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Background: Patients who have experienced a cryptogenic stroke (CS) may benefit from extended monitoring and possible earlier 
detection of atrial fibrillation (AF), allowing for the timely initiation of appropriate pharmacotherapy.
Objective: This economic study aimed to evaluate the clinical and cost outcomes of using mid-term cardiac monitors (referred to as “ePatch”) 
versus ILR-only in post-CS patients in the UK, Netherlands (NL) and Sweden.
Methods: An existing cost-minimization model was modified to fit healthcare settings in the UK, Netherlands and Sweden. The 
model’s target population was composed of adult patients who had previously experienced a CS, but had no documented history of AF. 
The model compares the one-year direct medical costs between two groups: one group receiving wearable ePatch, the other group 
proceeding directly to ILR.
Results: When applied to a group of 1,000 patients, the ePatch versus ILR approach resulted in cost savings, due to combination of 
reduced expenses and decreased modelled occurrence of recurrent strokes in all three countries studied. In the base case analysis, the 
cost savings per patient with detected AF for ePatch ranged from 3.4–6.0 times, depending on the country.
Conclusion: Utilizing ePatch extended wear Holter for mid-term ECG monitoring in CS patients represents a cost-saving alternative 
to monitoring with ILR. The cost savings were achieved by reducing device expenses and by prevention of recurrent strokes via earlier 
anticoagulation initiation. Preventing recurrent strokes in this population is highly significant, as it can lead to improved long-term 
health outcomes and reduced overall healthcare costs.
Keywords: outpatient cardiac monitoring, stroke, holter, atrial fibrillation, electrocardiography, economic evaluation, secondary 
prevention, telemedicine, remote monitoring

Introduction
Stroke is the third leading cause of early mortality in Europe and a significant contributor to prolonged, yet preventable, 
disability in adults. Costs associated with disability due to stroke introduces a considerable societal burden.1 Every year, 
about 1.1 million people in the European Union suffer from stroke, with 440,000 patients succumbing to the condition. In 
2015, the direct and indirect costs of stroke care and associated productivity loss amounted to €45 billion in the EU, 
making it a major public health concern.2

Stroke is typically classified into two major subtypes: hemorrhagic (~10-20% of stroke patients), and ischemic (~ 
80–90% of cases).3 The results of the Oxfordshire Community Stroke project indicated that stroke has a recurrence rate 
of ~30% at 5 years. The risk of stroke recurrence and death is highest in the first year post-stroke.4–8

Approximately 25–30% of ischemic strokes are considered cryptogenic.9–16 One possible etiology is cardiac 
embolism secondary to occult paroxysmal atrial fibrillation (AF).17–19
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A diagnosis of AF, in and of itself, confers a five to sixfold increased risk of ischemic stroke,20–25 risk which can be 
significantly reduced (by up to two-thirds) with anticoagulant (OAC)/antiplatelet therapy.26–28 While not specifically 
directed towards post-stroke patients, the NOAH AFNET and ARTESIA trials, both undertaken in patients with 
implantable cardiac devices and subclinical atrial fibrillation, with some controversy, have demonstrated stroke reduction 
with the initiation of anticoagulation, albeit at the expense of bleeding.29 In stroke patients, guidelines recommend 
a confirmed diagnosis of AF to initiate OAC therapy,30 whereas in the absence of AF antiplatelet therapy is usually 
recommended to patients who have suffered acute ischemic stroke.31

Diagnosing paroxysmal AF can be challenging, as an episode may not be observed during short-term electrographic 
monitoring. Additionally, asymptomatic AF goes undetected unless incidentally discovered on electrocardiogram (ECG) 
or via telemetry monitoring. If AF is suspected, the likelihood of detecting asymptomatic paroxysmal AF increases with 
the duration of monitoring or with repeated monitoring strategies.32,33

Several short-, middle-, and long-term monitoring strategies exist for the detection of AF in stroke patients.34 

Commonly used cardiac monitoring methods typically include Holter monitors for short-term periods (24–48 hours), 
extend wear Holter recordings for mid-term periods (up to 14 days), and long-term recorders (up to 30 days) like post- 
event recorders (non-looping recorders), external loop recorders (ELR), mobile cardiac outpatient telemetry (MCOT) and 
implantable loop recorders (ILR).35

The ePatch (Philips Healthcare, Netherlands) is a digital extended wear Holter delivering comprehensive arrhythmic 
reports for adults aged 18 and older who may be asymptomatic or experience transient clinical symptoms. A sensor is 
connected to a compatible ECG electrode (patch) and placed on the patient’s upper sternum or upper torso. The ePatch 
sensor is configured for 1, 2, or 3 channels of ECG for up to 16 continuous days and patients can trigger recording of 
symptomatic events. At the end of the recording, data is uploaded via a computer’s USB cable and transferred for Holter 
analysis by qualified healthcare professionals.

Implantable loop recorders are small, subcutaneously implanted devices used for long-term cardiac monitoring. ILRs 
continuously record cardiac electrical activity and can store data automatically when arrhythmias are detected or can be 
triggered manually by the patient during symptomatic episodes. Stored data is transmitted to healthcare providers, either 
remotely or during follow-up visits, for analysis and diagnosis. ILRs are used for diagnosing intermittent, unexplained 
symptoms and offer detection of arrhythmias over extended periods.

A large systematic literature review and network meta-analysis by Sposato et al35 demonstrated that mid-term 
monitoring over 21 days is significantly more effective in detecting post-stroke AF than long-term monitoring also at 
21 days, with an adjusted hazard ratio of 5.8 (95% CI 3.3–10.2; p<0.0001). While the difference in AF detection rates 
between mid-term and long-term monitoring is slightly lower at 14 days, it remains statistically significant, highlighting 
the benefit of early, intensive AF monitoring in cryptogenic stroke patients.

