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Objective: High voltage devices (implantable cardiac defibrillators (ICDs) and cardiac resynchronization therapy defibrillators
referred to jointly as ICDs) reduce rates of sudden cardiac death in patients with cardiovascular disease. However, shocks from
ICDs may be associated with healthcare resource use (HCRU) and costs. The aim of this study was to estimate the costs associated
with both appropriate and inappropriate shocks from ICDs.

Methods: Patients with appropriate and inappropriate shocks from ICDs were identified via CareLink data from Liverpool Heart and
Chest Hospital between March 2017 and March 2019. The devices were SmartShock activated, with anti-tachycardia pacing. Costs
were estimated according to the dominant episode of healthcare, from an NHS payer perspective.

Results: There were 2445 patients on the CareLink system with ICDs. Over the two-year period, HCRU data from 143 shock episodes
among 112 patients were reported. The total cost for all shocks was £252,552 with mean costs of £1608 and £2795 for appropriate and
inappropriate shocks respectively. There was substantial variation in HCRU between shock episodes.

Conclusion: While there was a low rate of inappropriate shocks from ICDs, there were still substantial HCRU and costs incurred. In
this study, the specific HCRU was not costed independently, meaning the costs reported are likely to be a conservative estimate. Whilst
every attempt to reduce shocks should be made, appropriate shocks cannot be avoided. Strategies to reduce the incidence of
inappropriate and unnecessary shocks should be implemented to reduce overall health care costs associated with ICDs.
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Introduction

Sudden cardiac death (SCD) is a leading cause of mortality and approximately half of all coronary heart disease deaths
are due to SCD." Left ventricular systolic dysfunction carries a high risk for SCD but high voltage devices (implantable
cardiac defibrillators (ICDs) and cardiac resynchronization therapy defibrillators referred to jointly as ICDs) can
potentially mitigate this risk by delivering rapid life-saving therapy.

ICDs can detect and treat fast heart thythms (tachyarrhythmias) with either anti-tachycardia pacing (ATP) or shocks
to reset the rhythrn.z’3 The National Institute for Health and Care Excellence (NICE) recommends the use of ICDs in
patients at increased risk of SCD as a clinically and cost-effective treatment.* Despite these recommendations, the
National Institute for Cardiovascular Outcomes Research report confirms that ICDs are currently under used across the
United Kingdom (UK).?

Although ICD shocks can be lifesaving, shocks are sometimes delivered inappropriately for a rhythm other than
ventricular tachycardia/ventricular fibrillation, such as for supraventricular arrhythmias, noise or artefact.® ICDs may also

ClinicoEconomics and Outcomes Research 2023:15 425-432 425
Received: 9 February 2023 © 2023 Llewellyn et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT Php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 12 May 2023
Published: 6 June 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-1692-9028
http://orcid.org/0000-0002-2453-9866
http://orcid.org/0000-0002-3893-3944
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Llewellyn et al Dove

deliver unnecessary shocks, which are shocks that could have been terminated by ATP, had it been delivered, or,
a slightly longer delay would have spontaneously terminated the arrhythmia.” Historically, 16 to 17% of patients received
an inappropriate shock from their ICD within the five years following implantation, and 43% of these shocks were
associated with a hospital attendance.®® As well as the costs associated with these episodes, shocks have a detrimental
impact on daily activity, self-perceived quality of life and anxiety, both for the ICD recipient and their relatives.'®

Strategies to reduce shocks have been shown to be effective in recent studies. In the PainFree SmartShock technology
(SST) trial, ICDs were activated with a novel suite of detection algorithms (known as SmartShock) in conjunction with
routine implementation of a proven programming strategy at the time of device implantation. Based on a 2017 systematic
review and meta-analysis, strategies such as this have reduced annual inappropriate shock rates from around 10% to just
1.9%."" Real-world evidence has also recently confirmed the effectiveness of ATP treatment to limit overall ICD shock
burden.'? However, despite the declining rates of shocks, the costs and healthcare resource use (HCRU) associated with
shocks have not been assessed in the UK.

Aim

The aim of this study was to describe the HCRU and associated costs resulting from appropriate and inappropriate shocks
from SmartShock-activated, ICDs. This assessment was based on a retrospective review of data from an NHS tertiary
single center (Liverpool Heart and Chest Hospital).

Methods

A retrospective, observational review of all patients with Medtronic SmartShock-activated, ICDs, receiving shock
therapy between March 2017 and March 2019, was undertaken independently by staff at Liverpool Heart and Chest
Hospital. In addition to SmartShock, the devices were ATP activated.

All Medtronic ICDs are remotely monitored via CareLink. Data were collected from a patient’s device and stored on
the CareLink Clinician website, as previously described by Rao et al.'?

