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Health system

• 3 hospitals

Medical Network

• 4 commercial ACOs

• Medicare Advantage

• New risk-based non-ACO PPO contracts 

Cedars-Sinai Health System



The New Role of the Academic Medical Center

“Charting our course under the current economic pressures 
won’t be easy. But our AMCs have built their reputations by 

addressing society’s most pressing health care challenges, and 
today’s central challenge is the rising cost of health care. 

Fortunately, AMCs specialize in innovation. We must now apply 
that capability not just to scientific aspects of medical care but 

also to the systems delivering it.”

Partners Healthcare, Massachusetts General, Brigham and Women’s Hospital

N Engl J Med 369;11 NEJM.org 994 September 12, 2013
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Academic Medical Centers

•Cost = # units (“high value” + “inappropriate”) 

times 

cost per unit

Maintain or increase “high value” care

Cost per unit (operational efficiency)

Opportunity to reduce “low value” care (clinical 

efficiency)



Source:  Advisory Board

Health

System Challenges
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Clinical Decision Making

•80% to 90% of costs are from clinical 

decisions

•Studies Show Overtreatment

“subjecting patients to care that, 

according to sound science and the 

patients’ own preferences, cannot 

possibly help them”

$248 billion per year

10% of health care expense

• NEJM 2013;369:2551-7

• Berwick DM, et al. JAMA 2012;307:1513-6



Reducing Health Care Costs

McWilliams JM, Schwartz AL. N Engl J Med 2017;376:807-809.



Information Challenges

Medical Research

Funding

•NIH research: $31

billion in 2016

•US medical research: 

$95 billion/year

•Global medical 

research: >$140 

billion/year

•$1.1 billion 

comparative 

effectiveness 

research

Output

•20,000 biomedical 

journals

•6,000 articles per 

day

•1 article every 26 

seconds

•20,000 new lab 

tests in the next 5 

years

Point of Care

Brain

CDS
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Changing Care

Predictors of Success Adjusted OR

Automatic provision of decision support as part of workflow 112

Provision of decision support at the time and location of decision 

making

15

Provision of recommendation rather than just an assessment 7

Computer-based generation of decision support 6

Source: Kawamoto K, Houlihan CA, Balas EA, Lobach DF. Improving clinical practice using clinical decision 
support systems: a systematic review of trials to identify features critical to success. BMJ. 2005 Apr 
2;330(7494):765. PMID: 15767266



Clinical decision support not part of the work 
flow



Hardwiring High Value Care

Vitamin D intervention, Kaiser Permanente
“Making it harder to do the wrong thing”
Education
Removing items from preference list
“Hard stop” alerts

Results
Screening declined 3-fold, from 74 tests/1,000 to 24 tests/1,000 (p<0.001), 
67% decrease
Appropriate care increased 56% to 70%
Inappropriate care decreased 44% to 30%
Followed rates decreased 10% to 4%, best practice internalized

JAMIA 2017;24:776-80



Clinical and Cost Improvement for Population 

Health
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To Be Forewarned is to Be Forearmed



Why?



≈ alerts 250 per day

About 2.5% of total alerts

Choosing Wisely
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inclusion criterion

Vitamin D test ordered

exclusion criteria

males age > 70 years OR females 

age > 65 years

osteomalacia, vitamin D deficiency, 

osteoporosis, pathologic fracture, 

chronic kidney disease, intestinal 

malabsorption, cirrhosis, chronic 

liver failure, cystic fibrosis, 

inflammatory bowel disease, 

radiation enteritis, unspecified non-

infections colitis, bariatric surgery, 

hyperparathyroidism, chronic 

pancreatitis, COPD,  obesity/BMI > 

30, sarcoidosis, tuberculosis, 

histoplasmosis, coccidiomycosis, 

other fungal infections, beryliosis,  

malignant lymphosarcomas, other 

malignant lymphomas, diabetes, 

history of falls

Visit related to pregnancy

Active anti-seizure, antifungal, anti-

retroviral medications, 

glucocorticoids, or bile acid 

sequestrants

IF Lab test order = LAB535

NOT (gender = female AND age >= 70 years) OR (gender = male AND age >= 65 years)

