29 (71) 9 (45)
Age, years, mean + SD 56.3 + 159 588 + 132 236 63.1 4+ 10.5 60.7 &+ 10.1 .367 61.5(56.0, 69.5)* 63.0 (57.0, 70.0)* .424

Smoker, n (%)

No 184 (91.1) 59 (88.1) 478 31 (96.9) 25 (86.2) .182 37 (90) 19 (95) —
Yes 18 (8.9) 8 (11.9) I (3.1) 4 (13.8) 4 (10) I (5)
Previous surgery
No 86 (42.4) 16 (23.5) .006 10 (31.3) 8 (27.6) .754 12 (29) 6 (30) 953
Yes 117 (57.6) 52 (76.5) 22 (68.8) 21 (72.4) 29 (71) 14 (70)
Preoperative neurologic deficit
No 203 (100) 0 (0) — 23 (71.9) 21 (724) 963 32 (78) 12 (60) .140
Yes 0 (0) 68 (100) 9 (28.1) 8 (27.6) 9 (22) 8 (40)
Surgical approach
Posterior only 154 (75.9) 53 (77.9) 869 21 (65.6) 27 (93.1) .009 33 (80) 15 (75) 741
Anterior + posterior 49 (24.1) 15 (22.1) Il (34.4) 2 (6.9) 8 (20) 5 (25)
No. of stages
Single 165 (81.3) 55(80.9) 1.000 25 (78.1) 24 (82.8) .649 32 (78) 17 (85) 734
Multi (>2) 38 (18.7) 13 (19.1) 7 (21.9) 5(17.2) 9 (22) 3 (15)

*Presented as median (interquartile range).

Table 3. Change in Lower Extremity Motor Score (LEMS) Compared
With Baseline by Group.

Normal Abnormal
Change in LEMS Total Group Group
Compared with Baseline (n=271) (n=203) (n=68) P
Discharge, n (%) 265 199 66 .542*

Maintenance/lmprovement 204 (77)
Decline 61 (23)

155 (77.9) 49 (74.2)
44 (22.1) 17 (25.8)

6 weeks, n (%) 258 194 64 6777
Maintenance/lmprovement 214 (83) 162 (83.5) 52 (81.3)
Decline 44 (17.1) 32 (l6.5) 12 (18.8)

6 months, n (%) 252 190 62  0.293°
Maintenance/Improvement 227 (90.1) 169 (89) 58 (93.6)
Decline 25(9.9) 21 (I1.1) 4(6.5

24 months, n (%) 209 163 46 0.417°
Maintenance/lmprovement 188 (90) 148 (90.8) 40 (87)

Decline 21 (10.1) 15(9.2) 6(13)

?Chi-square test.
®Fisher’s exact test.

Nonneurologic

A total of 184 patients (67.6%, 95% CI 61.7%-73.2%) experi-
enced 515 nonneurologic events. Overall, 63 patients (23.2%)
had 1 nonneurologic adverse event, and 121 (44.5%) had 2 or
more adverse events (AEs). There were 300 (58.3%) periopera-
tive and 215 (41.7%) late adverse events. There were 234 AEs
classified as major (in 121 patients, 44.5%) and 281 as minor
(in 142 patients, 52.2%).

Overall, the most frequently encountered nonneurologic
AEs were surgery related (27.6% of all nonneurologic AEs,
occurring in 39.7% of the patients), implant failure (9.1% of
all nonneurologic AEs, occurring in 14.7% of the patients) and
dural tear (8.3% of all nonneurologic AEs, occurring in 15.8%
of the patients).

For perioperative adverse events, surgery-related complica-
tions accounted for 27.3% of all the nonneurologic AEs, followed
by urinary tract infections (9.0%) and wound-related problems
(6.7%). The perioperative AEs occurred in 25.7%, 9.2%, and
7.4% ofthe patients, respectively. For late adverse events, implant
failure (20.9%), wound-related problems (6.5%), and loss of cor-
rection (6.0%) were most commonly reported and affected
14.3%, 4.0% and 4.8% of the patients, respectively (Table 4)."”

Discussion

This prospective study analyzed lower extremity motor neuro-
logic function and nonneurologic outcomes after complex
spinal reconstruction in patients with severe ASD. To our
knowledge, this is the largest series of adult patients with
severe deformities whose neurologic function was documented
prospectively using a validated outcome instrument. Loss of
neurologic function is one of the most important complications
following complex ASD surgery. The decreased mobility
directly affects the patient’s quality of life and may lead to
additional adverse events.

