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§ Does clinical trial design matter? 
– Show me the evidence! 

§ Key areas the trial design influences:
– The type of question needing answered

– The validity of trial results

– The type of statistical analysis used

– The final conclusions of a meta-analysis 

– The context + degree of confusion by guidelines

§ A special coupon code & feedback opportunity
§ Live Q&A 

Agenda

Does Clinical Trial Design Matter?
- An Example from the Cardiology Literature -

JAMA 1980;244:453-509.

Example Literature

JAMA 1980;244:453-509.

Example Literature



Prog Cardiovasc Dis 1968;10:483-504.

Reference: 53

§ Prehospital administration of prophylactic lidocaine 
in stable patients coming to the ER with chest pain. 

§ Prospective, RCT in Milwaukee, Wisconsin; 1 year 
long

§ Treatment Groups:
– Prophylactic lidocaine (n=222)
– No lidocaine (n=224)

§ Results:
– Overall hospital mortality 8.1% vs. 6.7% (p = 0.35)

– The development of cardiac dysrhythmias 14.7% vs. 
13.1% (P=0.45)

Example Literature

Ann Emerg Med 1986;15(8):881-885.

Risk of a type 2 error?
What is the trend in results?

§ Prehospital administration of prophylactic lidocaine 
in stable patients coming to the ER with chest pain. 

§ Prospective, RCT in Milwaukee, Wisconsin; 10 ERs; 1 
year long

§ Discussion:
– “By studying only patients at low risk for arrhythmias, 

the number of cases needed to achieve an acceptable 
beta error in support of the hypothesis is greatly 
increased. Based on the incidence of sudden death seen 
in our population, 1,500 to 2,000 patients would be 
needed to achieve a beta error of 0.2.”

Example Literature

Ann Emerg Med 1986;15(8):881-885.

§ Power = 1 - b
– Indicates the probability that a statistical test can detect 

a significant difference when in fact, it truly exists.

– Since Beta (b) indicates the probability of making a type 

II error, the power calculation tells you the probability 

that you will NOT make a type II error.

Example Literature

§ ______ Trial was a P, R, PC trial in (n=1,498) patients with 
asymptomatic or minimally symptomatic PVCs within 2 
yrs post-MI.

§ Class Ic Antiarrhythmics (Encainide or Flecainide) vs. 
Placebo

§ Results:
– Stopped early due to higher mortality in antiarrhythmic group 

(except moricizine)
– At 10 months f/u 59 died of arrhythmia (43 in antiarrhythmic 

group vs. 16 in placebo); p = 0.0004
– 22 died of non-arrhythmia causes (17 in antiarrhythmic group 

vs 5 in placebo); p=0.01
– Cardiac deaths not due to arrhythmia were from AMI (11 in 

antiarrhythmic group vs. 3 in placebo)

Example Literature

NEJM 1991;324:781-8.

Areas Influenced by Trial Design
- Type of Question Needing Answered -



Study Design Best Use for Design Ability
Experimental
Clinical Trial • Evaluating a treatment or 

intervention
• Causality

Observational
Cohort Study • Determine the incidence or 

natural history of a disease
• Associations

Case-Control • Ideal for rare diseases
Cross-Sectional • Determining the prevalence 

• Useful at assessing need

Case-Reports or 
Case-Series

• Generating awareness 
and/or hypotheses

• Hypothesis 
Generating

Qualitative Study • When concerned about 
understanding human 
behavior & their experience

• Human 
reasoning

“Potential” 
for Bias

Lower

Higher

Areas Influenced by Trial Design
- The Impact on Validity -

Validity

=   Truth    +     Bias    +   Random Error

Use of Good 
Study Design Researcher Use Large

Sample Size

Use Critical
Appraisal Reader

Confidence Intervals
& P-values

Valid Results

Study Design & Risk of Bias

In-Vitro Research

Animal Research

Ideas, Editorials, Opinions

Case Reports

Case Series

Case Control Studies

RCT

Double Blind RCT

SR & MA

Cochrane
Review

Risk of Bias or Systematic Error
LOW

HIGH

Cohort Studies

(MA of Good RCTs)

Type of Validity Description
Internal Validity • Being able to conclude that the 

independent variable was in fact 

responsible for the change seen in 

the dependent variable.

