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NOVEL MUTATIONS OF CCDC40 ARE ASSOCIATED WITH THE INCIDENCE OF IDIOPATHIC
SCOLIOSIS POSSIBLY VIA DEFECTIVE CEREBROSPINAL FLUID FLOW

Leilei Xu, Chao Xia, Yong Qiu, Zezhang Zhu
Department of Spine Surgery, the Affiliated Drum Tower Hospital of Nanjing University Medical School,
Nanjing, China

Background Previous studies have reported remarkable defects of ependymal cell cilia in the
zebrafish model of IS. It was speculated that motile cilia dysfunction might lead to the defect of CSF
flow in IS patients, which could play a role in the etiopathogenesis of IS. To the best of our
knowledge, however, there is a lack of study specifically investigating the CSF flow velocity in IS
patients. This study aimed to determine whether there exists abnormal CSF flow in patients with IS
and to further clarify the underlying molecular mechanism.
Methods A cohort of 35 female IS patients and 25 female normal controls were prospectively
recruited. Time-resolved three-directional velocity encoded phase contrast MR imaging (4D PC
MRI) was used to assess the CSF flow velocity for the subjects. Paraspinal muscles were collected
from the 35 IS patients and 20 patients without spinal deformity during surgery. Total RNA was
extracted for the expression analysis of CCDC40 which was reported to be associated with cilia
mobility. Genomic DNA was extracted from the blood sample of each patient for the exome
sequencing of CCDC40. To determine the relationship between CCDC40 and the CSF flow velocity
of IS, IS patients were classified into the defective CSF group and the normal CSF group with a
velocity of 2 cm/s in the 3rd ventricle used as cut-off value. Intergroup comparison was performed
between the two groups regarding the expression level of CCDC40 and the frequency of mutation.
Results IS patients were found to have remarkably lower peak CSF velocity in the lateral ventricles
and the 3rd ventricle as compared with the controls (0.97 ± 0.46 vs. 1.34 ± 0.57, p = 0.03 for lateral
ventricles; 1.62 ± 0.79 vs. 2.14 ± 0.65, p = 0.02 for 3rd ventricle). CCDC40 was found significantly
down-expressed in the IS patients as compared with the controls (0.25 ± 0.21 vs. 0.42 ± 0.37, p <
0.05). Moreover, patients with defective CSF had remarkably lower expression of CCDC40 than
those
with normal CSF (0.18 ± 0.16 vs. 0.37 ± 0.29, p < 0.05). For patient with defective CSF flow
velocity, the exome sequencing showed remarkably higher frequency of mutation in rs185157579
than those with normal CSF flow velocity (2.44% vs. 0.72%, p <0.05).
Conclusions We confirmed for the first time the defective CSF flow in the cerebral ventricle system
of IS patients, who simultaneously have down-expression of CCDC40 and higher frequency of
CCDC40 mutation. Our results supported the assumption that abnormal CSF flow velocity may play
a role in the development of IS.
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QUALITY OF LIFE IN 1519 TREATED OR UNTREATED MALES AND FEMALES WITH IDIOPATHIC
SCOLIOSIS

Elias Diarbakerli, Anna Grauers, Aina Danielsson, Allan Abbott, Paul Gerdhem
Dept of Clinical Sciences, Intervention and Technology, Karolinska Institutet, Stockholm, Sweden

Background: Idiopathic scoliosis is a three-dimensional deformity affecting the growing spine. The
prevalence of larger curves, requiring treatment, is higher in females. The aim of this study is to
describe quality of life in males and females with idiopathic scoliosis.
Materials and methods: This cross-sectional study comprised 1519 individuals with idiopathic
scoliosis (1308 females) with a mean (SD) age of 35.3 (14.9) years. They all answered the
Scoliosis Research Society 22 revised (SRS-22r) questionnaire and EQ-5D. 528 (450 females)
were surgically treated, 535 were brace treated (485 females) and 456 were untreated (373
females). The SRS-22r subscore (excluding the satisfaction domain), the SRS-22r domains and the
EQ-5D index score were calculated. Subgroup analyses based on treatment and age were
performed. Statistical comparisons were performed using analysis of covariance with adjustments
for age and treatment. A p-value less than 0.05 was considered as statistical significant.
Results: The mean (SD) SRS-22r subscore (SD) for males was 4.19 (0.61) compared to females
who had 4.05 (0.61) (p=0.010). The males also had higher scores on the SRS-22r domains
function (4.56 vs 4.42), pain (4.20 vs 4.00) and mental health (4.14 vs 3.92) (all p<0.05, adjusted for
age and treatment). The mean (SD) EQ-5D index score was 0.85 (0.22) for males and 0.81 (0.21)
for females (p=0.10). There were minor differences when comparing on gender in treatment and
age groups.
Conclusion: When compared to females, males with idiopathic scoliosis tend to have slightly higher
scores in the scoliosis specific SRS-22r but not in the generic quality of life measurement EQ-5D.
Quality of life is overall similar between males and females in treatment and age groups.
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IMPACT OF SERIOUS ADVERSE EVENTS ON HEALTH-RELATED QUALITY OF LIFE MEASURES
FOLLOWING SURGERY FOR ADULT SYMPTOMATIC LUMBAR SCOLIOSIS

