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“Where is the wisdom we have lost in knowledge and the knowledge we have lost in information?”  (TS Eliot).
Abstract:

· Perhaps the most over quoted word in the arena of modern medicine is the word “evidence”.  Afoot for some time has been a movement to promote the concepts and practice of “Evidence-Based Medicine” (EBM).  What is EBM?  Is it a new concept?  Does it work?  Is it worth teaching?  Is there evidence that teaching EBM changes learners’ habits or improves patient outcomes?

· This presentation will review the principles and practice of traditional EBM within a busy Family Medicine practice, providing a new spin on old thought and methodologies.
OBJECTIVES:

1. Learn how to use medical research rather than to do medical research

2. Learn how to interpret medical statistics rather than to perform medical statistics.

3. Understand that EBM is not a pre-formed content lecture, rather it is a set of tools and principles to apply for real-time patient care.

DEFINITION:

“Evidence based medicine is the conscientious, explicit and judicious use of current best evidence in making decisions about the care of individual patients”
.

ALTERNATIVE DEFINITION:
Evidence based medicine is “…the increasingly fashionable teaching of a group of young, confident and highly numerate medical academics to belittle the performance of experienced clinicians using a combination of epidemiological jargon and statistical sleight of hand”.

To really make EBM work requires:

1. “Best available evidence” from the medical literature.  This syllabus attempts to provide techniques for searching and appraising the medical literature in an independent fashion

2. Clinical Experience.  EBM is not intended to supplant clinical experience or expertise.  Rather it is intended to supplement clinical experience.  The application of EBM without a careful history and physical examination is folly at best.
3. Patient values.  Family physicians are well aware of the psychological and social elements that frame a patient’s physiological (or biological) condition. EBM must be applied within the context of these values for each individual patient to be of optimal use.
To make EBM work even better requires:

1. Understanding of the history and fundamental practice of EBM.

2. Tools to make application of EBM easier (i.e. save time) within individual clinical practices.

HISTORICAL METHODS OF MEDICAL-DECISION MAKING:
1. Anecdote.  Most learners recall stories from training (whether in the lecture hall or on rounds) and readily apply this to patient care.  Quick, easy to use.
2. Dogma/Expert Opinion.  Most physicians have individuals whom they respect (either from name-recognition or direct personal influence), and often apply the ‘wisdom’ of this individual or group of individuals for decision making.

3. Press clipping.  This common technique involves citing single-sources that individuals have recently read (or that they recall from past readings).  A common habit of learners is to “tear and file” articles from the medical literature, garnering snippets of information for further use or application.  Oft-used technique for ‘bluffing’ or ‘bloating’ on rounds.
4. Teleological reasoning.  This form of decision making applies ‘common sense’ reasoning to individual patient scenarios.  Another form of “faking it” or at least trying to get into the ballpark.
HISTORICAL SOURCES OF MEDICAL INFORMATION
1. Textbooks.  Good source of information for biological basics.  Not current for medical information and latest evidence.  Typically, information in textbooks is up to 2 years old by the time of publication

2. Journal Articles.  Over 6 million articles are published every year.  If a physician were to read two articles per day to “keep up” with the literature, they would fall 8,200 years behind in their reading within 12 months.

3. Colleagues.  A great (but potentially very biased) source of information.  Quick, affordable and (usually) accessible.

4. Conferences.  Most conferences apply a “rumps-on” rather than a “hands-on” approach to learning.  This is not the most effective way to teach adult learners.

(TRADITIONAL) EVIDENCE BASED MEDICINE:  LEARNING THE STEPS

STEP 1:  ASKING GOOD QUESTIONS-FOCUSED, RELEVANT, CLINICAL.
STEP 2:  SEARCHING THE LITERATURE FOR EVIDENCE

STEP 3:  CRITICALLY APPRAISING THE LITERATURE

STEP 4:  APPLYING YOUR FINDINGS TO INDIVIDUAL PATIENT CARE

WHY IS EBM DIFFICULT?