External Validity • Concerned with the “generalizability” 

of the results to and across 

populations of subjects or settings.

Internal vs. External Validity

Is there evidence that bias matters?
- The Impact on Validity -



Areas Influenced by Trial Design
- The Type of Statistical Analysis Used -

Type of Data
Two 

Independent 
Samples

Related or 
Paired 

Samples

3 or more 
Independent 

Samples

3 or more 
Related 
Samples

Measures of 
Correlation

Nominal
1.Chi-square
2.Fisher’s 

Exact

McNemar
Test

Chi-square 
for k 
independe
nt samples

Cochran Q Contingency 
coefficient

Ordinal

1.Mann-
Whitney U

2.Wilcoxon 
Rank Sum

1.Sign test
2.Wilcoxon 

Signed 
Rank

Kruskal-
Wallis one 
way ANOVA

Freidman 2 
way ANOVA

1.Spearman
2.Kendal 
rank
3.Kendal Coe

Continuous

1.Student’s 
t-test

2.Mann-
Whitney U

Paired t-test 1-way 
ANOVA

2-way 
ANOVA

Pearson's 
Correlation

Type of Data
Two 

Independent 
Samples

Related or 
Paired 

Samples

3 or more 
Independent 

Samples

3 or more 
Related 
Samples

Measures of 
Correlation

Nominal
1.Chi-square
2.Fisher’s 

Exact

McNemar
Test

Chi-square 
for k 
independe
nt samples

Cochran Q Contingency 
coefficient

Ordinal

1.Mann-
Whitney U

2.Wilcoxon 
Rank Sum

1.Sign test
2.Wilcoxon 

Signed 
Rank

Kruskal-
Wallis one 
way ANOVA

Freidman 2 
way ANOVA

1.Spearman
2.Kendal 
rank
3.Kendal Coe

Continuous

1.Student’s 
t-test

2.Mann-
Whitney U

Paired t-test 1-way 
ANOVA

2-way 
ANOVA

Pearson's 
Correlation

Nonparametric

Parametric

Areas Influenced by Trial Design
- The Final Conclusion of a Meta-Analysis -

Are all “Heparins” the same?
That is like saying all antibiotics are the same



The Heparin Disaster

Trials from 1966 – 2000

Published in 2003

The Heparin Disaster
Trials from 1966 – 2000

Published in 2003

The Heparin Disaster
Trials from 1966 – 2000

Published in 2003

The Heparin Disaster

§ 2003 Cochrane Review: LMWH vs UFH in “ACS”

– LMWH & UFH appear equal on overall mortality & 

bleeding

– LMWH beat UFH in reducing risk of MI, revascularization

– The primary LMWH was enoxaparin pulling the benefit 

over UFH

The “Heparin” Disaster

Trials from 1966 – 2002

Published in 2008

The “Heparin” Disaster
Trials from 1966 – 2002

Published in 2008



The “Heparin” Disaster

Trials from 1966 – 2002

Published in 2008

The “Heparin” Disaster
Trials from 1966 – 2002

Published in 2008

What about the 
“abstract” conclusions?

Which LMWH?