The European guidelines for diagnosing and managing AF advocate for utilization of more advanced and extended 
monitoring techniques, as they may enhance the detection of AF.36 The cost-effectiveness of mid-term monitoring 
compared to ILR in AF screening in the post-stroke setting remains unknown. An economic evaluation comparing these 
two options may inform decision-makers about clinical outcomes and financial implications, thus enabling well-informed 
choices.

The objective of this study was to evaluate the cost and clinical outcomes associated with the use of an outpatient 
middle-term monitoring strategy, specifically, the use of a 14-day ePatch (Philips Healthcare, Netherlands) in the adult 
post-stroke population. This strategy was directly compared to ILR worn for 6 months.

Materials and Methods
Model Design
This economic analysis aimed to assess costs associated with early use of 14 days of ePatch monitoring, compared to 
early implantation of ILR in cryptogenic stroke patients from the perspective of three European countries: the United 
Kingdom (UK), the Netherlands (NL), and Sweden (SW). We analyzed the “net cost” for each ECG modality, 
specifically considering the cost per patient monitored and the cost per patient with detected AF.
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The constructed model followed a similar structure as one developed by Medic et al (2021),37 which compared the 
costs and outcomes of cardiac rhythm monitoring modalities from the perspective of US healthcare payers. Many 
elements of the US model such as concepts, fundamental modeling approach, and health state definitions were inherited, 
while the comparisons, modeling structure, the cost inputs and scenarios were adjusted for the respective European 
countries.

In the UK, clinical practice based on NICE guidelines38 advises that cryptogenic stroke patients initially undergo 
non-invasive ECG monitoring before ILR implantation is considered.38 This approach is recommended as AF in 
these patients may be intermittent, brief, and asymptomatic, making detection challenging. Extended monitoring has 
been found to reveal AF in around one in six cryptogenic stroke patients.39 UK guidelines align closely with 
European Guidelines,36 providing a foundation for this model’s development. Similarly, Dutch guidelines40 are 
consistent with these standards. In contrast, clinical practice for AF screening following ischemic stroke or transient 
ischemic attack (TIA) varies across Swedish stroke units, with differences in both AF screening methods and 
monitoring durations.41 ILR is recognized as a potential tool for detecting atrial fibrillation in patients with 
cryptogenic stroke in Sweden; however, the scientific evidence supporting its effectiveness in this context remains 
limited.42 Consequently, a reimbursement pathway for ILR in post-stroke patients has not been established in 
Sweden. While guidelines and clinical practice recommendations provide a structured approach, managing and 
monitoring AF in real-life clinical settings requires a more individualized approach. Each patient presents unique 
characteristics that may influence AF detection, including variations in heart rhythm, the likelihood of asymptomatic 
episodes, and differences in comorbidities that affect monitoring needs. Thus, diagnosing AF in a specific patient 
often demands an adaptable approach, as what proves effective for one patient may not be suitable for another. For 
example, some patients may benefit from prolonged non-invasive monitoring, while others may require early ILR 
implantation for effective AF detection. This variability highlights the importance of personalized diagnostic 
strategies, enabling clinicians to tailor monitoring methods to each patient’s specific clinical profile and improving 
the chances of timely and accurate AF diagnosis.

The original publication37 discussed the modeling approach in detail. In brief, the cost-minimization model employed 
the decision-tree framework applying a one-year time horizon without discounting costs or outcomes. Figure 1 illustrates 
the model structure used for quantifying costs and outcomes at every stage of monitoring and treatment. The model 
included two diagnostic and monitoring arms to be used immediately following cryptogenic stroke:

ePatch arm: use of 14-day ePatch to detect AF;
ILR arm: use of ILR to detect AF in the first 6 months post cryptogenic stroke.

Perspective and Time Horizon
The economic assessments were taken from health care payer’s perspective of each country (NHS and Personal Social 
Services in the UK; the Ministry of Health, Welfare, and Sport in the Netherlands; and the Dental and Pharmaceutical 
Benefits Agency in Sweden) over a one-year time horizon. The model only considered direct medical costs.

Input Parameters
Costs
Unit costs obtained from published literature prior to 2022 were adjusted using the recommended43–45 country-specific 
inflation indices.46–48 The cost inputs and results were reported in Euros (2022) and local currencies (in the case of the 
UK and Sweden). Swedish krona (SEK) and UK pounds (£) were converted to EUR using an exchange rate of 11.1702 
and 0.88348, respectively. An overview of all cost inputs used in the model is provided in Table 1.

Device Costs
The device costs of ePatch used in the model for the UK, Netherlands, and Sweden were €170 (£150), €140, and €170 
(kr1,899), respectively. These costs were mean costs supplied by the manufacturer. It was assumed that the mean cost of 
ePatch entails 14 days of wear time inclusive of staff costs (reading and reporting). Mean price of ePatch provided is 
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Figure 1 Model structure. 
Abbreviations: AF, atrial fibrillation; CRNM, clinically relevant non-major; ILR, implantable loop recorder; OAC, oral anticoagulant.
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intended for modeling purposes only, the final actual price may be higher or lower depending on various factors, 
including the specific service model chosen for ePatch, number of patients served or volume committed, and country- 
specific conditions and regulations.