1. Physicians have difficulty asking the right questions*.

2. Physicians are afraid to question their own practice (“pedestal paranoia”).

3. There is insufficient time (and/or incentive)*.

4. Inadequate training—physicians not comfortable with critical appraisal skills*.

*This syllabus is specifically designed to assist with these particular difficulties.
STEP 1:  ASKING GOOD QUESTIONS
· It is estimated that every outpatient medical encounter generates up to two patient-care-related questions and that every inpatient medical encounter generates up to five patient-related questions.
  Thus, in the course of a typical day, the average clinician generates 5-20 patient-related questions.

· Physicians want information that is valid, relevant and easy to obtain.  The key step in obtaining this information using the principles of EBM is asking the question in such a way that it is specific for the individual patient, disease process and outcome of interest.

· Asking specific (focused) questions saves time (searching the literature), enhances the sensitivity of the literature search and improves communication (with both colleagues and patients.

Types of medical questions

1. Journalistic.  Also known as “background” questions.
  These questions focus on the who, what, when, where, why and how of particular medical conditions.  (What is the cause of brucellosis? Who is at risk for cystic fibrosis?  What are the most common organisms for community-acquired pneumonia in adolescents?)

2. Patient-Specific.  Also known as “foreground” questions. These questions have the following specific components
.  The mnemonic “PICO” is helpful to recall specific foreground questions.
a. Patient/Problem. Define the specific problem of interest (e.g. diabetic nephropathy in patients with hypertension)

b. Intervention. Relate this to a specific intervention (diagnostic test, treatment-medication or surgery, exposure, harm, etc.)
c. Compare this intervention with known standards (where applicable).

d. Outcome.  Examine a specific outcome of interest (morbidity/mortality).

The Fundamental Components of Clinical Questions-PICO revisited.
1. What is the relevant patient population?  Define as specifically as possible.

2. What is the management strategy, intervention or exposure of interest?

a. Diagnostic test

b. Medical therapy (medication, surgical procedure, etc.)

3. What is the outcome of interest?

a. Does it relate specifically to the care of your patient 

i. POEM-Patient Oriented Evidence that Matters.

ii. DOE-Disease Oriented Evidence.
Example
:  A 45-year old male with non-insulin dependent (type 2) diabetes and hypertension presents for an office visit.  He takes metformin and hydrochlorothiazide.  His office blood pressure for the past 3 visits has been 148/90.  What is his target blood pressure?

(It is entirely probable that a majority of readers already know the answer to this question—think about how you came to acquire the information!  Was this through systematic reading, press-clipping, colleagues, experts?  The answer may provide a relevant glimpse as to how many of us obtain practice-related medical information).

Rephrasing the Question:

1. Patient population of interest:  Hypertensive patients with type-2 diabetes

2. Intervention:  Anti-hypertensive medication

3. Outcomes:  Renal failure, myocardial infarction, stroke, death.
Example 2.  A previously well 45-year old male presents to the Emergency Department with a history of vague chest pain accompanied by mild nausea earlier in the day.  He is pain free on arrival.  He has no family history of coronary disease, his lipid profile is normal and he has no history of diabetes.  He smokes 1 pack of cigarettes per day. He is on  lisinopril for high blood pressure.  His exam is normal.  His EKG is normal.  Cardiac enzymes are negative.  Should you admit him or can you safely send him home?
Rephrasing the Question:

1. Patient population of interest:  Middle-aged men with hypertension who smoke presenting with atypical chest pain, normal EKG and normal enzymes.

2. Intervention:  Admission or outpatient management.

3. Outcomes:  Myocardial infarction, heart failure, death within 72 hours.

Rephrasing the question helps determine what study type will provide the most useful information relevant to specific patient scenarios.  Knowing the right questions helps focus the medical literature search—and define what type of study will be of most use.

After rephrasing patient-related questions, 4 fundamental types of clinical questions arise:

1. Questions about therapy.

a. These questions are best answered by randomized clinical trials (RCT).  Observational studies (cohort and case-control) are also acceptable.

2. Questions about diagnosis.

a. Best answered by studies relating to known ‘gold standards’ of diagnosis.

