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Criteria for Causation: Sir Austin Bradford Hill

Factor ICD Shocks and Mortality

Strength Very strong risk factor

Consistency Appropriate shocks, shocks for AF, shocks for noise

Specificity

Temporality High mortality in weeks following shocks

Biological gradient Increased mortality with VT storm, possibly multiple shocks

Plausibility

Coherence

Experimental Many more data than for AF

Analogy
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A simplistic relationship between events
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• 6-fold increase in mortality after appropriate shock

• 30% of these deaths within 24 hours of the shock

• Excluding these patients with “imminent” death, risk still 
increased 3-fold
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ICES Ontario ICD Registry, competing risks

• All new ICD implants in Ontario Canada

• February 2007 – March 2011

• N=3445

• Fine-Gray sub-distribution hazard model

• Outcomes

• Appropriate shock: 3.6/100 person-years

• Death 4.9/100 person-years

• DS Lee et al…
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ICES Ontario ICD Registry, competing risks
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Appropriate Shock Predictor Category Hazard Ratio 95% CI p-value 

Age Per 10 years 0.82 0.72 - 0.94 0.004 

Sex Male 1.52 1.00 - 2.30 0.047 

Nonsustained VT  1.48 1.01 - 2.17 0.044 

Atrial fibrillation  1.61 1.17 - 2.21 0.003 

Pre-existing pacemaker system  2.05 1.07 - 3.93 0.030 

Smoker  0.72 0.54 - 0.96 0.026 

Digoxin  1.54 1.13 - 2.08 0.006 

Amiodarone  0.47 0.25 - 0.90 0.023 

Creatinine* Per 1 mg/dL 1.21 1.05 - 1.39 0.007 

Hemoglobin <12.0 vs. 12 g/dL 0.45 0.25 - 0.82 0.009 

QRSd - 130  Per 10 msec 0.86 0.76 - 0.97 0.012 

     

Death Predictor Category Hazard Ratio 95% CI p-value 

Age Per 10 years 1.57 1.36 - 1.81 < .001 

Ischemic disease vs. nonischemic 1.62 1.14 - 2.31 0.007 

Prior revascularization procedure PCI or CABG 0.74 0.55 - 0.98 0.038 

Prior HF hospitalization Within 3 years 1.86 1.45 - 2.40 < .001 

NYHA heart failure class III-IV vs. I-II 1.43 1.10 - 1.85 0.007 

Pre-existing pacemaker system  2.02 1.23 - 3.32 0.006 

Systolic blood pressure Per 20 mmHg 0.73 0.61 - 0.88 < .001 

Diabetes Insulin or oral agent 1.46 1.13 - 1.88 0.004 

Smoker  1.65 1.26 - 2.15 < .001 

Chronic obstructive lung disease  1.43 1.05 - 1.95 0.023 

Home oxygen therapy  4.34 2.11 - 8.93 < .001 

Cancer  1.43 1.00 - 2.06 0.051 

ACE inhibitor or ARB  0.70 0.49 - 0.99 0.042 

Creatinine* Per 1 mg/dL 1.23 1.15 - 1.32 < .001 

Serum sodium 138  vs. >138 mEq/L 1.56 1.21 - 2.01 < .001 

Hemoglobin <12.0  vs. 12 g/dL 1.49 1.12 - 1.98 0.006 

 



Randomized Trials of ICD 
Shock Prevention
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ICD shock burden Ha A. Heart Rhythm 2012



Mortality Ha A. Heart Rhythm 2012
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SIMPLE: Healey JS, Lancet 2015
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Conclusions

• As always, causality is difficult to prove in all cases

• However; in most cases, ICD shocks seem to be risk marker 
rather than a risk factor

• This conclusion is based on:

• Different clinical predictors of these two outcomes

• The fact that shock prevention does not appear to reduce mortality

• The fact that giving shocks (i.e. DFT) does not measurably increase mortality

• Shock prevention is still an important clinical goal
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