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Background

• Annual healthcare spending in US: 3.3$ trillion 
($10,348/person)

• %GDP spent on Healthcare in US: 17% - More than any 
country

https://data.worldbank.org/indicator/SH.XPD.TOTL.ZS

https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/downloads/highlights.pdf
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Background

• Spine surgery has attracted the attention of policymakers, due to high 
costs

• Dramatic rise in rates of cervical spine surgery: 29 cases in 1990 to 61 
cases in 2009 per 100,000 people 

• While frequency of cervical spine surgery performed for degenerative 
disease may be stabilizing in recent years, costs have continued to rise at 
a rate almost double that of inflation with a 64% increase in mean inflation 
adjusted cost from 2001 to 2013

• ACDF: most commonly performed cervical spine procedure, ideal focus for 
healthcare reform efforts

Chotai et al Neurosurgery 2018

Marquez-Lara et al Spine 2014

Oglesby et al Spine 2013

Patil et al Neurosurgery 2005

Liu et al Spine 2017
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Bundled Payments & ACOs
Providers Bear Financial Responsibility

Source: http://www.beckershospitalreview.com/hospital-physician-relationships/evaluating-the-medicare-pilot-

programs-comparing-acos-and-bundled-payments.html
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Background

The cost of readmission episodes after ACDF can contribute as high as 35% to 

the direct 90-day costs of ACDF in some patients
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Knowledge gap

• However, what determines cost of readmissions is not known
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Objective

• To determine patient, clinical and hospital factors determining cost 
of 30 and 90-day readmissions following elective ACDF for 
degenerative cervical spine disease

• To determine the diagnoses associated with costly readmission 
episodes



©2016 MFMER  |  slide-10

Methods

• Data source: 2012, 2013, 2014, and 2015Q1-Q3 Nationwide 
Readmissions Database (NRD) datasets from the Healthcare Cost 
and Utilization Project (HCUP) 

• NRD: 

• All-payer national readmissions data

• Constructed using 27 state inpatient databases

• 17 million hospitalizations every year, accounting for 56.6% of 
all US hospitalizations

• Sampling weights

• Hospital charges and cost-to-charge ratios
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Methods

• Study sample:

• Inclusion criteria

• Elective ACDF for degenerative cervical spine disease (ICD-9 
procedure and diagnosis codes)

• Readmitted within 30 or 90-days of index admission for ACDF

• For 30-day readmission episodes: observation period was 11 
months for 2012-2014 and 8 months for 2015Q1-Q3

• For 90-day readmission episodes: observation period was 9 
months for 2012-2014 and 6 months for 2015Q1-Q3
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Methods

• Study sample:

• Exclusion criteria

• Died in hospital

• Missing charge data

• Same day event/transfer

• Diagnostic exclusions: Spinal trauma, tumors and infections

• Procedural exclusions: Another concurrent major surgical 
procedure at index admission (manual review of all ICD-9 codes 
in the cohort)
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Methods

• Outcome of interest: Total hospital costs (cost-to-charge ratio X hospital 
charge)

• Variables

• Demographics: Age, Sex, Elixhauser comorbidity score, insurance 
status, median household income

• Length of stay

• Weekend vs Weekday admission

• Days from index admission to readmission

• Hospital factors: Ownership, bed size, teaching status, urban/rural 
designation

• Type of primary diagnosis at readmission, Procedure-related (e.g. 
infection, hematoma, dysphagia etc) vs medical (manual review of 
primary ICD-9 code at readmission)
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Methods

• Analysis

• Descriptive analysis was performed using standard t-test and 
Chi-squared tests. 

• Two multivariable linear models were fitted with the cost of 
30/90-day readmission episodes serving as the continuous 
outcome variable

• Cost is a skewed outcome, normalized as log cost

• Multiple imputation for missing data

• Statistical significance: p<=0.001

• Relative predictor importance determined using type III F 
statistics
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Methods

• Analysis

• Annualized national estimate of cost:

• For 30-day readmission episode

• Multiply NRD estimate by 12/11 (12/8 in the 2015 
dataset)

• For 90-day readmission episode

• Multiply NRD estimate by 12/9 (12/6 in the 2015 
dataset)
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Factors associated with cost of 30-day 
readmissions
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Factors associated with cost of 90-day 
readmissions
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Top diagnoses associated with cost of 30-day 
readmission episode
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Top diagnoses associated with cost of 90-day 
readmission episode
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Summary
• In addition to patient related factors, several hospital related factors 

contribute to readmission costs

• Other important factors

• Weekend readmission

• Days from index admission to readmission

• Late intervention required? (e.g. provider phone calls/other quality 
improvement efforts at late intervals following discharge)

• Readmitted patients with cervical myelopathy contribute the highest to 
annual national cost associated with readmissions following elective ACDF

• Need for adequate risk adjustment for myelopathic patients in current 
value-based reimbursement models?

• While procedure-related diagnoses were associated with higher costs, a 
significant readmission cost burden was attributable to medical diagnoses 
that were unrelated to surgery

• May point to need for optimization of medical comorbidities prior to 
discharge in an otherwise surgical population



©2016 MFMER  |  slide-22

Limitations

• Standardized cost, not internal cost accounting data

• Only inpatient ACDF costs included, could not assess 
any outpatient costs 
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Thank you

Questions & Discussion


