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Today I’m going to about Essentials of Study Des

Not comprehensive; meant to provide a framework for understanding study design and some basic concepts

Objectives
1) Provide an overview of different study design types
2) Review how to construct an effective clinical research question
3) Discuss hypothesis generation and testing
4) Types of statistical error
5) Bias and confounding
6) CRT resources for research training

CME is Available
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What makes a High-impact study? What are some features? 

Studies that, change management or inform our understanding of a disease (biology, epi, etc)

Not just a big N or a RCT? 

Tons of thought goes into the design of these studies. 
In depth knowledge of the population and condition; Rare vs. common (rare cancer vs. HTN); Do we have access to that population? (The approach to studying patients with Zika virus infection would likely be very different from studying patients with Influenza)
What is the “status quo” for management of this condition? How are these patients currently cared for? 
What are the interventions that are proven effective, or ineffective – Can you identify a “Critical Gap”??
Impact: How is your intervention/idea going to change the “status quo” whether in terms of treatment or biology, epi, etc. 
Confounders? Anything that is going to undermine the interpretation of the results of your study. I was working in a lab with someone who wanted to study the microbiome in mice, and then she found out that all of the mice were being fed antibiotics with their food. Serious confounder. 
Bias? Anything that will influence the study results in one direction vs. other. 




PICO
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4 Elements of a well-built clinical research question

Patient or Problem
Intervention (a cause, a prognostic factor, a treatment)
Comparison Intervention 
Outcome from perspective of patient/family, clinician, payer, healthcare administrator

Talk about 5 studies and the different designs
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ANDROMEDA-SHOCK: 
Effect of a Resuscitation Strategy Targeting Peripheral Perfusion Status vs Serum Lactate Levels on 28-Day Mortality Among Patients With Septic Shock

Question  Does the use of a resuscitation strategy targeting normalization of capillary refill time, compared with a strategy targeting serum lactate levels, reduce mortality among patients with septic shock?

Design: Multi-center RCT: Truly experimental design
Patients: Septic shock
Intervention: Resuscitation protocol to normalize cap refill time
Comparison: Normalize lactate levels by 20% per 2 hours during an 8-hour period
Outcome: Mortality

By day 28, 74 patients (34.9%) in the peripheral perfusion group and 92 patients (43.4%) in the lactate group had died (hazard ratio, 0.75 [95% CI, 0.55 to 1.02]; P = .06; risk difference, −8.5% [95% CI, −18.2% to 1.2%]). Types of Error? 

Weaknesses: Underpowered, not blinded
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Simple clinical rule to rule out C-spine injury and avoid unnecessary radiation (X-ray or CT)
Definitively changed EM/Trauma practice 

They new the population – the decision of whom to Xray or CT after traumatic injury was not evidence based
Several X-ray views involving radiation, and CT includes large dose of radiation

Design: Prospective observational study of a decision instrument 

P – patients presenting to ED with concern for C spine injury after trauma who got C-spine imaging
I – Clinical assessment; observational study
C – None
O – Significant C-spine injury 

Strengths included large sample size, multicenter design, easy to remember and apply, sensitivity for ruling out serious injury

Weaknesses – did not enroll huge numbers at the extremes of age



SALT-ED
SMART
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SALT-ED
Problem – We believe a difference IV fluids exists (ie NS is bad) but very hard to prove. 
Why? Bad for kidneys, but how bad? Physiology studies support harmful kidney effects. Need large N to prove.
Outcome is also very important: proving AKI alone would be hard; composite secondary outcome (MAKE 30)  
Very good candidate for a Pragmatic trial – achieve large N, no need for patient 

Design Single-center, pragmatic, unblinded, multiple-crossover trial
Patients: ED pts receiving 500ml of IV isotonic crystalloid and who were subsequently hospitalized (non ICU)
Intervention: Balanced crystalloids (either Ringer’s solution or Plasma-Lyte A)
Comparison: 0.9% saline
Outcome: Hospital free days to day 28
There were three major secondary outcomes: major adverse kidney events at 30 days, acute kidney injury of stage 2 or higher, and in-hospital death.

