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WHY IS IT SO IMPORTANT?WHY IS IT SO IMPORTANT?

OechslinOechslinE et al.  E et al.  Am J Am J CardiolCardiol 2000; 86(10): 11112000; 86(10): 1111--6 6 



WHY IS IT SO DIFFICULT?WHY IS IT SO DIFFICULT?

SilkaSilka MJ et al. MJ et al. JACCJACC 1998;32:2451998;32:245--5151



•• Complexity and heterogeneity of the patient populationComplexity and heterogeneity of the patient population

•• Divergences in nomenclature and classificationDivergences in nomenclature and classification

•• Institutional variations in treatment strategiesInstitutional variations in treatment strategies

•• Identification of appropriate clinically relevant endIdentification of appropriate clinically relevant end--pointspoints

•• Paucity of preliminary data for sample size estimatesPaucity of preliminary data for sample size estimates

•• Recruitment of a sufficiently large number of patientsRecruitment of a sufficiently large number of patients

•• Issues regarding patient safetyIssues regarding patient safety

•• Research infrastructure for efficient implementationResearch infrastructure for efficient implementation

•• Limited funding opportunitiesLimited funding opportunities

MULTICENTER RESEARCH IN ACHDMULTICENTER RESEARCH IN ACHD
CHALLENGESCHALLENGES

AARCC. Int J Cardiol 2008;AARCC. Int J Cardiol 2008; 129(2):155129(2):155--99



ASKING THE RIGHT QUESTIONASKING THE RIGHT QUESTION



ELEMENTS OF A GOOD ELEMENTS OF A GOOD 
RESEARCH QUESTIONRESEARCH QUESTION

FeasibleFeasible: : 
•• addressable by proposed methodologyaddressable by proposed methodology

Interesting: Interesting: 
•• provide meaningful answers regardless of resultsprovide meaningful answers regardless of results

Novel: Novel: 
•• provide new findings or confirm/refute prior findin gsprovide new findings or confirm/refute prior findin gs

Ethical: Ethical: 
•• cannot cause unacceptable risk or invade privacycannot cause unacceptable risk or invade privacy

Relevant: Relevant: 
•• advance clinical/health policy, scientific knowledge, advance clinical/health policy, scientific knowledge, 

and/or future research directionsand/or future research directions



ACHD SCDACHD SCD
OVERARCHING THEMESOVERARCHING THEMES

Research questions may pertain to:Research questions may pertain to:
•• Demographics:Demographics:

–– Quantify and compare rates and trends Quantify and compare rates and trends 

•• Mechanisms:Mechanisms:
–– PathophysiologyPathophysiologyof sudden deathof sudden death

•• Risk stratification/Risk stratification/predictors of SCDpredictors of SCD
–– e.g. clinical, surgical, functional, electrical, e.g. clinical, surgical, functional, electrical, 

genetic, biomarkersgenetic, biomarkers

•• Impacts of interventions:Impacts of interventions:
–– Pharmacological, devices, surgical/interventional,  Pharmacological, devices, surgical/interventional,  

lifelife--style modifications, educationalstyle modifications, educational



PATIENT POPULATIONPATIENT POPULATION

•• Target populationTarget population: : 
–– Group of individuals about which we wish to make Group of individuals about which we wish to make 

inferencesinferences

•• Study population:Study population:
–– Representative sample of the target populationRepresentative sample of the target population



STUDY DESIGNSTUDY DESIGN

LANCET 2002;359:57LANCET 2002;359:57-- 6161



TRUTHTRUTH

ACCURACYACCURACY PRECISIONPRECISION



EPIDEMIOLOGICAL TERMSEPIDEMIOLOGICAL TERMS

•• Degree to which a Degree to which a 
measurement measurement 
represents the true represents the true 
value of the attribute value of the attribute 
being measuredbeing measured

ACCURACYACCURACY
(VALIDITY)(VALIDITY)

PRECISIONPRECISION

•• Quality of being Quality of being 
sharply definedsharply defined



ACCURACY (VALIDITY)ACCURACY (VALIDITY)

