











Modelling results

RF and GBM identified (in separate models) 50 predictors
with greatest influence in ICD implantation. The predic-
tors not shared by both frameworks were the following:
educational level, individual income, time from emer-
gency dispatch to EMS arrival, clock at time of cardiac
arrest, use of mechanical compressions, intubation, use
of laryngeal intubation, marital status, alcohol misuse,

type 2 diabetes, children aged 4-6 and 11-15 at home
and use of calcium channel blockers.

Covariate balance

Covariate balance obtained using GBM and top 50 predic-
tors identified by RF yielded the best covariate balance, as
judged by differences in standardised mean difference,
coefficient of variation and distribution of weights. BART

Figure 2 Covariate balance obtained by 10 different modeling strategies. Left panel: covariate balance as assessed by
standardised mean differences. Right panel: Relative importance of each variable, in terms of predicting ICD at discharge.
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Figure 3 HRs for death, recurrent OHCA or IHCA, using the final model. IHCA, in-hospital cardiac arrest; OHCA, out-of-

hospital cardiac arrest.

yielded the second best balance. Figure 2 displays the
unadjusted and weight-adjusted covariate balance across
all 10 models (left panel), along with the RF-derived vari-
able importance (right panel). After adjusting for weights,
the GBM model had not balanced the following covari-
ates: history of arthrosis, breathing at EMS arrival, OHCA
witnessed by ambulance, use of anticoagulants prior to
OHCA, place of cardiac arrest and arrhythmias during
hospitalisation. The latter was the 41st most important
predictor, and included diagnoses such as sick sinus
syndrome, brady—tachy arrhythmias, premature beats and
VF (ICD-10 code 1.49). That variable was not among the
50 most important predictors for the GBM model.

Association between ICD implantation and outcomes

All point estimates, for both ATE and ATT analyses
were below 1.0, with the vast majority being significant,
favouring ICD implantation (figure 3).

With regard to ATE, the overall HR (95% CI) for ICD
versus no ICD was 0.38 (0.26-0.56). The point estimate
was 0.40 among women, although not statistically signif-
icant (eight events occurred in females with ICD). For
cases with VF/pVT (pulseless ventricular tachycardia) as
initial rhythm, HR was 0.42 (0.28-0.63). For cases with
PEA /asystole, HR was 0.18 (0.06-0.58). HR for those with
a history of CAD, heart failure and diabetes were 0.32
(0.20-0.53), 0.36 (0.22-0.61), 0.30 (0.13-0.69), respec-
tively. The lowest point estimates were noted for cases with
an acute MI, PEA/asystole on presentation and those who
did not undergo PCI or CABG.

With regard to ATT, the HRs for ICD versus no ICD
were aligned with those obtained for ATE.

With regards to non-balanced covariate, adding them
to the Cox regression did not affect any point estimate
(online supplemental figure 3).

DISCUSSION

Our results clearly demonstrate that those discharged with
an ICD were at substantially lower risk of death or recur-
rent cardiac arrest, with all HRs around 0.3, suggesting a
70% reduction in the probability of death or recurrent
arrest. While these results encourage a broader use of
ICDs, one cannot exclude confounding by indication
given the observational nature of the data. We found that
the highest incidence rate for death or recurrent cardiac
arrest was seen early after discharge (figure 1). Aligned
with these results, a Danish study (concluded during
2007-2011) found that patients with early ICD implan-
tation (during hospitalisation) had a higher survival
probability postdischarge, with HRs similar to ours; HR
for death in the ICD group versus no ICD was 0.44 (95%
CIL 0.23 to 0.88).!° Other studies have presented similar
trends in results.! * 0!

Current clinical guidelines suggests that patients
suffering from ventricular arrythmias due to a resolving
cardiac event do not have an increased risk for future
SCA. Thus, excluding these patients from receiving
treatment with an ICD. However, previous reports have
suggested otherwise, showing these individuals have an
elevated risk for future malignant arrhythmias.?”® These
ideas are supported by and described in the AVID study.'
In this study, we approached this issue by examining
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the ATE and the ATT in cases with OHCA of presumed
cardiac aetiology, or with an initial shockable rhythm.