No difference in hospital free days
Sig difference in MAKE30
Strengths – large sample, best study to date that answers the question of fluid type

Weaknesses – Outcomes of interest? Study population was defined retrospectively (waited to see who was admitted to ICU vs non-ICU), Clinicians went off protocol in 12% of patients, more protocol violations in unbalanced fluids group; 35% of patients did not have a baseline creatinine
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Clinical Equipoise - I as the PI believe that one intervention is not better, or worse, than the other

No Equipoise with CT contrast: Most believe that it’s bad for your kidneys = CAN’T USE RCT TO ANSWER THE QUESTION

Design – Hinson et al – Single-center retrospective cohort analysis; Propensity scoring to answer the question
Patients - Retrospective, 17,934 ED patients who underwent CT in 5 years; Contrast-enhanced, unenhanced, or no CT
Intervention: CT with or without contrast
Comparison: no CT
Outcome: Incidence of Acute kidney injury 

Finding: Contrast administration was not associated with increased incidence of AKI, chronic kidney disease, dialysis, or renal transplant at 6 months.

Propensity score matching (PSM) is a statistical matching technique that attempts to estimate the effect of a treatment by accounting for the covariates that predict receiving the treatment. It attempts to reduce the bias due to confounding variables that could be found in an estimate of the treatment effect obtained from simply comparing outcomes among units that received the treatment versus those that did not.


Ann Emerg Med. 2017 May;69(5):577-586.e4. doi: 10.1016/j.annemergmed.2016.11.021. Epub 2017 Jan 25.
Risk of Acute Kidney Injury After Intravenous Contrast Media Administration.
Hinson JS1, Ehmann MR2, Fine DM3, Fishman EK4, Toerper MF2, Rothman RE2, Klein EY5.




NOVEL CLINICAL PHENOTYPES FOR SEPSIS

MACHINE LEARNING
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Seymour et al
Tackle the problem of Sepsis Heterogeneity (failed clinical trials d/t intrinsic differences in patients)

Need a large N
Extremely complex and probably impossible using standard statistics

Delineate clinical phenotypes using unsupervised clustering methods applied to data available at hospital presentation

Assessed phenotype reproducibility both by comparing phenotype derivation using alternative clustering methods in the initial
data set and by exploring phenotype frequency distributions in several other cohort and clinical trial data sets

Results – several derived clinical phenotypes, alpha, beta, gamma, delta and distinct clinical features 





Clinical Question
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The research question should address what the variables of the experiment are, their relationship, and state something about the testing of those relationships.

Is your research trying to accomplish one of these four goals?
1) Define or measure a specific fact or gather facts about a specific phenomenon. 
2) Match facts and theory. 
3) Evaluate and compare two theories, models, or hypotheses. 
4) Prove that a certain method is more effective than other methods. 





Are CT scans better than  
X-rays in trauma patients? 
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What does everyone think about this clinical question? 

Population?




Are CT scans better than  
X-rays in trauma patients? 

P = Trauma Patients
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Intervention? 



Are CT scans better than X-
rays in trauma patients? 

I = CT Scans
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Comparison? 



Are CT scans better than X-
rays in trauma patients? 

C = X-rays
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Outcome?



Are CT scans better than X-
rays in trauma patients? 

O = ?



How can we refine this 
question? 
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What does everyone think about this clinical question? 

Question  Does the use of a resuscitation strategy targeting normalization of capillary refill time, compared with a strategy targeting serum lactate levels, reduce mortality among patients with septic shock?

Population?




Are CT scans better than X-
rays at detecting lumbar 
spine injuries in trauma 

patients? 



Are CT scans better than X-
rays at detecting lumbar 
spine injuries in trauma 

patients? 



Are CT scans more sensitive
than X-rays at detecting 
lumbar spine injuries in 

trauma patients? 



Are CT scans more sensitive 
than X-rays at detecting 

clinically significant lumbar 
spine injuries in trauma 

patients? 
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Clinically significant = requires operative or non-operative intervention, hospital admission or rehabilitative care 



H1: Alternative Hypothesis

H0: Null Hypothesis

Presenter
Presentation Notes
H1 = alternative hypothesis – there’s a difference between CT and X-ray
H0 = null hypothesis – there’s no difference




H1: CT is better than X-ray

H0: CT is not better than X-ray
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H1 = alternative hypothesis – there’s a difference between CT and X-ray
H0 = null hypothesis – there’s no difference



Presenter
Presentation Notes
Types of Error



Prospective observational cohort 
study of 80 patients treated in the 

trauma center for blunt trauma
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Types of Error



CT is 99% sensitive for CS L-spine injury

X-ray is 85% sensitive for CS L-spine injury
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Types of Error



CT is 99% sensitive for CS L-spine injury

X-ray is 85% sensitive for CS L-spine injury

P = 0.09

What conclusion can we make? 