A shock episode was defined as one or more spontaneous shocks delivered by the device within the same arrhythmia
episode. An appropriate shock was one delivered for ventricular tachycardia or ventricular fibrillation; an inappropriate
shock was one delivered for anything other than the above, such as atrial arrhythmia. Shock episode data were retrieved
via Discovery Link, the web-based platform that enables the analysis of device data. Each shock episode was interrogated
independently to validate the patient cohort. All patients identified as receiving shock therapy, both appropriate and
inappropriate, from their device during the pre-determined period, were included in the data collection. Patient demo-
graphics, device indication, aetiology, medication, device details and programming were obtained from the electronic
patient records. Medical and device information was recorded on the day of the shock episode and, therefore, reflect the
settings and medications that were received on the day of the shock episode.

The minimum follow-up period was 13 months (range 13 to 39 months). Descriptive HCRU data were reported for all
shock episodes. Summary statistics were performed in R v4.1.1 or later.'*

Costing
All shock episodes were examined by clinicians and resulting HCRU was collected for all patients. The Coding and
Finance department at Liverpool Heart and Chest Hospital allocated costs pertaining to HCRU data for each patient.

Each shock episode identified was followed through to ascertain health care utilization that included various
interventions, phone calls, clinic appointments and hospitalizations. Further details of medical and procedural interven-
tion, as well as duration of hospital stay for each shock episode, were collected in a retrospective manner.

Shock episode costs were estimated using healthcare resource group (HRQG) tariffs. HRG tariffs are reflective of
average costs and do not account for differences in patient activity. For example, a single HRG tariff was applied to all
patients that attended a clinical appointment regardless of the specific HCRU related to that appointment. For hospital
admissions, HRG tariffs were applied based on the dominant episode of health care and any complexities. Procedures
were assessed without reference to the costs, meaning activities such as lead revisions, medication changes, blood tests
and programming changes were reported for each episode but were not individually captured in the costs. Hence, the
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costs used in this analysis were a reflection of the price that was received by the hospital rather than the actual cost of
care.'® Shock episodes that occurred during an ongoing hospital admission did not incur additional tariffs. Unplanned
admissions via Accidents and Emergency (A&E) incurred a tariff for non-elective admission. HRG codes and tariffs are
available in Table S1.

Results

There were 2445 patients in total on the CareLink system with ICDs. In this CareLink population, 163 shock episodes
(143 appropriate and 20 inappropriate) in 116 patients were observed from March 2017 to March 2019 (~5% of all
patients). Of these, four patients (six episodes, five appropriate and one inappropriate) were excluded because there was
no local HCRU information available due to patient relocation. A further 14 episodes (all appropriate) occurred while
patients were already in hospital for a previous episode and, therefore, did not generate unique HCRU. In these cases, all
HCRU was associated with the original shock episode. Hence, a total of 143 shock episodes requiring unique HCRU in
112 patients were used in the analysis.

The patient demographics are shown in Table 1.

Medication data retrieved at the time of the shock episode indicated that the cohort was appropriately medicated. In
92.3% of episodes, patients were receiving beta blockers; in 79.7% of episodes, patients were receiving renin-angiotensin
-aldosterone system inhibitors, and in 62.9% of episodes, the patients were receiving statins. The full list of medications
at the time of each shock episode is available in Table S2.

The number of shock episodes and reasons for shocks are presented in Table 2. Of the reported episodes, 124 episodes
were considered “appropriate” and 19 episodes were considered “inappropriate”. In 74.8% of episodes, the patient
received only one shock, with a range of 1 to 48 shocks per episode observed. Regarding device programming, in 96.5%
of episodes, the number of intervals to detect (NID) arrhythmia was >30/40. Two patients were programmed with 18/24
NID, and in one patient the NID was unknown. The NID for each patient did not vary across the study.

While not costed independently, the procedures and interventions associated with both appropriate and inappropriate
shocks were captured from the patient records. These are summarized in Figure 1.

Table 3 shows the HCRU for appropriate and inappropriate shock episodes and the associated cost. There were seven
appropriate and two inappropriate shock episodes that did not result in additional HCRU and, therefore were not assigned

Table | Patient Demographics

Patients n = 112
Age, mean (SD) 63.6 (15.1)
Male, n (%) 96 (85.7)
Prevention, n (%) Primary 60 (53.6)
Secondary 52 (46.4)
Device type, n (%) ICD 70 (62.5)
CRT-D 42 (37.5)
Aectiology, n (%) Ischaemic cardiomyopathy 53 (47.3)
Non ischaemic cardiomyopathy 31 (27.7)
Inherited cardiac conditions 23 (20.5)
Other® 5 (4.5)
LV function, n (%) Preserved 21 (18.8)
Impaired 90 (80.4)
Unknown® 1 (0.8)
History of AF, n (%) 54 (48.2)
Current smoker, n (%) 19 (17.0)
Diabetes, n (%) 31 (27.7)

Notes: *Other includes infiltrative disease, channelopathies, congenital heart disease. °Patient was
implanted at a different center.

