
 

 

 

FOUNDED 2008 

11th Annual Meeting 

 

 

 

ELECTRONIC  

POSTER INDEX 
WITH ABSTRACTS 

  



ELECTRONIC POSTER INDEX 2018 

Poster #1 Potential of Human NP-like Cells Derived From Umbilical Cord to Treat Degenerative 

Disc Disease: Novel Mechanism for Disc Regeneration 

 Mick Perez-Cruet, MD; Rasul Chaudhry; Esam Elkhatib, MD; Christina McKee 

 

Poster #2 Risk Factors for Perioperative and Postoperative Complications after Minimally 

Invasive Transforaminal Lumbar Interbody Fusion 

 Brittany Haws, BS; Benjamin Khechen, BA; Ankur Narain, BA; Fady Hijji, MD; Jordan 

Guntin, BS; Kaitlyn Cardinal, BS; Kern Singh, MD 

 

Poster #3 Pre-operative Chronic Opioid Therapy: A Risk Factor for Complications, Readmissions, 

Continued Opioid Use and Increased Costs After One and Two Level Posterior Lumbar 

Fusion 

 Nikhil Jain, MD; Frank Phillips, MD; Tristan Weaver, MD; Safdar Khan, MD 

 

Poster #4 Obese Patients may Experience Worse Back Pain and Less Improvement in Back Pain 

Compared to Non-Obese Patients Following Lumbar Decompression-Only Surgery 

 Philip Louie, MD; Bryce Basques, MD; Michael Nolte, MD; Arya Varthi, MD; Steven Heidt, 

BS; Jeremy Mormol, BS; Justin Paul, MD, PhD; Edward Goldberg, MD; Howard An, MD 

 

Poster #5 Percent Hemoglobin Loss Is Associated with Higher Morbidity in Spine Surgery 

Patients 

 Taylor Purvis, BA; Zach Pennington, BS; C. Rory Goodwin, MD, PhD; Camilo Molina, MD; 

Steven Frank, MD; Daniel Sciubba, MD 

 

Poster #6 Patient Perceptions of Minimally Invasive Versus Open Spine Surgery 

 Brittany Haws, BS; Benjamin Khechen, BA; Ankur Narain, BA; Fady Hijji, MD; Gabriel 

Duhancioglu, MS; Blaine Manning, BS; Matthew Colman, MD; Kern Singh, MD 

 

Poster #7 The Impact of Diabetes Mellitus on Length of Stay and Direct Hospital Costs after 

Minimally Invasive Transforaminal Lumbar Interbody Fusion 

 Benjamin Khechen, BA; Brittany Haws, BS; Ankur Narain, BA; Jordan Guntin, BS; Kaitlyn 

Cardinal, BS; Kern Singh, MD 

 

Poster #8 Comparison of Patient Reported Outcome Measurement Information System 

(PROMIS) with ODI and VAS in Patients with Back Pain 

 Jared Tishelman, BA; David Jevotovsky, BA; Raj Karia, MS; Nicholas Stekas, BS, Charla 

Fischer, MD; Aaron Buckland, MD; Thomas Errico, MD; Themistocles Protopsaltis, MD  

 

 



Poster #9 Workers’ Compensation Status Is Predictive of Patient Reported Outcomes Following 

Minimally Invasive Transforaminal Lumbar Interbody Fusion 

 Brittany Haws, BS; Benjamin Khechen, BA; Jordan Guntin, BS; Kaitlyn Cardinal, BS; Kern 

Singh, MD 

 

Poster #10 Risk Factors for a Long Hospital Stay Following Minimally Invasive Lumbar Discectomy 

 Benjamin Khechen, BA; Brittany Haws, BS; Ankur Narain, BA; Fady Hijji, MD; Kaitlyn 

Cardinal, BS; Jordan Guntin, BS; Kern Singh, MD 

 

Poster #11 Postoperative Outcomes based on American Society of Anesthesiologists Score after 

Minimally Invasive Transforaminal Lumbar Interbody Fusion 

 Benjamin Khechen, BA; Brittany Haws, BS; Ankur Narain, BA; Fady Hijji, MD; Jordan 

Guntin, BS; Kaitlyn Cardinal, BS; Kern Singh, MD 

 

Poster #12 Patients Undergoing Three Level or Greater Decompression-Only Surgery for Lumbar 

Spinal Stenosis Have Similar Outcomes to Those Undergoing Single-Level Surgery at 

Two Years. 

 Philip Louie, MD; Michael Nolte, MD; Bryce Basques, MD; Victor Lei, BS; Tarush Khurana, 

BS; Justin Paul, MD, PhD; Arya Varthi, MD; Edward Goldberg, MD; Howard An, MD 

 

Poster #13 Physical Function Outcomes in Patients with Cardiopulmonary Disease Undergoing 

Lumbar Spinal Fusion 

 Jared Reese, BS; Darrel Brodke, MD; Ashley Neese, BS; Yue Zhang, PhD; Eli Bunzel, BS; 

Mathieu Squires, BS; Nicholas Spina, MD 

 

Poster #14 The Effect of Preoperative Medications on Length of Stay, Inpatient Pain, and 

Narcotics Consumption Following Minimally Invasive Transforaminal Lumbar 

Interbody Fusion 

 Brittany Haws, BS; Benjamin Khechen, BA; Jordan Guntin, BS; Kaitlyn Cardinal, BS; Adam 

Wiggins, BS; Kern Singh, MD 

 

Poster #15 Patient Perceptions of Iliac Crest Bone Grafting in Minimally Invasive Transforaminal 

Lumbar Interbody Fusion 

 Brittany Haws, BS; Benjamin Khechen, BA; Kaitlyn Cardinal, BS; Jordan Guntin, BS; Amir 

Siddiqui; Kern Singh, MD 

 

Poster #16 Multi-level Vertebrectomy for Refractory Spondylolisthesis:  Clinical Outcomes in 56 

Patients 

 Ian Bussey, BS; Alysa Nash, BS; Kelley Banagen, MD; Eugene Koh, MD, PhD; Steven 

Ludwig, MD; Daniel Gelb, MD 

  



Poster #17 Validity of PROMIS in Minimally Invasive Transforaminal Lumbar Interbody Fusion: A 

Preliminary Evaluation 

 Brittany Haws, BS; Benjamin Khechen, BA; Kaitlyn Cardinal, BS; Jordan Guntin, BS; Kern 

Singh, MD 

 

Poster #18 Iliac Crest Bone Graft for Minimally Invasive Transforaminal Lumbar Interbody Fusion: 

A Prospective Analysis of Inpatient Pain, Narcotics Consumption, and Costs 

 Brittany Haws, BS; Benjamin Khechen, BA; Ankur Narain, BA; Fady Hijji, MD; Kaitlyn 

Cardinal, BS; Jordan Guntin, BS; Kern Singh, MD 

 

Poster #19 Effect of Vancomycin on Postoperative Infection Rates in Thoracic Spinal Cord 

Stimulation Implants 

 Katherine Sullivan; Swamy Kurra, MBBS; Warren Wulff, MD; William Lavelle, MD 

 

Poster #20 Hyperelastic Bone Composite Scaffolds for De Novo Bone Formation: Composition 

Matters 

 Ryan Lubbe, BS; Adam Jakus, PhD; Adam Driscoll, BS; Meraaj Haleem, BS; Kevin Chang, 

BS; Tristan Maerz, PhD; Kevin Baker, PhD; Ramille Shah, PhD; Wellington Hsu, MD; Erin 

Hsu, PhD 

 

Poster #21 The Use of Computed Tomography (CT) in the Evaluation of Spondylolisthesis 

 Michael Danaher, BS; Frank Bailey, BS; Swamy Kurra, MBBS; Katherine Sullivan; 

Nathaniel Ordway, MS,PE; William Lavelle, MD 

 

Poster #22 Different Fusion Appraches for Single-Level Lumbar Spondylolis Have Similar  

  Perioperative Outcomes 

  Raj Gala, MD; Taylor Ottesen, B.S.; Ryan McLynn, B.S.; Patawut Bovonratwet, BS; Arya  

  Varthi, MD; Jonathan Grauer, MD 

Poster #23 Tobacco Use and Complications Following Spinal Fusion: A Comparison of the NSQIP 

and NIS Datasets 

 Wesley Durand, ScB; J. Mason DePasse, MD; Steven Bokshan, MD; Adam Eltorai, BA; 

Alan Daniels, MD 

 

Poster #24 Impact of Iliac Crest Bone Grafting on Postoperative Outcomes and Complication 

Rates Following Minimally Invasive Transforaminal Lumbar Interbody Fusion 

 Brittany Haws, BS; Benjamin Khechen, BA; Kaitlyn Cardinal, BS; Jordan Guntin, BS; Chen 

Chen, HS; Kern Singh, MD 

 

Poster #25 Assessment of Clinical Outcomes and Efficacy of Minimally Invasive Transforaminal 

Lumbar Interbody Fusion (TLIF) in Obese Patients with Debilitating Back Pain From 

Spondylolisthesis 



 Mick Perez-Cruet, MD; Esam Elkhatib, MD; Elizabeth Abel, BS 

 

 

Poster #26 Predictors of Adverse Discharge Disposition in Adult Spinal Deformity and Associated 

Costs 

 Peter Passias, MD; Cole Bortz, BA; RABIA QURESHI, BS; Bassel Diebo, MD; Justin Paul, 

MD, PhD; Samantha Horn, BA; Frank Segreto, BS; Shay Bess, MD; Michael Gerling, MD; 

Hamid Hassanzadeh, MD 

 

Poster #27 Sustained Changes in Age-Adjusted Full-Body Compensation Following Adult Spinal 

Deformity Corrective Surgery 

 Peter Passias, MD; Samantha Horn, BA; Cyrus Jalai, BA; Gregory Poorman, BA; Cole 

Bortz, BA; Frank Segreto, BS; Bassel Diebo, MD; Thomas Errico, MD; Virginie Lafage, 

PhD; Michael Gerling, MD 

 

Poster #28 Preexisting Lumbar Spinal Stenosis Does Not Affect Outcomes of Lumbar 

Microdiscectomy 

 Philip Louie, MD; Bryce Basques, MD; Michael Nolte, MD; Tarush Khurana, BS; Deven 

Carroll, MS; Arya Varthi, MD; Justin Paul, MD, PhD; Edward Goldberg, MD; Howard An, 

MD 

 

Poster #29 30-Day Emergency Department Visits After Primary Lumbar Fusion: Incidence, 

Reasons, Risk Factors, and Costs 

 Nikhil Jain, MD; John Brock, BA; Frank Phillips, MD; Safdar Khan, MD 

 

Poster #30 Preoperative PHQ-9 Scores Are Not Predictive of Postoperative Outcomes 

Improvement After Minimally Invasive Transforaminal Lumbar Interbody Fusion 

 Benjamin Khechen, BA; Brittany Haws, BS; Ankur Narain, BA; Kaitlyn Cardinal, BS; 

Jordan Guntin, BS; Kern Singh, MD 

 

Poster #31 Anterior versus Posterior Approaches for Isthmic Spondylolisthesis. A Retrospective 

Analysis 

 Emre Yilmaz, MD; Fernando Alonso, MD; Thomas O'Lynnger, MD, MPH; Tamir Tawfik, 

MD; Amir Abdul-Jabbar, MD; Ronen Blecher, MD; Rod Oskouian, MD; Jens Chapman, 

MD; Christian Fisahn, MD 

 

Poster #32 Postoperative Outcomes Following Primary and Revision Minimally Invasive 

Transforaminal Lumbar Interbody Fusion 

 Benjamin Khechen, BA; Brittany Haws, BS; Ankur Narain, BA; Fady Hijji, MD; Benjamin 

Mayo, MD; Kaitlyn Cardinal, BS; Jordan Guntin, BS; Kern Singh, MD 

 

Poster #33 WITHDRAWN 



 

 

Poster #34 Age and Gender Confound Patient-Reported Outcomes Measures (PROMs) in Spine 

Patients with Back and Neck Pain 

 David Jevotovsky, BA; Jared Tishelman, BA; Raj Karia, MS; Nicholas Stekas, BS, Charla 

Fischer, MD; Aaron Buckland, MD; Thomas Errico, MD; Themistocles Protopsaltis, MD 

 

Poster #35 Phytochemicals Combat the Detrimental Consequences of Cigarette Smoke on 

Osteogenic Differentiation 

 Richard Pahapill, BS; Kevin Chang, BS; Chawon Yun, PhD; Jonghwa Yun; Soyeon Jeong, 

MS; Ryan Lubbe, BS; Adam Driscoll, BS; Meraaj Haleem, BS; Wellington Hsu, MD; Erin 

Hsu, PhD 

 

Poster #36 Does kyphotic configuration on upright lateral radiograph correlate with radiographic 

instability in patients with degenerative lumbar spondylolisthesis? 