The costs associated with ILR varied depending on the country context. They could include the acquisition cost of the 
device,38 one-off costs for its insertion and later removal,49 patient monitoring,50 or constitute a single diagnosis-related 
group (DRG) cost.51,52

Table 1 Model Input Parameters – Costs

Parameter UK Netherlands Sweden

Drug costs (1-month therapy)

Aspirin €9 (£8) €11 a €4 (kr39)

Dabigatran €59 (£52) €115 a €60 (kr666)

Rivaroxaban €62 (£55) €66 a €57 (kr635)

Apixaban €66 (£58) €68 a €60 (kr668)

Edoxaban €60 (£53) €66 a €60 (kr665)

Stroke costs

Recurrent mild stroke €5,117 (£4,521) €19,775 €12,964 (kr144,815)

Recurrent moderate stroke €26,699 (£23,588) €54,841 €26,039 (kr290,859)

Recurrent severe stroke €36,466 (£32,217) €67,173 €32,618 (kr364,355)

Recurrent fatal stroke/death €4,603 (£4,067) €3,671 €17,892 (kr199,856)

Cost of infection

Cost for superficial surgical site infections €2,264 (£2,000) b €2,000 b €327 (kr3,655) c

Bleeding cost

Major bleeding €4,940 (£4,365) d €6,136 €2,870 (kr32,058)

CRNM bleed event €2,502 (£2,210) e €40 €910 (kr10,170)

ePatch costs

Device cost €170 (£150) f €140 f €170 (kr1,899) f

ILR costs

Unit cost per ILR implantation €600 (£530) g €4,612 h €2,285 (kr25,521) i

Unit cost per ILR device €2,037 (£1,800) NA NA

Cost of daily continuous monitoring €1,358 (£1,200) NA NA

Removal of ILR €158 (£140) j €2,463 k NA

Notes: a inclusive €6 delivery costs of the pharmacy; b Assumption; c NordDRG tariff E26O (cost was inclusive of ILR removal); 
d Weighted average of HRGs (FD03/HC28/HD24/BZ24/FF50/FF51), non elective long stay; e Weighted average of HRGs 
(FD03H/CA23/LB38H), non elective long stay; f Mean cost provided by the manufacturer. Mean cost provided is intended for 
modeling purposes only. The final actual cost may be higher or lower depending on various factors, including the specific service 
model chosen for ePatch, number of patients served or volume committed, and country-specific conditions and regulations. 
These variables can impact the overall cost; g Outpatient Procedures (OPROC). Service code 320. Cardiology. HRG EY12B; h 

Dutch tariff declaration code 15B776; i - NordDRG tariff E26O (cost was inclusive of ILR removal); j Outpatient Procedures 
(OPROC). Service code 320. Cardiology. HRG EY13Z; k Dutch tariff declaration code 15B778. 
Abbreviations: CRNM, clinically relevant non-major; HRG, Healthcare Resource Groups; ICH, intracranial hemorrhage; 
ILR, implantable loop recorder; UK, United Kingdom.
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Acute and Chronic Care Costs of Atrial Fibrillation and Anticoagulant-Related Events
In the model, acute management costs for mild, moderate, severe, and fatal ischemic stroke were considered. The costs of 
ischemic stroke management were derived from published literature sources.

The stroke costs for the UK were derived from a population study, which estimated the acute and long-term costs of 
stroke in AF patients.53 Dutch data was based on a study that used data from a prospective non-randomized controlled 
cluster trial that compared stroke services.54 The Swedish values were sourced from research conducted on patient-level 
data on patients suffering from stroke, identified in patient administrative systems (PAS) from seven Swedish regions.55

Pharmacotherapy Costs
The model conservatively assumed that all patients began treatment with aspirin and only initiated treatment with OACs 
upon the detection of AF. Patients without AF continued taking aspirin. As per the original publication, the OACs 
considered in the model were dabigatran, rivaroxaban, apixaban, and edoxaban. Drug dosages were sourced from the 
relevant summary of product characteristics (SPCs).

As all drugs were taken orally by patients, it was assumed there were no administration or monitoring costs. The 
pharmacotherapy costs were obtained for the smallest generic pack size. The resulting price for the OAC treatment was 
an average monthly price for all four drugs.

To comply with published health economic guidelines in all three countries, the analysis used pharmacy-selling prices 
excluding value-added tax, as these were considered the most accurate reflection of the costs borne by the healthcare 
payer.56–58 The expenses associated with aspirin and OAC were computed on an annual basis, irrespective of whether 
a patient used them for the entire year, half a year, or any other duration.

Cost of Adverse Events and Complications
The model assumed that ILR implantation may be associated with the cost of managing a local non-fatal infection 
process. For the Swedish analysis, a valid DRG tariff51 was identified. For the UK and Dutch adaptation, an assumption 
was made to use a one-off cost of 2,000 (local currency).

The use of OACs may be associated with the development of bleeding complications. These were costed based on 
literature sources43,54,59 and country-level schedules of DRG tariffs.52

Event Probabilities
The probabilities of clinical events are reported in Table 2. The time point of 14 days was selected as that corresponds to 
a typical ePatch wear time. In each diagnostic modality, patients diagnosed with AF began appropriate OAC therapy. 
Undiagnosed patients continued taking aspirin alone (Figure 1).

In the base case, the incidence of recurring strokes within the first year varied depending on the monitoring method 
(Table 2). In the context of scenario analyses, the occurrence of recurrent strokes in the first year was contingent upon the 
monitoring modality (Table 2).

To account for variations in stroke outcomes due to severity, patients were stratified according to the Modified Rankin 
Scale (mRS) into ‘mild’, ‘moderate’, or ‘severe’ post-stroke states. A score of 0–2 on the mRS was defined as ‘mild’, 
while a score of 3–4 was defined as ‘moderate’. A score of 5 indicated a ‘severe’ case, and patients could also experience 
a fatal stroke.

Patients taking OACs could experience side effects, including major bleeding and clinically relevant non-major 
(CRNM) bleeds.

Analyses
In the base case, the incidence of recurring strokes within the first year varied depending on the monitoring method. The 
base case analysis summarized cumulative one-year costs that reflect an increment in the costs between ePatch and ILR.