3. Questions about prognosis
a. Best answered by observational studies (Cohort and case-control).
4. Questions about harm.

a. Best answered by observational studies.
STEP 2: SEARCHING THE MEDICAL LITERATURE
Levels of Medical Reading  (Why are you perusing the literature?)

1. Browsing.  Reading to see what’s out there and to keep in touch.

2. Reading for information.  Trying to find the best answers for specific questions

3. Reading for research.  The classic literature review.

Primary Sources of Medical Information
1. Textbooks

a. As noted, textbooks are rapidly out-of-date. They are a good source of background information, but a poor source of information for most foreground questions.

2. Journals

a. Only 10-15% of all journal articles written are useful.  Difficulty is finding them!

b. 5 “High-Impact” journals (most-oft referenced in other articles)

i. New England Journal of Medicine (www.nejm.org)

ii. JAMA (www.ama-assn.org)

iii. Lancet

iv. Annals of Internal Medicine

v. British Medical Journal (BMJ)

c. 5 journals with highest concentration of POEMS

i. JAMA-17%

ii. Annals of Internal Medicine-17%

iii. NEJM-16%

iv. Journal of the American Board of Family Practice-16%

v. Journal of Family Practice-15%

Secondary Sources of Medical Information

1. Prefiltered Sources—a superb way to let others do the work for you—comes with an associated cost.
a. ACP Journal Club  (www.acpjc.org) 
b. Cochrane Library (www.update-software.com/cochrane) 
c. Journal Watch (www.journalwatch.com)  
d. Up-to-Date (www.uptodate.com) 
e. Clinical Evidence (www.evidence.org) 
f. InfoRetriever (www.infopoems.com) 
g. EBMR/Ovid (www.ovid.com)
h. MD Consult (www.mdconsult.com)
i. Medscape (www.medscape.com) 
2. Unfiltered Sources
a. MEDLINE (www.pubmed.gov) 
b. Google. (www.google.com)  Don’t laugh.  The world’s largest and most often used search engine often is a good place to start.
Example 1.  Patient with hypertension and diabetes

· Up-to-Date.  Enter ‘diabetes’.  From here you can readily point and click on subheadings to find the pertinent clinical trials describing target blood pressure for type 2 diabetics

· MEDLINE.  Accessible free-of-charge via PubMed.  Also available via Ovid, Knowledge Finder, Silver Platter and other search vehicles (USUHS Remote Access).
	Title
	MEDLINE abbreviation

	Publication type
	.pt

	Subheading
	.sh

	Word in title or abstract
	.tw

	Word in abstract
	.ab

	Author
	.au

	Journal
	.jn

	MeSH (Medical Subheading)
	.me

	Word in title
	.ti


MEDLINE is an enormous database.  The above table provides key abbreviations to focus clinical searching.  Using the operators AND/OR further refines your search.  Nonetheless, MEDLINE can be quite time consuming.  It is helpful to have a medical librarian provide formal training (usually takes less than an hour to become quite comfortable with the most relevant shortcuts).  
N.B.  Though not truly “evidence-based” in the purest sense of the word, several prefiltered sources offer the advantage of being rapid, accurate and easy to use.  When applying the medical informatics formula of Shaughnessy and Slawson:

Usefulness = (relevance * validity)/Work

Prefiltered (secondary) sources of information can be quite helpful-particularly in terms of the denominator.

Midway Review- The first objective of this presentation was to discuss how to use research, not how to do research.  Using the principles of EBM:
1. Formulate specific, focused and answerable clinical question.  This guides the literature search and tells what type of article will be most helpful in answering the clinical question

2. Search the medical literature.  Using either a prefiltered source or an unfiltered source (e.g. MEDLINE), perform a focused literature review.

