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Objectives

»  Describe our studies on crash risks in the first few months after ICD implantation

 Consider several study designs that can be used to study cardiac incapacitation and
crash risk
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Case History

In February 2018, just before 8:00 am., in good weather, on
a straight stretch of a two lane road, an accident took place dur-
ing which the driver of an SUV drifted onto the opposite lane
and crashed into a lorry (front/side impact). As a result, the 69-
year-old male driver of the SUV died on the spot.

The lorry driver participating in the accident reported that
when several dozen meters away, the SUV approaching from the

opposite direction started to gently and steadily drift to the oppo-
site lane toward the lorry in a swerving movement. The witness
reported that it looked as if the driver “had fallen asleep at the

wheel.”

Discussion

On the basis of the analysis of the victim’s entire documenta-
tion, including his medical files, documentation from the scene
of the accident and intracardiac records from the ICD explanted
during the autopsy, it was established that immediately before
the accident, the driver of the SUV suffered from ventricular fib-
rillation (VF), which resulted in his fainting, loss of control of
the car, and, in consequence, a road traffic accident, and the

driver’s death.

=

VF, VT and shocks
might be more
common in the first
few months after
ICD implantation.

Kaliszan J Forensic Sci 2019




Driving restrictions after ICD implantation
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Driving restrictions are burdensome

“Patients and their spouses stated that the imposed driving ban was the hardest part of
having the ICD implant.”

* Threatens employment
* Reduces social activity
* Reduces QoL

* Associated with depression

Task force members EuroPace 2009



Driving restrictions are based on limited evidence

* Few studies

« Vast majority have no controls

* Underpowered

» Self-reporting of driving and crashes

« Extrapolation from baseline risks

* Rely on theoretical calculations

* Underrepresentation of marginalized groups




New evidence




Study designs
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Cohort study

« 9373 drivers with a first ICD implantation between 1997 and 2019 (22 years)
« 28,119 age- and sex-matched controls (3:1 matching) UBC

* Primary outcome: Involvement as a driver in a crash in the first 6 months after ICD
implantation that was attended by police or resulted in an insurance claim

* Right censoring (e.g. death, license expiry)

Cohort accrual window (1 Jan 1997 to 31 Oct 2019)

[ . '/// 1
ICD implantation
date (t=0)

| l I{,/ \l’ Y T vas ‘l' > Time

Maximum look-back ! ! Maximum follow-up
date (1 Jan 1994) Look-back window (3 years): Follow-up window (6 months): date (31 Oct 2019)

Baseline health and driving Did a crash occur?
data

Staples Heart 2024



Table 1 Baseline characteristics  (selected variables only)

Individuals with
ICD implantation, Controls,

count (%) count (%) Effect
Description n=9373 n=28119 P value size
Demographics
Female sex 1808 (19.3) 5424 (19.3) 1.00 <0.01
Median age (Q1, Q3), years 66 (56, 73) 66 (56, 73) 0.98 <0.01
Comorbidities
Myocardial infarction 3227 (34.4) 547 (1.9) <0.001 0.47
Congestive heart failure 7096 (75.7) 939 (3.3) <0.001 0.76
Renal disease 1304 (13.9) 774 (2.8) <0.001 0.21
Syncope 1076 (11.5) 237 (0.8) <0.001 0.25
Alcohol misuse 387 (4.1) 379 (1.3) <0.001  0.09 Indication:
LVEF .
3504 ST . . 1° prevention: 39%
235% 041 - - 2° prevention: 36%
Missing 6810 (72.7) 28119 (100) - . .
Active prescriptions at baseline U n known ' 2 6% 9 Im p Uted
Loop diuretics 2910 (31) 607 (2.2) <0001 043 usi ng validated alg orithm
ACEi or ARB 5301 (56.6) 6167 (21.9) <0.001 0.33
MRA 2320 (24.8) 221 (0.8) <0.001 0.4
Beta blockers 5334 (56.9) 2917 (10.4) <0.001 0.49
Active licence _ 7924 (84.5) 22690 (80.7) <0.001 0.04
Active insurance policy 6772 (72.3) 19285 (68.6) <0.001 0.03
=1 crash in the past 3 years 2344 (25) 5688 (20.2) <0.001 0.05
Any contravention ) 696 (18.1) 4406 (15.7) <0.001 0.03