 Xu Sun, MD; Xi Chen, MD; Zezhang Zhu, MD; Yong Qiu, MD 

 

Poster #37 The Effect of Preoperative Symptom Duration on Postoperative Outcomes Following 

Transforaminal Lumbar Interbody Fusion 

 Benjamin Khechen, BA; Brittany Haws, BS; Jordan Guntin, BS; Kaitlyn Cardinal, BS; Kern 

Singh, MD 

 

Poster #38 Posterolateral Fusion (PLF) vs. Transforaminal Lumbar Interbody Fusion (TLIF) for Low 

Grade Spondylolisthesis: a Systematic Review and Meta-Analysis 

 Jay Levin, BS; Joseph Tanenbaum, BS; Michael Steinmetz, MD; Thomas Mroz, MD; 

Samuel Overley, MD 

 

Poster #39 The Effect of Spinal Fusion Stimulators on Outcomes Following Fusion Procedures: A 

Meta-Analysis 

 Brittany Haws, BS; Benjamin Khechen, BA; Fady Hijji, MD; Ankur Narain, BA; Daniel Bohl, 

MD, MPH; Jordan Guntin, BS; Kaitlyn Cardinal, BS; Kern Singh, MD  

 

Poster #40 Underweight Patients are the Highest Risk Body Mass Index Group for Perioperative 

Adverse Events Following Anterior Lumbar Interbody Fusion 

 Taylor Ottesen, BS; Anoop Galivanche, BS; Janelle Greene, MD; Rohil Malpani, BS; Arya 

Varthi, MD; Jonathan Grauer, MD 

 

Poster #41 The Impact of Diabetes Mellitus on Spine Surgical Outcomes 

 Chapman Wei, BA; William Probasco, MD, MSc; Alex Gu, BS; Ryan Lee, BA, MBA; Raj 

Rao, M 

 



 

Poster 01 

 

Potential of Human NP-like Cells Derived From Umbilical Cord to Treat Degenerative Disc Disease: Novel 

Mechanism for Disk Regeneration  
 

Mick Perez-Cruet, MD
1
, Rasul Chaudhry, Prof. Oakland university

2
, Esam Elkhatib, MD

3
, Christina McKee, 

Graduate Student
4
 

1
, Royal Oak, Michigan, 

2
, Rochester, MI, 

3
, Royal Oak, MI, 

4
, Rochester, MI 

 

Background/Introduction: Degenerative disc disease (DDD) is a common spinal disorder that manifests with 

lower back pain. The degeneration of intervertebral disc (IVD) is characterized by the loss of extracellular matrix 

and dehydration of the nucleus pulposus (NP) of IVDs. Currently, there is no biological treatment to cure this 

debilitating ailment.  

 

Materials/Methods: In this study, we investigated the efficacy of NP-like cells (NPCs) derived from the umbilical 

cord (UC) MSCs in restoring degenerated IVDs using a rabbit DDD model. UC -MSCs were induced to differentiate 

into NPCs by using differentiation medium (DM) for two weeks, labeled with PKH26 and then injected into the 

degenerated IVDs.  

 

Results: Eight weeks posttransplantation analysis showed that structure and cellularity of the NP improved only in 

the IVDs that received NPCs. Transplanted IVDs also had higher sGAG and water content compared to the sham 

and degenerated IVDs. The transplanted cells survived, integrated, and dispersed in the damaged areas of the NP 

and were functionally active as they expressed human genes, SOX9, ACAN, COL2, FOXF1, KRT19, PAX6, CA12 

and COMP as well as human proteins, SOX9, ACAN, COL2 and FOXF1 implicated in NP biosynthesis.  

 

Discussion/Conclusion: These results suggest that NPCs were capable of homing to regenerate NP. The molecular 

mechanism for NP regeneration was proposed to be regulated via the TGFß1 pathway. This study for the first time 

demonstrates the feasibility and efficacy of human NPCs derived from UCMSCs to regenerate NP in a rabbit model. 

These findings should spur interest for clinical studies to treat DDD using NPCs.  
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Background/Introduction: Minimally invasive transforaminal lumbar interbody fusion (MIS TLIF) is becoming an 

increasingly popular technique for the treatment of lumbar degenerative pathologies. The prevention of 

complications is necessary in order to avoid poor postoperative outcomes and increased healthcare costs. Many 

previous investigations have identified risk factors for complications after various spine procedures, but no such 

study exists in a population solely undergoing MIS TLIF surgeries. The objective of this study is to determine 

patient risk factors for the development of perioperative and postoperative complications up to 2 years after a 

primary, single-level MIS TLIF.  

 

Materials/Methods: A prospectively maintained surgical registry of patients was retrospectively reviewed to 

identify those who underwent primary, single-level MIS TLIF from 2007-2016. The incidence of both medical and 

surgical complications up to 2 years postoperatively was determined for each patient. Patients were categorized 



according to demographic, comorbidity, and procedural characteristics. Bivariate Poisson regression with robust 

error variance was used to determine if an association existed between demographic, comorbidity, or procedural 

characteristics and complication incidence. A final multivariate model including all demographic, comorbidity, and 

procedural characteristics as controls was created using backwards, stepwise regression until only those variables 

with p<0.05 remained.  

 

Results: 390 patients were included in this study. Upon bivariate analysis, age > 50 years, diabetes mellitus, and 

operative duration > 105 minutes were associated with increased medical complication rates after MIS TLIF. 

Regarding surgical complications, age ≤ 50 years, obesity, and diabetes mellitus were identified as risk factors on 

bivariate analysis. Upon final multivariate analysis, operative time > 105 minutes and diabetes mellitus were 

independent risk factors for medical complications. Independent risk factors for surgical complications on 

multivariate analysis included age ≤ 50 years and hypertension.  

 

Discussion/Conclusion: Older patients and diabetics were at increased risk of medical complications, while 

younger patients and those with hypertension were at increased risk of surgical complications up to 2-years after 

MIS TLIF. Practitioners can use this information to identify patients who require preventative care before their 

procedure or increased postoperative vigilance and clinical monitoring after MIS TLIF 
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Background/Introduction: Risk factors, complications, readmissions, adverse events, and costs associated with 

chronic opioid therapy (COT) in patients undergoing lumbar fusion are not entirely known. Our objective was to 

study patient profile associated with pre-operative COT, and study COT as a risk factor for 90-day complications, 

emergency department (ED) visits, and readmission after primary 1-2 level posterior lumbar fusion (PLF) for 

degenerative disease of the spine. We also evaluated associated costs as well as risk factors and adverse events 

related to long term post-operative opioid use. 

 

Materials/Methods: Commercial insurance data from 2007 to Q3-2015 was used to study pre-operative opioid use 

in patients undergoing primary 1-2 level PLF. 90-day complications, ED visits, readmissions, one-year adverse 

events, and associated costs have been described. Multiple-variable regression analyses were done to study pre-

operative COT patient profile, and study opioid use as a risk factor for complications and adverse events. 

 

Results: 24,610 patients with a mean age of 65.6±11.5 years were included. 5,500 (22.3%) patients had documented 

opioid use for >6 months before surgery. On multiple-variable logistic regression analysis, patients who had pre-

operative COT were more likely to be associated with diagnosis of anxiety (OR 1.29, 95%CI:1.19-1.40), depression 

(OR 1.15, 95%CI:1.06-1.25), inflammatory arthritis (OR 1.14, 95% CI:1.06-1.23), tobacco use disorder (OR 1.50, 

95%CI:1.37-1.64), and drug abuse/dependence (OR 1.43, 95%CI:1.23-1.67). After adjusting for various 

demographic and clinical covariates, pre-operative COT was found to be a risk factor for 90-day wound 

complications (OR 1.19, 95%CI:1.05-1.35), pain diagnoses (OR 1.10, 95%CI:1.02-1.19), ED visits (OR 1.31, 

95%CI:1.15-1.49), readmission (OR 1.80, 95%CI:1.24-2.57), and continued use post-operatively (OR 8.08, 

95%CI:7.40-8.80). Post spinal fusion long-term opioid users had an increased utilization of lumbo-sacral epidural 

and facet joint injections (OR 2.24, 95%CI:2.04-2.46), higher risk for revision fusion (OR 1.33, 95%CI:1.14-1.55), 

and increased incidence of new onset constipation (OR 1.15, 95%CI:1.05-1.25) within one-year after surgery. The 

cost associated with increase resource use in these patients have been reported. 

 

Discussion/Conclusion: The increased risk of complications, readmission, and adverse events with resultant higher 

resource use in chronic opioid users results in additional healthcare costs, and will have financial implications for all 

providers in a bundled payment model. 
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Background/Introduction: Obesity is a significant comorbidity that can increase the risk, technical difficulty, and 

outcomes following spine surgery. The impact of obesity on longer-term outcomes following lumbar decompression 

is unclear. The goal of this study was to compare obese and non-obese patients in terms of patient reported outcomes 

pre-operatively and at final follow-up between.  

 

Materials/Methods: We performed a retrospective cohort analysis of patients who underwent a primary lumbar 

laminectomy, discectomy, or a combination of the two. Patients were considered obese if their BMI was 30 or 

greater. Patient reported outcomes were obtained in the form of Oswestry Disability Index (ODI) scores, Visual 

Analog Scales (VAS) scores for the back and leg, 12-Item Short Form Mental and Physical Survey (SF-12) scores, 

and the Veterans Rand 12-Item Health Mental and Physical Survey (VR-12) scores.  

 

Results: Overall, 325 consecutive patients who fulfilled our inclusion criteria were assessed. Average follow-up was 

24.14 months (range 6-78 months). There were 200 patients with a BMI less than 30 and 125 patients with a BMI of 

30 or greater (obese group). The obese group contained significantly more patients with a diabetes diagnosis (62.6% 

vs. 30.7%; p<0.001) and a higher number of patients with an American Society of Anesthesiologists Physical Status 



Score (ASA) greater than or equal to 3 [35.2% vs. 19.0%; p<0.001]. On multivariate analysis, obese patients had 

significantly higher VAS-back scores at final follow-up compared to their non-obese counterparts (4.6 ± 2.9 vs 2.6 ± 

2.6; p=0.009) and significantly less improvement in VAS-back scores (3.3 ± 3.8 vs 4.5 ± 3.5; p=0.046). Otherwise, 

there were no significant difference among all pre-operative, post-operative, and the change patient reported 

outcome scores between the two groups. Re-operation rates were not significantly different (7.6% vs. 11.5%; 

p=0.573). 

 

Discussion/Conclusion: At approximately 2 years following lumbar decompression-only surgery, obese patients 

may expect worse post-operative back pain and less improvement in back pain compared to their non-obese 

counterparts. Otherwise, other patient reported outcomes appear to reveal similar clinical improvement in mental 

and physical health. These concerns and the effect of obesity on overall health continue to emphasize importance of 

weight discussions and expectations prior to surgery.  
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Background/Introduction: Several studies in gastrointestinal and cardiac surgical fields have demonstrated the 

importance of considering delta hemoglobin (ΔHb) in the formula for appropriate perioperative blood transfusions, 

where ΔHb is the difference between preoperative Hb and nadir Hb concentration during a hospital stay. In this 



study, we sought to determine the perioperative outcomes associated with percent ΔHb as an independent factor 

among spine surgery patients.  

 

Materials/Methods: Patients who underwent spine surgery at our institution from 2008-2015 were eligible for this 

retrospective study. Patients undergoing the following procedures were included: atlantoaxial fusion, subaxial 

anterior cervical fusion, subaxial posterior cervical fusion, anterior lumbar fusion, posterior lumbar fusion, lateral 

lumbar fusion, excision of intervertebral disc, and excision of spinal cord lesion. Data on intraoperative transfusion 

were obtained from an automated prospectively collected anesthesia data management system. Data on 

postoperative hospital transfusions were obtained through a Web-based intelligence portal. Percent ΔHb was defined 

as: ((first Hb - nadir Hb)/first Hb) x 100. Clinical outcomes included in-hospital morbidity and length of stay 

associated with percent ΔHb.  

 

Results: A total of 3,949 patients who underwent spine surgery were identified. A total of 1204 patients (30.5%) 

received at least one unit of packed red blood cells (PRBC). The median nadir Hb level was 10.6 g/dL (IQR, 8.7-

12.4 g/dL), yielding a mean percent ΔHb of 23.6% (SD=15.4%). Perioperative complications occurred in 234 

patients (5.9%) and were more common in patients with a larger percent ΔHb (P = 0.017). Hospital-related 

infection, which occurred in 60 patients (1.5%), was also more common in patients with a greater percent ΔHb (P = 

0.001).  

 

Discussion/Conclusion: Percent ΔHb is independently associated with a higher risk of developing any one 

perioperative complication and hospital-related infections. Our results suggest that percent ΔHb may be a useful 

measure to identify patients at risk for adverse perioperative events.  
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Background/Introduction: MIS surgery has increased in popularity due to proposed advantages in the 

perioperative and immediate postoperative periods. However, patient preferences and understanding regarding the 

differences between MIS and open surgery have not been elucidated. Therefore, the aim of this study is to describe 

patient perceptions of minimally invasive (MIS) versus open surgery, and to determine which factors are most 

heavily considered by the patient when choosing between approaches.  