NOT ICD-9 OR ICD-10 diagnosis codes
268.0, 268.1, 268.2, 268.9, 733.00, 733.01, 733.02, 733.03, 733.09, 733.10, 733.11, 733.12, 733.13, 733.14, 733.15, 733.16, 733.19, 585.1, 585.2, 585.3, 585.4, 585.5, 585.6, 585.9, 579.0, 579.1, 579.2, 

579.3, 579.4, 579.8, 579.9, 571.2, 571.5, 571.6, 572.2, 572.3, 572.4, 572.8, 573.0, 573.5, 277.00, 277.01, 277.02, 277.03, 277.09, 555.0, 555.1, 555.2, 555.9, 556.0, 556.1, 556.2, 556.3, 556.4, 556.5, 

556.6, 556.8, 556.9, 558.1, 558.9, V45.86, 588.0, 588.81, 252.00, 252.01, 252.02, 252.08, 577.1, 491.0, 491.1, 491.20, 491.21, 491.22, 491.8, 491.9, 492.0, 492.8, 278.00, 278.01, 278.03, 135, 010.00, 

010.01, 010.02, 010.03, 010.04, 010.05, 010.06, 010.10, 010.11, 010.12, 010.13, 010.14, 010.15, 010.16, 010.80, 010.81, 010.82, 010.83, 010.84, 010.85, 010.86, 010.90, 010.91, 010.92, 010.93, 010.94, 

010.95, 010.96, 011.00, 011.01, 011.02, 011.03, 011.04, 011.05, 011.06, 011.10, 011.11, 011.12, 011.13, 011.14, 011.15, 011.16, 011.20, 011.21, 011.22, 011.23, 011.24, 011.25, 011.26, 011.30, 011.31, 

011.32, 011.33, 011.34, 011.35, 011.36, 011.40, 011.41, 011.42, 011.43, 011.44, 011.45, 011.46, 011.50, 011.51, 011.52, 011.53, 011.54, 011.55, 011.56, 011.60, 011.61, 011.62, 011.63, 011.64, 011.65, 

011.66, 011.70, 011.71, 011.72, 011.73, 011.74, 011.75, 011.76, 011.80, 011.81, 011.82, 011.83, 011.84, 011.85, 011.86, 011.90, 011.91, 011.92, 011.93, 011.94, 011.95, 011.96, 012.00, 012.01, 012.02, 

012.03, 012.04, 012.05, 012.06, 012.10, 012.11, 012.12, 012.13, 012.14, 012.15, 012.16, 012.20, 012.21, 012.22, 012.23, 012.24, 012.25, 012.26, 012.30, 012.31, 012.32, 012.33, 012.34, 012.35, 012.36, 

012.80, 012.81, 012.82, 012.83, 012.84, 012.85, 012.86, 013.00, 013.01, 013.02, 013.03, 013.04, 013.05, 013.06, 013.10, 013.11, 013.12, 013.13, 013.14, 013.15, 013.16, 013.20, 013.21, 013.22, 013.23, 

013.24, 013.25, 013.26, 013.30, 013.31, 013.32, 013.33, 013.34, 013.35, 013.36, 013.40, 013.41, 013.42, 013.43, 013.44, 013.45, 013.46, 013.50, 013.51, 013.52, 013.53, 013.54, 013.55, 013.56, 013.60, 

013.61, 013.62, 013.63, 013.64, 013.65, 013.66, 013.80, 013.81, 013.82, 013.83, 013.84, 013.85, 013.86, 013.90, 013.91, 013.92, 013.93, 013.94, 013.95, 013.96, 014.00, 014.01, 014.02, 014.03, 014.04, 

014.05, 014.06, 014.80, 014.81, 014.82, 014.83, 014.84, 014.85, 014.86, 015.00, 015.01, 015.02, 015.03, 015.04, 015.05, 015.06, 015.10, 015.11, 015.12, 015.13, 015.14, 015.15, 015.16, 015.20, 015.21, 

015.22, 015.23, 015.24, 015.25, 015.26, 015.50, 015.51, 015.52, 015.53, 015.54, 015.55, 015.56, 015.60, 015.61, 015.62, 015.63, 015.64, 015.65, 015.66, 015.70, 015.71, 015.72, 015.73, 015.74, 015.75, 

015.76, 015.80, 015.81, 015.82, 015.83, 015.84, 015.85, 015.86, 015.90, 015.91, 015.92, 015.93, 015.94, 015.95, 015.96, 016.00, 016.01, 016.02, 016.03, 016.04, 016.05, 016.06, 016.10, 016.11, 016.12, 