Staples Heart 2024; Robinson Can J Cardiol 2024
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Main limitation is lack of data on road exposure

* Road exposure: Hours or kilometers of driving per month

Relationship between ‘crash risk per month’ and ‘crash risk per hour of driving’
depends on road exposure

* e.g. Among 100 controls, 10 crashes in a year
Among 100 ICD recipients, 7 crashes in a year (but 90 stopped driving)
RR (ignoring road exposure) = 7% [ 10% =0.70
RR (accounting for road exposure) = 70% / 10% =7.0

Also, note no commercial drivers




Adjusting for road
exposure



Driving restrictions after ICD implantation
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Adherence to medical driving restrictions is imperfect
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Accounting for road exposure by adjusting cohort study
results by modeled road exposure

» Estimated ‘road exposure relative to baseline’ for 3454 1° prev + 3070 2° prev ICD
recipients plus their matched controls ==

» Accounted for the likely duration of individual driving restrictions using clinical data

* Accounted for incomplete adherence (i.e., early resumption of driving) using rates
reported in prior studies

* Accounted for voluntary reduction in driving in the post-restriction period using
rates reported in prior studies (0.90 and 0.80 of baseline for primary prevention and
secondary prevention ICD cohorts, respectively)

* Accounted for permanent cessation of driving using license expiry or suspension

» Estimated cohort-level road exposure relative to baseline by month since ICD
implantation

Staples MV C-ICD_exp (unpublished)



Road exposure relative to baseline
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Accounting for road
exposure:

Responsibility analysis



Responsibility analysis

* Inthe cohort study, there was evidence of reduced road exposure:

*  Primary prevention ICD: In the first month after implantation, crashes declined by 69% and _—
contraventions by 73%

« Secondary prevention ICD: In the first 6 months after implantation, crashes declined by 59% and
contraventions by 41%

* Responsibility analysis might account for changes in road exposure

Staples Heart 2024
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Responsibility analysis

« 1,191,210 drivers in a police-attended crash in BC between 1997 and 2019 (23 y)

* Only 0.002% had ICD implantation in prior 6 months
*  64% of recent ICD recipients vs 51% of controls deemed responsible for their crash

aOR 2.20 (0.94-5.30), p=0.08

Staples JACC Clin Electrophys 2024



Accounting for
confounders:

Case-crossover study



Table 1 Baseline characteristics

(selected variables only)

Individuals with

ICD implantation, Controls,
count (%) count (%) Effect

Description n=9373 n=28119 P value size
Demographics
Female sex 1808 (19.3) 5424 (19.3) 1.00 <0.01
Median age (Q1, Q3), years 66 (56, 73) 66 (56, 73) 0.98 <0.01
Comorbidities

Myocardial infarction 3227 (34.4) 547 (1.9) <0.001 0.47

Congestive heart failure 7096 (75.7) 939 (3.3) <0.001 0.76

Renal disease 1304 (13.9) 774 (2.8) <0.001 0.21

Syncope 1076 (11.5) 237 (0.8) <0.001 0.25

Alcohol misuse 387 (4.1) 379 (1.3) <0.001 0.09
LVEF

<35% 1519 (16.2) = =

>35% 1044 (11.1) - -

Missing 6810 (72.7) 28119 (100) -
Active prescriptions at baseline

Loop diuretics 2910 (31) 607 (2.2) <0.001 0.43

ACEi or ARB 5301 (56.6) 6167 (21.9) <0.001 0.33

MRA 2320 (24.8) 221 (0.8) <0.001 0.4

Beta blockers 5334 (56.9) 2917 (10.4) <0.001 0.49
Active licence _ 7924 (84.5) 22690 (80.7) <0.001 0.04
Active insurance policy 6772 (72.3) 19285 (68.6) <0.001 0.03
=1 crash in the past 3 years 2344 (25) 5688 (20.2) <0.001 0.05
Any contravention 696 (18.1) 4406 (15.7) <0.001 0.03

|ICD recipients differ from
controls.

