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So why are medical students 

persistently told by clinicians that 

they will use little of their basic 

science education in practice?

?

4.  Competence as 

Expertise: Exploring 

Constructions of 

Knowledge in Expert 

Practice

- Maria Mylopoulos

7.  The Competent Mind: 

Beyond Cognition

- Annie S. O. Leung, 

Ronald M. Epstein, and 

Carol-Anne E. Moulton

LCME

Frontiers
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Why are the basic sciences 

important to the practice of clinical 

medicine?

?

I have congestive heart 
failure with poor liver  

& renal function.

Her humours are 
imbalanced. Shall I 
prescribe a tonic?

Train 

physicians to 

practice with 

a scientific 

understandin

g of human 

anatomy and 

physiology, 

employing 

faculty 

engaged in 

medical 

research.

My tuberculosis is 
worsening and I am 

malnourished.

His lungs are filled 
with fluid. Does he 

need more fresh air?
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Why are the basic sciences important 

to the practice of clinical medicine 

today?

Why are the basic sciences important 

to the practice of clinical medicine 

today?
I have congestive heart 
failure with poor liver  

& renal function.

Why are the basic sciences important 

to the practice of clinical medicine 

today?
I have congestive heart 
failure with poor liver  

& renal function.

Pathophysiology
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Causal

Reasoning
How can we better integrate basic 

science understanding into clinical 

learning?

?
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http://portals.clevelandclinic.org/cclcm/Academics/Problem-basedLearning/tabid/7615/Default.aspx

Contextual 

Integration

What are we missing?

?
Integration begins here . . .

Biologic Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

I have congestive heart 
failure with poor liver  

& renal function.
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Clinical competency begins here . . .

Does she need to 
be diuresed?

Does she need to 
be diuresed?

Biologic Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Findings
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Clinical competency begins here . . .

With these tools to help . . .

Does she need to 
be diuresed?

Biologic Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Findings
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Pattern 
RecognitionEBM

But is that all there is to clinical 

excellence?
Does SHE need 

to be diuresed?

Biologic Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Findings
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Pattern 
RecognitionEBM

It is in the application of principles to 
individual patients, in the individuality of each 
clinical decision-making situation, that an 
understanding of science is essential and 
takes precedence over pattern recognition 
and protocols.

The Answer: Excellence in Patient 

Care

Adapted from Lou Pangaro (JIAMSE 2010)
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Cognitive 

Integration

Integration happens here!

Does she need to 
be diuresed?

Biologic Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Findings
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Cognitive integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Does she need to 
be diuresed?

Biologic Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Findings
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Cognitive integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

and the ultimate goal is omniscience 

What tools have we given her to 

help with cognitive integration?

?

Does she need to 
be diuresed?

Biologic Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Findings
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Cognitive integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

No tricorders (yet) . . .

Does she need to 
be diuresed?

Biologic Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Findings
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Cognitive integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

But we have something better . . .
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Cognitive Level

Curriculum 
Development 

Decisions?

Integration 
Decisions?

Cognitive Level

Curriculum 
Development 

Decisions?

Integration 
Decisions?

Basic Science 
Curriculum

Basic Science 
Curriculum

Clinical 
Curriculum
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Anatomy

Physiology

Genetics

Cell 
Biology

Pattern 
Recognition

EBM
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How do we package basic science 

information so it survives the 

journey?

?

Anatomy PhysiologyGenetics Cell Biology
CORE CONCEPTS – the containers

Information stored as a mental 

representation of a uniquely related group of 

objects, symbols, events.

• Name, symbol, image

• Metaphors

• Stories
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Do not think of a Do not think of a

TREE

Do not think of a

TREE

Knowledge Organization – the 

packaging

A progressively rich and organized 

semantic network of relationships between 

concepts that confers meaning.

• Reduced

• Dispersed

• Elaborated

• Encapsulated

Bordage. Academic Medicine, 1994; 11:76.

Tree
Noun

A perennial plant with an elongated and 

thick wooden stem, or trunk, growing to a 

considerable height, and bearing many 

large lateral branches with leaves at some 

distance from the ground.