 

Materials/Methods: An anonymous questionnaire consisting of 30 questions was administered to patients 

scheduled to see either an MIS surgeon or an open spine surgeon for a clinical evaluation. 6 questions asked about 

patient demographics and medical history. 9 questions asked respondents to rate the importance of several criteria 

when deciding between MIS and open surgery. 15 multiple choice and free response questions asked respondents 

about their perceptions of MIS versus open surgery in regards to surgical and physician characteristics. Subgroup 

comparison was performed for survey responses between patients seeing a MIS surgeon and patients seeing an open 

spine surgeon. Statistical analysis used to compare patient responses consisted of linear regression adjusted for 

demographic differences and chi-square analysis or Fisher’s exact test for continuous and categorical variables, 

respectively. 

 

Results: 326 patients completed the survey. The three most important criteria for patients when choosing between 

open and MIS surgery were: long-term outcomes, surgeon’s recommendation, and complication risk for both MIS 

and open subgroups. When compared to MIS surgery, the majority of patients perceived open surgery to be more 

painful (83.8%), have increased complication risk (78.5%), recovery time (89.3%), costs (68.1%) and require 

heavier sedation (62.6%). If required to have spine surgery in the future, the majority of both patient groups would 

prefer a minimally invasive approach (80.0%). 



 

Discussion/Conclusion: Long-term outcomes, surgeon’s recommendation, and complication risk were the most 

important criteria identified by patients when choosing between open and MIS surgery. Patients also perceived MIS 

surgery to have advantages over open surgery in regards to postoperative pain, complication risk, recovery time, 

cost, and anesthesia requirement. Most patients, regardless of their surgeon’s preferred technique, appear to prefer a 

minimally invasive approach to their treatment. 
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Background/Introduction: In spine literature, the presence of diabetes as a comorbidity has been associated with 

an increased risk for acute postoperative complications, increased length of inpatient stay, and increased costs. 

However, the majority of these investigations have been performed in study populations undergoing heterogeneous 

mixtures of procedure types. Very few studies have investigated the effect of diabetes on inpatient length of stay or 

direct hospital costs in procedure-specific populations. As such, the purpose of this study is to determine if the 

presence of diabetes mellitus as a comorbidity is associated with inpatient length of stay or direct hospital costs after 

minimally invasive transforaminal lumbar interbody fusion (MIS TLIF).  

 

Materials/Methods: A prospectively-maintained surgical registry of patients undergoing primary, single-level MIS 

TLIF for degenerative pathology between 2008-2016 was retrospectively reviewed. Diabetic and non-diabetic 

patients were propensity matched in a 1:1 fashion for age, gender, and comorbidity burden. An association between 



diabetic status and preoperative demographic or perioperative variables, including inpatient length of stay, was 

tested for using student’s t-test or chi-square analysis for continuous or categorical variables, respectively. 

Multivariate linear regression was used to test for an association between diabetic status and direct hospital costs.  

 

Results: 100 patients were included in this analysis. There were no significant differences in age, sex, body mass 

index, smoking status, or Charlson Comorbidity Index between propensity-matched patients with and without 

diabetes. In regards to length of stay, no significant differences existed between diabetic and non-diabetic groups. 

No other significant differences existed in other perioperative variables including operative time, intraoperative 

blood loss, or complication rate. Multivariate analysis indicated that diabetic status was not associated with 

differences in total direct hospital costs or cost subcategories after MIS TLIF. 

 

Discussion/Conclusion: Diabetes mellitus was not associated with increased length of stay or direct hospital costs 

after single-level MIS TLIF. The reduced extent of operative exposure and tissue trauma in MIS TLIF may mitigate 

the risk of complications in diabetic patients, possibly preventing extensions in hospital stay length. Within the topic 

of spine surgery, further investigation of the effect of diabetes mellitus on perioperative and postoperative outcomes 

is required for procedure-specific cohorts.  
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Background/Introduction: The Patient Reported Outcomes Measurement Information System (PROMIS) Physical 

Function, PROMIS Pain Intensity, and PROMIS Pain Interference are three instruments that have become 

increasingly popular for their computer adaptive testing (CAT) methodology. Legacy questionnaires, including ODI 

and VAS, are limited by the confounding effect of pain and dysfunction in spine regions adjacent to the lumbar 

spine. This study aims to validate the association of PROMIS and legacy questionnaires and examine the sensitivity 

of PROMIS CAT to assessing disability in adjacent spine regions. 

 

Materials/Methods: A retrospective analysis was performed on a database of PROMs at a single-institution from 

12/2016 to 4/2017. Inclusion criteria were age>18 years old and a primary complaint of back pain. The ODI, VAS 

Back, VAS Neck, VAS Leg, PROMIS Physical Function, PROMIS Pain Intensity, and PROMIS Pain Interference 

questionnaires were administered. Propensity score matching was employed to compare patients with high and low 

neck and leg pain, respectively, while controlling for back pain. Respective pain groups were dichotomized by VAS 

neck and VAS leg (≥5 vs <5). Bivariate correlations were performed to assess the relat ionships between PROMIS 

and legacy questionnaires. Independent t-tests were compared between high and low neck and leg pain groups. 

Statistical significance was p<0.05.  

 

Results: 484 patients were included in this study. ODI was shown to correlate strongly to PROMIS Physical 

Function (r=0.749, p<0.001), PROMIS Pain Intensity (r=0.709, p<0.001), and PROMIS Pain Interference (r=0.790, 

p<0.001). When outcome measures were compared between VAS neck pain groups, there were no significant 

differences in PROMIS Physical Function, PROMIS Pain Intensity and PROMIS Pain Interference (all p>0.05). 

Patients with high leg pain were more disabled in terms of ODI (45.77 vs. 35.60, p<0.001). Additionally, there were 

worse PROMIS Physical Function (36.82 vs 39.09, p=0.017), PROMIS Pain Intensity (53.48 vs 55.55, p=0.011) and 

PROMIS Pain Interference (62.65 vs 65.66, p<0.001) scores between the high and low leg pain groups. 

 

Discussion/Conclusion: PROMIS domains demonstrated strong correlations to traditional questionnaires. When 

controlling for back pain, all PROMIS instruments performed similarly when comparing high and low neck pain. 

All three PROMIS instruments were sensitive to differences in concurrent leg pain. 
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Background/Introduction: The identification of risk factors for inferior outcomes is of significant importance in 

the current healthcare climate. Patients that receive Workers’ Compensation (WC) benefits have been reported to 

demonstrate poor surgical outcomes following spine procedures. However, few studies have investigated this 

relationship among patients undergoing minimally invasive transforaminal lumbar interbody fusion (MIS TLIF). As 

such, the The purpose of this study is to determine if WC status predicts patient reported outcomes (PROs) 

following MIS TLIF.  

 

Materials/Methods: A prospectively-maintained surgical database of primary, single-level MIS TLIF patients from 

2014-2017 was retrospectively reviewed. PRO measures, including Oswestry Disability Index (ODI) and Visual 

Analog Scale (VAS) back and leg pain scores were recorded at preoperative and 6-week, 12-week, and 6-month 

postoperative visits. Rates of minimum clinically important difference (MCID) achievement were determined for 

ODI and VAS back and leg pain at 6-months postoperative. WC status was tested for an association with 

demographic and procedural characteristics using student’s t-test or chi-square analysis for continuous and 

categorical variables, respectively. The association between WC status and PROs was assessed using multivariate 

linear regression controlling for preoperative characteristics.  

 

Results: A total of 204 patients with complete PRO data were included in this analysis. 30% (N=62) of patients had 



WC benefits, while 70% (N=142) did not. Patients with WC were younger, more likely to be male, more likely to 

smoke, and demonstrated higher rates of obesity (p<0.05 for each). No differences in procedural characteristics, 

including operative time, estimated blood loss, or length of hospital stay, were demonstrated between WC and non-

WC patients. WC patients reported higher preoperative ODI scores and experienced less postoperative improvement 

(p<0.05 for each). WC patients also reported significantly less postoperative improvement in VAS back and leg pain 

scores. Finally, patients with WC achieved MCID for ODI and VAS back pain at lower rates than non-WC patients.  

 

Discussion/Conclusion: Patients with WC benefits are younger and are more likely to be male, smoke, and be 

obese. Additionally, WC patients demonstrate significantly less improvement in PROs following primary, single-

level MIS TLIF. As such, patients receiving WC benefits should be appropriately counseled regarding their 

increased risk for poor surgical outcomes. 
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Background/Introduction: Minimally invasive lumbar discectomy (MIS LD) has proven to be an effective 

treatment modality for low back pain and radiculopathy associated with intervertebral disc herniations. With the 

increasing focus on cost reduction and value-based care, minimization of postoperative length of stay has become an 

important topic for physicians and hospital administrators. Despite this, risk factors for prolonged length of stay 

(LOS) after MIS LD have not been previously described. The objective of this study is to determine risk factors for 

discharge after postoperative (POD) 0 in patients undergoing 1-level MIS LD. 

 



Materials/Methods: A prospectively maintained surgical database of patients who underwent 1-level MIS LD by a 

single surgeon from 2011-2016 was reviewed. Long length of stay was defined as discharge after POD 0. Bivariate 

and stepwise multivariate Poisson regression with robust error variance was used to determine risk factors for 

discharge after POD 0. Variables analyzed included patient demographics, comorbidities, operative characteristics, 

preoperative pain scores, postoperative inpatient pain scores, and postoperative narcotics consumption as measured 

by oral morphine equivalents (OMEs). A p-value < 0.05 was set as the limit for statistical significance. 

 

Results: A total of 176 patients were included in this analysis. 9.7% of included patients were discharged on POD 1 

or later, qualifying as having a long length of stay. On bivariate analysis, diabetic status (57.1% vs. 7.7%, Relative 

Risk [RR]=7.43, p<0.01) and narcotic consumption < 6.00 OME/hr (13.1% vs. 1.2%, RR=11.11, p=0.019) were 

associated with a prolonged length of stay. On stepwise multivariate analysis diabetic status (RR=10.5, 95% 

Confidence Interval = 3.60-30.98, p<0.001) was found to be independently associated with a prolonged length of 

stay after MIS LD.  

 

Discussion/Conclusion: The results of this study indicate that diabetic status is an independent risk factor for 

increased LOS following single-level MIS LD. Delayed hospital discharge can lead to increased costs, increased risk 

of complications, and decreased patient satisfaction. As such, providers can use this information to better counsel 

diabetic patients and monitor these patients more closely following MIS LD. Additional work must be done to better 

understand risk factors for increased LOS following MIS LD in procedure-specific populations. 
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Background/Introduction: Minimally invasive transforaminal lumbar interbody fusion (MIS TLIF) is an effective 

treatment for lumbar degenerative disorders. ASA score has previously been associated with major operative 

complications, increased direct costs, and increased 30-day mortality rates following surgery. However, few studies 

have analyzed ASA score in a population of patients undergoing minimally invasive spine procedures. This study 

aims to determine if an association exists between preoperative ASA score and improvements in patient-reported 

outcomes (PRO) including Oswestry Disability Index (ODI), Visual Analogue Scale (VAS) back and VAS leg pain 

after MIS TLIF. 

 

Materials/Methods: A prospective surgical database of patients who underwent a primary, single-level MIS TLIF 

for degenerative pathology between 2010-2016 was reviewed. Patients were excluded if they had incomplete 

preoperative PRO survey data. Patients were grouped based on ASA score ≤ 2 and ASA score > 2. ASA score was 

tested for association with demographics, procedural characteristics, preoperative ODI, and preoperative Visual 

Analog Scale (VAS) back and leg pain scores using student’s t-test, chi-square analysis, and Fisher’s exact test for 

continuous, categorical, and non-parametric variables, respectively. Postoperative improvement in ODI, VAS leg, 

and VAS back scores between ASA score cohorts was then compared using linear (continuous) or Poisson 

regression with robust error variance (categorical) adjusted for patient demographics, preoperative characteristics, 

and preoperative PRO score. 

 

Results: A total of 113 patients were included in this analysis. 91 patients (80.53%) had an ASA score ≤ 2, and 22 

(19.47%) had an ASA score > 2. There were no statistically significant differences in demographic characteristics or 

preoperative ODI, VAS back, and VAS leg score between ASA cohorts (p>0.05). There were also no statistically 

significant differences in operative characteristics, preoperative diagnosis, or surgical instrumentation between ASA 

cohorts (p>0.05). ASA cohorts demonstrated no statistically significant differences in PRO improvement at 6-week, 

12-week, or 6-month after surgery (p>0.05).  

