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Core idea behind variation research

Apply rigorous measurement tools 
developed for clinical research

to

routine care delivery performance



Quality, Utilization, and Efficiency (QUE)

Six clinical areas studied over 2 years:
- transurethral prostatectomy (TURP)
- open cholecystectomy
- total hip arthroplasty
- coronary artery bypass graft surgery (CABG)
- permanent pacemaker implantation
- community-acquired pneumonia
pulled all patients treated over a defined time period

across all Intermountain inpatient facilities - typically 1 year

identified and staged (relative to changes in expected utilization)
- severity of presenting primary condition
- all comorbidities on admission
- every complication
- measures of long term outcomes
compared physicians with meaningful # of cases

(low volume physicians included in parallel analysis, as a group)



Intermountain TURP QUE Study
Median Surgery Minutes vs Median Grams Tissue
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Intermountain TURP QUE Study



The opportunity (care falls short of its theoretic potential)

1. Massive variation in clinical practices (beyond 
even the remote possibility that all patients receive good care)

2. High rates of inappropriate care (where the risk of 
harm inherent in the treatment outweighs any potential benefit)

3. Unacceptable rates of preventable care-
associated patient injury and death

4. Striking inability to "do what we know works"

5. Huge amounts of waste, leading to spiraling 
prices that limit access to care



We know why variation occurs

(1) Continued reliance on the "craft of medicine" 
(clinicians as stand-alone experts)

encounters

(2) Complexity; a.k.a. clinical uncertainty
- the fruits of 100 years of clinical discovery

“The complexity of modern medicine
exceeds the capacity of the unaided expert mind.” 
Dr. David Eddy, Stanford University -- the father of evidence-based medicine)



The craft of medicine

placing her patient's health care needs before any 
other end or goal,
Drawing on extensive clinical knowledge gained 

through formal education and experience

An individual physician

can craft
 a unique diagnostic and treatment regimen 

customized for that particular patient.

This approach guarantees the best 
result possible for each patient.

Medicine's promise:



Clinical uncertainty (a hundred years of science …

Enthusiam for unproven methods ... Mark Chassin, MD
The maxim, "If it might work, try it" ... David Eddy, MD, PhD
Quality means "spare no expense" ... Brent James, MD, MStat

1. Lack of valid clinical knowledge regarding best treatment
(poor evidence)

2. Exponentially increasing new medical knowledge
(doubling time has decreased to <8 years; at current rates, a clinician will need to learn,
unlearn, then relearn half of her medical knowledge base 5+ times during a typical career)

3. Continued reliance on subjective judgment
(subjective recall is dominated by anecdotes, and notoriously unreliable when estimating
results across groups or over time)

4. Limitations of the expert mind when making complex 
decisions  (Miller, 1956:  The magic number 7, plus or minus 2:

some limits on our capacity for processing information)

Which, when combined with the craft of medicine, leads to:

the primary sources of practice variation)



Two methods to manage complexity

Subspecialize (analytic method; reductionism; 'divide and conquer') 

An old joke: Know more and more about less and less 
until you know everything about nothing

Mass customize (a shared baseline: focus on that relatively small 
subset of factors that are unique for each individual patient [typically 5-15% of 
all factors], concentrating your most important resource -- the trained human 
mind -- where it can have the greatest impact) 



Dr. Alan Morris, LDS Hospital, 1991
NIH-funded randomized controlled trial

assessing an Italian "artificial lung" vs. standard ventilator 
management for acute respiratory distress syndrome (ARDS)

discovered large variations in ventilator settings
across and within expert pulmonologists

created a protocol for ventilator settings in the control
arm of the trial

implemented the protocol using Lean principles
(Womack et al., 1990 - The Machine That Changed the World)

- built into clinical workflows - automatic unless modified
- clinicians encouraged to vary based on patient need
- variances and patient outcomes fed back in a Lean Learning Loop



Problems with “best care” protocols
Lack of evidence for best practice

- Level 1, 2, or 3 evidence available only about 15-25% of the time

Expert consensus is unreliable
- experts can't accurately estimate rates relying on subjective recall

(produce guesses that range from 0 to 100%, with no discernable pattern of response)
- what you get depends on whom you invite (specialty level, individual level)

Guidelines don't guide practice
- systems that rely on human memory execute correctly ~50% of 
the time (McGlynn: 55% for adults, 46% for children)

No two patients are the same; therefore, no guideline 
perfectly fits any patient (with very rare exception)



Shared Baseline “Lean” protocols (bundles)