European clinical guidelines recommend ICD implan-
tation for patients with malignant arrhythmias after an
acute myocardial infarction with pre-existing left ventric-
ular dysfunction or incomplete revascularisation (class
IIb C indication).”*'® ICD implantation is recommended
regardless of aetiology for secondary prevention in
patients with dilated cardiomyopathy or hypokinetic non-
dilated cardiomyopathy in survivors of OHCA with an
initial shockable rhythm, or with haemodynamically signif-
icant monomorphic VT (class I recommendation) 15 After a
cardiac arrest, patients are followed at an outpatient clinic
and if left ventricular ejection fraction is not restored
adequately, then an ICD is recommended. However, our
study suggests that this initial time period after discharge
carries the highest risk for these patients and future
guidelines should take this into consideration."

In this study, we also performed 15 subgroup analyses
(figure 3) for both ATE and ATT. All analyses demon-
strated similar results, with a strong reduction in the
probability of death or recurrent cardiac arrest in indi-
viduals receiving an ICD. Notable exceptions to this
was the non-significance in the subgroups consisting of
women, type 1 diabetes, obesity, acute heart failure and
those undergoing PCI or CABG. With regard to women,
although the ATE estimate was not significant, the ATT
was clearly significant (HR: 0.30 (95% CI: 0.13 to 0.66)).
Regarding individuals with type 1 diabetes, obesity, acute
heart failure, PCI or CABG performed, it is likely that we
were underpowered to assess these subgroups.

Another interesting finding was that PEA/asystole on
presentation was associated with a lower risk of outcome
in the ICD group. This may be explained by the fact
that ambulance response times are increasing which is
strongly associated with reductions in the rate of cases
presenting with shockable rhythms.'” Hence, a significant
proportion of those with asystole may have VF/pVT as
their instigating event, but deteriorate to non-shockable
rhythms by the time the first ECG is recorded. Moreover,
in these cases, we do not have data on subsequent (after
ROSC) occurrences of ventricular arrhythmias, which
would increase their likelihood of receiving an ICD.

This study is a registry-based study, which hampers our
ability to draw causal inferences. We do not have access
to exact timing of ICD implantation, and it is possible
that some individuals may have had ICDs implanted
prior to cardiac arrest. However our intention-to-treat
design emphasises on having an ICD at discharge. We
do not have information on in-hospital ECG monitoring
data. Residual confounding and confounding by indica-
tion are important caveats of propensity score methods.
Confounding by indication in this context implies
that the propensity score method may be unable to
completely remove confounders related to the decision
to implant an ICD (eg, patients having longer expected
survival, etc). Even with these considerations, the propen-
sity score, especially when generated through machine

learning techniques, stands out as a leading method
for imitating a randomised controlled trial using obser-
vational data.” '® This approach is especially pertinent
when utilising real-world data that encompass the whole
population targeted for inferences, as in this national
registry. With regard to missing data, we found that the
rate for ICD implantation was around 15% among survi-
vors with cardiac aetiology. Missingness may affect the
robustness of our estimates, although we argue that the
pronounced and consistent reduction of the outcomes
cannot be explained by missingness which is more likely
to be due to randomness.

The DanICD study (NCT ID NCT04576130) will
contribute valuable evidence to this topic. It is a
randomised study with the aim to assess whether there is
a benefit of ICD-implantation in patients with coronary
artery disease (including acute myocardial infarction),
who survive cardiac arrest due to VF/sustained VT and
undergo revascularisation and with an LVEF greater than
35%.

CONCLUSION

Our study suggests that, on a population and individual
level, broad use of ICDs are associated with markedly
lower risk of death and recurrent cardiac arrest after
OHCA. ICD therapy was associated with approximately
60% reduction in the probability of these outcomes.
Randomised trials are warranted to further unravel the
optimal use of ICDs post cardiac arrest.
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