 

Discussion/Conclusion: The results of this study suggest that ASA score is not associated with improvements in 

PRO scores after MIS TLIF. As such, patients with higher comorbidity burden are likely to achieve similar 

improvements in disability and pain following MIS TLIF compared to those with lower comorbidity burden.  
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Background/Introduction: Stability following multi-level decompressive laminectomy without fusion has been 

debated using in vitro biomechanical and radiographic models. However, there is a lack of information regarding 

clinical outcomes for these patients. The goal of this study was to identify the association between clinical outcomes 

and number of levels decompressed via laminectomy for treatment of lumbar spinal stenosis. 

 

Materials/Methods: We performed a retrospective cohort analysis of patients who underwent a primary lumbar 

laminectomy between 2009-2015 by one of two senior orthopaedic spine surgeons for lumbar spinal stenosis. 

Patients were divided into two groups based on the number of decompression levels: single-level or three or more 

levels. Patient reported outcomes were obtained in the form of Oswestry Disability Index (ODI) scores, Visual 

Analog Scales (VAS) scores for the back and leg, 12-Item Short Form Mental and Physical Survey (SF-12) scores, 

and the Veterans Rand 12-Item Health Mental and Physical Survey (VR-12) scores.  

 

Results: Overall, 138 consecutive patients were assessed, of which 106 underwent a single-level, and 32 underwent 

a three or more level laminectomy. Average follow-up was 24.2 months. There were no significant differences in the 



pre-operative VAS-back, VAS-leg or ODI scores between the single-level laminectomy and three or more level 

laminectomy groups. Both groups of patients experienced significant improvements in these clinical outcomes post-

operatively with no clinically significant difference in the degree of improvement. There was no difference in the 

likelihood for reoperation following three or more levels of decompression (6.45% vs. 9.43% for single level, 

OR=4.46, P=0.234). Specifically, four single-level patients (3.8%) and two of the three or more level (6.2%) 

patients underwent a revision to a posterior spinal fusion at the levels that were originally decompressed at an 

average of 24 months (single-level 22.1 months; 3+ levels 25.4 months) after the original surgery. 

 

Discussion/Conclusion: Patients undergoing decompression of three or more levels present with similar post-

operative outcomes to those who undergo a single-level decompression for lumbar spinal stenosis. Under specific 

clinical and radiographic criteria, a multi-level decompression of three or more levels may be a safe and effective 

procedure with acceptable outcomes at two years after surgery. 
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Background/Introduction: The PROMIS® Physical Function (PF) Computerized Adaptive Test (CAT) is a 

questionnaire used to measure a patient’s physical function and has been validated in the spine population. However, 



the responsiveness of PF CAT scores to specific interventions within the lumbar spine and the effects of medical 

comorbidities on these scores have yet to be investigated. The purpose of this study is to evaluate the responsiveness 

of PROMIS PF CAT in lumbar fusions and the effects of cardiopulmonary comorbidities on these outcomes. 

 

Materials/Methods: A retrospective chart review identified patients who underwent a single or two level lumbar 

fusion between October 2013 to June 2017. Patients were then stratified into two cohorts (either cardiac or 

pulmonary) based on ICD-9 and ICD-10 codes – such as CHF, arrhythmias, MI, PE, and COPD. An adjusted linear 

regression model was constructed to analyze PF CAT scores pre- and post-operatively at 3, 6, and 12 month time 

points. 

 

Results: Of the 972 patients identified (mean age 61, 48% male), 71 had a cardiac comorbidity and 79 had a 

pulmonary comorbidity. When adjusted for age, gender, and BMI, cardiac patients PF CAT scores ranked lower 

than non-cardiac patients at the preoperative, 3, 6, and 12 month time points (Cardiac: 42.9, 44.6, 44.9, 45.3; Non-

Cardiac: 43.1, 45.5, 47,9, 47.8), with a significant difference found at the 6 month (p=0.016) and 12 month 

(p=0.003) time points. Pulmonary patients PF CAT scores ranked lower than non-pulmonary patients across all time 

points (Pulmonary: 41.0, 42.4, 41.5, 41.5; Non-pulmonary: 43.2, 45.7, 48.2, 48.1), with a significant difference 

found at the preoperative (p=0.012), 6 month (p=0.002), and 12 month (p<0.001) time points (Figure 1). 

 

Discussion/Conclusion: We present the largest study, to our knowledge, demonstrating the treatment response of 

PROMIS PF CAT following one and two level lumbar fusion over a one year period of time. Cardiopulmonary 

comorbidities limit improvement of patients’ physical function domain as compared to healthy controls. In this 

population, adjusting treatment expectations based on PROMIS or assessing different outcomes, such as pain, may 

improve the evaluation of treatment efficacy. 
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Background/Introduction: Excess postoperative pain can prolong hospital stay or lead to narcotics dependence. 

Previous studies have identified preoperative comorbidities and narcotic use as risk factors for increased length of 

hospital stay, inpatient pain, and narcotics consumption. However, little is known regarding the effects of 

preoperative medications on outcomes following spine surgery. This study aims to determine the association 

between preoperative medications and length of stay, inpatient pain, and narcotics consumption following a 

minimally invasive transforaminal lumbar interbody fusion (MIS TLIF).  

 

Materials/Methods: Patients undergoing primary, single-level MIS TLIF were reviewed. Preoperative medications 

taken within 30 days prior to surgery were recorded for each patient and categorized by medication type. Patient 

demographic and procedural characteristics were recorded. Patients were categorized based on discharge date, 

average inpatient Visual Analog Scale (VAS) pain on postoperative day (POD) 0, and narcotics consumption on 

POD0 as expressed in oral morphine equivalents (OME). Poisson regression with robust error variance controlling 

for preoperative characteristics was used to determine the association between preoperative medications and length 

of stay, pain scores, and narcotics consumption. Multivariate analysis was performed using a backwards, stepwise 

regression to identify independent risk factors for prolonged stay, increased pain, and greater narcotics consumption. 

 

Results: 138 patients were included in this analysis. Benzodiazepines were associated with discharge after POD 2 

(Relative Risk [RR]=2.1, (95% Confidence Interval [95% CI]=1.09-4.17, p=0.026). Benzodiazepines (RR=5.9, 95% 

CI=2.69-12.81, p<0.001) and preoperative narcotics (RR=3.0, 95% CI=1.12-7.80, p=0.029) were risk factors for 

pain ≥ 7 on POD0. On multivariate analysis, benzodiazepines were an independent risk factor for prolonged stay. 

Benzodiazepines, narcotics, and non-steroidal anti-inflammatories were identified as independent risk factors for 

increased postoperative pain.  

 

Discussion/Conclusion: The results of this study suggest that benzodiazepines are a risk factor for increased length 

of stay and postoperative pain following MIS TLIF. Preoperative narcotics were also identified as a risk factor for 

postoperative pain though this did not lead to increases in narcotics consumption. Patients taking these medications 

should undergo more vigilant perioperative monitoring for adequate pain management. More work must be done to 

further elucidate the association between preoperative medications and postoperative outcomes following MIS 

TLIF.  
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Background/Introduction: Iliac crest bone grafting (ICBG) is an effective option for promoting arthrodesis in 



minimally invasive transforaminal lumbar interbody fusion (MIS TLIF). ICBG harvest has been associated with 

postoperative pain at the donor site, leading to the development of alternative biologics. The true incidence of donor 

site pain has been debated in the literature due to the varying techniques associated with its harvest. This study aims 

to determine patient’s perception of ICBG harvesting and the development of donor site pain following MIS TLIF. 

 

Materials/Methods: Patients that underwent primary, single-level MIS TLIF with ICBG were retrospectively 

identified. ICBG bone graft harvesting was performed using a percutaneous technique with a tubular retractor. 

Patients that had completed at least three months of postoperative follow-up were included. A survey was 

administered to assess if patients could accurately describe which side of their iliac crest they believed was 

harvested, and if they were experiencing any pain perceived to be originating from the donor site.  

 

Results: 79 patients were included in this analysis. 51.9% of patients underwent MIS TLIF at the level of L4-L5, 

44.3% at L5-S1 and 3.8% at L3-L4. The majority of patients had the ICBG harvested from the left iliac crest 

(97.5%). Approximately half of the patients correctly identified the side of harvest (50.6%). Furthermore, 48.1% of 

patients reported they were not confident or had guessed on their response. Patients that reported pain from the 

ICBG were more likely to feel confident or somewhat confident in their harvest site identification (57.9% vs 46.3%) 

but less likely to be correct (36.8% vs 63.4%) than patients without pain. 22 patients correctly identified the side of 

harvest without guessing. Of these, 11 reported experiencing pain.  

 

Discussion/Conclusion: Approximately half of patients undergoing MIS TLIF with ICBG are able to correctly 

identify which side of their iliac crest was harvested. The majority of patients reporting pain were unable to correctly 

identify the side of harvest. This suggests that most patients are likely attributing other sources of pain to their 

ICBG. As such, rates of donor site pain may be over-reported in the current literature with contemporary harvesting 

techniques.  
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Background/Introduction: The incidence of pyogenic vertebral osteomyelitis (PVO) continues to increase in the 

United States, highlighting the need to recognize unique challenges presented by these cases and develop effectual 

methods of surgical management. To date, no prior research has focused on the outcomes of PVO requiring two or 

more contiguous corpectomies. 

 

Materials/Methods: After IRB approval, retrospective review was performed on all adults with PVO refractory to 

standard nonoperative treatment who underwent complete corpectomy of two or more contiguous vertebrae at a 

single institution between January 2002 and December 2015 (n=56) Primary outcomes were rate of PVO related 

readmission and reoperation. Secondary outcomes were 30-day and 1-year mortality, perioperative complications, 

and hospital length of stay (LOS).  

 

Results: 56 patients were reviewed (63% male; mean age 56.8 years; mean radiographic follow-up 2.8 years) with 

nearly half (45%) diabetic, 25% IV drug users, 41% immune compromised, and 59% with prior surgery at the site of 

spondylodiscitis. Median LOS was 13 days with nearly half readmitted (43.8%) after a median of 233.5 days after 

surgery. Complications varied widely by type and occurred in more than half (57.1%) of the cohort. Twelve (22%) 

posterior revisions were required after a median 54 days for infection, painful or failed hardware, proximal junction 

kyphosis, adjacent level disease, or extension of the fusion. No revision of anterior instrumentation was required. 

The 30-day and 1-year mortality rate was 10.7% and 19.6%, respectively, with an infectious etiology as the most 

common cause of death. Patient age was strongly correlated with 1-year mortality after controlling for comorbidities 

(p=0.0357) and smoking was independently associated with 30-day mortality (p=0.0184). 

 

Discussion/Conclusion: Multi-level vertebral corpectomy for treatment of refractory vertebral osteomyelitis is 

associated with increased rates of complications and mortality, however when complete extirpation of the involved 

vertebra is achieved, long-term control of the disease can be expected in more than 80% of patients.  
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Background/Introduction: Patient-reported outcomes are commonly used to evaluate treatment efficacy. 

Inefficiencies in standard measurement tools often prove to be a barrier to data collection. The Patient-Reported 

Outcomes Measurement Information System (PROMIS) was developed to overcome these limitations. This tool 

implements computer adaptive testing, which allows for assessment of physical function in fewer questions than 

“static” metrics. Within spine surgery populations, moderate to strong correlations with Oswestry Disability Index 

(ODI) and Short Form (SF)-36 have been reported for PROMIS. However, data is limited regarding the efficacy of 

this tool in patients undergoing minimally invasive transforaminal lumbar interbody fusion (MIS TLIF). 

 

Materials/Methods: A prospectively-maintained surgical registry of patients undergoing primary, 1-2 level MIS 

TLIF was retrospectively reviewed. Patients with incomplete PROMIS data were excluded. Postoperative changes in 

PROMIS physical function scores at 6-weeks, 12-weeks, and 6-months were analyzed using paired t-tests. PROMIS 

scores were compared to traditional outcome measures including SF-12 physical function, ODI, and Visual Analog 

Scale (VAS) back and leg scores. Correlations were tested using Pearson correlation coefficient with strength of 

association interpreted as follows: 0.1 ≤ |r| < 0.3, small; 0.3 ≤ |r| < 0.5, moderate; and |r| ≥ 0.5, large. Statistical 



significance was set at p<0.05.  

 

Results: 74 patients were included in this analysis after exclusion of those without PROMIS scores. The average 

preoperative PROMIS score was 35.92 ± 6.98. There were significant improvements in postoperative PROMIS 

scores at 12 weeks (41.33, p=<0.001) and 6 months (43.58, p<0.001). PROMIS scores demonstrated significant 

correlation with SF-12, ODI, and VAS leg scores (p<0.05). Strong associations with PROMIS scores were observed 

for SF-12 (r range: 0.650 to 0.854), ODI (r range: -0.525 to -0.831), and 6 month VAS back (r= -0.693). 

 

Discussion/Conclusion: Physical function as measured by PROMIS improves significantly at 12 weeks and 6 

months following MIS TLIF. Additionally, PROMIS scores demonstrate strong correlations with SF-12 and ODI 

scores. These results suggest that PROMIS scores may be used as a valid assessment of physical function in MIS 

TLIF. Further work is required to determine the full benefits of this measure in specific spine populations.  
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Background/Introduction: Iliac crest bone grafting (ICBG) has been associated with enhanced fusion rates. 