Abbreviations: AF, atrial fibrillation; CRT-D, cardiac resynchronization therapy- defibrillator; ICD,
implantable cardiac defibrillator; LV, left ventricular; SD, standard deviation.
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Table 2 Shock Episode Details

Appropriate Inappropriate
n=124 n=19
Number of total shocks 277 48
Reason for shock episode, n (%)
Atrial arrhythmias 0 (0.0) 12 (63.2)
FVT 53 (42.7) 0 (0.0)
Noise 0 (0.0) 3 (15.8)
SVT 0 (0.0) 3 (15.8)
TWOS 0 (0.0) I (5.3)
VF 42 (33.9) 0 (0.0)
vT 29 (23.4) 0 (0.0)

Abbreviations: FVT, fast ventricular tachycardia; SVT, supraventricular tachycardia; TWOS,
T-wave oversensing; VF, ventricular fibrillation; VT, ventricular tachycardia.

a tariff. Overall, the cost for an inappropriate shock episode was higher than that for an appropriate shock. There was
a trend towards higher inpatient admissions and longer length of stay in the appropriate shock group, that may not have

been fully covered by the tariff. Hence, the tariff cost may have underestimated the actual healthcare costs.

Discussion

In this CareLink population, 116 out of 2445 patients (5%) experienced a shock from their device and 20 of these patients
experienced an inappropriate shock, representing 0.8% of all patients. Overall, the proportion of inappropriate shocks
was lower than that reported in the Pain Free SST trial, where the rate of inappropriate therapy was 2.8% for dual/triple
chamber ICDs and 3.7% for single-chamber ICDs at two years post implant.'" This low inappropriate shock rate is likely
due to the activation of SmartShock technology, long-detection interval programming (NID >30/40 in 96.5% of patients)
and evidence-based optimal medical management. New medications and improvements in intervention methods may also
influence the decline in the number of inappropriate shocks observed. Furthermore, the Liverpool Heart and Chest
Hospital has longstanding expertise in ICD management, and aims to ensure that patients are appropriately selected for
ICD and CRT-D implantation. The devices are programmed as per the European Heart Rhythm Association (EHRA)
recommendations and patients are optimized on adjunct medication.'® The Medtronic ICD nominal settings are also the
closest to the EHRA ICD Programming Guidelines, which facilitates implementation of best practice.
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Figure | Procedures and interventions for appropriate and inappropriate shock episodes.
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Table 3 Shock Episode Resource Use and Associated Costs

Appropriate n = 124 | Inappropriate n = 19 | Overall n = 143

Telephone appointment, n (%) 88 (71.0) 8 (42.1) 96 (67.1)
Clinical appointment, n (%) 86 (69.4) 5 (26.3) 91 (63.6)
Psychology review, n (%)* 3 (24) 1 (5.3) 4 (2.8)
Hospital admission, n (%)

Day case 4 (3.2) 4 (21.1) 8 (5.6)

Inpatient 43 (34.7) 10 (52.6) 53 (37.1)

None 72 (58.1) 4 (21.1) 76 (53.1)

Unknown® 5 (4.0) 1 (5.3) 6 (4.2)
Admission type, n (%)°

Elective 6 (11.5) 6 (40.0) 12 (17.9)

Non-elective 46 (88.5) 9 (60.0) 55 (82.1)
Length of stay, mean (SD) 4.0 (5.2) 1.9 (2.0) 3.6 (4.7)
Cost per episode, mean (SD) £1609 (2130) £2795 (2169) £1766 (2166)
Total cost £199,454 £53,098 £252,552

Notes: *Telephone or clinical appointment. "Admission occurred but the length of stay was unknown. “Excludes episodes that did
not result in a hospital admission. HRG tariffs from outpatient and admission data were used to calculate costs. HRG tariffs are
shown in Table S2.

Abbreviation: SD, standard deviation.

Programming optimization to reduce shocks includes the use of ATP. ATP has been shown to help treat patients
painlessly without delaying the necessary shock therapy. Data from the ADVANCE III trial showed that using ATP
during charging in combination with long-detection interval programming was effective in reducing appropriate but
unnecessary shocks by 52% compared with using long-detection interval alone.'’

Impact of Shocks on Costs

Shock episodes generally incurred substantial HCRU and associated cost, which corresponded to a total cost of £252,552
at the Liverpool Heart and Chest Hospital over the two-year period. While comparative cost data from other centers are
not available, it is reasonable to assume that costs will be higher at centers where optimal management is not
implemented and devices are not SmartShock activated. In these scenarios, implementing a strategy to reduce shocks
has the potential to reduce HCRU and the associated costs by a substantial amount. Given the ability to re-program ICDs
in an outpatient setting, this could be done through improved algorithms and adapting programming settings, such as
those developed in the PainFree SST.