Once this has been done, it is time to move to the next step: 

3. Critical appraisal.  The next key step in applying the principles of EBM is to assess the literature for validity, relevance and applicability.  This brings us to the second objective of the course which is how to interpret statistics rather than how to perform statistics.
STEP 3: CRITICAL APPRAISAL OF THE MEDICAL LITERATURE

 There are three key questions to ask when critically appraising the literature.  These questions can be modified to address the findings of all major study questions (therapy, diagnosis, harm, prognosis) and types (RCT, cohort, case-control, etc):

1. Are the results of this study valid? (Focus on the methods section)
a. Validity—Does the study really measure what it reports to measure (i.e. how close to the ‘truth’ are the results of the study)

2. What are the results of the study?

a. Are they important/relevant?

b. Beyond the p-value.  Though oft-quoted, there are many other (and arguably better) ways of presenting results that are more easily translated to patient care.

3. Are the results of the study applicable to my patient?
Recall that by formulating a focused, specific clinical question you already have a good sense of what type of article will be of most use to you

1. Therapy.  Studies examining the effectiveness of a treatment (medication, surgical procedure, etc). Preferred design is randomized clinical trials > Cohort > Case Control.  Appendix A contains worksheets for articles about therapy.
2. Harm—very difficult to performed in randomized prospective fashion, therefore observational studies are more prevalent (cohort > case-control). Appendix B contains worksheets for articles about harm.
3. Diagnosis. Measures validity (‘truth’) and reliability (‘accurate repeatability’) of a diagnostic test.  Preferred design is a cross-sectional study with a comparison to an accepted ‘gold standard’.  Appendix C reviews diagnostic tests.
4. Prognosis.  Cohort > Case Control.  Appendix D contains worksheets for articles about prognosis.
Types of study designs

1. Randomized Controlled Trials (RCT). Participants randomly allocated to placebo or intervention.  Both groups followed through time and analyzed according to pre-defined outcomes.  Experimental design allows for hypothesis testing.  
Results from RCT expressed in terms of (see Appendix E):

Relative risk (RR) and relative risk reduction (RRR)


Absolute risk reduction (ARR)


Number needed to treat (NNT)


Confidence intervals

2. Cohort studies.  Identify two groups (cohorts) of patients—one with the exposure of interest and one without the exposure of interest.  Patients are either followed forward (prospective) or examined retrospectively for the outcomes of interest.  Results from cohort studies are typically expressed in terms of relative risk (RR). Cohort studies are useful for studies of harm and for studying relatively rare conditions.  They are relatively inexpensive and quick to complete.  They are much less robust than clinical trials in terms of statistical strength and hierarchy of evidence.

3. Case-Control Study.  Identifies patients with and without the disease or condition of interest.  Then looks back in time to identify the presence or absence of particular risk factors.  Results from case-control studies are typically expressed in terms of Odds Ratios (OR).

4. Cross-sectional studies.  Snapshot at one time of disease status and exposures.  Easy to perform, determine prevalence of conditions.  May lead to statements about association, but very weak in determining causality.

5. Systematic review.  A summary of the medical literature that uses defined criteria to search the medical literature on a specific issue.  Top of the evidence hierarchy.

6. Meta-analysis.  Study in which data from various studies examining a particular disease or outcome are pooled for analysis.  Results expressed in terms of PETO diagram.  Strengths include the ability to narrow confidence intervals and more precisely provide risk estimates.

After following the traditional, prescribed steps of EBM one is left with an appreciation of how difficult and time-consuming the process can be.  To reiterate the objectives:

1. Learn how to use research rather than to do research

2. Learn how to interpret statistics rather than to perform statistics.

3. Understand that EBM is not about preformed lecture content, rather about real-time patient care.

a. To this end, EBM in the traditional sense leaves itself open to criticism from many angles (training, time, resources, availability of information and searching capacity).  To fill this void, others have sought to do the work for you and make it easy to obtain.  Some examples include www.uptodate.com and www.infopoems.com.  Each of these (and several others (www.mdconsult.com) comes at a cost, both monetary and academic.  Most services have a subscription fee and one also runs the risk of becoming blindly dependent upon secondary information services.

b. Some argue that there is little evidence that teaching EBM works
 (i.e. improves clinicians searching discipline and regular application of EBM techniques to patient care).  So while EBM “makes sense” from an academic perspective, educational methodologies are lacking to prove that it is really making a difference!

c. Therefore, it is important that providers understand the principles and practice of EBM.  Whether or not you have time and/or interest to conduct systematic searches and critical appraisal is another issue entirely.  In this setting, secondary information sources can ease the burden and appear to be the wave of the future.