The Heparin Disaster

§ 2003 Cochrane Review: LMWH vs UFH in “ACS”
– LMWH & UFH appear equal on overall mortality & bleeding
– LMWH beat UFH in reducing risk of MI, revascularization
– The primary LMWH was enoxaparin pulling the benefit over UFH

§ 2008 Cochrane Review: “Heparin” vs Placebo in NSTEMI-UA
– Excluded enoxaparin (one with the most supporting data)
– Combined 2 of the LMWHs with UFH and called them “heparin” as if 

they were all the same

The “Heparin” Disaster
Trials from 1966 – 2014

Published in 2014

§ GRADE
– Grading of Recommendations Assessment, Development 

and Evaluation (GRADE)

– Began in 2000

– Goal:
• Reduce the confusion among variations in grading the evidence 

and recommendations
• International working group to define standardized criteria

– GRADE Centers
– GRADE Networks (U.S., Dutch, UK)
– GRADE Groups & Projects

• Rates the “quality” of evidence

The “Heparin” Disaster
Trials from 1966 – 2014

Published in 2014



The “Heparin” Disaster

Published in 2014

Published in 2008

The Heparin Disaster

§ 2003 Cochrane Review: LMWH vs UFH in “ACS”
– LMWH & UFH appear equal on overall mortality & bleeding
– LMWH beat UFH in reducing risk of MI, revascularization
– The primary LMWH was enoxaparin pulling the benefit over UFH

§ 2008 Cochrane Review: “Heparin” vs Placebo in NSTEMI-UA
– Excluded enoxaparin (one with the most supporting data)
– Combined 2 of the LMWHs with UFH and called them “heparin” as if 

they were all the same

§ 2014 Cochrane Review (repeated using GRADE)
– No new studies but now they recommend caution to the results (and 

interpretation in 2008).

Areas Influenced by Trial Design
- The Context + Degree of Confusion by Guidelines -

Areas Influenced by Trial Design
- The Context + Degree of Confusion by Guidelines -

- NTG SL Tabs for NSTEMI -

Example of Disconnect

2014 ACC/AHA NSTEMI Guidelines

Areas Influenced by Trial Design
- The Context + Degree of Confusion by Guidelines -

- Epinephrine in ACLS -



1st CPR Guidelines - 1966

JAMA 1966;198(4):138-145.

1st CPR Guidelines - 1966

JAMA 1966;198(4):138-145.

JAMA 1980;244:453-509. JAMA 1980;244:453-509.

JAMA 1980;244:453-509. JAMA 1980;244:453-509.



JAMA 1980;244:453-509. JAMA 1968;203(4):93-98.

JAMA 1968;203(4):93-98. JAMA 1968;203(4):93-98.

JAMA 1968;203(4):93-98.

57%
85%

WORSE Survival NO DIFFERENCE in Survival IMPROVED Survival

JACC 2014;64(22):2360-7.
§ Cohort study (n=1556)
§ Jan 2000 – Aug 2012
§ Showed a dose effect

Resuscitation 2011;82(9):1138-43.
§ P, DB, RCT n = 601
§ ROSC greater with adrenaline

BMJ 2013;347:f6829.
§ Only in sub-group 

of non-shockable
heart rhythm

Resuscitation 2012;83:327-32.
§ Analysis of an RCT (n=848)
§ Improved short-term survival
§ Lower survival to d/c & increase risk 

of severe brain damage 

J Cardiol 2012;60(6):503-7.
§ Retrospective Study (n=644)
§ Also no diff in brain damage

JAMA 2012;307(11):1161-1168.
§ P, Non-Randomized, Obs Propensity

Analysis (n=417,188)
§ Greater chance of ROSC, BUT 

decreased survival & good functional 
outcomes at 1 month

Ann Emerg Med 2007;50:635-42.
§ Observation, Before-After 

Study (n = 1296)
§ No diff in survival to d/c after 

adjustment for rhythm, ROSC, 
survival to admission

Circ J 2012;76:1639-45.
§ P, Pop-Based, Obs study (n=3161)
§ Only benefit at 1 month was in VF 

with epi given within 10 min

Resuscitation 1995;30:243-9.
§ P, RCT (n = 194)
§ Also no diff in high-dose vs 

placebo

Resuscitation 2002;54(1):37-45.