INTERNAL INTERNAL 
VALIDITYVALIDITY

EXTERNAL EXTERNAL 
VALIDITYVALIDITY

• Groups selected and Groups selected and 
compared such that observed compared such that observed 
differences on dependent differences on dependent 
variables may be attributed variables may be attributed 
only to the hypothesized only to the hypothesized 
effect under investigation effect under investigation 
(apart from sampling error) (apart from sampling error) 

• GeneralizableGeneralizable

•• Produce unbiased Produce unbiased 
estimates regarding a estimates regarding a 
target population target population 



INTERNAL VALIDITYINTERNAL VALIDITY

•• Any trend in the Any trend in the 
collection, analysis, collection, analysis, 
interpretation, interpretation, 
publication, or publication, or 
review of data that review of data that 
can lead to can lead to 
conclusions conclusions 
systematically systematically 
different from the different from the 
truthtruth

BiasBias ConfoundingConfounding MisclassificationMisclassification

•• Distortion of the Distortion of the 
apparent apparent 
exposure/ exposure/ 
outcome outcome 
relationship by relationship by 
association with association with 
other factorsother factors

•• Erroneous Erroneous 
classification into classification into 
a category other a category other 
than that to than that to 
which it should which it should 
be assignedbe assigned



BIASBIAS

SSELECTIONELECTION INFORMATIONINFORMATION

At entryAt entry At time of At time of 
analysisanalysis

•• Error due to systematic Error due to systematic 
differences in characteristics differences in characteristics 
between those who are selected between those who are selected 
for study and analysis and those for study and analysis and those 
who are not who are not 

•• Flaw in measuring Flaw in measuring 
exposure or outcome data exposure or outcome data 
that results in different that results in different 
accuracy of information accuracy of information 
between groups between groups 



POTENTIAL SELECTION BIAS AT ENTRYPOTENTIAL SELECTION BIAS AT ENTRY



INFORMATION BIASINFORMATION BIAS

•• 1) 1) WorkWork--up biasup bias::
–– Incorrectly or incompletely diagnosed cases Incorrectly or incompletely diagnosed cases 

more numerous in one group than anothermore numerous in one group than another
•• e.g. comparing the incidence of VT in ICD e.g. comparing the incidence of VT in ICD 

recipients with TOF vs matched controls (no ICD)recipients with TOF vs matched controls (no ICD)

•• 2) 2) Recall biasRecall bias::
–– Differences in accuracy or completeness of Differences in accuracy or completeness of 

recall of past eventsrecall of past events
•• e.g. Cardiac arrest e.g. Cardiac arrest emotional stressemotional stress



INFORMATION BIAS (2)INFORMATION BIAS (2)

•• 3) 3) Lead time biasLead time bias::
–– Error arising when followError arising when follow --up of groups does up of groups does 

not begin at comparable stages in the natural not begin at comparable stages in the natural 
history of a conditionhistory of a condition
•• e.g. VT post PVR replacement in TOF e.g. VT post PVR replacement in TOF vsvs matched matched 

controls without PVRcontrols without PVR



CONFOUNDINGCONFOUNDING
ExposureExposure

OutcomeOutcome

ConfounderConfounder

• Not in causal pathway:Not in causal pathway:

ExposureExposure IntermediateIntermediate
variablevariable

OutcomeOutcome



CONFOUNDINGCONFOUNDING
SCD IN ACHDSCD IN ACHD

VentriculotomyVentriculotomy incisionincision

Sudden cardiac deathSudden cardiac death

AgeAge

++

++



MISCLASSIFICATIONMISCLASSIFICATION

•• Probability of misclassification Probability of misclassification 
is similar in all study groupsis similar in all study groups

•• Bias towards the null Bias towards the null 
hypothesis (rare exceptions)hypothesis (rare exceptions)

NonNon--differentialdifferential DifferentialDifferential

•• Probability of Probability of 
misclassification may misclassification may 
vary between groupsvary between groups

•• Bias in either direction Bias in either direction 
(towards or away from (towards or away from 
the the null hypothesis)the the null hypothesis)



PRECISIONPRECISION

•• Lack of random error:Lack of random error:

–– Study size: sampleStudy size: sample--size considerationssize considerations

–– Study efficiency:Study efficiency:

•• e.g. matching, number of controls to casese.g. matching, number of controls to cases

•• Confidence intervalsConfidence intervals

–– Not just pNot just p--values!values!