However, concerns have been raised in regards to increased operative time and post-operative pain. The advantages 

of ICBG compared to other spinal fusion adjuncts have been debated. However, little is known regarding this 



technique in the setting of a minimally invasive transforaminal lumbar interbody fusion (MIS TLIF). This study 

aims to determine if an association between increased acute pain, post-operative time, and direct hospital costs exists 

between the use of ICBG and a historical control involving Bone Morphogenic Protein (BMP)-2 following a 

primary, single-level MIS TLIF.  

 

Materials/Methods: Prospective, consecutive analysis of patients undergoing primary, single-level MIS TLIF with 

ICBG were compared to a historical cohort of consecutive patients that received BMP-2. Operative characteristics 

were compared between groups using chi square analysis or independent t-test for categorical and continuous 

variables, respectively. Postoperative inpatient pain was measured using the Visual Analog Scale (VAS), and 

inpatient narcotics consumption was quantified as oral morphine equivalents (OMEs) for both groups. Outcomes 

were compared between groups using multivariate regression controlling for preoperative characteristics. Statistical 

significance was set at p<0.05. 

 

Results: A total of 98 patients were included in this analysis, 49 in each cohort. No significant differences were 

noted between cohorts except in regards to gender (more males in the BMP cohort, 67.35% vs 46.94%, p=0.041). 

There was a significant increase in operative time (14.53 minutes, p=0.006) and estimated blood loss (16.64 mL, 

p=0.014) in the ICBG cohort. No significant differences were identified for inpatient length of stay or VAS scores. 

Narcotics consumption was similar between groups on postoperative days 0 and 1. ICBG was associated with 

decreased total direct costs ($19,315 vs $21,645, p<0.001) as compared to BMP-2. 

 

Discussion/Conclusion: Patients undergoing MIS TLIF that underwent ICBG experienced increases in operative 

time and estimated blood loss that were not clinically significant. Furthermore, iliac crest harvesting did not result in 

either an increase in acute pain or narcotics consumption. Further followup is necessary to determine the associated 

arthrodesis rates and long term outcomes between each cohort. 
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Background/Introduction: Spinal cord stimulators (SCS) are used to treat chronic neuropathic pain. Intraoperative 

vancomycin powder offers protection against surgical site infections (SSI). However, there is a general lack of 

information regarding patient demographics and surgical procedures that may benefit the most from intraoperative 

vancomycin powder. The purpose of this study was to analyze rates of infection in patients where prophylactic 

powdered vancomycin was administered during spinal cord stimulation implanted devices. 

 

Materials/Methods: Retrospectively reviewed 533 consecutive patients from a single academic center who had 

spinal cord stimulation devices implanted at the thoracic vertebrae level from 2012 through 2017 for chronic 

neuropathic pain. Patients’ demographics, surgical data, postoperative charts and up to 6 months follow-up visits 

were reviewed. Patients were divided into two groups: Group 1 (n=399) patients who received intraoperative 

vancomycin powder; and Group 2 (n=134) patients who did not receive vancomycin powder. ANOVA analyses 

were performed; p < 0.05 was considered statistical significant. 

 

Results: The study sample n=533; mean age=52 yrs (19-92), gender: 51% females and 49% males, mean 

vancomycin dosage =0.29 (0.25 to 1 g). 75% of the patients received perioperative vancomycin powder. 

Demographics were similar between the groups; however there were more active smokers and higher index 

(revision) surgery rates in Group 2 and more diabetic patients in Group 1 (Table 1). The overall postoperative 

infection rate was 3% (16) with the rate significantly lower in Group 1 (n=8, 2%) versus Group 2 (n=8, 6%), p=0.02. 

50% (n=4) of the infections were late infections (>3 month) in Group 2 and none reported in Group 1. All the 

infections were successfully managed with I&D, stimulation device removal and IV antibiotics.  

 

Discussion/Conclusion: The overall postoperative infection rate for thoracic spinal cord stimulants was 3%, and 

significantly lower in patients receiving vancomycin powder. Addition of vancomycin powder to the two wounds 

just before closure can decrease the infection rate by two-thirds. 
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Background/Introduction: Bone graft extenders for spine fusion include demineralized bone matrix (DBM) and 

ceramic-based products, but their efficacy is insufficient to qualify them as bona fide bone graft substitutes (BGS). 

We previously developed a 3D-printable scaffold composed of synthetic hydroxyapatite particles (HA) and poly 

lactic-co-glycolic acid (PLGA). With this study, we sought to improve the efficacy of this hyperelastic “bone” 

composite (HBC) by incorporating osteoinductive DBM particles. We evaluated the ability of various iterations of 

these HA-DBM HBC scaffolds to promote bone regeneration and spine fusion in a rat posterolateral spine fusion 

(PLF) model. 

 

Materials/Methods: Female Sprague Dawley rats underwent L4-L5 PLF utilizing HBC scaffolds composed of 30 

vol.% PLGA and a 70 vol.% particles. For each group, the particle components consisted of the following vol.% 

ratios of HA:DBM: 1:0, 3:1, 1:1, 1:3, and 0:1. Eight weeks post-operative, spine fusion was evaluated via 

radiography and manual palpation. Synchrotron microCT was used to qualitatively assess bone formation within the 

struts of the scaffolds. Histology (Hematoxylin/Orange G/Alcian Blue and Masson’s Trichrome) was used to 

characterize the bone growing within/around the struts and the bone-scaffold interface.  

 

Results: 3:1 HA:DBM HBC scaffolds had the highest fusion rate (92%), although this was only significantly higher 

than the 0:1 group (42% fusion; p<0.05). The 1:0, 1:1, and 1:3 scaffolds achieved fusion rates of 58%, 58%, and 



67%, respectively. Synchrotron microCT showed that the 1:3 scaffolds elicited the greatest amount of de novo bone 

spicule formation, while the 1:0 scaffold elicited none.  

 

Discussion/Conclusion: This study evaluated the use of 3D printed HBC scaffolds containing both HA and DBM 

particles as a potential BGS. Varying the proportions of HA:DBM within each scaffold resulted in only slight 

differences in fusion scores and rates. However, microCT showed that de novo bone spicule formation was only 

present within scaffold struts that contained DBM particles. We hypothesize that 1) the presence of osteoinductive 

DBM is key to de novo bone formation, and 2) the hydroxyapatite provides the calcium and phosphate necessary to 

re-mineralize the DBM particles. Future studies will aim to further improve the efficacy of this HBC as a BGS for 

spine fusion. 
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Background/Introduction: Spondylolisthesis can be qualified using various measurements (pelvic incidence(PI), 

sacral slope(SS), and pelvic tilt). Pelvic tilt varies based on patient position, but PI does not change with position. PI 

is usually measured in lateral standing x-rays, however, overlapping of femoral heads or magnification can give 

false values. Studies report measuring PI in CT scans is more precise. Several studies demonstrated a correlation of 

PI with spondylolisthesis on radiographs, but limited studies used CT. We used CT to qualify the clinical 

significance of spondylolisthesis.  

 

Materials/Methods: Retrospectively reviewed patients (n=361) who had pelvic/abdominal CT scans. Documented: 

age, average PI (right and left), spondylolisthesis (isthmic or degenerative), spondylolisthesis grading and location, 

and SS. Using sagittal CT scans PI determined (measured angle between hip axis to orthogonal line originating at 

center of superior endplate axis of first sacral vertebra) and SS. Average PI calculated using both sides. Patients 

grouped: spondylolisthesis (n=45) and without spondylolisthesis (n=316). Compared data with age, PI and SS. Sub-

groups by location (L4/L5 and L5/S1) and type of spondylolisthesis. ANOVA and Chi-square tests used; P≤0.05 

considered statistically significant. 

 

Results: Mean age 58 years (range: 21-97); mean age (66 years) with spondylolisthesis (L4/L5 and L5/S1) higher 

than without spondylolisthesis (mean=57 years), p=0.006. Mean PI and SS with spondylolisthesis (L4/L5 and 

L5/S1) 59 degrees (range, 34-80) and 100 degrees (range, 85 -115); and without spondylolisthesis 57 degrees (range, 

27 -87) and 101degrees (range, 84-115), p=0.29 and p=0.61, respectively. Mean PI not statistically different among 

isthmic spondylolisthesis(L4/L5) patients (mean=61 degrees, range, 51 -73), degenerative spondylolisthesis (L4/L5) 

(mean=56 degrees, range=37 -71), and without spondylolisthesis (mean=57 degrees, range=27 -87), p=0.47. Mean 

PI significantly higher with isthmic spondylolisthesis(L5/S1) (mean=61 degrees) and lower in degenerative 

spondylolisthesis(L5/S1) (mean=52 degrees) compared to without spondylolisthesis (mean=57 degrees), p=0.06. 

Mean PI higher with Grade 2 spondylolisthesis(L5/S1) (mean=65 degrees, range=57 -73), compared to Grade 1 

spondylolisthesis(L5/S1) (mean=57 degrees, range=34 -80) and without spondylolisthesis (mean=57 degrees, 

range=27 -87), but did not reach statistical significance; p=0.18.  

 

Discussion/Conclusion: CT scans appear reliable for correlating PI to spondylolisthesis. CT scans are more precise 

than standing lateral x-rays to determine PI. Limitations were retrospective nature and small sample size.  
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Background/Introduction: Low back pain from lumbar spondylosis affects a large proportion of the population. 

The operative treatment remains controversial and includes a variety of surgical procedures, mostly revolving 

around fusion. Arthrodesis can be performed through posterolateral spinal fusion (PSF), transforaminal lumbar 

interbody fusion (TLIF), anterior lumbar interbody fusion (ALIF), or combined anterior-posterior fusion (AP 

fusion). These approaches have comparable long-term outcomes when treating spondylosis, but their possible 

differences in perioperative complications have not been well studied. 

 

Materials/Methods: Patients with a diagnosis of lumbar spondylosis were reviewed in the American College of 

Surgeons National Quality Improvement Program (ACS-NSQIP) database, from the years 2010 to 2016, who 

underwent a single-level lumbar fusion surgery. The NSQIP database tracks perioperative outcomes for thirty days 

after surgery. The patients were separated into groups based on their procedure (PSF, TLIF, ALIF, or AP fusion). 

Risk adjusted multivariate regression models accounting for age, BMI, functional status, ASA class, and sex, were 

run with and without the procedure outcome variable. Complication rates were then compared using nested models 

to determine likelihood-ratios. Analysis was secondarily done with propensity score matching to confirm findings. 

 

Results: 1816 patients with single-level lumbar spondylosis were identified, of which 322 underwent PSF, 800 

underwent TLIF, 460 underwent ALIF, and 234 underwent AP fusion. With the multivariate regression models, 

there were no differences among the groups in thirty-day complication rates and no differences in the aggregated 

groupings of any adverse event, serious adverse event, or minor adverse event (Table 1). Secondary analysis with 

propensity score matching showed no statistically significant differences. 

 

Discussion/Conclusion: Debate continues regarding the optimal surgical procedure for lumbar spondylosis. This 

study showed that perioperative complications were similar among the surgical approaches for single-level fusion 

for lumbar spondylosis. These findings suggest that patient/surgeon preference and long-term outcome studies are 

better used to recommend one surgical approach over another. 
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Background/Introduction: Many risk factor analyses utilize the NSQIP and NIS datasets, but such investigations 

are seldom directly compared. Data in NSQIP and NIS are collected differently, and therefore each possesses unique 

strengths and weaknesses. Precisely because of these differences, comparative analysis of the NSQIP and NIS may 

yield results that offer increased validity over single database studies. This investigation analyzed tobacco use and 

its association with complications following spinal fusion.  

 

Materials/Methods: In total, 56,145 NSQIP patients and 1,311,426 weighted NIS patients undergoing spinal fusion 

were analyzed. The primary outcome measures were perioperative complications. NSQIP complications were 

stratified based on occurrence before vs. after discharge. Descriptive statistics and bivariate analyses were generated. 

Multiple logistic regression was employed in adjusted analyses; a binomial and multinomial approach was used for 

the NIS and NSQIP, respectively.  

 

Results: Among NSQIP and NIS patients, 24.0% and 31.8% were identified as tobacco users, respectively. Prior to 

discharge, NSQIP smokers had increased odds of pneumonia (OR 1.43, p=0.0146), postoperative intubation (OR 

1.40, p=0.0306), and sepsis (OR 1.71, p=0.0136), and decreased odds of PE (OR 0.57, p=0.0383). After discharge, 



NSQIP smokers exhibited increased odds of cardiac arrest (OR 2.53, p=0.0417) and SSI (OR 1.25, p=0.0087), and 

decreased odds of UTI (OR 0.68, p=0.0121) and DVT (OR 0.61, p=0.0212). In adjusted NIS analysis, tobacco users 

exhibited increased odds of inpatient pneumonia (OR 1.57, p<0.0001), MI (OR 1.29, p=0.0413), and postoperative 

intubation (OR 1.15, p=0.0156), and decreased odds of PE (OR 0.80, p=0.0488) and DVT (OR 0.78, p=0.0221).  

