
Patient Safety and Quality of Care

Benchmarks to measure safety 
and risk stratification

Sigurd Berven, MD
Professor in Residence

UC San Francisco



Disclosures

• Research/Institutional Support:
– NIH, AO Spine, OREF AOA

• Honoraria/Consultancy:
– Innovasis, Medtronic, DePuy, Biomet, Stryker, Globus

• Ownership/Stock/Options:
– Providence Medical, Baxano

• Royalties:
– Medtronic, Stryker



Goals of Managing Spinal Disorders

• Decompress Neural Elements
• Improve Back Pain
• Improve Sagittal and Coronal 

Alignment
• Effective Arthrodesis
• Improve Self-Assessment of 

Health-related Quality of Life
• Optimize Value of Care
• Patient Safety
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Risk as the Basis of Informed 
Choice and Appropriate Care

Empowering informed choice in the 
management of Spinal Disorders 

• Valid Information on Natural History
• Valid Information on Outcomes of 

operative and non-operative options
– Risks of Care
– Expected Benefits of Care



Overview
• Surgical Risk

– Basis for choosing appropriateness of care and informed choice
• Risk Stratification Tools-

– Independent predictors of Risk
– Development and Evolution
– Data sources and limitations

• Standards for Complication Rates
– Observed vs Expected
– Adjusting Risk with preoperative optimization

• Predictive Modeling
– Risk Stratification in establishing standards/Expected Rates
– Tools for estimating risk



What is Risk and Why is Risk Important? 

• Quality metrics
– Accurate Estimate of Expected rates of complication

• Patient and Payor and Hospital expectations
• Resource allocation decisions

– When to Say No /When to Say Not Yet
• Shared Risk Alternative Payment Models

– ACO 
– 90 day bundled payments 

• Informed Consent and shared decision making 



Making Decisions under 
Conditions of Uncertainty



Variability in approach to care

• Management of Spinal Deformity is Characterized by significant 
variability
– Regional Variation/Surgical Signature
– Patient Values and Preferences
– Recognition of factors that predict outcome and risk



Reducing Variability

• Variability is a proxy for quality of care
– Reducing variability is related to improved quality of care

• Clinical Practice Guidelines
• Appropriate Use Criteria

– Areas of Consensus
– Areas of Discordance
– Areas for Further Study



Instructions for Rating Management Procedures and Strategies

Making Informed Choices under conditions of Uncertainty
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AppropriateReasonableInappropriate

An inappropriate procedure or 
management strategy is defined as one 
in which the value (benefit per unit 
cost) is LOW: 
The expected negative consequences 
exceeds the expected health benefit 
such that the procedure should not be 
performed.

A reasonable procedure or 
management strategy is 
one in which:
The balance of risk and 
benefit are not known, but 
there is a reasonable 
chance of positive net 
benefit, with limited risk.

An appropriate procedure or management 
strategy is defined as one in which the 
value (benefit per unit cost) is HIGH: 
The expected health benefit exceeds the 
expected negative consequences by a 
sufficiently wide margin that the 
procedure is worth doing.  

Most 
inappropriate

Most 
appropriate

Fitch et al. 2001

Rand/UCLA AUC Methodology



Appropriate Use Criteria
• AUC indicate reasonable care based on available evidence 

combined with a rigorous, transparent recommendation 
process and well-defined scenarios.

• Appropriate Use Criteria (AUC) specify when it is 
appropriate to perform a medical procedure or service. An 
“appropriate” procedure is one for which the expected 
health benefits exceed the expected health risks by a wide 
margin.



• Drivers of Appropriateness
– Pre-operative Symptoms
– Progression of Deformity
– Sagittal Alignment
– Comorbidities



Making Decisions under 
Conditions of Uncertainty

• Moral Hazard
– Dissociation of the risk and benefit

• Party that makes decision is recipient of benefit and 
shielded from risk

• Insurance, Banking, Medicine



Medical Decision Making

• Disassociation between the Decision maker 
and the Beneficiary
– Judge and Executioner
– Home Inspector and Contractor



Multidisciplinary Care:
Integrated Care=Optimal/Appropriate 

• Spine Surgeons
• Physiatry
• Anesthesia

– Pain management
• Physical Therapy
• Radiology
• Neurology
• Oncology

• Primary Care
• Emergency Care
• Rheumatology
• Infectious disease
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What is an the Risk?
What is an Acceptable/Appropriate Risk?