How can we deal with residual
confounding from unmeasured
baseline characteristics?

Staples Heart 2024; Robinson Can J Cardiol 2024
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Case-crossover study

* 3299 individuals with an ICD implantation and a subsequent police-reported crash, both
between 1997 and 2019 UB

0

€

* 6-month exposure lookback intervals, ending 1y and 2y prior to crash
* Adjusted for time-varying covariates

* Inherently accounts for relatively fixed covariates (whether measured or unmeasured):
Genetics, personality, driving experience, daily travel routines, etc.

Staples JACC Clin Electrophys 2024



Sensitivity analysis of different exposure intervals
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Can we identify drivers

who are more likely to
crash after ICD
Implantation?




Can we predict crash risk?

Stratified by ICD indication (primary vs secondary prevention of sudden cardiac death)
then used baseline health and driving data to estimate 1-year crash risk using UBC
regression techniques

Calculated optimism-corrected discrimination and calibration of the final model using
200 bootstrapped samples

352 crashes among 3652 primary prevention ICD recipients and 270 crashes among
3408 secondary prevention ICD recipients

Staples MV C-ICD_pred (unpublished)
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Can we predict crash risk?

» Crash prediction models exhibited good calibration but poor discrimination (c-statistics

0.60 and 0.61, respectively). UBC
» The strongest predictors of crash among primary prevention ICD recipients were male W

sex, active vehicle insurance in the past year, and the number of crashes in the past
year. The strongest predictors of crash among secondary prevention ICD recipients
were male sex, no history of seizure, an active prescription for opioids, and active
vehicle insurance in the past year.

* Conclusions: Crash prediction models based on health and driving data had a limited
ability to distinguish individuals who subsequently crashed from individuals who did not.
Observed crash risks are likely to be strongly influenced by unobserved changes in
road exposure (the hours or miles driven per week), limiting the application of these
risk scores by clinicians and policymakers.

Staples MV C-ICD_pred (unpublished)



Online risk calculator
https://stapleslab.shinyapps.io/mvc-icd-risk-shiny-app/
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Predicted risk of motor vehicle crash in the first year after ICD implantation
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Putting it all together



Details Results Strengths Limitations

Cohort 9373 ICD aHR 0.7 (0.6-0.8), - Easier to interpret - Bias from selection of controls
recipients p<0.001 - Gives absolute and relative - Does not account for road
risks exposure UBC
28,119 controls - Can account for competing ==
risks and censoring W
Cohort, 3454 1o prevICDs aHR 1.1(0.8-1.4), - Uses empirical datato - Road exposure estimates
adjusted for p=0.53 account for road exposure reguires many assumptions
likely road - Gives absolute and relative
exposure 3070 2° prevICDs aHR 1.2 (0.9-1.5), risks
p=0.29 - Can account for competing
(+ matched cntls) risks and censoring
Case- 3299 crashes aOR 0.9 (0.7-1.0), - Accounts for fixed individual - Only examines transient risks
crossover p=0.11 characteristics - Complicated to explain

- Efficient for rare outcomes

Responsibility >1M driver-crash aOR 2.2 (0.9-5.3), - Accounts forroad exposure - Many assumptions
combinations p=0.08 - Complicated to explain




Conclusions

* The messy mixture of driving restrictions, non-adherence to driving restrictions, and
voluntary reductions in driving seems to adequately mitigate any large increase in uBC
crash risk after ICD implantation.

*  Whether the less stringent restrictions proposed in the 2023 CCS guidelines will result

In a greater number of crashes remains uncertain, and monitoring would be prudent.

0

+ Better data will be required (eg. ICD recordings, crash records from smartphones,
driver-facing cameras etc) to address issues of road exposure and adherence and to
address uncertainties about causality.

« Large (population-wide?), registry-based, adaptive randomized trials (e.g. driving
restriction A vs driving restriction B) are very promising but politically challenging.
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See my other work on syncope and crash risks, as well as schizophrenia/psychosis and crash risks.
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