More broadly, the societal cost impact of shocks can be significant to patients, particularly with regard to work and
family commitments. For example, driving bans ranging from one to up to six months or more, are mandated by the
DVLA following an inappropriate or appropriate shock, respectively, which can result in work productivity losses.

Further, the impact of shocks on patient health-related quality of life (HRQoL) is a significant concern that should be
minimized to improve patient and physician confidence in ICDs and address the low rates of implantation in the UK.
A US study found that ICD shocks reduced overall HRQoL by 4% (p = 0.04);'® and other studies have shown that there
was no statistically significant difference in health status between appropriate and inappropriate shocks, highlighting that
receiving any type of shock has a negative impact on patient HRQoL."

Costing studies for patients with ICDs have traditionally focused on the initial costs of the implant and follow on
care.* This current study has shown that both appropriate and inappropriate shocks are associated with a cascade of
HCRU. At least 89% of all shock episodes were associated with additional HCRU and 37% required an inpatient stay.
This level of HCRU is higher than that reported previously by Turakhia et al, who found that in the US, 46% of shock
episodes (both appropriate and inappropriate) were associated with HCRU and 14% required an inpatient stay.’ In
another US study, the annual treatment cost for post-implant patients who received an inappropriate shock was $7000
more than for patients who did not receive a shock.?’ Hence, the costs of shock-related HCRU from ICDs should be
accounted for when considering the overall costs of device implantation.
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The patients in the CareLink system were a heterogenous cohort and presented in diverse settings. Hence, shocks were
managed in a number of different ways, resulting in varied utilization of healthcare resources. This is turn, impacted significantly
on the tariffs generated. For instance, sometimes a shock was only detected via the CareLink platform, thus, the only HCRU
accrued was a phone call from the notified clinician. In other cases, patients with symptomatic shocks presented at an A&E
department, resulting in an unplanned admission lasting several days with inpatient intervention, therefore accruing different
HCRU accordingly. In addition, patient response to shocks is known to vary, with post-traumatic stress disorder reported in 20%
of ICD recipients and anxiety reported in 24 to 87% of patients.?' This variable response creates a demand for tailored
interventions.”? As such, strategies where patients can be managed efficiently via remote platforms and virtual consultations
could be explored further.

Limitations

A limitation of this study is that the NHS England national tariffs payment system has been replaced with a blended
payment system. While the current analysis was based on tariffs, this still provides a benchmark for the cost of an ICD
shock in the UK. We recommend that future cost analysis could be done from a provider perspective to capture a true
reflection of hospital costs; for example, the recent costing analyses conducted by Ahmed et al on true cardiac device
infection costs to providers.”?

The costs reported are a conservative estimate of the true cost of shocks as many patients had additional shocks while
in hospital, but only the HCRU from their first shock episode was costed for. As such, future costing analyses should
attempt to capture full procedure and intervention costs. Further, the cost analysis is subject to individual management
regimes employed within the NHS. It is possible that alternative regimes would incur higher costs (ie if there was
a mandated admission for appropriate shocks).

Within a single-center setting, variations were observed in patient presentation and management. This is a real-world
study and care pathways will be subject to numerous differences depending on patient cohort and clinical presentation.
Hence, there may not be a “typical” care pathway followed by patients who receive a shock from their ICD, and thus,
costs will inherently vary given the heterogenous cohort of patients and their presentations.

Another limitation lies in the data collection methods. Data were retrospectively collected from patient records, rather
than at the time of the shock.

Finally, the number of people who experienced an inappropriate shock was small, likely attributable to the activation
of SmartShock technology and the high standards of cardiac care employed at Liverpool Heart and Chest Hospital. As
such, the robustness of these results cannot be ascertained, nor can we be certain on the applicability of these results to
other regions. Ideally, larger cohorts over multiple centers would be required to gain a more accurate cost for
inappropriate ICD shocks in the UK. The aim of this current study was to describe the HCRU and associated costs
resulting from appropriate and inappropriate shocks and not intended as a comparative analysis.

Conclusion
Although the total number of shocks was low, this study found that HCRU resulting from both appropriate and
inappropriate shocks was substantial, with high associated costs to the NHS.

The low rate of shocks observed can be attributed to the use of SmartShock enabled devices, as well as optimal device
programming strategies to reduce shocks, which overall, can minimize unnecessary healthcare spending and distress to
the patient. Further investigation on the impact of optimal ICD programming strategies on HCRU and costs is warranted
to explore the potential cost savings such interventions could bring on a national level.

Ethical Approval
This service evaluation project was approved by the local ethics committee at Liverpool Heart and Chest Hospital. All
patients signed the CareLink consent form and data agreements at the time of enrolment in accordance with local policy.
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