Presenter
Presentation Notes
Types of Error



Types of Error

Type I = α
Type II = β

Presenter
Presentation Notes
Type I error = saying there is a difference when there is not



Types of Error

α = Type I error rate 
p = 0.05
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Type I error = saying there is a difference when there is not

Probability of making a type I error and saying there is a difference when there is not is less than 5%. 

A type 1 error is also known as a false positive and occurs when a researcher incorrectly rejects a true null hypothesis. 



Types of Error

β = Type 2 error rate
0.10 - 0.20
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Type II error = saying there is a not a difference when there is

Probability of making a type II error and saying there is NOT a difference when there is 10 to 20%

A type 2 error is also known as a false negative and occurs when a researcher fails to reject a false null hypothesis. 



Types of Error

Power = 1-β
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Types of Error



Types of Error

Authors conclude that there is NO significant 
difference between CT and X-ray for 

detecting CS L-spine injury.
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ANDROMEDA-SHOCK example – many feel that this was a Type II error due to small sample size



BIAS
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Bias – Any influence that inherently favors one outcome over another and differs from the truth

Now I’m going to show you a video of Formula 1 Race. Ayrten Senna was known as being one of the most talented Formula 1 racers of all time. 
And I want you to watch this and think about any factors that influenced the outcome of the race. 

The Rain 
Ayrten’s threshold for risk 
Skill in Driving in the rain
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The Rain 
Ayrten’s threshold for risk 
Skill in Driving in the rain






Bias

Enrollment
Implementation

Analysis
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Enrollment – Absence of a control group in descriptive studies

Selection bias occurs if the study population doe

Classification bias, also called measurement or information bias, results from improper, inadequate, or ambiguous recording of individual factors—either exposure or outcome variables. 

Confounding bias is a spurious association made between the outcome and a factor that is not itself causally related to the outcome, and occurs if the factor is associated with a range of other characteristics that do increase the outcome risk.



Random Error

Related to sampling variability

Occurs when one deals with a sample of 
patients instead of the whole population.
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Random error can be reduced by increasing the sample size. 




“The key to obtaining a representative 
sample of that population lies in random 

selection of a study sample from the 
applicable population.”

Gary Gaddis
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Random error can be reduced by increasing the sample size. 




Validity

Internal 

External
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When assessing studies in the literature

can I rely on the conclusions of this study? (internal validity)

can I apply these conclusions to my patients? (external validity)



Design Tips

Utilize our 
Librarians

Gretchen 
Kuntz



Design Tips

Assemble
a team

Consult 
experts early
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If you’re junior = mentor team development 
Team of mentors with expertise to grow your skills and research program 

Center for Data Solutions – Study design expertise
Office of Research Affairs – Tina’s office can help with the regulatory aspects of conducting research
IRB-01 – email or call early, investigators web page with Q and A
JAX ASCENT – Aging studies
CTSI – wealth of online resources, help with design of trials, DSM etc
Bajwa – IRB experience and helpful with IND dealing with FDA




Testable 
Hypothesis

Design Tips
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Focus your research on answering a study question and testing your hypothesis

Can you accept or reject the null hypothesis



No one size 
fits all

Design Tips



Design Tips

Utilize CRT
Resources

to gain skills



Center for Research Training



Center for Research Training

All Faculty, Fellows
Trainees and Staff

• Study design
• Basic biostats
• Scientific writing
• Networking
• Career forums



Center for Research Training

Select Faculty (0.10 FTE) 

• In-depth study design
• Grant writing course
• Grant support/funding
• Career coaching
• Mentorship advising



Center for Research Training

Top RTA Applicant

• 2-year program
• Protected time
• $15,000/yr for research
• K Grant application



CRT
Mini courses 
and online 
content
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Fall 2020

Implementation Science – involved Bill Livingood, Quality research
Qualitative and Survey Methods – Brailsford et al
Health Disparities and SDH – pillars of health disparities research, “Designing for Diversity”
Big Data – Guillame Labilloy
Graphing and Data Presentation using Python – CDS, maybe CTSI
 




Faheem Guirgis, MD
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11/5/2019

Want to learn 
more?
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