Parameter uncertainty was assessed using a deterministic one-way sensitivity analysis (OWSA).66 Major clinical 
input parameters were individually varied by ±25% and the results were presented in a graph format.

https://doi.org/10.2147/MDER.S492389                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Medical Devices: Evidence and Research 2024:17 476

Lukyanov et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 Model Input Parameters - Event Probabilities

Parameter Value used in  
the model

Reference

Stroke-related probabilities

Recurrent mild stroke 42% [60]

Recurrent moderate stroke 26% [60]

Recurrent severe stroke 10% [60]

Recurrent fatal stroke/death 22% [60]

Base-case

Recurrent stroke in 1st year after ePatch 2.5% FIND-AF trial7

No stroke in 1st year after ePatch 97.5% Calculation based on FIND-AF trial7

Recurrent stroke in 1st year after ILR 3.3% PER DIEM trial61

No stroke in 1st year after ILR 96.7% Calculation based on PER DIEM trial61

Scenario 1 and 2

Recurrent stroke in 1st year after ePatch 6.4% MonDAFIS trial62

No stroke in 1st year after ePatch 93.6% Calculation based on MonDAFIS trial62

Recurrent stroke in 1st year after ILR 7.1% PER DIEM trial16

No stroke in 1st year after ILR 92.9% Calculation based on PER DIEM trial16

Infection rate ILR

Infection rate after ILR 0.7% [63]

Extrusion rate ILR

Extrusion rate after ILR 2.25% [63]

Bleedings

Major bleeding 2.02% [64]

CRNM bleed event 4.18% [64]

Detection rates – Base case

Detected AF ePatch 9.0% FIND-AF7

No AF [ePatch] 91.0% Calculation based on FIND-AF RCT7

Detected AF ILR 10.7% PER DIEM trial61

No AF [ILR] 89.3% Calculation based on PER DIEM trial61

No AF [ILR] - After extrusion 100.0% Assumption

Scenario 1

Detected AF ePatch 5.8% MonDAFIS trial62

No AF [ePatch] 94.2% Calculation based on MonDAFIS trial62

Detected AF ILR 8.9% CRYSTAL AF (6 months)16

No AF [ILR] 91.1% Calculation based on CRYSTAL AF (6 months)16

(Continued)
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Next to base case, authors also explored two scenarios where detection of AF and recurrent stroke rates in the 
first year varied per monitoring modality.

Model Outcomes
The primary outcome of the model was the difference in total costs between the ePatch and ILR-only groups for a cohort of 
1,000 patients. Relevant secondary outcomes included: differences in costs per AF detected, the average cost per one patient 
monitored, incremental recurrent strokes avoided, and incremental infections avoided using ePatch vs ILR-only arms.

Results
Base Case results
The results of the base case economic analysis (per diagnosis arm and incremental results) are displayed in Tables 3 and 4.

Table 2 (Continued). 

Parameter Value used in  
the model

Reference

No AF [ILR] - After extrusion 100.0% Assumption

Scenario 2

Detected AF ePatch 9.8% AF SPICE65

No AF [ePatch] 90.2% Calculation based on AF SPICE65

Detected AF ILR 10.7% PER DIEM trial61

No AF [ILR] 89.3% Calculation based on PER DIEM trial61

No AF [ILR] - After extrusion 100.0% Assumption

Drug usage probabilities

OAC usage post-detection of AF (base case) 100% Assumption

Aspirin usage (base case) 100% Assumption

Abbreviations: AF = atrial fibrillation; CRNM = clinically relevant non-major; ILR = implantable loop recorder; OAC = oral 
anticoagulant.

Table 3 Base Case - Clinical Results for a Cohort of 1,000 Patients – Different Monitoring 
Modalities – UK, Sweden and the Netherlands

ePatch ILR-only Difference  
ePatch – ILR- 

only

Number of patients with detected AF in a cohort of 1000 patients 90 105 −15

Strokes

Number of recurrent mild strokes 10.5 13.9 −3.4

Number of recurrent moderate strokes 6.5 8.6 −2.1

Number of recurrent severe strokes 2.5 3.3 −0.8

Number of recurrent fatal strokes/deaths 5.5 7.3 −1.8

(Continued)
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The ILR arm detected 16.67% more patients with AF compared to the ePatch arm; based on a cohort of 1,000 patients 
(105 vs 90 patients with detected AF, respectively). A higher number of strokes and bleeding events occurred in the ILR 
arm compared to ePatch arm (33 vs 25 total number of recurring strokes; 6.5 vs 5.6 bleeding events, respectively, in 
a cohort of 1,000). Additionally, 1.8 fatal strokes were avoided in a cohort of 1,000 patients annually for those diagnosed 
with ePatch compared to ILR-only.

Using ePatch for diagnosing AF after cryptogenic stroke leads to significant cost savings compared to ILR in all three 
countries. Additionally, the cost per patient with detected AF and the cost per monitored patient were lower in the ePatch 
arm than in the ILR arm (Table 4).

Model Uncertainty
The OWSA results are shown in the tornado diagrams per country (Figure 2 – UK; Figure 3 – Netherlands; Figure 4 – 
Sweden) which present the variation in output of the univariate sensitivity analysis of the parameters (in order of 
influence) having the largest single impact on the base case difference in total costs. The key driver of the difference in 
total costs was the recurrent stroke in the first year after ILR. Variations in other clinical parameters had a minor effect on 
the base case results.

Scenario Analyses
Scenario 1
In the context of scenario analyses, the occurrence of recurrent strokes in the first year was contingent upon the 
monitoring method and detection rates of AF. The only input parameters that were changed are:

● Recurrent stroke in 1st year after ePatch = 6.40% (MonDAFIS trial62

● Recurrent stroke in 1st year after ILR = 7.10% (CRYSTAL AF trial16

● Detected AF ePatch = 5.80% (MonDAFIS trial62

● Detected AF ILR = 8.90% (CRYSTAL AF trial (6 months)16

Table 5 provides an overview of the clinical findings concerning the difference between the ePatch and ILR arms.
Table 6 provides a breakdown of the total cost differences between the ePatch and ILR arms for all three countries.