Tree
Noun

A perennial plant with an elongated and 

thick wooden stem, or trunk, growing to a 

considerable height, and bearing many 

large lateral branches with leaves at some 

distance from the ground.
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Tree
Noun

A perennial plant with an elongated and 

thick wooden stem, or trunk, growing to a 

considerable height, and bearing many 

large lateral branches with leaves at some 

distance from the ground.

Tree

Tree Tree

Tree

A perennial plant with an elongated and thick 

wooden stem, or trunk, growing to a 

considerable height, and bearing many large 

lateral branches with leaves at some distance 

from the ground.

Conceptual understanding allows for:

• Stable, rich and efficient memory 

• Categorization

• Inference

• Abstraction

• Learning

• Decision-making

• Creativity
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How do we safely and effectively 

package biomedical concepts?

?

CROUP CLIPP CASE 12

EPIDEMIOLOGY: 

CLINICAL & CAUSAL FEATURES:

Inflammation and edema of the 

trachea and larynx, whether 

caused by immune response to 

irritant or viral infection, cause 

narrowing of the airway resulting in 

a seal-like barking cough and 

stridor.

Hoarseness: Why?

Inflammation and edema of larynx 

causes  mobility of the vocal cords, 

resulting in hoarseness.

Barking cough, stridor:  Why?

Although croup can cause respiratory distress, it is usually a 

benign condition with a low mortality rate. However, the abrupt 

nature of the symptoms and the way in which a child may struggle 

to breathe often cause parental concern such that croup is 

responsible for up to 15% of emergency visits due to respiratory 

disease in children in the US. 

Retractions:  Why?

When the upper airway becomes 

partially obstructed, air flow is 

restricted, and pressure in the 

chest cavity becomes reduced. As 

a result, the intercostal muscles 

are sucked

Peak seasonal incidence: autumn

due to infection with parainfluenza virus 1 & 

2.

Peak age incidence: 6mo – 3yrs due to 

airway compliance & size at this age. 

Resistance to laminar airflow increases at 

an inverse proportion to the radius4, so a 

small decrease in resistance to airflow to 

the fourth power. 

inward, between the ribs. Retractions are also due to 

decreased airway radius, increasing resistance to airflow, and 

increasing the work of breathing. The inability to breathe 

comfortably creates anxiety, and superimposed hypoxemia 

and hypercapnia accentuates agitation, which in turn 

produces increased respiratory effort. 

radius increases

Prodrome of mild cold & low-grade fever:
Infection: Up to 80% cases of croup are 

caused by parainfluenza viruses (PIV) inhaled 

on droplets that

initially infect epithelial cells of the nose and 

oropharynx. PIV rarely cause viremia. They 

generally stay in the upper respiratory tract, 

causing only cold-like symptoms. 

Symptoms typically worse at night: Why? Not known.

Migration: ~25% of 

cases, the virus spreads 

distally to the ciliated and 

alveolar cells of the 

lower respiratory tract. 

PIV-1&2, which are 

associated with croup 

tend to infect the larynx 

and upper trachea, 

whereas PIV-3, which is 

associated 

Replication: Significant viral replication within 
24 hours of infection, peaking after 2-5 days. 

Effects: PIV can cause giant cell formation and cell lysis, 

large scale up-regulation of inflammatory cytokines (peak 

duration 7-10 days post-infection), increased chloride 

secretion and inhibited sodium absorption across the 

epithelium  (contributing to airway edema), increased mucous 

production in the upper airways, and compromised ciliary 

function, decreasing mucous clearance.

with bronchiolitis and pneumonia, infects the distal airways. 

CROUP CLIPP CASE 12

EPIDEMIOLOGY: 

CLINICAL & CAUSAL FEATURES:
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partially obstructed, air flow is 

restricted, and pressure in the 

chest cavity becomes reduced. As 

a result, the intercostal muscles 

are sucked

Peak seasonal incidence: autumn

due to infection with parainfluenza virus 1 & 

2.

Peak age incidence: 6mo – 3yrs due to 

airway compliance & size at this age. 

