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How effectively does amiodarone 

restore normal sinus rhythm to patients 

with atrial fibrillation? Perform your own 

direct analysis. Give a brief, reliable, 

quantitative answer.

Answering Scientific Questions











Meta-analysis: rigorously answer scientific questions

Guidelines rely on meta-analysis 

for quantitative answers
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Guidelines rely on meta-analysis 

for quantitative answers
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95% CI

95% PI for u
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Meta-Analysis

95% PI for y

Effect

Observed effect

Letelier et al. (2003)
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causal inference

no causal inference 
(without assumptions)

How effectively does 

amiodarone restore 

normal sinus rhythm 

to patients with atrial 

fibrillation? 

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 



Trusted data Untrusted data

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 

• Rigorous and unbiased

• Loose predictions

Need strong assumptions • 

Tight predictions • 



Trusted data Untrusted data

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 

• Rigorous and unbiased

• Loose predictions

Need strong assumptions • 

Tight predictions • 

Assumption-free inclusion of untrusted prior 

WIN-WIN

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 

          

       

          

                        

              

                       

                     

                                       

                                 

CONFORMAL
META-ANALYSIS

untrusted data

trusted data

CONFORMAL META-ANALYSIS
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Past has residual

has residual

exchangeable, so rank of 

r* is uniform among Ri 

Conformal Prediction

(Hypothetical) Future has residual
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Prior Posterior

train on everything for exchangeability
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Residuals
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90% PI for y

Prior Posterior

train on everything for exchangeability

[Future]

Residuals



CHALLENGES

1.  Full conformal prediction is intractable

2.  Also want interval for u, not just y = N(u,v)

1.  (n is small, so cannot split the data)

Kaul and Gordon (2024)



Focus on linear smoothers
like kernel ridge regression (KRR)

Ensure idiocentricity
changing y affects r more than any Ri for linear smoothers easy to ensure for KRR

*Tolerate approximation

residuals are convex in y 

if and only ifdisjoint in y



CHALLENGES

1.  Full conformal prediction is intractable

2.  Also want interval for u, not just y = N(u,v)

1.  …but not for idiocentric linear smoothers.

Kaul and Gordon (2024)



VS

CONFORMAL CONFORMAL

independent



Idiocentricity tightly bound outer intervalExploit independence of noise 



Conformal intervals are tighter than traditional ones (with okay priors)



Conformal has rigorous coverage guarantees, traditional does not



Conformal updates the prior, and is better than just validating the prior



Predictive value of conformal versus traditional

* post-hoc and small sample (n = 21)



network meta-analysis (here, n = 522)



network meta-analysis (here, n = 522)

can make indirect inferences 

based on direct evidence, under 

the assumption of transitivity. 



paroxetine – fluoxetine   =   (paroxetine – placebo) – (fluoxetine – placebo) 

can make indirect inferences 

based on direct evidence, under 

the assumption of transitivity. 

this assumption is not needed by 

conformal network meta-analysis
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