STEP 4:  APPLYING EVIDENCE TO PATIENT CARE-A Different Spin

1. Have I identified and prioritized the relevant clinical, social and psychological information pertaining to this particular patient, keeping in mind the patient’s own perspective as well?
2. Have I performed a thorough history and physical examination to arrive at a competent differential diagnosis as a baseline from which to begin the medical decision-making process?

3. Have I (where necessary and where time allows) attempted to retrieve evidence (from journals, reviews, colleagues, guidelines or other sources) pertinent to the care of this patient?

4. Have I analyzed the source, quality, content, relevance, validity and strength of this evidence?

5. Have I ensured that the evidence is valid and reliable and applied it in a way that is scientifically sound yet also practically sensible?

6. Have I explained in sufficient detail the benefits and drawbacks of different options to the patient in a way that is understandable, meaningful and allows the patient to participate in the decision?

7. Have I arranged sufficient followup?

Evidence-based Healthcare:

“An interdisciplinary approach to the provision of healthcare that focuses on data-driven (evidence-based) information to guide medical decision making for individual patients (or populations of patients) with the specific intention of improving overall health outcomes.”

“Evidence, therefore, is not a panacea.  It is merely one factor in the overall process of clinical decision making.”

“On object then, in reviewing these researchers, and in adding to them such observations as our own sphere of action supplies, shold be to deduce from them rules of practice, to gather from the tree of knowledge fruit for the solace and refreshment of mankind.”


Appendix A: 


How to Use an Article about Therapy

1. Are the study results valid?

a. Were patients randomly assigned?

b. Were all patients enrolled accounted for in the analysis?

i. Was follow-up complete?

ii. Was an intention-to-treat analysis performed?

c. Were all personnel involved in the study blinded to treatment?

d. Were groups similar at the beginning?

e. Were groups treated equally (with the only exception being the experimental intervention)?

2. Are the results important/relevant?

a. What was the treatment effect?

i. Absolute risk reduction?

ii. Relative risk?

iii. Relative risk reduction?

iv. Number needed to treat?

b. How precise is the estimate of the treatment effect?

i. Confidence intervals?

3. Are the results applicable to my patients?

a. Is the experimental group sufficiently similar to the patients I care for?

b. Are the costs of treatment reasonable?

Appendix B:  How to use an Article about Harm

1. Are the study results valid?

a. Were groups similar with regard to important outcome?

b. Were outcomes and exposures measured in the same way for all group comparisons?

c. Was there sufficient and complete follow-up?

d. Is the temporal relationship reasonable?

e. Is there a dose-response relationship?

2. What were the results?

a. How strong is the association between exposure and outcome

b. How precise is the estimate of risk?

3. Are the results applicable to my patients?

Observational studies are most relevant for studies about harm.

Cohort studies present results in terms of relative risk; Case-Control studies present results in terms of odds ratios:


Using a standard 2 X 2 table:


[image: image1]
a. Relative risk (RR):  = [a/(a+b)]/[c/(c+d)]
b. Odds Ratio (OR): = ad/bc
Appendix C:  Diagnostic Testing

1. Are the results of the study valid?

a. Was there a blind independent comparison with an accepted reference standard (gold standard)?

b. Was there a reasonably broad spectrum of patients included in the study (similar to the types of patients you would see in your practice)?

c. Were the results described in sufficient detail to permit replication of the test?

2. What were the results?

a. Are likelihood ratios presented?

b. Is sensitivity, specificity, negative and positive predictive value presented?

3. Are the results applicable to my patients?


[image: image2]
Sensitivity:  a/(a+c).  

Proportion of people with disease of interest who have a positive test.  How ‘sensitive’ is the test in finding people with the target disorder?
Specificity:  d/(b+d)

Proportion of people without disease who have a negative test. How good is the test at correctly excluding individuals without the target disorder.
Likelihood ratio for positive test:  LR+ = Sn/(1-Sp)
Likelihood ratio for negative test: LR- = (1-Sn)/Sp

Positive predictive value = a/(a+b)

If a person has a positive test result, what is the probability they have the target disorder?