Resistance to laminar airflow increases at 

an inverse proportion to the radius4, so a 

small decrease in resistance to airflow to 

the fourth power. 

inward, between the ribs. Retractions are also due to 

decreased airway radius, increasing resistance to airflow, and 

increasing the work of breathing. The inability to breathe 

comfortably creates anxiety, and superimposed hypoxemia 

and hypercapnia accentuates agitation, which in turn 

produces increased respiratory effort. 

radius increases

Prodrome of mild cold & low-grade fever:
Infection: Up to 80% cases of croup are 

caused by parainfluenza viruses (PIV) inhaled 

on droplets that

initially infect epithelial cells of the nose and 

oropharynx. PIV rarely cause viremia. They 

generally stay in the upper respiratory tract, 

causing only cold-like symptoms. 

Symptoms typically worse at night: Why? Not known.

Migration: ~25% of 

cases, the virus spreads 

distally to the ciliated and 

alveolar cells of the 

lower respiratory tract. 

PIV-1&2, which are 

associated with croup 

tend to infect the larynx 

and upper trachea, 

whereas PIV-3, which is 

associated 

Replication: Significant viral replication within 
24 hours of infection, peaking after 2-5 days. 

Effects: PIV can cause giant cell formation and cell lysis, 

large scale up-regulation of inflammatory cytokines (peak 

duration 7-10 days post-infection), increased chloride 

secretion and inhibited sodium absorption across the 

epithelium  (contributing to airway edema), increased mucous 

production in the upper airways, and compromised ciliary 

function, decreasing mucous clearance.

with bronchiolitis and pneumonia, infects the distal airways. 
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benign condition with a low mortality rate. However, the abrupt 

nature of the symptoms and the way in which a child may struggle 
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responsible for up to 15% of emergency visits due to respiratory 
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Prodrome of mild cold & low-grade fever:
Infection: Up to 80% cases of croup are 
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on droplets that

initially infect epithelial cells of the nose and 

oropharynx. PIV rarely cause viremia. They 

generally stay in the upper respiratory tract, 

causing only cold-like symptoms. 

Symptoms typically worse at night: Why? Not known.

Migration: ~25% of 

cases, the virus spreads 

distally to the ciliated and 

alveolar cells of the 

lower respiratory tract. 

PIV-1&2, which are 

associated with croup 

tend to infect the larynx 

and upper trachea, 

whereas PIV-3, which is 

associated 

Replication: Significant viral replication within 

24 hours of infection, peaking after 2-5 days. 

Effects: PIV can cause giant cell formation and cell lysis, 

large scale up-regulation of inflammatory cytokines (peak 

duration 7-10 days post-infection), increased chloride 

secretion and inhibited sodium absorption across the 

epithelium  (contributing to airway edema), increased mucous 

production in the upper airways, and compromised ciliary 

function, decreasing mucous clearance.

with bronchiolitis and pneumonia, infects the distal airways. 

Foreign body

Age: 10 mo

Family history of asthmaAsthma

1 week history

of respiratory il lness 

Croup

Bronchiolitis

Pneumonia

No associated fever

Summary statement

Anna is a 10-month-old female with a one-week history of 
respiratory illness and an acutely worsening cough. She has 

mild respiratory distress and asymmetric breath sounds with 

unilateral wheezing in the absence of fever and cyanosis.

Key

Orange oval

Blue square

Black square

Green square
Important risk factors &

epidemiological features

Differential diagnosis

Key findings

Pathophysiology

Mechanistic Case Diagram
CLIPP Case 12

Small aspiration lodges

in bronchi (80-90%)

Large aspiration lodges

in larynx or trachea

Inflammation and edema of 

subglottic larynx and trachea

(in spasmodic croup, 
subglottic edema occurs

without viral inflammation)

Pyrogens

IgE & TH2 – mediated

• Mucous hypersecretion, 

• Increased vascular permeability,

• Airway smooth muscle and epithelium
proliferation, hypertrophy,

production of proinflammatory mediators• Airway remodeling

• Airway edema

• Airway hyperresponsiveness

Arachadonic acid pathwayPGE2 release

Problem Hypothesis

Inflammation, edema, increased mucous production

Airway obstruction

Obstruction of bronchioles

Hyperinflation

Inc airway resistance

Atelectasis
Ventilation-perfusion mismatch

Inflammatory and antiviral responses

Bronchoconstriction

Virus-mediated acute inflammatory

injury of bronchioles

Virus and bacteria – mediated 

damage to lung parenchyma

During expiration with an intrathoracic obstruction, 

the intraluminal pressure is less than the pleural pressure, 

worsening the obstruction. 