The primary analysis found that the LEMS at hospital dis-
charge, compared with preoperative LEMS, was 23.0% of the
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Table 4. Nonneurological Adverse Events.

Nonneurological Adverse Events n % (95% Cl)

Any of the nonneurological adverse events 184

specified below

67.6 (61.7-73.2)

Stroke 0 0.0 (0.0-1.3)
Cardiac arrest I 0.4 (0.0-2.0)
Surgery related 108 39.7 (33.8-45.8)
Cerebrospinal fluid leak 2 0.7 (0.1-2.6)
Dural tear 43 158 (11.7-20.7)
Screw malposition 7 2.6 (1.0-5.2)
Loss of correction 18 6.6 (4.0-10.3)
Implant failure 40 14.7 (10.7-19.5)
Pedicle fracture I 0.4 (0.0-2.0)
Laminar fracture 0 0.0 (0.0-1.3)
Visceral injury 6 2.2 (0.8-4.7)
Vascular injury I 0.4 (0.0-2.0)
Excessive bleeding 14 5.1 (2.8-8.5)
Graft dislodgement I 0.4 (0.0-2.0)
Graft donor site pain I 0.4 (0.0-2.0)
Intraoperative coagulopathy 3 1.1 (0.2-3.2)
Visual field deficits/loss 0 0.0 (0.0-1.3)
Malignant hyperthermia 0 0.0 (0.0-1.3)
Anesthetic complication 4 1.5 (0.4-3.7)
Wound infection 26 9.6 (6.3-13.7)
Deep infection 12 4.4 (2.3-7.6)
Superficial infection 8 2.9 (1.3-5.7)
Graft site infection 2 0.7 (0.1-2.6)
Wound dehiscence/Stitch abscess 7 2.6 (1.0-5.2)
Gastrointestinal I 4.0 (2.0-7.1)
Superior mesenteric artery syndrome 0 0.0 (0.0-1.3)
lleus I 4.0 (2.0-7.1)
Deep vein thrombosis 8 2.9 (1.3-5.7)
Pulmonary embolism 3 I.1 (0.2-3.2)
Respiratory 14 5.1 (2.8-8.5)
Pneumonia 10 3.7 (1.8-6.7)
Atelectasis 6 2.2 (0.8-4.7)
Urogenital 37 13.6 (9.8-18.3)
Urinary retention 10 3.7 (1.8-6.7)
Retrograde ejaculation 0 0.0 (0.0-1.3)
Urinary tract infection 30 11.0(7.6-15.4)
Other 119 43.8 (37.8-49.9)

patients who underwent surgical correction for ASD. As motor
function recovered over time, this rate decreased to 17.1% at
6 weeks and then to 9.9% at 6 months, and then remained stable
at 10.0% at 2 years.'* These rates of perioperative motor
decline are the highest reported to date, which is attributed to
the prospective nature of the study with a homogenous patient
population, predefining data collection points, and standar-
dized neurological assessments. Previous retrospective studies
with heterogeneous patient populations, surgical procedures,
and inclusion/exclusion criteria have cited new postoperative
neurologic deficits at 0%, 4.7%, 7%, 11.1%, and 17.9%,
respectively.'®2* To further elucidate the extent that a retro-
spective study may underreport neurologic deficits, a compara-
tive retrospective cohort with 5 of the participating centers in
the Scoli-RISK-1 study using identical inclusion and exclusion
criteria was performed. For the retrospective data collection,

case report forms mirroring those of the prospective arm were
distributed to the participating sites and the medical records of
eligible patients between June 2009 and June 2011 were
reviewed. A total of 207 patients were included in the retro-
spective analysis, and only 9% were reported to have had a new
neurologic deficit postoperatively, compared with the 23%
found in the prospective study.”® This represents how para-
mount prospective data collection is for analyses of neurologic
deficits, which may be subtle and/or transient and remain unde-
tected in retrospective studies.

In addition to comparing new postoperative neurologic
deficits, we were able to dissect various forms of deficits,
including unilateral, bilateral, minor, and major deficits.
When comparing major versus minor postoperative neurolo-
gic decline of those who experienced postoperative weakness,
we found that one-third experienced a major decline, while
the remainder had a minor decline. Furthermore, while the
majority of recovery occurred in the first 6 months, one-
third of the postoperative neurological deficits showed some
persistence through long-term follow-up. Interestingly,
although a quicker full recovery was seen in the patients with
a minor decline than in those with a major decline, patients
with minor deficits showed full recovery less frequently than
those with major deficits.'?

