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Applying MIDM Concepts in the Real World (MIDM in a Nutshell)

Peter Tarczy-Hornoch MD, Seattle, WA, October 2008
(adapted from MIDM for PDAs - Applying research articles to patient care 
by Robert J. Flaherty, MD WWAMI Medical Program, MSU-Bozeman)
1. Create a clinically relevant question (PPICOS format):

· Patient/Population

· Problem/Condition/Disease

· Intervention 

· Diagnosis/screening

· Treatment/prevention

· Observation/prognosis

· Etiology/causation

· Comparison 

· Placebo, different drug, surgery, different test, etc.

· Outcome 

· e.g. Blood pressure, morbidity, mortality, etc.

· Study type

· Observational studies – Inherently low quality

· Case report: Describes one or a few cases

· Surveys/Cross sectional study: Observes a defined population at a single point in time, often by questionnaires

· Case control study: Involves identifying patients who have the outcome of interest (cases) and control patients who do not have that same outcome, and looking back to see if they had the exposure of interest
· Cohort study: Involves identifying two groups (cohorts) of patients, one which received the exposure of interest, and one which did not, and following these cohorts forward for the outcome of interest
· Experimental studies – Inherently higher quality
· Non-randomized controlled trial: Uses an intervention group and a non-treatment or placebo control group, but not randomly assigned
· Randomized controlled trial (RCT): Intervention group + control/placebo group + randomization + often double-blinded
· Integrative studies – Inherently best quality
· Systematic review: Combines the best studies and analyzes the results
· Meta-analysis: Technically, the mathematical analysis of a systematic review, but frequently used synonymously with the term “systematic review”
Example:  What is the effectiveness in a 58 year old white male (P) with Type 2 diabetes (P) of metformin (I) versus glyburide (C) in preventing macrovascular complications (O), as determined by a randomized controlled trial (S)?
2. Find the research studies or other documents
· Resources

· UW Care Provider Toolkit: http://healthlinks.washington.edu/care_provider 

· UW Evidence Based Tools http://healthlinks.washington.edu/ebp/ebptools.html 

· PubMed: http://www.ncbi.nlm.nih.gov/sites/entrez 

· Database resources referenced in 10/22/08 lecture: http://healthlinks.washington.edu/hsl/liaisons/stanna/midm.html 
3. Assess  the document(s) you find (PPICONSS)

· Problem

· Is the problem addressed in the study the same as your patient’s problem?

· Patient characteristics or Population studied

· Are the age, gender, comorbidities of the study population similar to those of your patient?

· Did the research take place in an outpatient office population or a tertiary-care center population?

· e.g., University subspecialty clinic (usually sicker patients) may or may not reflect your rural primary care practice
· How were patients selected to participate in the study?

· Patients who enroll as a result of advertising might have a bias towards success
· For diagnostic studies

· Did the study include patients both with and without the target disease?

· Was a diagnostic “gold standard” used as the comparison?

· Were patients randomly entered into the intervention and control groups?

· Randomization tends to ensure that the experimental and control groups will be similar in most significant ways (e.g., gender, co-morbidities, etc.). This neutralizes or prevents the effects of confounding factors not known to the researchers.

· Were patients entered into the trial properly accounted for at its conclusion?

· Were few (<10-15%) lost to follow-up?

· Drop-outs and lost patients might be different from those who remain, and change the results (e.g., if they died because of the treatment).
· Was there blinding?

· To diminish bias

· Both the researchers and the patients should be blinded (“double blinding”)

· For therapy studies: Neither knows which patients receive the intervention and which the comparison

· For diagnostic studies: The researcher interprets the “new” test without knowing the result of the “gold standard”, and vice versa.

· Were the patients analyzed in the groups to which they were initially randomized (“Intention to Treat Analysis”)?

· Regardless of whether they received the treatment or not (e.g. too old, too sick, lost to follow-up, etc.)
· Sometimes called “Analyze as Randomized”
· Preserves the benefits of randomization.
· Special considerations for systematic reviews/meta-analyses

· Is there a clear statement of the topic being reviewed?

· Is there a clear protocol for finding studies?
· Is there a clear protocol for evaluating the research design quality of each study (exactly the things we have been talking about) – e.g. “Jadad Scale”?
· Are there clear criteria for inclusion and exclusion of studies, e.g. level of quality, type of randomization, etc.?
· Intervention

· Is it reasonable in terms of patient-oriented things?

· Comparison 

· Is it reasonable in terms of patient-oriented things?

· For diagnostic studies

· Was a diagnostic “gold standard” used as the comparison, e.g. biopsy, laparotomy findings?