 

Discussion/Conclusion: Spinal fusion patients with a history of tobacco use are at increased risk of postoperative 

pneumonia and intubation, but a decreased risk of DVT and PE during the inpatient postoperative stay. Following 

discharge, smokers exhibited increased odds of cardiac arrest and SSI. The results from the NIS and NSQIP datasets 

were very similar overall, with 10 of 12 outcomes exhibiting comparable conclusions. This investigation provides 

important data regarding the perioperative risks of smoking in spinal fusion patients, and demonstrates how a 

qualitative comparison of NIS and NSQIP datasets yields results that likely offer increased validity over single data 

source studies.  
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Background/Introduction: Iliac crest bone grafting (ICBG) is an effective graft option for lumbar fusion 

procedures. Previous studies have reported an association between ICBG and increased postoperative pain and 

morbidity. The relationship between bone graft technique and postoperative outcomes for minimally invasive 



transforaminal lumbar interbody fusion (MIS TLIF) has not been well defined. This study aims to determine the 

effect of ICBG on patient reported outcomes and complication rates following MIS TLIF. 

 

Materials/Methods: Primary, single-level MIS TLIF patients were consecutively analyzed. A prospective cohort of 

patients that received a percutaneous technique of ICBG was compared to a retrospective cohort of patients that 

received Bone Morphogenic Protein-2 (BMP-2). A tubular dilator was utilized to harvest cancellous iliac crest graft 

(40cc). Baseline demographics and operative characteristics were compared between groups. Complication rates 

were assessed for the perioperative period and up to 6-months postoperatively. Postoperative changes in Oswestry 

Disability Index (ODI), Visual Analog Scale (VAS) back and VAS leg pain from preoperative values were 

compared between cohorts. Rates of minimum clinically important difference (MCID) achievement at 6-month 

follow-up for ODI, VAS back, and VAS leg scores was compared between groups.  

 

Results: 92 patients were included, with 46 in each cohort. No significant differences in preoperative characteristics 

existed between cohorts. Significant increases in operative time (13.33 minutes, p=0.016) and estimated 

intraoperative blood loss (15.54 mL, p=0.030) were demonstrated for the ICBG cohort. A greater percentage of 

ICBG patients were discharged on postoperative day 0 (19.6% vs 14.4%, p=0.072) though this did not reach 

statistical significance. No significant differences in complication rates were identified. The ICBG cohort 

demonstrated greater improvements in VAS leg pain at 12-week follow-up (-4.6 vs -3.2, p=0.032) compared to the 

BMP-2 cohort. No other significant differences in patient reported outcomes or rates of MCID achievement were 

identified.  

 

Discussion/Conclusion: Patients undergoing MIS TLIF with ICBG experienced clinically insignificant increases in 

operative time and estimated blood loss. Use of ICBG did not lead to increases in pain, complications, 

pseudarthrosis rates, or delays in discharge. These results suggest that the use of ICBG is a safe and effective option 

for patients undergoing MIS TLIF. 
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Background/Introduction: Obesity is a major health problem in patients suffering from debilitating back pain that 

contributes to post-operative complications. Minimally invasive treatment (TLIF) can provide benefits by proving 

smaller incisions, reduced tissue destruction, less post operative pain, early ambulation, and less hospital stay.  

 

Materials/Methods: Eighty-five patients (55(65%) female, 30(35%) male, average age 65 years old) with BMI 

greater than 30 kg/m2 with grade I or II spondylolisthesis operated by TLIF were retrospectively reviewed between 

November 2011 to April 2017. These patients were categorized into three obesity categories: BMI 30.1–34.9 kg/m2 

(Class I), 35.0–39.9 kg/m2 (Class II), and = 40.0 kg/m2 (Class III). Oswestry disability index, Pain analogue scale, 

operative time, estimated blood loss (EBL), post-operative complications and hospital stay (LOS) and fusion rates 

were analyzed.  

 

Results: Average follow-up time was 2.2 years. Obesity categories included the following: 40 class 1, 29 class 2, 

and 16 class 3 having chronic back pain symptoms averaging 5 years range 1 to 30 years. All patients underwent 

single level TLIF at the L3-4(n=6 ), L4-5(n= 58), or L5-S1(n=21 ) level. Mean operative time was 199 minutes +/- 

45 minutes, EBL was 144 ml +/- 55 ml and mean LOS was 4.4 days +/- 2.1 days. VAS decreased from 6.55 pre-op 

to 2.8 at 3 months postoperative and 3.4 at one year, ODI decreased from 44.7 pre-op to 27.7 at 3 months post-op 

and 30.5 at one year. Complications rate was 4.9%, fusion rate was > 93% at 3 and 12 months follow-up based on 

dynamic plain radiographs. Re- operation rates was 1.1% for adjacent level pathology.  

 

Discussion/Conclusion: Obese patients with debilitating back pain from lumbar spondylolisthesis can be safely and 

effectively managed with minimally invasive TLIF to reduce complications, improve fusion rates, and provide 

excellent clinical outcomes. 
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Background/Introduction: With advances in the understanding of adult spinal deformity (ASD), more complex 

osteotomy and fusion techniques are being implemented with increasing frequency. Patients undergoing ASD 

corrections infrequently require extended acute care, longer inpatient stays, and discharge to supervised care. Given 

the necessity of value-based health care, identification of clinical indicators for adverse discharge disposition in 

ASD surgeries is paramount. This study aims to identify predictors of adverse discharge disposition after ASD 

surgeries and view corresponding differences in charges. 

 

Materials/Methods: Retrospective analysis of patients on the National Surgical Quality Improvement Program 

(NSQIP) database and cost data from Medicare PearlDiver Database. Patients >18 years undergoing thoracolumbar 

ASD-corrective surgery with a primary diagnosis of scoliosis (ICD-9 code 737.x) were isolated. Predictors 

(demographic, clinical, complications) of not-home (NH; rehab or skilled nursing facility) discharge were analyzed 

using binary logistic regression controlling for levels fused, decompressions, osteotomies, and revisions. Average 

30-day and 90-day costs of care were reported in home, rehab, and skilled nursing facility discharge groups in 



patients undergoing 8+ level thoracolumbar fusion.  

 

Results: 1,978 patients undergoing lumbar ASD-corrective surgery were included (average age:59.3 years, 

sex:64%F). Average length of stay was 6.58 days. Multivariate regression analysis showed age over 60 years (OR: 

0.28 CI:0.22-0.34) and female sex (p=0.003) as independent predictors of adverse discharge status. Partially 

dependent pre-operational functional status increased likelihood of adverse discharge disposition (OR:0.57 CI:0.35-

0.90). Despite controlling for all clinical variables except for the ones specific to each analysis, Smith-Petersen 

osteotomy (OR:0.51 CI:0.40-0.64), interbody device placement (OR:0.80 CI:0.64-0.98) and fixation to the iliac 

(OR:0.54 CI:0.41-0.70) both increased likelihood of adverse discharge. Complications most associated with adverse 

discharge were UTIs (OR:0.34 CI:0.21-0.57) and blood transfusions (OR:0.42 CI:0.34-0.52). Relative to home-

discharge, 30-day costs of care were +$21,061 more expensive in rehab discharges, but not different in skilled 

nursing facility discharges (+$5,791, p=0.177). 90-day costs of care were $23,815 in rehab discharges (p<0.001), but 

not different in skilled nursing facility discharges (+$6,091, p=0.212). 

 

Discussion/Conclusion: Discharge destination to rehabilitation has a significant impact on cost of thoracolumbar 

adult spinal deformity surgeries. Patient selection can predict patients at higher risk for discharges to rehab or skilled 

nursing facility. 
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Background/Introduction: Full body stereoradiographs allow for the assessment of lower limb compensation and 

global alignment in adult spinal deformity(ASD) patients, though little work has been done looking at how these 

recovery mechanisms change between early and late follow-up. The aim of this study was to evaluate the changes in 

lower limb compensation and global alignment for ASD patients from the early to late post-operative period. 

 

Materials/Methods: Single-center retrospective review. ASD patients(SVA>5cm, PI-LL>10°, or PT>20°) with full 

body stereographic x-rays at baseline, 3 month(3M), 1 year(1Y) follow-up. Correction groups created to compare 

actual alignment with age-adjusted ideal values using established formulas for SVA, PI-LL, PT and TPA. Patients 

who matched(“Match”) within a 10-year range threshold for age-adjusted targets were compared to unmatched 

cases(“Under”/“Over”).  

 

Results: 124 ASD patients(59yrs, 69%F) had an average of 8.2 levels fused and 9% had three-column osteotomy 

use. Mean baseline alignment parameters were: 65mm SVA, 25°PT, 17°PI-LL, and 26°TPA. At 3M, patients 

significantly improved in TPA, TK, KA, GSA, and PS(all p<0.001). Patients that remained Undercorrected 

according to age-adjusted SVA ideals displayed significantly increased KA(8.3º), posterior pelvic shift(64.5mm), 

and GSA(8.8º) compared to Overcorrected patients(all p<0.05). Of patients that Matched age-adjusted spino-pelvic 

ideals at Early follow-up, the rates of patients that subsequently degenerated to Undercorrected at Late follow-up 

were: SVA=22.6%; PT=35.5%; PI-LL=34.6%; TPA=20.0%. All spino-pelvic groups that went from Match-to-

Undercorrected recruited an increasingly posterior pelvic shift(all p<0.046) with the exception of SVA cases. ASD 

patients with BMI ≥ 30, and all spino-pelvic parameters displaying most severe alignment(++) were at significantly 

increased odds of degenerating from Match to Under between Early and Late follow-up. 

 



Discussion/Conclusion: When ASD patients were undercorrected for SVA, PT, or PI-LL, they recruited 

increasingly posterior PS and KA, reflected overall with a greater GSA, to maintain upright balance. At baseline, an 

increase BMI and moderate-severe spinal deformity significantly predicted those patients that degenerated from 

Match to Undercorrection between Early and Late follow-up. 
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Background/Introduction: Despite how commonly lumbar spinal stenosis is encountered, it is unknown if 

preexisting degenerative or congenital lumbar spinal stenosis has implications in patients who develop lumbar 

herniated nucleus pulposus (HNP) requiring discectomy. The purpose of the present study was to compare lumbar 

microdiscectomy patients with and without concomitant lumbar spinal stenosis in terms of baseline characteristics 

and longer term clinical outcome measures. 

 

Materials/Methods: We performed a retrospective cohort analysis of patients who underwent a primary lumbar. 

Patient reported outcomes were obtained in the form of Oswestry Disability Index (ODI) scores, Visual Analog 

Scales (VAS) scores for the back and leg, 12-Item Short Form Mental and Physical Survey (SF-12) scores, and the 

Veterans Rand 12-Item Health Mental and Physical Survey (VR-12) scores. Patients were also surveyed about their 

expectations and satisfactions following surgery.  

 

Results: Overall, 134 consecutive patients who fulfilled our inclusion criteria were assessed. Average follow-up was 

13.3 ± 15.5 months (range 3-61 months). There were 49 patients (36.6% of all patients) with concomitant stenosis. 

Patients with concomitant stenosis were older (57.4 + 14.2 vs 42.5 + 14.1, p<0.001) and had a greater number of 

operative levels (p<0.001) compared to patients with isolated HNP. While patients with stenosis had lower 

preoperative VAS back, VAS leg, and ODI scores compared to those without stenosis on bivariate analysis, these 

differences disappeared after baseline characteristics were controlled for through multivariate analysis. On 

multivariate analysis, there were no differences between preoperative and postoperative outcome measures. 

Additionally, no difference was found between patient groups for overall clinical improvement from preoperative to 

postoperative time points. Patients with stenosis had similar rates of reoperation and met or exceeded expectations 

compared to patients without stenosis. 

 

Discussion/Conclusion: Patients with concomitant lumbar stenosis who underwent lumbar microdiscectomy for 

HNP had similar clinical outcomes compared to patients with isolated HNP. Re-operation rates are similar between 

the 2 groups of patients. Both groups report being satisfied with their outcome with their expectations being met or 

exceeded.  
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Background/Introduction: Emergency department (ED) visits are associated with long wait times, high costs, low 

patient satisfaction, and are the source of almost half of all hospital readmissions. No study has previously analyzed 

30-day ED visits after lumbar fusion from an etiological and cost perspective. Our objective was to describe the 

incidence, reasons, risk factors, and costs associated with 30-day ED visits after primary lumbar fusion (PLF) for 

degenerative pathology in a large national patient cohort. 