• Observed Rate of Complications
• Expected Rate of Complications
• O:E ratio provides a meaningful metric 

of quality of care

• Requires accurate risk stratification and 
global standardization/benchmarking



Detecting Perioperative 
Complications

• Database limitations
– Institutional databases
– Voluntary society databases
– Insurance databases

• Need to return to OR for resolution
• Perioperative vs Late complications

Broad Spectrum of Reported Rates



• 108,480 cases submitted between 2004 and 2007
– 4980 cases of adult scoliosis (AS) 

• 521 patients with complications (10.5%) 
– total of 669 complications (13.4%) 

• Predictors of complications:
– Osteotomies
– Revision Surgery
– Combined Anterior/Posterior Approaches

• Age and type of scoliosis were not predictors
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Scoli-RISK-1: Neural Change



• Prospective study of 346 patients, 291 with 2 year f/u 
their mean age was 56.2 years. 

• Overall, 203/291 patients (69.8%) had at least one 
complication
– 52.2% of patients with perioperative complication
– 42.6% of patients had a delayed complication
– 28.2% required at least one revision





Predictors of Complications
• Patient Factors

– Age
– Co-morbidities
– Pre-operative Health Status
– Prior surgery

• Surgical Factors
– Surgical Invasiveness
– Staged Surgeries
– Osteotomies
– Large correction of sagittal plane deformity



EMR based Risk Stratification

• Frailty- Edmonton Frailty Score
• Mental Health- Anxiety/Depression



Risk Stratification Tools

• Personal Experience
• Peer Review/ Case Conferences
• Expert Opinion

– Delphi Panels
• Modelling based upon identification of Predictor 

variables



Predictive Modelling

https://encrypted-
tbn1.gstatic.com/images?q=tbn:ANd9
GcQ2SsUmCYW9zRhcct_Ll0_VYTF

QZ20vxcaLCTDOaGqh-zdPlR7_







• Dartmouth Spine Calculator

http://spinesurgerycalc.dartmouth.edu/calc/




SpineSage is a predictive modeling tool based on data from the Spine End 
Results Registry: 1476 patients

The Spine End Results Registry
Prospectively collected data registry for all patients undergoing spine 
surgery at Harborview Medical Center and University of Washington 
Medical Center from January 1st 2003, to December 31st, 2004.
• Extensive co-morbidity and demographic data were defined a prior and 

collected prospectively for each surgical patient. 
• Complications were defined a priori and were prospectively recorded for 

at least 2 years following the surgery.

Several multivariate log-binomial analyses were performed to identify and 
quantify risk factors for these complications after spine surgery and have 
been published in the peer-refereed literature. 



• Predictive Model for Medical Complication after spine surgery
• Input Variables:
• Age, gender, smoking status, alcohol use, diabetes, body mass index, 

insurance status, surgical approach, revision surgery, surgery region, 
diagnosis, surgical invasiveness

• Hypertension, CHF, COPD
• Rheumatoid arthritis, renal disease, liver disease, cancer, anemia, bleeding 

disorder



Spine Sage Complication Calculator

http://depts.washington.edu/spinersk/


• Commission on Global Surgery recommendation on 
improving quality in surgery by reporting O:E rates

• The risk calculator was built using data collected from > 
2.7 million operations from 586 hospitals participating in 
ACS NSQIP from 2010-14. 

JAMA Surgery 
Published online 

April 6, 2016
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• NSQIP Calculator

JAMA Surgery 
Published online 

April 6, 2016

https://riskcalculator.facs.org/RiskCalculator/




• Development of PRO response prediction  
tool, informed by population-level data

1965 patients treated with lumbar fusion 
from  SCOAP

• Empowering informed choice 
by  physicians and patients 
regarding  likelihood of clinical
outcomes
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Conclusions

• Patient safety is the primary goal of management of spinal 
disorders

• Risk stratification is important in empowering informed 
choice regarding surgery, and in determining the 
appropriateness of surgical management in spinal deformity

• Risk assessment is based upon variables that are difficult to 
measure including patient-based and surgery-based factors

• It is important to establish reasonable and accurate 
standards for complications with risk stratification as we 
move toward an era of accountability for care



UCSF Center for Outcomes Research



• 78yo female SF socialite
• Lives independently- active philanthropist
• Progressive deformity with pain to the 

thoracolumbar spine and difficulty standing upright
• Persistence of pain despite PT, Exercise, pain 

medications
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EMR based Risk Stratification

• Edmonton Frailty Score
• Mental Health



Risk Stratification

• DEXA = -2.1 (On Forteo for 6 mos)
– Prior compression fractures at T10 and T11

• Lives Alone
– Home support with live in staff
– Family nearby



Instructions for Rating Management Procedures and Strategies

Making Informed Choices under conditions of Uncertainty
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4 weeks post-op Patient with severe cervicothoracic pain























Limiting Perioperative Risk

• Preoperative Planning
– Multidisciplinary conferences
– Patient Goals/ Surgical Goals

• Preoperative Optimization of Modifiable Risk Factors
– Smoking
– Bone Density/Strength
– Cardiac/Pulmonary Disease
– BMI
– Social Support