Table 3 (Continued). 

ePatch ILR-only Difference  
ePatch – ILR- 

only

Total number of recurrent strokes 25.0 33.0 −8.0

Bleedings

Number of major bleedings 1.8 2.1 −0.3

Number of CRNM bleed events 3.8 4.4 −0.6

Total number of bleedings 5.6 6.5 −0.9

Infections/extrusions 

Number of infections 0.0 7.0 −7.0

Number of extrusions 0.0 22.5 −22.5

Notes: Percentage of undetected AF patients in ePatch group receive ILR for diagnosis. 
Abbreviations: AF, atrial fibrillation; CRNM, clinically relevant non-major; ILR, implantable loop recorder.
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Table 4 Base Case - Economic Results for a Cohort of 1,000 Patients – Different Monitoring Modalities

UK Netherlands Sweden

ePatch ILR-only Difference 
ePatch – ILR-only

ePatch ILR-only Difference 
ePatch – ILR-only

ePatch ILR-only Difference 
ePatch – ILR-only

Device €170,000 

(£150,000)

€4,153,752 

(£3,669,757)

-€3,983,752 

(-£3,519,757)

€ 140,000 € 7,074,670 -€ 6,934,670 €170,000 

(kr 1,899,000)

€2,284,771 

(kr 25,521,352)

-€2,114,771 

(-kr 23,622,352)

Fatal strokes/Death €25,319 

(£22,369)

€33,421 

(£29,526)

-€8,102 

(-£7,158)

€ 18,059 € 23,837 -€ 5,779 €98,405 

(kr 1,099,206)

€129,895 

(kr 1,450,952)

-€31,490 

(-kr 351,746)

Recurrent strokes €318,442 

(£281,337)

€420,343 

(£371,365)

-€101,901 

(£90,028)

€ 930,766 € 1,228,611 -€ 297,845 €386,925 

(kr 4,322,028)

€510,741 

(kr 5,705,077)

-€123,816 

(-kr 1,383,049)

Infections €0 

(£0)

€15,846 

(£14,000)

-€15,846 

(-£14,000)

€ 0 € 14,000 -€ 14,000 €0 

(kr 0)

€2,291 

(kr 25,585)

-€2,291 

(-kr 25,585)

Bleeding events €18,394 

(£16,251)

€21,376 

(£18,885)

-€2,982 

(-£2,635)

€ 37,859 € 43,998 -€ 6,138 €8,643 

(kr 96,540)

€10,044 

(kr 112,193)

-€1,401 

(-kr 15,653)

Aspirin costs €94,247 

(£83,265)

€92,735 

(£81,930)

€1,511 

(£1,335)

€ 125,471 € 123,459 € 2,012 €38,309 

(kr 427,915)

€37,694 

(kr 421,054)

€614 

(kr 6,862)

OAC costs €66,646 

(£58,880)

€77,452 

(£68,427)

-€10,806 

(-£9,547)

€ 91,383 € 106,200 -€ 14,817 €63,667 

(kr 711,175)

€73,990 

(kr 826,485)

-€10,323 

(-kr 115,309)

Total costs €693,047 
(£612,101)

€4,814,926 
(£4,253,890)

-€4,121,879 
(-£3,641,789)

€ 1,343,537 € 8,614,774 -€ 7,271,237 €765,949 
(kr 8,555,865)

€3,049,426 
(kr 34,062,698)

-€2,283,477 
(-kr 25,506,833)

Cost per patient with 

detected AF

€7,701 

(£6,801)

€46,035 

(£40,671)

-€38,335 

(-£33,870)

€ 14,928 € 82,365 -€ 67,437 €8,511 

(kr 96,065)

€29,155 

(kr 325,671)

-€20,645 

(-kr 230,605)

Cost per 1 patient 

monitored

€693 

(£612)

€4,815 

(£4,254)

-€4,122 

(-£3,642)

€ 1,344 € 8,615 -€ 7,271 €766 

(kr 8,556)

€3,049 

(kr 34,063)

-€2,283 

(-kr 25,507)

Note: Percentage of undetected AF patients in ePatch group receive ILR for diagnosis. 
Abbreviations: AF, atrial fibrillation; ILR, implantable loop recorder; OAC, oral anticoagulant.
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Figure 2 Incremental results one-way sensitivity analysis – UK. 
Abbreviations: AF, atrial fibrillation; ILR, implantable loop recorder.

Figure 3 Incremental results one-way sensitivity analysis – Netherlands. 
Abbreviations: AF, atrial fibrillation; ILR, implantable loop recorder.

Figure 4 Incremental results one-way sensitivity analysis – Sweden. 
Abbreviations: ILR, implantable loop recorder. Manuscript: Cost-minimization model in Cryptogenic Stroke: ePatch vs Implantable Loop Recorder in Patients from the UK, 
Netherlands, and Sweden.
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The economic findings of the scenario analyses in all three countries were consistent with the base case results, 
leading the researchers to conclude that using 14-day ECG monitoring with ePatch for diagnosing AF in cryptogenic 
stroke patients is a cost-saving alternative to using ILR.

Scenario 2
In the context of scenario analyses, the occurrence of recurrent strokes in the first year was contingent upon the 
monitoring method and detection rates of AF. The only input parameters that were changed in Scenario 2 are:

● Recurrent stroke in 1st year after ePatch = 6.40% (MonDAFIS trial62

● Recurrent stroke in 1st year after ILR = 7.10% (CRYSTAL AF trial16

● Detected AF ePatch = 9.80% (AF SPICE)65

● Detected AF ILR = 10.70% (PER DIEM trial61

Table 7 provides an overview of the clinical findings concerning the difference between the ePatch and ILR arms.
Table 8 provides a breakdown of the total cost differences between the ePatch and ILR arms for all three countries.
The economic findings of the scenario analyses in all three countries were consistent with the base case results, 

leading the researchers to conclude that using 14-day ECG monitoring with ePatch for diagnosing AF in cryptogenic 
stroke patients is a cost-saving alternative to using ILR.