DOUBLEDOUBLE --BLIND PLACEBOBLIND PLACEBO --CONTROLLED CONTROLLED 
RANDOMIZED CLINICAL TRIALRANDOMIZED CLINICAL TRIAL



AN EARLY RCTAN EARLY RCT
•• Background: Background: 

•• In the late 18th century, King Gustav III of In the late 18th century, King Gustav III of 
Sweden decided that coffee was poison and Sweden decided that coffee was poison and 
ordered a clinical trialordered a clinical trial

•• Study population:Study population:

•• The king condemned a convicted murderer to The king condemned a convicted murderer to 
drink coffee every day (N=1) and another drink coffee every day (N=1) and another 
condemned murderer to drink tea daily (N=1)condemned murderer to drink tea daily (N=1)

•• Outcome:Outcome:

•• AllAll --cause death as assessed daily by 2 physicianscause death as assessed daily by 2 physicians

Reprinted in Reprinted in Ann Intern Med Ann Intern Med 1992;117:301992;117:30



RESULTSRESULTS
•• The two doctors died The two doctors died firstfirst

•• The king was The king was murderedmurdered

•• Both convicts enjoyed long life until the tea Both convicts enjoyed long life until the tea 
drinker died at age 83 (no age was provided for drinker died at age 83 (no age was provided for 
the coffee drinker)the coffee drinker)

Reprinted in Reprinted in Ann Intern Med Ann Intern Med 1992;117:301992;117:30

DISCUSSIONDISCUSSION
•• Underpowered; consider surrogate endUnderpowered; consider surrogate end--pointspoints

•• Ethical concernsEthical concerns

•• Outcome ofOutcome ofhad had no effect on decision makersno effect on decision makers
•• Coffee was forbidden in Sweden in 1794 Coffee was forbidden in Sweden in 1794 andand in in 18221822



ICD TRIAL IN TOFICD TRIAL IN TOF

•• Hypothesis:Hypothesis:

•• In highIn high--risk patients with TOF, primary risk patients with TOF, primary 
prevention prevention ICDsICDs will improve overall survivalwill improve overall survival

•• Study population: Study population: 

•• TOF; no VT or SCD; highTOF; no VT or SCD; high--risk features based risk features based 
on risk scoreon risk score

•• Design: Design: RCT with ICD RCT with ICD vsvs no ICD therapyno ICD therapy

•• Sample size/powerSample size/power: : 

•• Assume SCD rate of 10%/yr in controls, Assume SCD rate of 10%/yr in controls, 
>1800 pts followed for 5 years required to >1800 pts followed for 5 years required to 
detect 25% reduction in mortality with detect 25% reduction in mortality with ICDsICDs



TEMPORAL SEQUENCETEMPORAL SEQUENCE



CASECASE--CONTROL STUDYCONTROL STUDY

Pts with D-
TGA/atrial 
switch and 
SCD

Pts with D-
TGA/atrial 
switch and 
no SCD



CASECASE--CONTROL STUDYCONTROL STUDY

ADVANTAGESADVANTAGES

•• CheapestCheapest

•• EasiestEasiest

•• QuickestQuickest

•• Multiple exposures can be Multiple exposures can be 
examinedexamined

•• Rare diseases and those Rare diseases and those 
with with ““ long latencylong latency ”” can be can be 
studiedstudied

DISADVANTAGESDISADVANTAGES

•• Selection of cases and Selection of cases and 
control troublesomecontrol troublesome

•• Subject to bias (selection, Subject to bias (selection, 
recall, misclassification)recall, misclassification)

•• Direct incidence estimates Direct incidence estimates 
of SCD not possible of SCD not possible 

•• Multiple outcomes cannot Multiple outcomes cannot 
be studiedbe studied

•• If the incidence of exposure If the incidence of exposure 
is high, difficult to show the is high, difficult to show the 
difference between cases difference between cases 
and controlsand controls