016.13, 016.14, 016.15, 016.16, 016.20, 016.21, 016.22, 016.23, 016.24, 016.25, 016.26, 016.30, 016.31, 016.32, 016.33, 016.34, 016.35, 016.36, 016.40, 016.41, 016.42, 016.43, 016.44, 016.45, 016.46, 

016.50, 016.51, 016.52, 016.53, 016.54, 016.55, 016.56, 016.60, 016.61, 016.62, 016.63, 016.64, 016.65, 016.66, 016.70, 016.71, 016.72, 016.73, 016.74, 016.75, 016.76, 016.90, 016.91, 016.92, 016.93, 

016.94, 016.95, 016.96, 017.00, 017.01, 017.02, 017.03, 017.04, 017.05, 017.06, 017.10, 017.11, 017.12, 017.13, 017.14, 017.15, 017.16, 017.20, 017.21, 017.22, 017.23, 017.24, 017.25, 017.26, 017.30, 

017.31, 017.32, 017.33, 017.34, 017.35, 017.36, 017.40, 017.41, 017.42, 017.43, 017.44, 017.45, 017.46, 017.50, 017.51, 017.52, 017.53, 017.54, 017.55, 017.56, 017.60, 017.61, 017.62, 017.63, 017.64, 

017.65, 017.66, 017.70, 017.71, 017.72, 017.73, 017.74, 017.75, 017.76, 017.80, 017.81, 017.82, 017.83, 017.84, 017.85, 017.86, 017.90, 017.91, 017.92, 017.93, 017.94, 017.95, 017.96, 018.00, 018.01, 

018.02, 018.03, 018.04, 018.05, 018.06, 018.80, 018.81, 018.82, 018.83, 018.84, 018.85, 018.86, 018.90, 018.91, 018.92, 018.93, 018.94, 018.95, 018.96, 115.00, 115.01, 115.02, 115.03, 115.04, 115.05, 

115.09, 115.10, 115.11, 115.12, 115.13, 115.14, 115.15, 115.19, 115.90, 115.91, 115.92, 115.93, 115.94, 115.95, 115.99, 117.0, 117.1, 117.2, 117.3, 117.4, 117.5, 117.6, 117.7, 117.8, 117.9, 007.2, 503, 

200.00, 200.01, 200.02, 200.03, 200.04, 200.05, 200.06, 200.07, 200.08, 200.10, 200.11, 200.12, 200.13, 200.14, 200.15, 200.16, 200.17, 200.18, 200.20, 200.21, 200.22, 200.23, 200.24, 200.25, 200.26, 

200.27, 200.28, 200.30, 200.31, 200.32, 200.33, 200.34, 200.35, 200.36, 200.37, 200.38, 200.40, 200.41, 200.42, 200.43, 200.44, 200.45, 200.46, 200.47, 200.48, 200.50, 200.51, 200.52, 200.53, 200.54, 

200.55, 200.56, 200.57, 200.58, 200.60, 200.61, 200.62, 200.63, 200.64, 200.65, 200.66, 200.67, 200.68, 200.70, 200.71, 200.72, 200.73, 200.74, 200.75, 200.76, 200.77, 200.78, 200.80, 200.81, 200.82, 

200.83, 200.84, 200.85, 200.86, 200.87, 200.88, 201.00, 201.01, 201.02, 201.03, 201.04, 201.05, 201.06, 201.07, 201.08, 201.10, 201.11, 201.12, 201.13, 201.14, 201.15, 201.16, 201.17, 201.18, 201.20, 

201.21, 201.22, 201.23, 201.24, 201.25, 201.26, 201.27, 201.28, 201.40, 201.41, 201.42, 201.43, 201.44, 201.45, 201.46, 201.47, 201.48, 201.50, 201.51, 201.52, 201.53, 201.54, 201.55, 201.56, 201.57, 

201.58, 201.60, 201.61, 201.62, 201.63, 201.64, 201.65, 201.66, 201.67, 201.68, 201.70, 201.71, 201.72, 201.73, 201.74, 201.75, 201.76, 201.77, 201.78, 201.90, 201.91, 201.92, 201.93, 201.94, 201.95, 