 

Materials/Methods: A national insurance database was used to study patients with PLFs performed for 

degenerative pathology of the spine between 2007 and Q3-2015. The incidence of all-cause, cause-specific 30-day 

ED visits, and ED to inpatient transfer were recorded. Risk factors for ED visits, and ED to hospital transfer were 

studied using multiple-variable logistic regression analysis. Total and average reimbursements for management of 

complications in ED, and hospital have been reported. 

 

Results: Our cohort included 37,559 patients with a mean age of 66.0± 10.0 years. From the overall cohort, 4,806 

(12.8 %) patients had 10,281 ED visits within 30-days after surgery. Of all patients visiting the ED, 945 (19.9%) had 

multiple (≥3) visits, and 1,466 (30.5%) were admitted to the hospital for management. Common reasons for 

presentation in the ED were cardio-respiratory complaints (49.4%), and back and/or leg pain (47.7%). Several risk 

factors for all-cause ED visits, multiple ED visits, and hospital admission from the ED were identified. Additionally, 



patients visiting the ED once were far more likely to get transferred to inpatient care than patients with two or more 

ED visits (OR 44.1, 95%CI:38.8–50.2). Based on our analysis, we propose two subsets of patients utilizing acute-

care within 30-days after lumbar fusion (Fig 1). The overall ED cost burden was nearly two-thirds as much as 

hospital readmissions within 30-days ($6,994,260 vs. $10,880,999). 

 

Discussion/Conclusion: A sizable subset of patients present to the ED for acute care but do not require 

hospitalization. The reasons and risk factors for presentation in these patients are somewhat different from patients 

requiring readmission. Focus should also be directed on reducing frequency of ED visits after lumbar fusion to help 

improve quality and cost of care.  
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Background/Introduction: Previous reports in the orthopedic literature have associated worse preoperative mental 

health with increased pain and reduced functional outcomes after joint arthroplasty. While similar reports exist 

within the spine literature, few have quantified patient mental health using validated mental health scoring scales 

such as the Patient Health Questionnaire-9 (PHQ-9). This study aims to utilize the PHQ-9 to determine if an 

association exists between preoperative mental health status and postoperative improvements in Oswestry Disability 

Index (ODI), Visual Analogue Scale (VAS) back pain, and VAS leg pain scores in patients undergoing single-level 



minimally invasive transforaminal lumbar interbody fusion (MIS TLIF).  

 

Materials/Methods: A prospective surgical registry of patients undergoing primary, single-level MIS TLIF were 

retrospectively reviewed. Patient mental health was assessed preoperatively using the PHQ-9 survey, with higher 

scores corresponding to an increased severity of depression. Patient-reported outcome (PRO) measures including 

ODI, VAS back, and VAS leg pain scores were collected preoperatively and at 6-week, 12-week, and 6-month 

postoperative time points. Multivariate linear regression was utilized to determine if an association existed between 

preoperative PHQ-9 score and preoperative ODI, VAS back, or VAS leg pain scores. Additionally, multivariate 

linear regression was used to test for an association between preoperative PHQ-9 score and postoperative 

improvements in PROs up to 6-months postoperatively 

 

Results: 60 patients were included in this analysis. Worse preoperative mental health as evidenced by higher 

preoperative PHQ-9 score was associated with increased preoperative ODI score (Coefficient: 0.94, 95% 

Confidence Interval: 0.11-1.76, p=0.027). However, no association was demonstrated between preoperative PHQ-9 

score and differences in PRO improvement for ODI, VAS back, or VAS leg pain scores at any postoperative time 

point (p>0.05 for each). 

 

Discussion/Conclusion: Worse preoperative mental health was associated with higher perceived preoperative 

disability, but not preoperative pain, in patients undergoing MIS TLIF. Furthermore, worse preoperative mental 

health was not a predictor of impaired outcomes improvement after MIS TLIF. Surgeons should expect similar 

postoperative outcomes amongst their patients regardless of depressive symptom severity. Further work must be 

done examining psychosocial factors within spine surgery, and how they relate to postoperative outcomes after MIS 

surgery in particular with longer term follow-up.  
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Background/Introduction: Surgical approaches for isthmic spondylolisthesis can be performed anteriorly, 

posteriorly or in combination. There are no strict guidelines on which method to use, and approaches are often 

selected based on surgeon preference. The purpose of this retrospective study is to compare patients who underwent 

posterior or anterior approaches for isthmic spondylolisthesis at a single institution and evaluate outcomes and 

assess complications. 

 

Materials/Methods: Demographic information’s, length of stay and opioid use was documented. Complications 

were assessed, including CSF leak, infection, suboptimal hardware placement, urinary tract infection, readmission, 

and reoperation. The pre- and post-operative measurements of spondylolisthesis and degree of lumbar lordosis were 

quantified using lateral x-rays. Post-operative improvement in radiculopathy was documented. Fusion rates at one 

and two year follow-up as assessed on lateral x-ray were documented. Univariate analysis was performed to 

compare demographics, surgical characteristics, complications, and pain outcomes. For categorical variables, 

frequency counts were computed and presented along with their percentages. For continuous variables, means were 

computed and presented along with their standard deviation. To compare categorical variables, the Chi-square test 

was used. For continuous outcomes, simple linear regression was used. Statistical significance was set at p<0.05.  

 

Results: Between 2010 and 2015, fifty-four patients underwent surgical treatment for isthmic spondylolisthesis. All 

procedures took place at either L5/S1 or L4/5. Fourteen patients underwent anterior lumbar interbody fusion, and 

forty patients underwent a posterior approach. There were no significant differences in patients’ demographics, 

spondylolisthesis parameter, fusion rates, or complications. The posterior approach group showed a significantly 

decreased length of stay (2.8±1.9 days vs. 4.9±1.3 days; p<0.01). The anterior approach group demonstrated 

improved lumbar lordosis compared to the posterior group (62.8°±9.3 vs. 55.3°±10.6; p=0.03) as well as greater 

improvement in symptoms of radiculopathy (92.9% vs. 85%; p=0.03). 

 

Discussion/Conclusion: Anterior and posterior approaches to treating isthmic spondylolisthesis showed similar 

results overall. Posterior approaches had a decreased length of stay. Anterior approaches were associated with 

statistically significantly higher post-operative lordosis and a higher degree of improvement in symptoms of 

radiculopathy. However, results with both approaches were generally satisfactory and choice of approach will be 

dictated by anatomic considerations as well as surgeon preference and comfort. 
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Background/Introduction: Minimally invasive transforaminal lumbar interbody fusion (MIS TLIF) and MIS 

lumbar decompression (LD) are effective surgical options for the treatment of lumbar degenerative disease. For LD 

patients with recurrent symptomatology, MIS TLIF has been reported as a safe and effective option. Few studies 

have assessed differences in outcomes between patients undergoing a revision MIS TLIF as compared to a primary 

MIS TLIF. As such, the purpose of this study was to compare improvements in patient reported outcome (PRO) 

measures between patients undergoing primary and revision MIS TLIF.  

 

Materials/Methods: A prospectively maintained surgical database of patients undergoing a primary or revision one-

level MIS TLIF for degenerative pathology during 2014-2016 was reviewed. Patients were excluded if there was 

incomplete PRO data (preoperative, 6-week, 12-week, or 6-month postoperative visit). Procedure type was tested for 

association with demographics, and preoperative PRO scores using student’s t-test and chi squared analysis for 

continuous and categorical variables, respectively. Improvements in PROs from preoperative values were compared 

between primary and revision cohorts using student’s t-tests. Chi-squared analysis was utilized to compare rates of 

MCID achievement. Statistical significant was set at p < 0.05. 

 

Results: 162 patients were included in this analysis. 131 underwent primary MIS TLIF and 31 underwent revision 

MIS TLIF following primary LD. There were no differences in demographics and peri-operative outcomes between 

groups. Both groups experienced similar improvements in PRO scores at all postoperative time points (p>0.05 for 

each). The percent of patients achieving MCID did not differ between the primary TLIF and revision TLIF cohorts 

for ODI, VAS back, or VAS leg scores (p>0.05 for each). 

 

Discussion/Conclusion: The results of the present study demonstrate patients undergoing primary and revision MIS 

TLIF recorded similar peri-operative characteristics and experienced similar changes in PROs. This finding supports 

the assertion that undergoing a primary decompression followed by a revision MIS TLIF does not compromise 

PROs when compared to primary MIS TLIF. As such primary and revision MIS TLIF patients can be managed 

similarly and expect similar improvements in PROs. To further understanding of differences in outcomes following 

primary and revision MIS TLIF, prospective, long-term studies are necessary. 
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Background/Introduction: The Patient-Reported Outcomes Measurement Information System (PROMIS) has 

become increasingly popular due to their computer adaptive testing (CAT) methodology. The aim of this study is to 

explore how confounding variables such as age and gender affect PROMIS as compared to traditional PROMs in 

spine patients. 

 

Materials/Methods: A retrospective analysis was performed on a database of PROMs at a single-institution. 

Patients who presented with a primary complaint of back or neck pain from 12/2016 to 4/2017 were included. The 

ODI, NDI, VASBack, VASNeck, VASArm, VASLeg, PROMIS Physical Function, PROMIS Pain Intensity, and 

PROMIS Pain Interference questionnaires were administered. The patient cohort was grouped based on complaint, 

age category (18-44, 45-64, 65+) and gender (male or female). Age groups were matched to control for pain and 

gender. Gender was matched to control for age and VAS. To compare differences between gender, t-tests were 

performed. ANOVA was used for multivariate comparisons. 



 

Results: 484patients with back pain and 128patients with neck pain were identified. Back and neck pain patients 

were matched into gender cohorts (N=201 in each group and 46 in each group, respectively). Among back pain 

patients, female patients demonstrated worse disability in terms of ODI (44.15vs38.45, p=0.005), whereas PROMIS 

Physical Functioning did not reveal differences by gender. Among neck pain patients, no significant differences 

were found between genders in traditional HRQLs or PROMIS when controlling for neck pain and age. Back pain 

and neck pain patients were matched into age cohorts (N=135 each and N=14 each, respectively). Among back pain 

patients, ANOVA revealed differences between groups when controlling for back pain and gender: ODI (p<0.001), 

PROMIS Physical Function (p=0.018) PROMIS Pain Intensity (p<0.001) PROMIS Pain Interference (P<0.001). 

Among neck pain patients, comparing matched age groups revealed significant differences in NDI (p=0.032) and 

PROMIS Physical Function (p=0.022), but not PROMIS Pain Intensity or PROMIS Pain Interference (p>0.05). 

 

Discussion/Conclusion: Age and gender are confounders of traditional HRQLs, as well as PROMIS domains. 

However the PROMIS CAT does offer age and gender specific scores which traditional PROMs lack. By accounting 

for confounding variables, PROMIS may be considered a superior research measure for spine patients.  
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Background/Introduction: Cigarette smoking has been shown to inhibit bone healing and increase the risk of 

pseudarthrosis after spinal fusion. We previously reported that Aryl Hydrocarbon Receptor (Ahr) activation by 

dioxin, a prototype activator of the Ahr, inhibits bone regeneration and spine fusion in rats. We have also shown that 

dioxin-mediated inhibition of osteogenic differentiation is mitigated by co-treatment with Ahr antagonists in vitro. 

Since dozens of dioxin-like Ahr ligands are present in cigarette smoke, we now investigate the downstream 

mechanisms of cigarette smoke on osteogenic differentiation to identify potential therapeutic options to mitigate the 

effects on bone. 

 

Materials/Methods: Isolated rat bone marrow stromal cells (BMSC) were cultured under standard or osteogenic 

conditions. BMSC were subsequently exposed to the vehicle control (DMSO) or Particulate Phase Extract (PPE), 

which was prepared from whole cigarette smoke. Some cells received co-treatment with Ahr antagonists, including: 

α-naphthoflavone (ANF, synthetic antagonist); resveratrol (Res, stilbenoid found in grapes/red wine), and 3,3’-

diindolylmethane (DIM, breakdown product of indole 3 carbinol present in vegetables). Known downstream 

markers of Ahr activation and osteogenic differentiation were quantified. 

 

Results: PPE increased the activity of CYP1 family proteins (EROD assay), demonstrating clear Ahr activation. 

PPE also inhibited cell proliferation, ALP activity, and bone matrix mineralization. These inhibitory effects were at 

least partially mitigated by co-treatment with each of the Ahr antagonists, showing recovery of cell proliferation, 

ALP activity, and matrix mineralization. RNA and protein expression studies showed that PPE down-regulates 

numerous pro-osteogenic genes, such as ALP, RunX2, OCN and PHEX, whereas co-treatment with Ahr antagonists 

prevented PPE-mediated inhibition of those RNAs and proteins. 