1. Identify a high-priority clinical process (key process analysis)

2. Build an evidence-based best practice protocol
(always  imperfect: poor evidence, unreliable consensus)

3. Blend it into clinical workflow (= clinical decision support; don't 
rely on human memory; make "best care" the lowest energy state, default 
choice that happens automatically unless someone must modify)

4. Embed data systems to track (1) protocol variations and
(2) short and long term patient results (intermediate and final 
clinical, cost, and satisfaction outcomes)

5. Demand that clinicians vary based on patient need

6. Feed those data back (variations, outcomes) in a Lean 
Learning Loop - constantly update and improve the protocol



Results:

– Survival (for ECMO entry criteria patients) improved from 9.5% to 44%

– Costs fell by ~25% (from ~$160,000 to ~$120,000 per case)

– Physician time fell by ~50% (a major increase in physician productivity)



Key take-aways

1. No protocol perfectly fits any patient
- solution: Shared Baseline "bundles"

(mass customization = "patient centered care")

2. Serious limitations to protocol development
- solution: a Learning System (embedded variance and outcomes

tracking; continuous protocol review and tested improvement)

3. Reliance on human memory (craft of medicine)
produces "55% execution"

- solution: tools to embed protocols in workflows

4. Only two differences from traditional practice: It requires (1)
coordinated teams with (2) reliable data systems



We count our successes in lives

Lesson 1



Most often
(but not always)

better care is cheaper care

Lesson 2



The same method – Shared Baseline protocols –

works well for “indications” guidelines / 
appropriate use criteria (AUCs)



*Healthy 41 year-old woman w/
atypical chest pain

Risks
• Missed diagnosis
• Over-diagnosis
• Radiation
• Contrast injury
• “Incidentaloma”

CT pulmonary angiography for r/o PE



Suspected PE in ED CPM (Care Process Model)





Aim statement

In one year, we will: 

• Increase the % of patients with RGS measured 
before undergoing tests to investigate suspected 
pulmonary embolism from 0% to > 50%  

• Reduce the number and % of CTPAs performed 
when RGS is 0-3 and D-dimer is negative to < 2%.



HUC enters D-dimer order and 
scans RGS checklist into record
Lab tech selects tubes
Lab measures and reports D-dimer

Resident and ED MD 
huddle to review  data 

and decide for or 
against CTPA

HUC enters order

PE?
Assess pretest 

probability 
(RGS)

D-dimer? CTPA?

Capture and evaluate 
initial clinical information

ED MD ED MD ED MD ED MD 

Gestalt

Resident provides ED MD 
with RGS and algorithm

using checklist pad

CTPA

CT tech does scan

PE?

Radiologist reads scan 



Revised Geneva Score (RGS) checklist

Yes No Points

Age > 65 yrs 1

Hemoptysis 2

Active cancer 2

Surgery or fracture within 1 month 2

Unilateral leg pain 3

Prior PE or DVT 3

Pain on leg deep vein palpation and edema 4

Heart rate  75-94
> 94

3
5
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% patients w RGS < 11
who received D-dimer test
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% CTPA w RGS < 3 and normal D-dimer

Assisted evaluation
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CTPA rates among all ED admissions
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Direct CTPA costs 2014: $312,238.78 
Direct CTPA costs 2015: 75,963.57

Annual cost savings: $236,275.23 

Financial impact



Only one pertinent question:
Assume that front-line clinicians are
- as smart you are
- as dedicated to patients as you are
- as hard-working as you are
- as motivated as you are
- are the only ones with fundamental knowledge

of how the front-line process actually works;

but they don't control the systems that set the 
context within which they work ... 

How will your proposed intervention
make it easier for them to do it right?



• Nuclear Stress Testing

• Angioplasty and Stents (PCI)

• Implantation of Permanent 
Pacemakers

• Implantation of Defibrillators

Evidence‐based use of cardiac interventions



Nuclear stress testing



Angioplasty & Stents



Implantable pacemakers



Implementation
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Results in cardiac procedures
Clinical Outcomes:  
• Remained Excellent

2014 Costs to Community: 

Decrease in Variable 
Cost

Echo $161,634

Nuclear Medicine $1,644,344

Cath Lab $17,112,541

Total $18,918,519



Process management is the key

 better clinical results produces lower costs

more than half of all cost savings will
take the form of unused capacity (fixed costs:
empty hospital beds, empty clinic patient appointments, reduced 

procedure, imaging, and testing rates)

 balanced by increasing demand:
- demographic shifts (Baby Boom);
- population growth;
- behavioral epidemics (e.g., obesity);
- technological advances



Better has no limit ...
an old Yiddish proverb