201.96, 201.97, 201.98, 202.00, 202.01, 202.02, 202.03, 202.04, 202.05, 202.06, 202.07, 202.08, 202.10, 202.11, 202.12, 202.13, 202.14, 202.15, 202.16, 202.17, 202.18, 202.20, 202.21, 202.22, 202.23, 

202.24, 202.25, 202.26, 202.27, 202.28, 202.30, 202.31, 202.32, 202.33, 202.34, 202.35, 202.36, 202.37, 202.38, 202.40, 202.41, 202.42, 202.43, 202.44, 202.45, 202.46, 202.47, 202.48, 202.50, 202.51, 

202.52, 202.53, 202.54, 202.55, 202.56, 202.57, 202.58, 202.60, 202.61, 202.62, 202.63, 202.64, 202.65, 202.66, 202.67, 202.68, 202.70, 202.71, 202.72, 202.73, 202.74, 202.75, 202.76, 202.77, 202.78, 

202.80, 202.81, 202.82, 202.83, 202.84, 202.85, 202.86, 202.87, 202.88, 202.90, 202.91, 202.92, 202.93, 202.94, 202.95, 202.96, 202.97, 202.98, 249.00, 249.01, 249.10, 249.11, 249.20, 249.21, 249.30, 

249.31, 249.40, 249.41, 249.50, 249.51, 249.60, 249.61, 249.70, 249.71, 249.80, 249.81, 249.90, 249.91, 250.00, 250.01, 250.02, 250.03, 250.10, 250.11, 250.12, 250.13, 250.20, 250.21, 250.22, 250.23, 

250.30, 250.31, 250.32, 250.33, 250.40, 250.41, 250.42, 250.43, 250.50, 250.51, 250.52, 250.53, 250.60, 250.61, 250.62, 250.63, 250.70, 250.71, 250.72, 250.73, 250.80, 250.81, 250.82, 250.83, 250.90, 

250.91, 250.92, 250.93, 042, V22.0, V22.1, V22.2, V23.0, V23.1, V23.2, V23.3, V23.41, V23.42, V23.49, V23.5, V23.7, V23.81, V23.82, V23.83, V23.84, V23.85, V23.86, V23.87, V23.89, V23.9, V15.88, E885.9, 

E888.0, E888.1, E888.8, E888.9

NOT medication orders 
10440, 10441, 10443, 10444, 10445, 10446, 10447, 10448, , 10011, 10012, 10013, 10879, , 10015, 10016, 10017, 10018, , 3910, , 11074

NOT BMI > 30 kg/m2

THEN fire Best Practice Advisory with 11 override reasons

clinical logic translation

Choosing Wisely®: “Don’t perform population based screening for 25-OH-Vitamin D 
deficiency.”
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note: CDS alert displays using Epic’s native best practice alerts; 

Epic does not allow use of actual screenshots

Choosing Wisely: Don’t use benzodiazepines or other sedative-hypnotics in older 

adults as first choice for insomnia, agitation or delirium.

(American Geriatrics Society)1, 2, 3

Reasons for override:

sleep disorder end of life care withdrawal / DT

non-drug options failed peri-procedural anesthesia

physician starts 

order in EMR

likely appropriate

order 

placed

order 

cancelled

likely unnecessary

✓

✕

Hyperlink: Choosing Wisely – American Geriatrics Society

Information for Patients: Use of Sedatives in Elderly Patients

17



18



Choosing Wisely: Don’t transfuse more units of blood than absolutely necessary.

(Society for Hospital Medicine)1, 2, 3

Reasons for override:

physician starts 

order in EMR

likely appropriate

order 

placed

order 

cancelled

likely unnecessary

✓

✕

Hyperlink: Choosing Wisely – Society of Hospital Medicine

Information for Patients: Blood Transfusion for Anemia in the Hospital

Active blood loss Hemoglobinopathy
Subarachnoid 
hemorrhage

Chemotherapy



17% reduction 

in blood 

utilization 

while CMI 

increased by 

14%

*  2015 is projected from 6 months of data

** 2015 Case Mix Index (CMI) value is from January-June data
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Deployment of CDS at point-of-care, RBC transfusions among 
patients with high hemoglobin levels declined by 46%
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CDS in Context
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Cancelled orders

Does not account for educational impact

If you trigger the same alert 10 times, do you order and cancel or 

anticipate the alert?

If you have already explained the test/procedure to the patient, do 

you cancel or wait and not order the next time?