Discussion
Our study indicates that immediate use of ePatch for AF detection after cryptogenic stroke is more advantageous than 
immediate use of ILR as use of ePatch was associated with significantly lower total cost per patient with detected AF. 

Table 5 Scenario 1 Analyses – Clinical Results for a Cohort of 1,000 Patients – Same Treatment 
Modalities – UK, Sweden and the Netherlands

ePatch ILR-only Difference  
ePatch – ILR-only

Number of patients with detected AF in a cohort of 1,000 patients 58 87 −29

Strokes

Number of recurrent mild strokes 26.9 29.8 −2.9

Number of recurrent moderate strokes 16.6 18.5 −1.8

Number of recurrent severe strokes 6.4 7.1 −0.7

Number of recurrent fatal strokes/deaths 14.1 15.6 −1.5

Total number of recurrent strokes 64.0 71.0 −7.0

Bleedings

Number of major bleedings 1.2 1.8 −0.6

Number of CRNM bleed events 2.4 3.6 −1.2

Total number of bleedings 3.6 5.4 −1.8

Infections/extrusions 

Number of infections 0.0 7.0 −7.0

Number of extrusions 0.0 22.5 −22.5

Abbreviations: AF, atrial fibrillation; CRNM, clinically relevant non-major; ILR, implantable loop recorder.
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Table 6 Scenario 1 Analyses - Economic Results for a Cohort of 1,000 Patients – Same Treatment Modalities

UK Netherlands Sweden

ePatch ILR-only Difference 
ePatch – ILR- 

only

ePatch ILR-only Difference 
ePatch – ILR- 

only

ePatch ILR-only Difference 
ePatch – ILR- 

only

Device €170,000 
(£150,000)

€4,153,752 
(£3,669,757)

-€3,983,752 
(-£3,519,757)

€ 140,000 € 7,074,670 -€ 6,934,670 €220,000 
(kr 2,424,000)

€2,284,771 
(kr 25,521,352)

-€2,064,771 
(-kr 23,097,352)

Fatal strokes/Death €64,816 
(£57,263)

€71,905 
(£63,527)

-€7,089 
(-£6,263)

€ 46,230 € 51,286 -€ 5,056 €185,002 
(kr 2,066,507)

€185,002 
(kr 2,066,507)

€0 (kr 0)

Recurrent strokes €815,211 
(£720,223)

€904,375 
(£798,997)

-€89,164 
(-£78,774)

€ 2,382,760 € 2,643,374 -€ 260,614 €727,419 
(kr 8,125,413)

€727,419 
(kr 8,125,413)

€0 (kr 0)

Infections €0 (£0) €15,846 
(£14,000)

-€15,846 
(-£14,000)

€ 0 € 14,000 -€ 14,000 €0 (kr 0) €2,291 
(kr 25,585)

-€2,291 
(-kr 25,585)

Bleeding events €11,854 
(£10,473)

€17,780 
(£15,708)

-€5,926 
(-£5,236)

€ 24,398 € 36,596 -€ 12,198 €3,524 
(kr 39,367)

€8,354 
(kr 93,319)

-€4,830 
(-kr 53,952)

Aspirin costs €97,561 
(£86,193)

€94,558 
(£83,540)

€3,003 
(£2,653)

€ 129,883 € 125,885 € 3,998 €40,552 
(kr 452,979)

€38,435 
(kr 429,327)

€2,117 
(kr 23,652)

OAC costs €42,950 
(£37,945)

€64,422 
(£56,916)

-€21,473 
(-£18,971)

€ 58,891 € 88,334 -€ 29,443 €25,962 
(kr 290,002)

€61,543 
(kr 687,450)

-€35,581 
(-kr 397,448)

Total costs €1,202,391 
(£1,062,097)

€5,322,639 
(£4,702,445)

-€4,120,248 
(-£3,640,348)

€ 2,782,162 € 10,034,146 -€ 7,251,984 €1,202,459 
(kr 13,398,268)

€3,307,815 
(kr 36,948,954)

-€2,105,356 
(-kr 23,550,686)

Cost per patient 
with detected AF

€20,731 
(£18,312)

€61,182 
(£54,053)

-€40,451 
(-£35,741)

€ 47,968 € 115,338 -€ 67,370 €32,765 
(kr 365,075)

€38,022 
(kr 424,713)

-€5,257 
(-kr 59,637)

Cost per 1 patient 
monitored

€1,202 
(£1,062)

€5,323 
(£4,702)

-€4,120 
(-£3,640)

€ 2,782 € 10,034 -€ 7,252 €1,202  
(kr 13,398)

€3,308  
(kr 36,949)

-€2,105 
(-kr 23,551)

Note: Percentage of undetected AF patients in ePatch group receive ILR for diagnosis. 
Abbreviations: AF, atrial fibrillation; ILR, implantable loop recorder; OAC, oral anticoagulant.
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Furthermore, adopting ePatch as the primary approach for AF diagnosis post-cryptogenic stroke resulted in substantial 
cost savings across all three countries and all three scenarios compared to using ILR.

Our study presents the results of a distinctive analytical framework that compares the costs of two diagnostic methods 
from the viewpoint of three major European markets in a cost-minimization context.

There are two key assumptions in this analysis. First, AF detection rates vary depending on the monitoring modality 
(ePatch vs ILR). Various detection rates from several studies7,16,61,62 were used to assess the impact of AF detection rates 
on the overall results. Second, the impact of ePatch monitor placement immediately following a stroke versus ILR 
placement was considered. Several studies7,16,61,62 reported different recurrent stroke rates within the first year, depend-
ing on the monitoring modality (ePatch vs ILR). To understand the effects, we explored these recurrent stroke rates by 
applying different studies across various scenarios, including the base case and two additional scenarios.