Resuscitation 1995;29(3):195-201.

Epinephrine vs No-Epi in Cardiac Arrest



§ Retrospective study
§ Urban academic ED from (Jan 2011 – Jan 2014) in n = 25 

patients
§ Out of hospital arrest à VF/VT initial rhythm à at least 3 

defibrillation attempts + 300 mg amiodarone and 3 mg of 
epi.
– Esmolol (n = 6)
– No esmolol (n = 19)

§ Results:
– 67% vs 42% had “temporary” ROSC with esmolol
– 67% vs 32% had “sustained” ROSC with esmolol
– 66% vs 32% survived to ICU admission with esmolol

• 50% vs. 16% survived to hospital discharge
• 50% vs. 11% survived to discharge with favorable neurologic outcome

Beta-Blocker Use in Cardiac Arrest

Resuscitation 2014;85(10):1337-41.

§ Prospective, DB, RCT in the UK
§ Groups:

– Epi (n=4,015)
– Saline placebo (n=3,999)
– All received standard of care

§ Results (at 30 days):
– 130 patients (3.2%) in the EPI group vs 94 (2.4%) in the placebo group 

were alive
• Unadjusted OR for survival, 1.39; 95% CI, 1.06 to 1.82; P=0.02). 

– There was no evidence of a significant difference in the proportion of 
patients who survived until hospital discharge with a favorable neurologic 
outcome (2.2% vs. 1.9%)
• Unadjusted OR, 1.18; 95% CI, 0.86 to 1.61). 

– At the time of hospital discharge, severe neurologic impairment had 
occurred in more of the survivors in the EPI group than in the placebo 
group (31.0% vs. 17.8%).

NEJM 2018;379:711-721.

AHA. ACLS. 2020.

Areas Influenced by Trial Design
- The Context + Degree of Confusion by Guidelines -

- SGLT2i in Heart Failure -

SGLT2i & HF Guidelines

JACC 2022;79(77):e263-e421.

SGLT2i & HF Guidelines

JACC 2022;79(77):e263-e421.



EMPEROR & DAPA-HF Trials

NEJM 2020;383:1413-1424.

HF Guidelines

JACC 2022;79(77):e263-e421.

§ RR = incidence rate in exposed patients
incidence rate in non-exposed patients

• RR = 1 (incidence is the same for both groups)

• RR = >1 (incidence in exposed group is higher)

• RR = <1 (incidence in exposed group is less)

EBM/Biostatistics Integration

§ Relative Risk Reduction (RRR)
– Remember it is = 1 – RR

§ Absolute Risk Reduction (ARR)
– It is the difference between the incidence of the 

exposed group and the unexposed group

– Used to calculate NNT or NNH

• NNT = 1/ARR
• It must then be put into the context of the clinical trial 

duration/method of treatment

EBM/Biostatistics Integration

HF Guidelines

JACC 2022;79(77):e263-e421.

Dapagliflozin ~ $550/month
Empagliflozin ~ $580/month X 12 months = ~ $6,750 per yr X 63 NNT = ~ $425,000

That means we have to spend $425,000 over the course of 1 year by treating 63 
people to prevent 1 death.  This is in addition to the cost of ACEi/ARNI + BB + MRA +/-
ICD +/- clinic or ER visits for UTIs or yeast infections etc. 

§ Clinical trial design has a major impact on not 
only the:
– Type of question being answered

– Statistical analysis utilized

– Validity

– Other studies that follow (i.e., meta-analyses) 

– Guidelines

– But most importantly …. 

• Clinician perception and medical decision making

Closing



§ Limited time coupon
–Coupon = ___________________
• 10% OFF ENTIRE ORDER

– Expires = February 28, 2023

§ We value your feedback.  
–Only 2 minutes of your time on this free webinar 

event and enter a chance to win $100 gift card. 
– https://high-yield-webinar-survey.paperform.co/

Coupon

Live Q&A