Justin Smith, Christopher Shaffrey, Michael Kelly, Christine Baldus, Lawrence Lenke, Stephen
Lewis, Stefan Parent, Shay Bess, Frank Schwab, Keith Bridwell
Dept of Neurosurgery, University of Virginia, Charlottesville, VA, USA; Dept of Orthopedic Surgery,
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INTRODUCTION: Surgical treatment for adult symptomatic lumbar scoliosis (ASLS) can provide
significant improvement in health-related quality of life (HRQL) but is associated with high rates of
serious adverse events (SAEs). The potential impact of SAEs on HRQL has not been well defined.
Our objective was to assess whether SAEs associated with surgery for ASLS impact HRQL
measures at 2- and 4-year follow-up based on a prospective multicenter patient cohort.
METHODS: The ASLS study is an NIH-sponsored multicenter prospective study designed to
assess operative versus nonoperative treatment for ASLS, with randomized and observational
treatment arms. Patients recruited were 40-80 years old with ASLS, defined as a lumbar curve with
coronal Cobb >30 degrees and ODI >20 or SRS-22 <4.0 in pain, function and/or self-image
domains. For the present study, primary outcomes (SRS-22 and ODI) at 2 and 4 years were
compared between operative patients with and without an SAE and nonoperative patients using an
as-treated analysis combining randomized and observational cohorts. Comparisons were adjusted
for baseline characteristics, including: age, depression/anxiety/psychiatric disorder, lumbar Cobb,
lumbar lordosis, stenosis levels, education, osteoporosis, SRS-22, ODI, back pain score and SF-36
Physical Component Score.
RESULTS: 286 patients were enrolled, including 63 in the randomized and 223 in the observational
cohorts, and 2- and 4-year follow-up rates were 90% and 81%, respectively (32 patients not yet
eligible for 4-year follow-up). At 2 years, the combined (randomized and observational) as-treated
cohorts included 173 operative and 85 nonoperative patients and at 4 years included 129 operative
and 78 nonoperative patients. Of 130 total related SAEs, the most common were implant
failure/pseudarthrosis (n=26), pulmonary (n=19), neurological deficits (n=17), and proximal
junctional failure (n=12). There were 54 revision surgeries performed in 45 (26%) patients. At 2-year
follow-up patients with an SAE improved significantly less than patients without an SAE based on
mean SRS-22 (0.52 vs 0.79, p=0.004) and on mean ODI (-11.59 vs -17.34, p=0.021). This negative
impact was maintained at 4-year follow-up for both the SRS-22 (0.51 vs 0.86, p=0.001) and ODI (10.73 vs -16.69, p=0.012; Figure). Despite this negative impact, the SAE and no SAE operative
groups had mean improvements of SRS-22 and ODI that were greater than those of nonoperatively
treated patients at both 2- and 4-year follow-up (p<0.001).
CONCLUSIONS: Operative treatment for ASLS can provide significant improvement in HRQL but
is associated with high rates of SAEs. This study demonstrates that patients affected by SAEs
have significant negative impact on mean HRQL measures at 2- and 4-year follow-up compared
with those not affected by SAEs. Regardless of SAE occurrence, operatively treatment patients

experienced significantly greater improvement in HRQL than did those treated nonoperatively.
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IN-HOSPITAL COMPLICATION RATE FOLLOWING MICROENDOSCOPIC VERSUS OPEN LUMBAR
LAMINECTOMY: A PROPENSITY SCORE-MATCHED ANALYSIS

Kazuhito Soma, Takeshi Oichi, Yasushi Oshima
Dept of Orthopedic Surgery, Tokyo, Japan