Reduced rate of ordering/inappropriate orders 

avoided

Harder to measure

• Inappropriate orders avoided design

•Adjusted ordering rates

Measuring Impact



Clinical and Financial Outcomes

* Median cost of encounter $12,940
Am J Manag Care. 2018;24(8):294-299

Odds of Complications

29%

Length of Stay

6.2% 
(0.06 days)

Cost per patient episode

7.3% 
($944 per patient)

(after adjusting for patient illness severity & 

case complexity)

Patients whose physicians DID NOT follow the Stanson 
Choosing Wisely recommendations compared to those who DID

30-day readmissions

14%
(not statistically significant)
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Peer-comparison Feedback

Randomized controlled trial

Low value care - Antibiotics for URIs

248 providers

14,753 patient visits

Results

Control (24.1% to 13.1%)

Peer-comparison feedback (19.9% to 

3.7%,p<0.001)

1 year later

Drift

Peer-comparison feedback still has some impact

Potential 

Interventions



26CONFIDENTIAL

*1,750 physicians

Cedars-Sinai Physicians
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*1,750 physicians

Cedars-Sinai Physicians
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PAP Smears

Affiliation % of potentially low-
value care (n=47)

Physician 1 62% 

Physician 2 5%
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Physician Feedback

Physician Choosing Wisely performance

• Average 0.74% ignored Choosing Wisely alerts/1,000 orders
• Range    0% to 8.77% ignored/1,000 orders

Example:0.53%
Choosing Wisely Performance Rate



inappropriate vitamin-d screenings - after

May 2014

inappropriate vitamin-d screenings - before

January 2014

34 1
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Impact of CDS

Order Volume Alert Firings
Cardiac imaging for screening low-risk 
asymptomatic patients AND  Annual 
stress testing after coronary 
revascularization

0.8% 12.0%

Creatine Kinase 21.0% 39.9%

Lipoprotein (a) 54.5% 49.0%

Apolipoprotein B 57.2% 58.9%           

Homocysteine 1.3% 14.5%           

Lab Bundle:                           25.4%             42.0%

ork
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Inappropriate Care

Cedars-Sinai – Best 20
th

Percentile (n=25 organizations)
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Medical Network

● Anthem ACO

● Performance Year 3 - 2015

 12,989 patients.

 Severity score 2.16 (average 1.28).

 Total saved $10,656,000.

 21% reduction in inpatient utilization.

 15% reduction in medications/1,000.

 6% reduction in imaging/1,000.

 # 1 Anthem ACO for savings

● Performance Year 4 - 2016 (Preliminary 10/1/15-9/30/16)

 Total saved $2,200,000
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Additional Results

● Aetna ACO

● Savings

● IHA 2015 Commercial HMO Results

● 8.4% reduction in costs for CSMG.

● 5.8% reduction in costs for CSHA.

● 6
th

best out of 200 California physician groups in 

cost reduction. 

● 15
th

best out of 200 California physician groups in 

cost reduction.
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• Physician did not agree with a guideline

• Contacted subspecialty society

• Guideline changed

Vascular Surgeon Response
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The Next 100 Years of Medicine

"Complex but empirically validated 

algorithms will be embedded in EHR systems 

as decision support tools to assist in 

everyday patient care. Those management 

algorithms will evolve and be modified 

continuously in accordance with inputs from 

ongoing clinical observations and from new 

research. Clinical decision support 

algorithms will be derived entirely from 

data, not expert opinion, market incentives, 

or committee consensus.“

 New England Journal of Medicine December 27, 2012

7



CDS of the Future



•Mrs. Smith is 64 years old and has 

hypertension and diabetes. 

•Based upon Mrs. Smith’s genetic profile, 

microbiome information, symptoms, vital 

signs, laboratory values, personal 

preferences, social determinants…   

CDS of the Future



What is the optimal treatment 
and monitoring of this patient’s 
hypertension and diabetes?

After review of…Patient Clinical Decision Support

CDS of the Future



Opportunity

•During the hour that we are spending together today

There may be be approximately 28 deaths in the United 

States because of medical errors

There may be $22 million spent on medical 

over-treatment



Delivering Value

•“Those who say it can't be done are 

usually interrupted by others doing 

it.“

James Baldwin



Delivering Value

45

"Of course it's hard. It's supposed to be hard.
If it were easy, everybody would do it. 

Hard is what makes it great." 