Focusing on the incidence of unilateral versus bilateral neu-
rologic deficits, we identified that new weakness affected
either one or both legs at a similar rate. In both groups at
2-year follow-up, approximately two-thirds recover to at least
their preoperative baseline level of lower extremity strength.
The prognosis for neurologic recovery of new motor deficits
following complex ASD is similar with both unilateral and
bilateral weaknesses. Although both groups had similar neuro-
logic function, patients who initially had bilateral deficits
have worse patient reported outcomes at 2 years postopera-
tive.'® Understanding the risk of such deficits is fundamental
to patients’ ability to provide informed consent and to clinical
decision making, which we are now able to provide more
accurately.

Postoperative complications, neurologic and nonneurologic,
are critical data points to assess following ASD surgery, as it is
vital for preoperative patient counseling. Patients need to be
adequately informed of the potential postoperative risks and
complications they may experience after their surgery. Similar
to postoperative neurologic outcomes, the majority of literature
on nonneurologic outcomes following ASD surgery contains
an inconsistent array of findings derived from retrospective
studies, thus subject to underreporting and bias. Therefore, an
accurate and thorough knowledge base of the true incidence,
types of, and risk factors for nonneurologic AEs after complex
ASD surgeries are crucial to surgeons and patients.

This analysis presents an overall incidence of patients with
at least 1 nonneurologic AE at 67.6%, with a slightly higher
rate during the perioperative than late period (53.7% vs 42.3%).
The most frequent nonneurologic AEs were surgically related
(27.6% of the AEs occurring in 39.7% of the patients), of which
implant failure and dural tear were most common. A recent
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comprehensive review of the literature on complication rates
after surgery for ASD found an overall complication rate of
55%.%* However, these series suffered from methodological
limitations, including retrospective nature, single-centered,
heterogeneous inclusion criteria, nonstandardized reporting,
lack of data monitoring, and loss to follow-up.'” These constant
inconsistencies further illustrate the need for prospective stud-
ies in accurately assessing the true incidences of postoperative
outcomes following ASD surgery.

Once the incidence of postoperative complications is truly
understood, we can do further work to identify the specific risk
factors associated with individual and/or groups of complica-
tions. Identifying preoperative risk factors can aid physicians in
mitigating risk for complications preoperatively and optimize
patients for surgery to reduce the chances of postoperative
complications. Not only does the Scoli-RISK-1 study add valu-
able insights to neurologic and nonneurologic outcomes data,
but we can also use this to identify risk factors that are associ-
ated with specific complications. For example, when analyzing
predictive risk factors for neurologic decline univariate analy-
sis found that age, lumber level osteotomy, 3-column osteot-
omy, and blood loss were found to differ significantly between
the patients with and without neurologic decline. After using a
multivariate logistic regression model, there were three signif-
icant predictors of neurologic decline: older age, larger coronal
deformity angular ratio, and lumbar osteotomy.?> A similar
univariate analysis of the Scoli-RISK-1 data done for nonneur-
ologic outcomes revealed age, previous spine surgery, and
ASA (American Society of Anesthesiologists) grade as risk
factors for developing a nonneurologic AE. However, a multi-
variate logistic regression analysis only identified previous
spine surgery as an independent risk factor. Interestingly, pre-
viously reported risk factors in the literature, including body
mass index, number of documented nonneurologic comorbid-
ities, operative duration, blood loss, and preoperative neurolo-
gic status were not significant according to this analysis."’
With the proper understanding of the incidence profiles of the
outcomes following ASD surgery, we can more accurately
understand preoperative risks that can be modified.

Conclusion

This landmark study revealed that a decline in lower extremity
motor function after complex ASD surgery is common and
more frequent than previously reported. We identified such a
decline in 23.0% of patients at discharge, with neurologic
function recovering over time to a decline (compared with
preoperatively) of 10.0% at 2 years postoperatively. The
Scoli-RISK-1 study revealed valuable information regarding
the incidence, natural history, and prognosis of neurologic and
nonneurologic complications following adult deformity sur-
gery and provides useful information for patient counseling.
To date, the Scoli-RISK-1 study has a multitude of manuscript
publications, abstract presentations, and poster presentations
worldwide. The field of medicine is constantly evolving and
through this expansion, we have the opportunity to advance the

care that we provide. Through the unique collaboration of 2
leading spine deformity societies, SRS and AOSpine, along
with dedicated spine deformity surgeons around the world, the
Scoli-RISK-1 study was made possible and adult spine defor-
mity care will forever benefit.
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