· Did all patients receive both the intervention/new test and the “gold standard”?
· Outcome 

· Disease-Oriented Evidence/Outcomes (DOEs) –> outcomes that physiologists care about, e.g. blood pressure reduction, blood sugar control

· Patient-Oriented Evidence/Outcomes that Matters (POEMs) –> outcomes that patients care about, e.g. morbidity, mortality

· Number of study participants

· In general, the more participants, the more accurate, precise and reproducible the results will be (it’s a statistical thing, e.g., tighter Confidence Intervals) 

· RCTs: The “Rule of 400”
· Systematic reviews and meta-analyses: Number of studies and total number of patients

· Statistics

· See below 4.

· Sponsorship and Biases
· Research bias

· Systematic Bias: A systematic error that leads to results that do not represent the true findings

· Lead-time bias
· Apparent lengthening of survival due to earlier diagnosis in the course of disease but without any actual prolongation of life.

· If you had found end-stage patients early in their disease, they would have survived as long as early-stage patients found early in their disease.

· Length-time bias 
· The tendency of screening tests to detect a larger number of cases of slowly progressing disease and miss aggressive disease due to its rapid progression.
· Slowly progressive disease kills slowly, so more patients survive longer with their disease and will be more likely to be found on screening.

· Recall bias  

· Inaccurate recollection of information (e.g. survey respondents fail to accurately remember)

· Availability bias

· Recent or memorable information easier to remember (e.g. survey respondents recall recent and/or bad events more, e.g. clinicians recall recent and/or bad events more)

· Sampling bias

· If sample is not representative of population this can bias results (e.g. paid participants vs volunteers, e.g. primary care population vs. tertiary care population, e.g. experience of a primary care clinician vs. an intensive care clinician)

· Publication bias

· The tendency for certain studies, particularly those with positive results or large number of participants, to be published, whereas those with negative results or smaller studies are not.
· Intentional bias 

· Study techniques designed to make a favorable result for the study drug more likely

· Run-in phase using study drug to identify compliant patients who tolerate the drug

· Use “Per protocol” rather than “intention to treat” analysis

· Intentionally choosing too low a dose of the comparator drug, or choosing an ineffective comparator drug

· Use misleading statistics (e.g. RRR)

· Interpretation Bias 

· When researchers wrap their individual values into the interpretation of the final results of randomized controlled trials
· “We’ve shown something here” bias
· The researchers’ enthusiasm for a positive result

· Long years of hard work leads to fear of failure and anticlimax
· “The results we’ve all been waiting for” bias
· Confirming the clinical and scientific communities’ prior expectations

· “Just keep taking the medicine” bias
· The tendency of clinicians and patients to overestimate the benefits and underestimate the harms of drug treatment
· “What the heck can we tell the public” bias
· Reflects the political need for regular, high impact medical breakthroughs
· “If enough people say it, it becomes true” bias
· Reflects the subconscious tendency of reviewers and editorial committees to “back a winner”
· Evaluate pharmaceutical company sponsorship and author affiliation (difference between FDA overseen company initiated studies vs. investigator initiated and company funded)
4. Assess the Data the Document (Statistics - the first S in PPICONSS)
· 4A: Assess document(s) on therapy or prevention
· Risk

· The outcome event rate

· Risk=(number having event) / (number receiving intervention)

· Relative Risk (RR)
· RR = (risk in intervention group) / (risk in control group)

· Can also be (risk with treatment A) / (risk with treatment B)

· Amplifies small differences; makes insignificant findings appear significant. 

· Relative Risk Reduction (RRR)

· RRR= 1- RR
· Amplifies small differences; makes insignificant findings appear significant. 
· Absolute Risk Reduction (ARR) or Risk Difference

· ARR= (risk in control) – (risk in intervention group) (note: 10% risk=0.10)
· Can also be (risk with treatment A) - (risk with treatment B)

· Does not amplify small differences. Shows the actual difference between the groups. 

· Number Needed to Treat (NNT)
· The number of patients that must be treated to prevent one adverse outcome. Or, to think about it another way, NNT is the number of patients who must be treated for one patient to benefit (and the rest who were treated obtained no benefit…although they still suffered the risks and costs of treatment).

· NNT = 1/ARR
· Number Needed to Harm (NNH) is same equation for a negative outcome

· 4B: Assess document(s) on diagnosis or screening 

· Note: sensitivity, specificity, PPV, NPV, 2x2 table less useful than LR but still widely used and reported thus included

· The 2 x 2 Table (with presence/absence of disease determined by “gold standard”)

	
	Disease Present (+)
	Disease Absent (-)

	Test Positive (+)
	TP: True Positive
	FP: False Positive

	Test Negative (-)
	FN: False Negative
	TN: True Negative


· Sensitivity – Sn - from 2x2 table: TP/(TP+FN)
· For a test with a high Sensitivity, a Negative result rules out the diagnosis (SnNout) 

· The best diagnostic test would have 100% sensitivity; all persons with the disease would have a positive test result. Sensitivity key for screening
· Problems: 

· Value of the sensitivity varies with variations in pre-test probability (estimate of probability your patient has a disease before you order your test)