Negative predictive value = d/(c+d)
If a patient has a negative test result, what is the probability that they do not have the target disorder?

Appendix D:  Using an Article about Prognosis

1. Are the study results valid?
a. Was the sample of patients well-defined, adequately represented and at a similar point in the time-course of the disease process?

b. Was there sufficient follow-up?

c. Were the outcome criteria sufficient, objective and unbiased?

d. Were important prognostic factors (age, gender, ethnicity) taken into consideration and adequate corrections performed?

2. What were the results?

a. What was the likelihood of event outcome?

b. How precise are the estimates?

3. Are the results applicable?

a. Was the study sample sufficiently similar to patients that I see?

b. Are the results helpful for counseling patients?
Appendix E:
Statistical Terminology
Describing Treatment Effects

Relative Risk Reduction (RRR): The proportional change in outcomes between experimental and control groups in a clinical trial.  This is the figure most-often cited by pharmaceutical industry representatives.

RRR = |EER-CER|/CER

CER = Events in control group (Clinical Event Rate)

EER = Events in experimental group (Experimental Event Rate)

Example:  Drug A results in a decrease in outcome X from 38% in control group to 13% in experimental group.

RRR = |13-38|/38 = 66%
Absolute Risk Reduction (ARR):  The absolute difference in the rates of clinical outcomes between experimental and control groups.

ARR = |EER-CER|

Example:  For above drug effect, ARR = |13-38| = 25%
Number Needed to Treat (NNT):  The number of patients who need to be treated to achieve a favorable outcome using the intervention listed in the clinical trial.

NNT = 1/ARR

Example:  For above drug:  NNT = 1/.25 = 4.  Therefore, one would only need to treat 4 patients with Drug A to achieve a favorable clinical outcome.

Confidence Interval.  Measures the degree of certainty wherein which the ‘truth’ lies.  The CI expresses the list range of values wherein one can state with (typically) 95% certainty that the actual true value for the population lies.  For small samples, confidence intervals are typically wide.  As sample size increases, the confidence interval narrows, and the precision of the estimate improves.  

p-value:   The probability that the results of the study would have occurred by chance alone.  p-value is typically assigned as 0.05, meaning that there is a 1 in 20 chance that the study result would have occurred by chance alone.


Type I Error:  



EXPOSURE





YES


(cohort1)





NO


(cohort2)





ADVERSE OUTCOME





YES (case)





NO (ctrl)











TOTALS





TOTALS





	


	A








	B








	C








	D








A + B








C + D





A + C





B + D





A+B+C+D





Target Disorder





A+B+C+D








C + D








A + B











TOTALS





B + D





A + C








	D








	C








	B





	


	A





Absent





Present





TOTALS





Negative





Positive








Test Result



























































� Sackett, DL et al. Evidence based medicine:  What it is and what it isn’t.  BMJ 1996; 312: 71-72.


� Greenhalgh T.  How to Read a Paper.  BMJ Books; London 2001: p. 3.


� Sackett DL.  Asking answerable questions. In:  Evidence-Based Medicine.  Edinburgh: Churchill-Livingston. 2000, p. 13-27.


� McKibbon A.  Finding the Evidence.  In:  User’s Guide to the Medical Literature.  Chicago: AMA Press, 2002: p. 23-33.


� Sacket DL.  2000.


� Modified from McKibbon, 2002.


� Ebell MH et al. J Fam Pract 1999 48: 350-355


� Dobbie, 2000.


� Greenhalgh, 2001.


� Stephens EBHAB, Alexandria, VA January 9, 2004.


� Grad, 2001.


� Chambers, 1850.


� JAMA 1993; 270: 2598-2601; JAMA 1994; 271: 59-63.


� JAMA 1994; 271: 1615-1619.


� JAMA 1994; 272: 234-237.





Stephens, MB
Evidence-Based Medicine
USAFP, 2004