During inspiration with an extrathoracic obstruction,

The atmospheric pressure compresses the trachea below 

The site of the obstruction, worsening the obstruction.

So wheezing produced by extrathoracic airway restriction is 

pronounced during inspiration (stridor).

Neutrophils, bacteria, cellular debris and fluid fil l alveoli causing consolidation

Reduces lung compliance, increases resistance, obstructs smaller airways

May result in collapse of distal air spaces, air trapping, and altered ventilation-perfusion relationships

Asymmetric breath sounds

Unilateral wheeze

Bilateral wheeze
Likely

Acutely worsening cough

Mild respiratory distress

• Tachypnea,

• Chest wall retractions

Adapted from: Martin Fischer, MD, PhD and Martin Adler (LMU – Munich); Fred Dee, PhD (University of Iowa)
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production of proinflammatory mediators• Airway remodeling

• Airway edema

• Airway hyperresponsiveness

Arachadonic acid pathwayPGE2 release

Problem Hypothesis

Inflammation, edema, increased mucous production

Airway obstruction

Obstruction of bronchioles

Hyperinflation

Inc airway resistance

Atelectasis
Ventilation-perfusion mismatch

Inflammatory and antiviral responses

Bronchoconstriction

Virus-mediated acute inflammatory

injury of bronchioles

Virus and bacteria – mediated 

damage to lung parenchyma

During expiration with an intrathoracic obstruction, 

the intraluminal pressure is less than the pleural pressure, 

worsening the obstruction. 

During inspiration with an extrathoracic obstruction,

The atmospheric pressure compresses the trachea below 

The site of the obstruction, worsening the obstruction.

So wheezing produced by extrathoracic airway restriction is 

pronounced during inspiration (stridor).

Neutrophils, bacteria, cellular debris and fluid fil l alveoli causing consolidation

Reduces lung compliance, increases resistance, obstructs smaller airways

May result in collapse of distal air spaces, air trapping, and altered ventilation-perfusion relationships

Asymmetric breath sounds

Unilateral wheeze

Bilateral wheeze
Likely

Acutely worsening cough

Mild respiratory distress

• Tachypnea,

• Chest wall retractions

Causal Explanations

Adapted from: Martin Fischer, MD, PhD and Martin Adler (LMU – Munich); Fred Dee, PhD (University of Iowa)
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How do we put the conceptual 

packages to work once they arrive 

safely on the clinical side?

?
Cognitive Level

Curriculum 
Development 

Decisions?

Integration 
Decisions?

Basic science plays an essential role in the 
student’s progress towards independence -
as their responsibilities move from 
understanding and explaining towards 
diagnostic and therapeutic decision-making. 

The knowledge is not there for its own sake, 
but to support the responsibilities the student 
will be given.

From Understanding to Action

Adapted from Lou Pangaro (JIAMSE 2010)

Clinical Decision Making

Does she need to 
be diuresed?

Causal Integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Findings
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Cognitive integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Pattern 
RecognitionEBM

I’m in congestive heart 
failure with poor liver  

& renal function.

System 1 thinking: Intuitive (fast) 

System 2 thinking: Analytical (slow) 
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Findings
- SOB
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Signs & Symptoms
- SOB
- Tachycardia
- Hypertension
- Urine output
- Albumin levels

Cognitive integration
- Myocardial function
- Peripheral vascular 

permeability
- Glomerular function
- Albumin synthesis 

Pattern 
RecognitionEBM

I’m in congestive heart 
failure with poor liver  

& renal function.