· Pre-test probability can be disease prevalence (e.g. cases of disease in population – all those with disease present divided by the number in the sample population)

· Pre-test probability can be some other estimate based on experience or based on the result of other diagnostic tests
· Can exaggerate the benefit of a test

· Fails to tell us precisely what we need to know
· Specificity – Sp – from 2x2 table: TN/(FP+TN) 

· For a test with a high Specificity, a Positive result rules in the diagnosis (SpPin) 

· The best diagnostic test would have 100% specificity; all non-diseased persons would have a negative test result. Specificity key for diagnosis.
· Problems: Same as Sensitivity (above)
· Positive Predictive Value (PPV) – from 2x2 table: TP/(TP+FP)
· Proportion of people with a positive test who have the disease
· A test with a high PPV will accurately rule in a disease
· Problems:
· Clinically useful concept, but the value of the PPV varies with disease prevalence, even more than do sensitivity and specificity

· PPV relates test characteristics to populations, not individual patients 
· Negative Predictive Value (NPV) – from 2x2 table: TN(FN+TN)  

· Proportion of people with a negative test who are free of disease

· A test with a high NPV will accurately rule out a disease

· Problems:

· Clinically useful concept, but the value of the NPV varies with disease prevalence, even more than do sensitivity and specificity

· NPV relates test characteristics to populations, not individual patients 

· Likelihood Ratios (LR)  

· A positive LR (LR+) is the likelihood that a positive test result would be found in a patient with the target disorder, compared with the likelihood of a positive test result occurring in a patient without the target disorder

· LR+ = Sn/(1-Sp)

· The larger the LR+, the better the test is at “Ruling in” disease
· LR>10 strong evidence, LR 5-10 moderate evidence, LR 2-5 minimal evidence, LR 1-2 almost no evidence
· A negative LR (LR-) is the likelihood that a negative test result would be found in a patient with the target disorder, compared to with the likelihood of a negative test result occurring in a patient without the target disorder
· LR- = (1-Sn)/Sp

· The smaller the LR-, the better the test is at “Ruling out” disease
· LR<0.1 strong evidence, LR 0.1-0.2 moderate evidence, LR 0.2-0.5 minimal evidence, LR 0.5-1 almost no evidence

· Value of the LR does not vary with disease prevalence
· LR can be used to adjust your probability of disease:

· If Pre=pre-test probability (probability of disease before the test)

· If Post=post-test probability (revised probability of disease after test)

· Then: Post=Pre/(Pre+(1-Pre)/LR)

· Or you can use LR nomogram

· 4C: Interpret statistical and clinical significance
· Confidence Interval (CI)  

· Any statistic is only an estimate of the “true value” of that statistic
· The CI gives a range within which that “true value” probably lies
· A 95% CI tells us that if we repeated the experiment with similar populations an infinite number of times, the results would fall within the CI 95% of the time

· Similarly, and more usefully, we can be 95% certain that the “true value” will fall within the 95% CI range
· The CI gives us an idea of the precision of the result, since the narrower the CI is, the more certain we can be that the experimental value is close to the “true value”. Generally, the larger the sample size, the narrower the CI
· The CI can also give us some idea of significance, e.g.

· If the 95% CI for the ARR or the RRR includes 0 (the “null value” for ARR and RRR), then there is no difference between the experimental and control groups
· If the 95% CI for the Odds Ratio includes 1 (the “null value” for OR), then there is no difference between the experimental and control groups
· Similar to, but better than, P values (e.g., P<0.05) since CI gives a sense of the size of the differences found in the study
	Statistic
	Range
	Null Value

	Relative Risk Reduction (RRR)
	0 – 100% 

(0 – 1.0)
	0%

(0)

	Relative Risk (RR)
	0 – 100% 

(0 – 1.0)
	100%

(1.0)

	Absolute Risk Reduction (ARR)
	0 – 100%
	0%

	Number Needed to Treat (NNT)
	1 – infinity
	infinity

	Odds Ratio (OR)
	0 – infinity
	1

	Sensitivity (SnNout))
	0 – 100%
	0%

	Specificity (SpPin)
	0 – 100%
	0%

	Positive Predictive Value (PPV) (Higher value better for ruling in)
	0 – 100%
	0%

	Negative Predictive Value (NPV) (Higher value better for ruling out)
	0 – 100%
	0%

	Likelihood Ratio with a Positive Result (LR+) (Higher value better for ruling in; best >10)
	1.0 – infinity
	1.0

	Likelihood Ratio with a Negative Result (LR-) (Lower value better for ruling out; best <0.1)
	0 – 1.0
	1.0

	If the Confidence Interval includes the Null Value, there is no difference
	
	


· Statistical Significance vs. Clinical Significance  

· Statistical Significance: are two treatments the same?

· Clinical Significance: if the treatments are different then is the difference big enough to care about?
















































































