 

Discussion/Conclusion: Cigarette smokers are a historically difficult patient population for spine surgeons to treat 

due to increased rates of pseudarthrosis and complications following spinal fusion procedures. Our results suggest 

that Ahr hyper-activation may play an important role in the adverse effects of cigarette smoke on bone healing, and 

that Ahr antagonists are potentially protective in combating cigarette smoke-mediated inhibition of bone 

regeneration and healing. The next step is to explore the effects of cigarette smoke extract on bone regeneration and 

healing in vivo using a pre-clinical model of spine fusion. 
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Background/Introduction: Kyphotic configuration detected on neutral radiograph constitutes a distinct subgroup 

of degenerative lumbar spondylolisthesis (DLS). However, there is a paucity of data on the stability of DLS with 

kyphotic configuration, as well as what modalities can provide more accurate assessment of segmental stability at 

involved segment. This study was performed to investigate the the stability of DLS with a kyphotic configuration at 

the involved segment, and to determine the most useful diagnostic modalities in the evaluation of instability for such 

a situation. 

 

Materials/Methods: This study reviewed the charts and radiographs of a consecutive series of patients with L4/5 

DLS. The enrolled patients were divided into two groups based on slip configurations on the preoperative neutral 

radiographs: the kyphotic group (Group K) and non-kyphotic group (Group NK). The translational and angular 

motion was determined by comparing upright lateral radiograph (U) with a supine sagittal MR image (S) (combined, 

US) or flexion/extension radiographs (FE). Comparisons were made between the two groups with regards to 

translational and angular motion observed using US and FE.  

 

Results: There were 26 and 201 patients in Groups K and NK, respectively. In comparison to Group NK, Group K 

demonstrated significantly higher translational motion (12.4% vs. 7.0%, P<0.001) on US analysis, but significantly 



lower translational motion (4.2% vs. 6.4%, P<0.001) on FE analysis. Angular motion was detected to be 

significantly lower in US versus FE in Group NK (1.2° vs. 7.8°, P<0.001), while no significant difference in Group 

K (4.2° vs. 5.3°, P=0.132). In Group K, “instability” was recognized in 84.6% of patients using US versus 11.5% 

patients using FE (P<0.001); While in Group NK, no significant difference was observed in the incidence of 

“instability” between FE and US (31.3% vs. 27.8%, P=0.444). Overall, Group K had a significantly higher incidence 

of “instability” than Group NK (84.6% vs. 31.3%, P<0.001). 

 

Discussion/Conclusion: DLS with a kyphotic configuration is a distinct subgroup highly frequently associated with 

the presence of segmental instability. The modality of US is shown to be superior to the traditional FE in measuring 

the translational motion and identifying “instability” for DLS patients with a kyphotic configuration. 
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Background/Introduction: There exists a paucity of knowledge regarding the influence of preoperative symptom 

duration on patient reported outcomes (PROs) following lumbar fusion. In this context, this study aims to examine 

whether the time spanning from symptom onset to surgical intervention has an effect on postoperative clinical 

improvement in patients undergoing MIS TLIF. 

 

Materials/Methods: Patients who underwent a primary, single-level MIS TLIF procedure for degenerative 

pathology from 2013-2016 were identified. Patients were grouped based on preoperative symptom duration (≤ 6 

months, > 6 months). Pain was measured using the Visual Analogue Scale (VAS), and narcotic consumption was 

measured using Oral Morphine Equivalents (OMEs). Demographics and perioperative outcomes were compared 

using chi-squared analyses for categorical data and independent Student t-tests for continuous variables. PROs 

including Oswestry Disability Index (ODI), VAS back and VAS leg scores were collected at preoperative and 

postoperative visits (6-weeks, 12-weeks and 6 months). The percentage of patients achieving minimal clinically 

important difference (MCID) following surgery was compared between groups.  

 

Results: 195 patients were included in this analysis. 80% had a symptom duration > 6 months and the remaining 

20% had a symptom duration ≤ 6 months. No differences in demographic or operative characteristics, inpatient pain, 

narcotic consumption and length of stay were identified between groups (p>0.05 for each). Patients with shorter 

symptom duration had significantly higher ODI scores preoperatively and had greater improvements in ODI scores 

at 6 weeks, 12 weeks, and 6 months (p<0.05 for each). Shorter symptom duration patients also reported lower VAS 

Back scores at 6 months (p=0.044), but was not identified at 6 week or 12 week timepoints. VAS leg improvements 

were similar between groups at all postoperative time point. Additionally, a greater percentage of shorter symptom 

duration patients achieved MCID in ODI (p=0.044), however, this association was not demonstrated for VAS back 

or leg.  

 

Discussion/Conclusion: Patients undergoing MIS TLIF with shorter symptom duration exhibited significantly 

higher preoperative ODI scores. However, these patients demonstrated greater clinical improvement postoperatively. 

These findings suggest delayed surgical intervention may lead to impaired functional recovery in patients with 

degenerative lumbar disease following MIS TLIF.  
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Background/Introduction: Lumbar fusion is an effective and durable treatment for symptomatic lumbar 

spondylolisthesis, however the current literature provides insufficient evidence to recommend an optimal surgical 

fusion strategy. This study sought to compare the clinical outcomes, fusion rates, blood loss, and operative times 

between open posterolateral lumbar fusion (PLF) alone and open transforaminal lumbar interbody fusion + 

posterolateral fusion (TLIF) for spondylolisthesis. 

 

Materials/Methods: An electronic database search was performed to identify investigations comparing PLF alone 

versus PLF + TLIF for treatment of low-grade lumbar spondylolisthesis. Effect size was assessed from pooling 

observational studies for each outcome variable, with odds ratios used for fusion and infection rate, mean difference 

used for improvement in ODI and leg pain as well as operative time and blood loss, and standardized mean 

difference used for improvement in back pain and health-related quality of life (HRQOL) outcomes. Studies were 

weighted based on the inverse of the variance and heterogeneity. Effect sizes from the meta-analysis were then 

compared to data from the RCTs. 

 

Results: The initial literature search yielded 282 unique, English-language studies. Seven were determined to meet 



our inclusion criteria and were included in our qualitative analysis. Five observational studies were included in our 

quantitative meta-analysis. The pooled fusion success rates were 84.7% (100/118) in the PLF group and 94.3% 

(116/123) in the TLIF group (OR 0.33, 0.13 – 0.82, p=0.02). In regards to improvement in back pain, the effect size 

was -0.27 (-0.43 to -0.10, p=0.002), in favor of the TLIF group. For ODI, the effect size was -3.73 (CI -7.09 to -

0.38, p=0.03), significantly in favor of the TLIF group. Operative times were significantly shorter in the PLF group, 

with an effect size of -25.55 (CI -43.64 to -7.45, p<0.01). No significant difference was observed in leg pain, 

HRQOL improvement, blood loss, or infection rate. Our meta-analysis results were consistent with RCTs in favor of 

TLIF for achieving radiographic fusion and greater improvement in ODI and back pain 

 

Discussion/Conclusion: Our results demonstrate that for patients undergoing fusion for spondylolisthesis, TLIF is 

superior to PLF with regards to achieving radiographic fusion and clinical improvement in disability and back pain.  
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Background/Introduction: Despite the overall success of spinal fusions, pseudarthroses remain a common 

complication. Electrical stimulation devices have been popularized as an adjunctive tool to improve spinal fusion 

rates. There is minimal aggregate data from randomized controlled trials (RCT) to determine the overall efficacy of 

stimulators on spinal fusion outcomes. The objective of the current study was to perform a meta-analysis of RCTs 



assessing the effect of spinal fusion stimulators on postoperative fusion rates. 

 

Materials/Methods: This meta-analysis was performed under the guidelines of the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines. RCTs that compared fusion rates between cohorts 

receiving either electrical stimulation or a placebo/control following spinal fusion were included. Studies were 

obtained from PubMed and MEDLINE databases. Articles were excluded if they did not include a minimum follow-

up period of 1 year or utilize complete randomization of patient cohorts. Fusion rate, study size, average age, 

number of smokers, type of electrical stimulation, spinal level, number of involved vertebral levels, type of fusion, 

graft type, instrumentation, and method of fusion assessment were recorded. A meta-analysis on relative risks for 

fusion was performed and the summary estimate was derived using Mantel-Haenszel methods. 

 

Results: A total of 6 RCTs were included in this analysis. Fusion rates for the stimulation and control groups ranged 

from 35.4-90.6%, and 33.3-92.8%, respectively. Following pooling of fusion rates for each group, there was no 

significant difference in fusion rates between spinal stimulator and control groups. (RR=1.07; 95% CI=1.00-1.15; 

p=0.067). Additionally, 4 of 6 studies exhibited a high risk for bias.  

 

Discussion/Conclusion: The results from the present study suggest no significant effect of spinal fusion stimulators 

on rates of spinal fusion when compared to control treatments. Physicians should use caution when interpreting 

these studies, as many are outdated and exhibit substantial variability. Further RCTs demonstrating uniformity in 

surgical indications, procedure, patient population, and stimulation device are necessary to better understand the 

effects of electrical stimulators on spinal fusion. 
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Background/Introduction: Past studies investigating Body Mass Index (BMI) on spine surgery outcomes have 

focused on the effect of high BMI. These investigations have reported mixed conclusions, possible due to 

insufficient power, poor controlling of confounding variables, and inconsistent definitions of BMI categories (e.g. 

underweight, overweight, obese). Few studies have considered outcomes of patients with low BMI. The aim of the 

current study was to analyze whether anterior lumbar interbody fusion (ALIF) outcomes track with World Health 

Organization (WHO) categories of BMI to better assess where along the BMI spectrum patients become at risk for 

complications and mortality. 

 

Materials/Methods: Patients undergoing ALIF surgery were abstracted from the 2005-2016 National Surgical 

Quality Improvement Program (NSQIP) database. Patients were excluded for a primary diagnosis of trauma, tumor, 

infection, or emergency presentation. Adverse and binomial outcome measures for 30-day post operation were 

abstracted from the database. Patients were then aggregated into WHO guidelines of BMI. Odds ratios of adverse 

outcomes, normalized to average risk of normal weight subjects (BMI 20-24.9), were calculated. Multivariate 

analysis was performed controlling for demographics (age, sex, functional status) and overall health as measured by 

the American Society of Anesthesiologists (ASA) classification.  

 

Results: 17,319 ALIF patients met inclusion criteria. Odds for underweight patients were elevated beyond those 

observed in any other BMI category; however, both underweight and super obese class 3 patients were found to 

have significantly increased rates of adverse events and post-operative infection. There was no difference in these 

same variables between normal, overweight, obese class 1 or even obese class 2 patients. Moreover, overweight and 

obese patients showed a protective effect against mortality in both univariate and multivariate analysis. 

 

Discussion/Conclusion: Both underweight and obese class 3 patients have higher rates of adverse events and post-

operative infection than normal, overweight, obese class 1 or even obese class 2 patients as defined by WHO 

classifications. The current study identified underweight patients as an at-risk population that has previously not 

received significant focus. Physicians and healthcare systems should give additional consideration to this population, 

as they often already do for those at the other end of the BMI spectrum. 
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Background/Introduction: Diabetes mellitus (DM) is one of the most common systemic diseases, and previously 

both non-insulin diabetes mellitus (NIDDM) and insulin-dependent diabetes mellitus (IDDM) have been shown to 

be associated with increased postoperative complications following anterior cervical discectomy and fusion (ACDF) 

(Phan et al.). Our objective was to analyze IDDM and NIDDM as risk factors for 30-day post-op major and minor 

complications, but for all types of spinal surgeries. 

 

Materials/Methods: Retrospective analysis was performed using data from the ACS NSQIP database from 2006 to 

2014. Data from 2009 and 2012 were excluded because diabetes status of the patients were unclear. Patients with 

clear diagnosis of DM were included. 30-day major complications and minor complications were measured. Major 

and minor complications used for analysis were chosen based upon the highest rate adverse events in orthopedic 

procedures from ACS NSQIP database reported by Molina et. al. Patient demographics, perioperative data, and 

postoperative events were assessed. Patients with IDDM or NIDDM were compared with non-diabetic patients using 

multivariate logistic regression analysis and chi-squared tests. Relative risk was also calculated for each variable. 

Significance was defined as P<0.05.  

 

Results: 37,201 patients were recorded having spinal surgery in the NSQIP database, and of these, 13,043 did not 



have DM, 3734 had NIDDM, and 1847 had IDDM. Compared to non-DM, NIDDM was associated with increased 

rates of deep wound infections, MI, DVT, CVA, sepsis, and UTI (p<.05). IDDM was associated with increased rates 

of death, deep wound infections, organ/space infection, MI, sepsis, UTI, pneumonia, and superficial surgical site 

wounds (p<.05) compared with non-DM. 

 

Discussion/Conclusion: Overall, patients with IDDM/NIDDM undergoing spinal surgery were at increased risk for 

several postoperative complications compared to patients without DM. Additionally, patients with IDDM are at 

increased risk of postoperative complications compared with NIDDM patients. In terms of risk stratification, it is 

important to know a patient’s specific diabetes status in order to counsel them appropriately prior to spinal surgery, 

and additionally for the surgeon to take appropriate action to optimize the patient and reduce risk. 

 

 
 

 