System 1 thinking: Intuitive (fast) 

System 2 thinking: Analytical (slow) 

Clinical Decision Making:  A Cognitive Dual 

Process

Croskerry. Academic Medicine 2009; 84(8):1022

Integration is happening 

here

Slow / analytic

Fast / intuitive

Frequent Practice

Relevant Decision-

Making

• Diagnosis

• Work-up

• Therapy

• Prognosis

Frequent Practice

Relevant Decision-

Making

• Diagnosis

• Work-up

• Therapy

• Prognosis

Common Conditions 

(~300)

• Asthma

• Bronchiolitis

• Depression

• Diabetes

• Gastric reflux disease

• Hypertension

• Influenza

• Multiple sclerosis

• Postpartum infection

• Venous thrombosis
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Crohn’s Disease – acute presentation; treatment

• Digestion and absorption

• GI secretion

• GI water transport

• Mucosal immunity

• Microbiome

• Systemic inflammation

• Chronic inflammation

• Autoimmunity

• Nutritional immunity

• Acid-base balance

• Individualizing 
therapeutics

• Toxic drug effects

• Cellular transport 

mechanisms

• Steady state metabolism

• Nitrogen balance

• Micronutrients

• Whole body energy 

balance

• Intracellular energy 

regulation

• Microbial immunology

• Microbial pathogenesis

• Cancer metabolism

• Genetics of drug 

metabolism

MedU Science: Goals for Learners

To understand how the application of their basic 

science knowledge to the practice of everyday 

medicine makes them better doctors and improves 

patient care and improves health care outcomes.

• Improve the accuracy and efficiency of diagnosis

• Improve the accuracy and cost effectiveness of work-up

• Improve the targeted choice and cost effectiveness of 

therapy

• Routine application of basic science core concepts

• Continuous formative assessment

MedU Science Virtual Patient Cases

• Targeted to late clinical learners

• Appropriate for all core disciplines

• Common presentations and problems

• 20 minute cases

• Focus on decision-making

• Applied core basic science concepts

• Knowledge calibration

• Ongoing formative assessment

• Align with the AAMC’s CEPAER project

MedU Science:  Goals for Faculty

To meet the needs for better methods and tools to 

effectively integrate the basic sciences into the 

clinical curriculum in a meaningful way through 

cognitive integration and collaboratively developed 

teaching tools.

• Flexibility in use of cases within the clinical curriculum

• Tools for active learning sessions with robust facilitator 

guides

• Equally effective for basic science and clinical faculty 

educators

• Tools for integration into rounds and bedside teaching

Project Leads:
Ann Poznanski, MD, PhD (CNU)
Tracy Fulton, PhD (UCSF)
Amy Wilson-Delfosse, PhD (CWR)

Anatomy: 
Virginia Lyons, PhD (Dartmouth)

Embryology:
Anna Edmondson, PhD (MCG-
UGA)

Pathology:
James Fishback, MD (Kansas)

Physiology (all systems):
Anthony Paganini, PhD (Michigan 
State) and David Harris, PhD 
(UCF)

Pharmacology:
John Szarek, PhD 

(Commonwealth)

Immunology/inflammation: 

Bonny Dickinson, PhD (W. Michigan)

Molecular Biology: 

Julie Kerry, PhD (Eastern Virginia)

Genetics:
Michael Bradbury, PhD (Alabama 
COM)

Neuroscience:
Eve Gallman, PhD (GRU-UGA)

Microbiology:
Donna Russo, PhD (Drexel)

Biochemistry:
Tracy Fulton, PhD (UCSF)

Cell Biology & Signaling:
Stephen Everse, PhD (UVM)

Curriculum Authoring Team Leads
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Basic Science 
Curriculum

Clinical 
Curriculum

Lessons for Crossing the 

Synapse

• Collaborative curriculum engineering

• Core concepts

• Packaged well

• Clerkship practice

• Common problems

• Relevant decision making

• Clinical excellence

Lessons for Crossing the 

Synapse

• Collaborative curriculum engineering

• Core concepts

• Packaged well

• Clerkship practice

• Common problems

• Relevant decision making

• Clinical excellence