BACKGROUND CONTEXT: The incidence of postoperative complications after microendoscopic
laminectomy (MEL) has not been compared with that of open laminectomy in a large study, so it is
not clear whether MEL is a safer procedure.
PURPOSE: To compare postoperative morbidity and mortality following lumbar laminectomy
between patients treated with MEL and open laminectomy.
STUDY DESIGN: Retrospective cohort study with propensity score-matched analysis.
PATIENT SAMPLE: Data of patients who underwent elective spinal surgery between July 2010 and
March 2013 were extracted from the Diagnosis Procedure Combination database, a nationwide
inpatient database in Japan.
OUTCOME MEASURES: Clinical outcomes included length of hospital stay, occurrence of major
complications (cardiac events, respiratory complications, pulmonary embolism, stroke and acute
renal failure), surgical site infection, postoperative delirium and in-hospital death.
METHODS: Propensity score matching was performed to adjust for measured confounding factors,
including patient age, sex, Charlson Comorbidity Index, BMI, smoking status, blood transfusion,
duration of anesthesia, number of operated disc levels, type of hospital and hospital volumes. The
clinical outcomes of one-to-one propensity-matched pairs of the MEL and open laminectomy
groups were compared. This study was funded by grants from the Ministry of Health, Labour and
Welfare, Japan (Research on Policy Planning and Evaluation, grant numbers: H27-PolicyDesignated-009 and H27-Policy-Strategy-011; Research on Intractable Diseases grant number:
H23-Nanchi-032). The authors have no conflicts of interest to declare.
RESULTS: Of 23,317 patients identified in the database, 1,536 underwent MEL (6.6%). By one-toone propensity score matching, 1,536 pairs were selected. The distributions of patient backgrounds
were closely balanced between the MEL and open laminectomy groups. An analysis of 1,536 pairs
revealed that there was a significantly lower incidence of major postoperative complications in those
who underwent MEL (1.0% versus 2.8% for open laminectomy, risk difference 1.8%, 95%
confidence interval [CI] 0.9%-2.9%), surgical site infection (0.5% versus 1.6% for open
laminectomy, risk difference 1.1%, 95% CI 0.4%-1.9%) and postoperative delirium (1.1% versus
2.3% for open laminectomy, risk difference 1.2%, 95% CI 0.3%-2.1%). Length of hospital stay was
significantly shorter in those treated with MEL (12 days versus 16 days for open laminectomy, p
<0.001). There was no significant difference in in-hospital mortality between the groups.
CONCLUSIONS: Patients who underwent MEL were significantly less likely to experience major
postoperative complications, and less likely to develop surgical site infection and postoperative
delirium than those who underwent open laminectomy.
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SUCCESSFUL CLINICAL OUTCOMES FOLLOWING SURGERY FOR SEVERE CERVICAL DEFORMITY
ARE DEPENDENT UPON ACHIEVING SUFFICIENT CERVICAL SAGITTAL ALIGNMENT

Themistocles Protopsaltis, Nicholas Stekas, Justin Smith, Alex Soroceanu, Renaud Lafage, Alan
Daniels, Han Jo Kim, Peter Passias, Greg Mundis, Eric Klineberg, Kojo Hamilton, Munish Gupta,
Virginie Lafage, Robert Hart, Frank Schwab, Doug Burton, Shay Bess, Christopher Shaffrey,
Christopher Ames, ISSG
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USA

Summary: Cervical deformity (CD) can be debilitating. Surgery for severe CD has high rates of
radiographic and clinical failure. Among 66 patients with severe CD, 62% had failure of radiographic
correction at 1 year. Failed corrections were associated with worse baseline cervical alignment,
male gender and greater intraoperative blood loss. Patients with failed corrections had less
improvement in NDI at 6 months and 1 year. More patients with successful corrections attained
MCID for NDI (84.2%) at 6 months.
Hypothesis: Surgery for severe CD is challenging and there are high rates of radiographic and
clinical failure.
Design: Prospective cohort study
Introduction: Cervical malalignment is associated with disability. Surgical corrections of severe CD
present considerable challenges. Demographic, surgical and postop factors associated with failed
radiographic and clinical outcomes have not been well established.
Methods: A prospective database of operative CD patients (Inclusion criteria: cervical kyphosis
>10°, cervical scoliosis >10°, cSVA>4cm or CBVA>25°) was analyzed. Inclusion was restricted to
severe baseline cervical deformities (cSVA>4cm or C2 Slope (C2S)>20°) and 1 year follow-up.
Failed surgeries was defined as cSVA>4cm at 1 year while successful surgery was defined as
cSVA<4cm at 1 year. Successful surgeries were compared to failed ones with health related
outcome measures, including the MCID for NDI (improvement >7).
Results: 66 patients with severe CD met inclusion criteria, including 41 failed (62%) surgery and 25
successful. Failed surgery patients had worse alignment at baseline and 1 year by cSVA, C2S,
T1S, TS-CL, and CTPA (p<0.05). Failed surgery patients were more commonly male (51.2 vs 12%,
p<0.01) and had greater intraop blood loss (1.2vs.44L, p<0.01). History of prior cervical fusion, age,
frailty, fusion length, op-time, use of 3CO, DJK rate, and revision surgery were not associated with
failed surgery. Patients with failed surgery had less improvement in clinical outcomes by NDI at 6
months (-8.6vs-21.7, p<.05) and 1 year (-7.7vs-17.6, p<.05). More patients with successful surgery
attained MCID for NDI at 6 months (84.2%vs51.7%, p=0.02) but there was no sig difference at 1
year (76.0%vs56.8%, p=0.12).
Conclusions: Baseline cervical malalignment, male gender and intra-op blood loss were associated
with failed radiographic outcomes in patients with severe CD. Failed surgery patients had less