CROSSCROSS--SECTIONAL STUDYSECTIONAL STUDY

ICD recipients with ICD recipients with 
adult CHDadult CHD

Select Select 
representative representative 

samplesample

Measure exposure (e.g. Measure exposure (e.g. 
BNP) and outcomes (ICD BNP) and outcomes (ICD 
shock within 6 months) shock within 6 months) 

simultaneouslysimultaneously



CROSSCROSS--SECTIONAL STUDYSECTIONAL STUDY

ADVANTAGESADVANTAGES
•• One stop, one timeOne stop, one time

•• Less expensiveLess expensive

•• Shows relative distribution of Shows relative distribution of 
exposuresexposures

•• Interrelatedness of different Interrelatedness of different 
exposures and relationship exposures and relationship 
with outcomeswith outcomes

•• Does not necessarily rely on Does not necessarily rely on 
individuals who present for individuals who present for 
medical treatmentmedical treatment

DISADVANTAGESDISADVANTAGES

•• Difficulties associated with Difficulties associated with 
capturing representative capturing representative 
sample of target populationsample of target population

•• Not effective if outcome Not effective if outcome 
rarerare

•• May not be representative May not be representative 
of all casesof all cases

•• (Cause and effect (Cause and effect 
uncertain)uncertain)



COHORT STUDYCOHORT STUDY

Patients Patients 
with with TOFTOF

ExposedExposed

e.g. e.g. ddiastolic iastolic 
dysfunctiondysfunction

Not exposedNot exposed

VT/SCDVT/SCD

No VT/SCDNo VT/SCD

VT/SCDVT/SCD

No VT/SCDNo VT/SCD



COHORT STUDYCOHORT STUDY

ADVANTAGESADVANTAGES
•• Establish populationEstablish population --based based 

incidence of SCDincidence of SCD

•• Calculate relative risks Calculate relative risks 

•• Examine rare exposures (e.g. Examine rare exposures (e.g. 
particular ethnic groups, etc.)particular ethnic groups, etc.)

•• TimeTime --toto --event analysis is event analysis is 
possiblepossible

•• Quantify magnitude of a risk Quantify magnitude of a risk 
factorfactor

•• Selection and information Selection and information 
biases decreased compared to biases decreased compared to 
casecase --controlcontrol

•• Multiple outcomes can be Multiple outcomes can be 
studied (e.g. arrhythmias, studied (e.g. arrhythmias, 
SCD)SCD)

DISADVANTAGESDISADVANTAGES

•• May require very large May require very large 
samplesample

•• Must factor in sufficiently Must factor in sufficiently 
long latencylong latency

•• Difficulties in tracking Difficulties in tracking 
down patients for required down patients for required 
information (information ( nonresponsenonresponse , , 
migration, and lossmigration, and loss --toto --
followfollow --up biases)up biases)

•• Sampling, ascertainment Sampling, ascertainment 
and observer biases are and observer biases are 
still possiblestill possible







““ BRAINSTORMINGBRAINSTORMING ””
PROJECT PROPOSALSPROJECT PROPOSALS

•• 1) 1) RCTRCT: PVR/VT ablation in TOF: PVR/VT ablation in TOF

•• 2) 2) Multicenter cohort studyMulticenter cohort study: D: D--TGA/atrial TGA/atrial 
switch and arrhythmias/SCDswitch and arrhythmias/SCD

•• 3) 3) Multicenter caseMulticenter case--control study: control study: Risk Risk 
factors for SCD in patients with UVHfactors for SCD in patients with UVH

•• 4) 4) RCT: RCT: Primary prevention Primary prevention ICDsICDs in in 
orphan diseasesorphan diseases



EPEP--guided guided vsvs empiric approach to empiric approach to 
surgical VT ablation in patients surgical VT ablation in patients 

with TOF undergoing PVR:with TOF undergoing PVR:
a randomized clinical triala randomized clinical trial



VT at time of PVR
N=44

VT ablation 
N=31 (70%)

No VT ablation
N=13 (30%)

Recurrent VT
N=3 (10%)

Recurrent VT
N=3 (23%)

KaramlouKaramlou T et al. T et al. Annals Annals ThoracThorac SurgSurg 2006;81:17862006;81:1786--9393