Our study’s findings are consistent with those of a retrospective database analysis that compared mid-term monitors to 
long-term and short-term monitors in the US.67 The authors concluded that given the superior results of the mid-term 
monitors in terms of both patient care and hospital savings, hospitals are encouraged to enforce protocols that favor the 
mid-term monitors over the long-term and short-term monitors. Additionally, a Canadian study found that 30-day cardiac 
rhythm monitoring is likely cost-effective for preventing recurrent strokes in cryptogenic patients, while 14-day 
monitoring is an attractive value alternative, especially for lower risk patients.68

The literature contains results of cost-effectiveness modeling for ILR; however, these authors employed a lifetime 
horizon, which sets their approach apart from our study.60,68–70 A few studies have reported the results of cost and 
healthcare resource use comparisons of mid-term cardiac monitors versus short-term Holter monitoring (that was not in 
the scope of our analyses) within the European or US context. Kaura et al (2019)71 conducted a budget impact from a UK 

Table 7 Scenario 2 Analyses – Clinical Results for a Cohort of 1,000 Patients – 
Same Treatment Modalities – UK, Sweden and the Netherlands

ePatch ILR- 
only

Difference 
ePatch – ILR- 

only

Number of patients with detected AF in 
a cohort of 1,000 patients

98 105 −7

Strokes

Number of recurrent mild strokes 26.9 29.8 −2.9

Number of recurrent moderate strokes 16.6 18.5 −1.8

Number of recurrent severe strokes 6.4 7.1 −0.7

Number of recurrent fatal strokes/deaths 14.1 15.6 −1.5

Total number of recurrent strokes 64.0 71.0 −7.0

Bleedings

Number of major bleedings 2.0 2.1 −0.1

Number of CRNM bleed events 4.1 4.4 −0.3

Total number of bleedings 6.1 6.5 −0.4

Infections/extrusions 

Number of infections 0.0 7.0 −7.0

Number of extrusions 0.0 22.5 −22.5

Abbreviations: AF, atrial fibrillation; CRNM, clinically relevant non-major; ILR, implantable loop 
recorder.
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Table 8 Scenario 2 Analyses - Economic Results for a Cohort of 1,000 Patients – Same Treatment Modalities

UK Netherlands Sweden

ePatch ILR-only Difference 
ePatch – ILR- 

only

ePatch ILR-only Difference 
ePatch – ILR- 

only

ePatch ILR-only Difference 
ePatch – ILR- 

only

Device €170,000 
(£150,000)

€4,153,752 
(£3,669,757)

-€3,983,752 
(-£3,519,757)

€ 140,000 € 7,074,670 -€ 6,934,670 €170,000 
(kr 1,899,000)

€2,284,771 
(kr 25,521,352)

-€2,114,771 
(-kr 23,622,352)

Fatal strokes/Death €64,816 
(£57,263)

€71,905 
(£63,527)

-€7,089 
(-£6,263)

€ 46,230 € 51,286 -€ 5,056 €251,917 
(kr 2,813,967)

€279,471 
(kr 3,121,745)

-€27,553 
(-kr 307,778)

Recurrent strokes €815,211 
(£720,223)

€904,375 
(£798,997)

-€89,164 
(-£78,774)

€ 2,382,760 € 2,643,374 -€ 260,614 €990,528 
(kr 11,064,393)

€1,098,867 
(kr 12,274,561)

-€108,339 
(-kr 1,210,168)

Infections €0 (£0) €15,846 
(£14,000)

-€15,846 
(-£14,000)

€ 0 € 14,000 -€ 14,000 €0 
(kr 0)

€2,291 
(kr 25,585)

-€2,291 
(-kr 25,585)

Bleeding events €20,029 
(£17,695)

€21,376 
(£18,885)

-€1,347 
(-£1,190)

€ 41,225 € 43,998 -€ 2,773 €9,411 
(kr 105,121)

€10,044 
(kr 112,193)

-€633 
(-kr 7,072)

Aspirin costs €93,418 
(£82,533)

€92,735 
(£81,930)

€683 
(£603)

€ 124,368 € 123,459 € 909 €37,972 
(kr 424,154)

€37,694 
(kr 421,054)

€278 
(kr 3,100)

OAC costs €72,570 
(£64,114)

€77,452 
(£68,427)

-€4,882 
(-£4,313)

€ 99,506 € 106,200 -€ 6,694 €69,327 
(kr 774,391)

€73,990 
(kr 826,485)

-€4,664 
(-kr 52,094)

Total costs €1,236,044 
(£1,091,828)

€5,337,442 
(£4,715,523)

-€4,101,398 
(-£3,623,695)

€ 2,834,088 € 10,056,987 -€ 7,222,899 €1,529,154 
(kr 17,081,026)

€3,787,128 
(kr 42,302,974)

-€2,257,973 
(-kr 25,221,948)

Cost per patient 
with detected AF

€12,613 
(£11,141)

€51,031 
(£45,085)

-€38,418 
(-£33,944)

€ 28,919 € 96,154 -€ 67,235 €15,604 
(kr 174,296)

€36,208 
(kr 404,455)

-€20,605 
(-kr 230,159)

Cost per 1 patient 
monitored

€1,236 
(£1,092)

€5,337 
(£4,716)

-€4,101 
(-£3,624)

€ 2,834 € 10,057 -€ 7,223 €1,529  
(kr 17,081)

€3,787  
(kr 42,303)

-€2,258 
(-kr 25,222)