improvement in NDI at 6 months and 1 year. More patients with successful surgeries attained MCID
for NDI at 6 months. In correcting severe CD, surgeons need to obtain optimal radiographic
alignment to attain better clinical outcomes.

Disclosures:
author 1: not indicated; author 2: none; ; author 3: grants/research support: DePuy Synthes, ISSGF, NREF, AOSpine,consultant: Zimmer
Biomet, Nuvasive, K2M, AlloSource,royalties: Zimmer Biomet; author 4: none; ; author 5: none; ; author 6: grants/research support:
Orthofix,consultant: Stryker, Spineart, Orthofix,royalties: Springer; author 7: grants/research support: ISSGF,royalties: Zimmerbiomet, K2M;
author 8: grants/research support: CSRS,consultant: Medicrea, SpineWave,other financial report: Allosource; author 9: grants/research
support: ISSGF,consultant: Nuvasive, K2M, Allosource,royalties: Nuvasive, K2M; author 10: grants/research support: Depuy
Synthes,consultant: Stryker,other financial report: AO Spine; author 11: none; author 12: DePuy Synthes- consultant, honorarium for
lectures, royalties, Orthofix- consultant, honorarium for lectures; author 13: Depuy Synthes- paid lectures, Nuvasive- paid lectures, K2Mpaid lectures, Medtronic- paid lectures, Nemaris- Board member and shareholder; author 14: Globus- personal fees, Medtronicgrants, Seaspine- personal fees, DePuy Synthes- personal fees, CSRS- board member, ISSG- Executive Committee, ISSLS- board
member, OHSU- patent; author 15: grants from DePuy Synthes, during the conduct of the study; grants from SRS, personal fees from
Zimmer-Biomet, personal fees from NuVasive, personal fees from K2M, personal fees from MSD, personal fees from Medicrea, personal
fees and non-financial support from Nemaris INC outside the submitted work; author 16: grants from DePuy Spine, during the conduct of
the study; personal fees and other from Depuy Synthes; author 17: grants from DePuy Synthes, during the conduct of the study; grants
and personal fees from K2, personal fees from Allosource, personal fees from Pioneer, grants and personal fees from Innovasis, grants and
personal fees from Nuvasive, grants from Depuy Synthes, grants from Stryker; author 18: grants from DePuy Synthes, during the conduct
of the study; personal fees from Zimmer Biomet, personal fees from Nuvasive, personal fees from Medtronic, personal fees from K2M,
personal fees from Stryker, personal fees from In Vivo, grants from NIH, grants from Department of Defense, grants from AO, grants from
ISSG, grants from DePuy Synthes, outside the submitted work; author 19: personal fees from Depuy Synthes, personal fees from
Medtronic, personal fees from Stryker, personal fees from Zimmer Biomet, outside the submitted work; In addition, Dr. Ames has a patent
Fish & Richardson, PC issued; author 20: grant from DePuy Synthes