BRIEF BACKGROUNDBRIEF BACKGROUND
PVR +/PVR +/-- VT ABLATIONVT ABLATION



PVR VS MATCHED CONTROLSPVR VS MATCHED CONTROLS

Harrild DM et al. Harrild DM et al. Circulation Circulation 2009;119:4452009;119:445--5151



VT ISTHMUSES IN TOF VT ISTHMUSES IN TOF 

Khairy P, Stevenson WG. Khairy P, Stevenson WG. Heart Rhythm Heart Rhythm 2009;In Press2009;In Press



PROARRHYTHMIA WITH PROARRHYTHMIA WITH 
INCOMPLETE ABLATION LINESINCOMPLETE ABLATION LINES

AryanaAryana A et al. A et al. J J CardiovascCardiovascElectrophysElectrophys2008;19:8692008;19:869--7272



STUDY PROPSALSTUDY PROPSAL

•• Research question: Research question: 
–– To assess whether an EPTo assess whether an EP--guided or empiric guided or empiric 

approach to surgical VT ablation is associated with approach to surgical VT ablation is associated with 
lower risk for ventricular arrhythmias/SCDlower risk for ventricular arrhythmias/SCD

•• Study population: Study population: TOF undergoing PVRTOF undergoing PVR

•• Main exposure: Main exposure: EPEP--guided guided vsvs empiric ablationempiric ablation

•• Main outcome: Main outcome: sustained VT, SCD, appropriate sustained VT, SCD, appropriate 
ICD shock, or inducible VTICD shock, or inducible VT



STUDY DESIGNSTUDY DESIGN

TOF undergoing PVRTOF undergoing PVRTOF undergoing PVR

Pre-op EP study
• Map VT and involved isthmuses

PrePre--op EP studyop EP study
•• Map VT and involved isthmusesMap VT and involved isthmuses

Empiric surgical ablation
• Target all isthmuses

Empiric surgical ablationEmpiric surgical ablation

•• Target all isthmusesTarget all isthmuses

EP-guided surgical ablation
• Target only involved isthmus

• No ablation if VT non-inducible

EPEP--guided surgical ablationguided surgical ablation

•• Target only involved isthmusTarget only involved isthmus

•• No ablation if VT nonNo ablation if VT non--inducibleinducible

FollowFollow--up x 6 months:up x 6 months:
•• EP study postEP study post--operatively with ICD if inducibleoperatively with ICD if inducible
•• Combined endCombined end--point: clinical VT, appropriate shock, point: clinical VT, appropriate shock, 
inducible VT at 6 months inducible VT at 6 months 



SAMPLE SIZE/POWER SAMPLE SIZE/POWER 
CONSIDERATIONSCONSIDERATIONS

•• If we assume:If we assume:
–– 30% event rate in one group30% event rate in one group

–– twotwo--tailed alpha = 0.05tailed alpha = 0.05

•• 262 patients are required to have 80% 262 patients are required to have 80% 
power to detect a 50% reduction in the power to detect a 50% reduction in the 
combined clinical endcombined clinical end--pointpoint



Arrhythmias and sudden cardiac Arrhythmias and sudden cardiac 
death in Ddeath in D--TGA/atrial switch: TGA/atrial switch: 

a multicenter cohort studya multicenter cohort study



BRIEF BACKGROUNDBRIEF BACKGROUND
SCD IN DSCD IN D--TGATGA

SilkaSilka MJ et al.  JACC 1998;32:245MJ et al.  JACC 1998;32:245--5151



RISK FACTORS FOR SCD IN DRISK FACTORS FOR SCD IN D--TGATGA

OR (95% CI)OR (95% CI) PP--
ValueValue

Arrhythmia symptomsArrhythmia symptoms 21.6 (2.8, 21.6 (2.8, 
166.8)166.8)

0.0030.003

Documented Documented 
AF/FlutterAF/Flutter

4.9 (1.9, 12.5)4.9 (1.9, 12.5) 0.0010.001

KammeraadKammeraadet al. et al. JACCJACC2004;5:10952004;5:1095--102102



APPROPRIATE SHOCKS AND APPROPRIATE SHOCKS AND �� --BLOCKERSBLOCKERS

Khairy P, Harris L,Khairy P, Harris L,……, Cecchin F. , Cecchin F. Circulation: Arrhythmia EP Circulation: Arrhythmia EP 2008;1:2502008;1:250--77