Note: Percentage of undetected AF patients in ePatch group receive ILR for diagnosis. 
Abbreviations: AF, atrial fibrillation; ILR, implantable loop recorder; OAC, oral anticoagulant.
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perspective and concluded that mid-term cardiac monitoring is a cost saving alternative to 24-hour Holter. Additionally, 
while Chandratheva et al (2017) also found that mid-term cardiac monitoring is cost saving compared to 72-hour Holter, 
3-day patch, and in-clinic monitoring,72 Ghosh et al (2018)73 reported that a mid-term cardiac monitor is more costly 
than a 24-hour Holter monitor. Steinhubl et al (2018) conducted a randomized clinical trial in the US, revealing that mid- 
term cardiac monitoring increased healthcare resource usage for AF-related therapeutic interventions, but reduced all- 
cause emergency department visits or inpatient stays.74

Study limitations were partly inherited from the original publication.37 A one-year time horizon overlooks strokes 
occurring beyond this period and fails to account for the ongoing costs associated with severe strokes that result in 
disabilities requiring long-term care. Consequently, this limited timeframe underestimates the true costs for the stroke 
group, as expenses for permanent care extend well beyond the index year. Based on recently published NOAH-AFNET 
and Artesia studies, the model assumes that ILR detected AF within the first 6 months following the index event may 
have contributed to the stroke. While the battery life of standard ILR devices (eg Medtronic Reveal LINQ II) can last up 
to 4.5 years,75 the clinical significance of AF identified distant from the index stroke is unknown. AF detection by the 
ILR was limited to 6 months to employ a conservative approach to this model. Additionally, all scenarios assumed equal 
efficacy among antithrombotic agents, while in reality, each drug has a unique mechanism of action, and physicians may 
recommend one over another under specific circumstances.76 The adopted payer perspective made the analysis con-
servative as it omitted the societal costs of recurrent strokes resulting from lost productivity, early retirement, and 
informal care provided by relatives and family members. Another limitation is the use of a mean price of ePatch. The 
final actual price may be higher or lower depending on various factors, including the specific service model chosen for 
ePatch, number of patients served or volume committed, and country-specific conditions and regulations. These variables 
can impact the overall price of ePatch, but would not alter the main conclusions of the model. Due to the inclusion of 
studies with diverse populations, the clinical conclusions drawn may not accurately reflect real-world scenarios and could 
either underestimate or overestimate the true clinical outcomes. A limitation of the model is that it does not fully account 
for variations in monitoring practices across regions or the need for individualized approaches in AF detection. In real- 
life settings, differences in patient characteristics and the variability in screening methods and durations may affect AF 
detection outcomes beyond those reflected in standardized guidelines. In addition, variations in demographic character-
istics, comorbidities, healthcare settings, and treatment protocols across different study populations can lead to dis-
crepancies in results. Consequently, the generalizability of these findings to broader, more heterogeneous patient groups 
may be limited, potentially impacting conclusions and their applicability to everyday clinical practice. Given the 
inclusion of studies with varied populations, the clinical conclusions may not fully represent real-world situations and 
could either underestimate or overestimate actual clinical outcomes. Differences in demographic characteristics, comor-
bidities, healthcare settings, and treatment protocols across the study populations can result in inconsistencies in results. 
As a result, the applicability of these findings to a broader, more diverse patient population might be limited, potentially 
affecting their relevance to everyday clinical practice. Furthermore, several of the trials analyzed, including FIND-AF, 
PER DIEM, MonDAFIS, and AF SPICE, involved the randomization of patients with ischemic stroke rather than 
specifically targeting those with cryptogenic stroke. This broader inclusion criterion may dilute the findings’ relevance to 
patients with cryptogenic stroke. Additionally, both MonDAFIS and AF SPICE trials included patients with TIA in their 
study populations. The inclusion of these different patient groups could introduce variability in the results, potentially 
limiting their applicability to the more specific cohort of patients with cryptogenic stroke. These methodological 
differences highlight the need for caution when extrapolating the study results to this particular patient population.

The findings of the study resonate with the results of the original analysis and provide the scientific foundation for 
decision-making processes both at the hospital and policy-making levels. Additionally, these findings may be applicable 
to other healthcare systems with similar cost constraints and levels of healthcare development, as the model offers 
a flexible framework that can support AF monitoring strategies in resource-limited settings. Prolonged AF monitoring in 
cryptogenic stroke patients is suggested by clinical guidelines. Our study results reinforce this clinical approach, 
recommending extended ambulatory monitoring through the use of an adhesive patch and modern ECG data analysis 
algorithms.30,36,77
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Conclusion
By implementing an initial 14-day ePatch extended wear Holter monitoring strategy for cryptogenic stroke patients, as 
opposed to proceeding directly to ILR, cost savings per patient with detected AF ranged from 3.4 times in Sweden to 6.0 
times in the United Kingdom. The achieved cost savings can be predominantly attributed to the reduced expenses 
associated with the devices, stemming from lower costs incurred in utilizing ePatch as opposed to ILR. Additionally, 
a significant factor contributing to the overall savings is the preventive aspect, as the implementation of ePatch not only 
resulted in cost-effective monitoring, but also led to the avoidance of a greater number of recurrent strokes compared to 
relying solely on ILR. These findings suggest scalable cost savings for other healthcare systems with similar resource 
constraints, offering a financially viable approach to enhancing stroke monitoring. However, the one-year time horizon of 
the model may underestimate the true costs for the stroke group, as it fails to account for strokes occurring beyond this 
period and the ongoing expenses related to severe strokes requiring long-term care.

The combined effect of these and other factors underscores the economic advantages associated with adopting 
a diagnostic strategy that incorporates ePatch extended wear Holter, emphasizing its dual impact on reducing device- 
related expenditures and mitigating the incidence of strokes. The results of this cost-minimization analysis are in-line 
with the findings of the original research conducted in the US. Our findings reinforce the growing number of clinical 
recommendations that endorse early prolonged ECG monitoring in cryptogenic stroke patients, which could potentially 
lead to updates in stroke monitoring guidelines.
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