68
WHAT FACTORS CHARACTERIZE AN INDICATION FOR SURGERY IN LUMBAR SPINAL STENOSIS?
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Introduction
Outcomes following surgery for spinal stenosis present great variability suggesting that patient
selection could be improved. Previous studies have investigated differences between groups of
stenosis patients undergoing either surgery or conservative care,1,2 but have not done so in
relation to whether there was actually an indication for surgery or not; as such, patients
declining/unable to undergo surgery were grouped with those for whom no surgical indication ever
existed, potentially biasing the results. The aim of this study was to evaluate, in a comprehensive
multivariable model, the baseline characteristics that distinguish patients with an indication for
surgery from those with no such indication.
Methods
Data were extracted for patients with sufficiently complete data for all variables of interest registered
in the database of the Lumbar Spinal Stenosis Outcomes Study (LSOS), a multicentre, prospective
observational study of patients with spinal stenosis and neurogenic claudication being treated
surgically or conservatively.3 A total of 557 full observations were identified for inclusion; 280
(50.3%) females, mean age 72.8 (8.5) y. A logistic forward stepwise regression model was built with
this sample to predict "having an indication of surgery", as documented by the referring clinician,
using 66 variables (demographic, clinical history, neurological, radiological, patient self-ratings for
pain, disability, HRQL, psychological status) and controlling for study site fixed-effects.
Results
A total of 415 (73%) patients had an indication for surgery and 142 (27%) did not. Significant
predictors of "indication for surgery" in the multivariable model (*p<0.05, ** p<0.01) included: nonSwiss nationality*, numbness of the foot*, no physical therapy in the last 6 months*, an increase in
symptoms in the last 3 months*, worse score on the "back trouble thermometer"**, lower
psychological distress (SCL-K-9)**, higher Roland Morris score**, grade C** or D** morphological
spinal stenosis grade (rootlet to cerebrospinal fluid ratio on axial MRI; Schizas grade), and less disc
degeneration** (Pfirrmann grade) (Fig 1).
Discussion
The most important variables shown to be associated with having an indication for surgery were a
combination of severe/worsening symptoms and disability, less psychological distress, and
radiological evidence of severe stenosis without accompanying disc degeneration. We suggest that
these should be combined into an algorithm for further investigation as potential "appropriate use
criteria" to assist with decision-making in lumbar spinal stenosis. Our further studies will examine
whether patients with a higher probability of having a surgical indication based on these criteria
actually go on to have a significantly better outcome after surgery.
1.
2.
3.

Azimi P et al J Neurosurg Sci. 2017;61(4)
Kim H-J et al Eur Spine J. 2015;24(2):339-347
Steurer J et al BMC Musculoskelet Disord. 2010;11(2008):254
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OUTCOME EVALUATION: HRQOL VS PATIENT SATISFACTION
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Introduction
The surgical treatment of adult spinal deformity (ASD) improves HRQoL but is associated with a
non-negligible rate of complications. Patient’s satisfaction after the treatment can be altered by the
event of complications and be more relevant to the HRQoL scores. For ASD patients receiving
operative (op) and non-operative (nonop) treatment, the relationship between HRQoL measures,
complications, and self-reported satisfaction remains unclear. The objective of this analysis is to
study non-linear association dynamics between ASD patient satisfaction, HRQoL and complications
over a 2yFU time horizon.
Methods
1546 patients included in a prospective multicenter ASD database (688 op and 858 nonop) were
retrospectively analyzed. Major complications were identified (McDonnel et al). We performed a
total of 12 LOESS (local polynomial fit) regressions between patient satisfaction (SRS22 item 21)
and HRQoL measures (ODI, SF36PCS and SRS22subtotal) interacting with surgery and surgical
complication dummies at baseline, 6mFU, 1yFU and 2yFU.
Results
There are no significant differences in satisfaction at baseline between op and nonop patients at
low levels of HRQoL (table). For better HRQoL scores, satisfaction is significantly lower in op
patients. At 6mFU op patients (with or without complications) are significantly more satisfied at all
HRQoL levels (p<0.001). At 1yFY, these differences are reduced by 50% and are significant only
for intermediate HRQoL. Major complications for surgically treated patients are associated with a
decrease in satisfaction after 12MFU for HRQoL levels above 40%, lower than reported satisfaction
for non-Op patients. At 1yFU, the 6mFU increase in satisfaction reduces almost to a fifth of the
original size and is only significant between intermediate HRQoL. At 24MFU, the 6MFU difference
is reduced almost to a fifth of the original size and was only statistically significant between 60-80%
HRQoL score levels.
Conclusion
Three hypothesis arise from this study. The first one regarding patients seeking surgical treatment.
The presented evidence suggests that for relatively higher HRQoL levels at baseline, satisfaction
might be the driver of surgery. The second one, regarding the dynamics of satisfaction. Surgically
treated patients, generally, are highly satisfied post-surgery at 6MFU, this rate of satisfaction
progressively diminishes gradually, being almost gone at 24MFU. The last one, regarding the
impact of complications over satisfaction. At 24MFU, patients having experienced a major
complication over the course of their follow-up for relatively higher HRQoL levels, experience even
lower levels of satisfaction than non-Op
patients.
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