OBJECTIVESOBJECTIVES

1.1. Quantify the incidence of sustained Quantify the incidence of sustained 
atrial arrhythmias, ventricular atrial arrhythmias, ventricular 
arrhythmias, and SCD in patients with arrhythmias, and SCD in patients with 
DD--TGA and Mustard/TGA and Mustard/ SenningSenningbafflesbaffles

1.1. Determine risk factors for atrial Determine risk factors for atrial 
arrhythmias, ventricular arrhythmias, arrhythmias, ventricular arrhythmias, 
and SCD in patients with Dand SCD in patients with D--TGA and TGA and 
Mustard/Mustard/ SenningSenningbafflesbaffles



STUDY PROPOSALSTUDY PROPOSAL

•• Study population: Study population: DD--TGA with Mustard or TGA with Mustard or 
SenningSenningsurgerysurgery
–– Identify all patients followed at each center alive at Identify all patients followed at each center alive at 

““ Time 0Time 0”” (e.g., 1990) (e.g., 1990) 

•• Main outcomes: Main outcomes: sustained atrial arrhythmia, sustained atrial arrhythmia, 
sustained VT, and SCDsustained VT, and SCD
–– For patients alive and without a clinic visit within 2 For patients alive and without a clinic visit within 2 

years, contact patient and/or primary physicianyears, contact patient and/or primary physician



EXPOSURE VARIABLESEXPOSURE VARIABLES
•• Basic demographicsBasic demographics

•• Associated anomalies: VSD, PS, otherAssociated anomalies: VSD, PS, other

•• Surgical history:Surgical history:
–– Balloon/surgical Balloon/surgical septectomyseptectomy

–– Type of surgery (Mustard/Type of surgery (Mustard/SenningSenning))

–– Date of surgeryDate of surgery

•• ReinterventionReintervention::
–– Baffle leaks, obstructionBaffle leaks, obstruction

–– Residual VSD, tricuspid valveResidual VSD, tricuspid valve

–– Pacemakers/Pacemakers/ICDsICDs/EPS/catheter ablation/EPS/catheter ablation



•• ECG data: ECG data: rate, QRS, rate, QRS, QTcQTc

•• HolterHolter monitoringmonitoring : # : # PVCsPVCs, couplets, NSVT, couplets, NSVT

•• Echocardiograms: Echocardiograms: 
–– Size and degree of impairment of systemic RV (e.g., Size and degree of impairment of systemic RV (e.g., 

normal, mild, moderate, severe)normal, mild, moderate, severe)

–– MR, TR, PRMR, TR, PR

•• Hemodynamics (if available)Hemodynamics (if available)

•• Exercise stress testing with or without VO2Exercise stress testing with or without VO2

•• Symptoms: Symptoms: NYHA, palpitations, syncope, preNYHA, palpitations, syncope, pre--syncopesyncope

•• Medical therapy Medical therapy (beta(beta--blockers as timeblockers as time--dependent variable)dependent variable)

EXPOSURE VARIABLESEXPOSURE VARIABLES
At Time 0At Time 0



•• Atrial arrhythmiasAtrial arrhythmias
–– Date of first documented arrhythmiaDate of first documented arrhythmia

–– Type of arrhythmia: Type of arrhythmia: 
•• IART, atrial fibrillation, otherIART, atrial fibrillation, other

•• Atrial rate/ventricular rateAtrial rate/ventricular rate

•• Ventricular arrhythmias and SCDVentricular arrhythmias and SCD
–– Date, type, rate of arrhythmiaDate, type, rate of arrhythmia

•• MonomorphicMonomorphic VT, polymorphic VT, VFVT, polymorphic VT, VF

–– Activities preceding event: exercise, sleep, etc.Activities preceding event: exercise, sleep, etc.

•• Adjudicating committeeAdjudicating committee

OUTCOME DATAOUTCOME DATA



SAMPLE SIZE/POWER SAMPLE SIZE/POWER 
CONSIDERATIONSCONSIDERATIONS

Hazard ratioHazard ratio
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