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Aim: Estimate incidence and costs of cardiac device infections (CDIs) in Germany. Materials & methods:
Patients had an implantable cardioverter defibrillator implanted over 2010-2013 and were followed to
December 2014 using German health insurance claims data. A case-controlled analysis was performed us-
ing propensity score matching methods. Results: Risk of CDI 12 months post-implant was 3.4% overall,
either 2.9% for de novo procedures versus 4.4% for replacement procedures. Mean 3-year incremental
expenditure per patient for patients with CDI compared with controls was €31,493 for de novo implant pa-
tients and €33,777 for replacement patients. Mean incremental expenditure was €59,419 per patient with
a major infection. Conclusion: CDIs are highly expensive to manage, reinforcing the need for strategies
to reduce their occurrence.
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Implantable cardioverter defibrillator (ICD) therapy and cardiac resynchronization therapy (CRT) are increasingly
used, with implant rates per million that increased over the period 2011-2015 from 112 to 131 for ICDs
(17% increase) and from 81 to 103 for CRT (CRT-pacemaker [CRT-P] and CRT-defibrillator [CRT-D]) devices
(27% increase) in the European country members of the European Society of Cardiology [1]. These devices are
recommended for selected patients in guidelines from specialty medical societies and health technology assessment
agencies [2-4]. There is an extensive body of evidence that demonstrates benefits including prolonged survival,
improved quality of life and cost—effectiveness.

Implantation of cardiac devices carries a risk of adverse events. These are classifiable as access-related (e.g., pneu-
mothorax, hemothorax and hematoma), lead-related (e.g., perforation, displacement, fracture and endocarditis),
generator-related (e.g., generator failure, migration and erosion) and pocket infection. Complete removal of all
hardware is recommended in medical society guidelines and other scientific documents for patients with established
cardiac device-related infection (CDI), and this includes cases in which a localized pocket infection occurs in the
absence of signs of systemic infection, due to high relapse rates observed with retained hardware [5-7]. On the other
hand, cardiac implantable electronic device (CIED) removal is not required for superficial or incisional infection
at the pocket site if there is no involvement of the device.

A large randomized controlled trial (DANISH study) recently reported an infection rate of 4.9% in a cohort
of 556 ICD/CRT-D patients over a median follow-up of 5.6 years [8]. Serious device infections occurred in 2.7%
of patients, defined as requiring lead extraction or lifelong antibiotic treatment or causing death. Worryingly,
the number of CDI cases has been increasing: national healthcare data for the USA reported the number of
hospitalizations due to CDI rose from 5308 in the year 2003 to 9948 in 2011 [9]. The increase is attributed to
multiple factors including increased use of CRT devices (which have three leads and a higher risk of infection),
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patients with more comorbidities and increased life expectancy of patients leading to more device replacement
procedures.

CDI can be deadly, while treating CDI is complex and expensive. For all device types, hospital inpatient
mortality is reported to be significantly higher following device procedures complicated by device infection, versus
those without infection [10]. Studies also have recently reported elevated long-term mortality following CDI. A
USA study based on Medicare inpatient admissions data found that 1-year mortality was between 26.5 and 35.1%
depending on device type, an increment compared with patients without CDI of 8.7-15.2% [10]. A European
study observed that 1-year mortality for CDI cases was 16.9%, with risk of mortality more than doubled compared
with patients who did not experience CDI (hazard ratio: 2.4), with multivariate analysis to control for potential
confounding factors [11].

European data on resource use and costs associated with CDI are sparse. In the USA, incremental healthcare
expenditures for patients with CDI within 12 months of implant are estimated at €44,099 ($47,885) for initially
implanted patients and €41,913 ($45,512) for replacement patients [12]. Notably, these costs included large
proportions of all implanted patients (38.4% of initial and 47.2% of replacement cohorts) with superficial infections
treated out-of-hospital and without device-related intervention.

The purpose of this study was to estimate the incidence and incremental healthcare expenditures for patients
receiving ICD and CRT-D therapies who experience a CDI during the first year after their device implantation.

Methods

Setting & data source

The analysis was based on anonymized billing data collected from German statutory health insurances (SHIs). The
database used for this analysis comprised 2.8 million people, 3.5% of the nationwide population. It was adjusted
with regard to age, sex and morbidity distribution so that it was representative of the German SHI population.
In Germany, health claims are submitted by healthcare providers working for the SHI. These billing data include
the ICD-10-GM (German modification of International Classification of Diseases) codes for the classification
of diseases, the German version of the International Classification of Procedures in Medicine codes (OPS), the
German diagnosis related group codes for inpatient billing, as well as the German national drug codes (ATC codes)
for outpatient drugs prescribed. The data on costs were the amounts reimbursed by SHIs to healthcare providers
(known in the USA as payment), thus using payment data gives the cost analysis the perspective of the SHI. Using
these data is in accordance with the methods for health economic evaluations in Germany [13]. Average costs are
presented for six different categories: inpatient care (hospitalization), outpatient care, prescribed pharmaceuticals
(outpatient setting), sick pay (payment of a percentage of a regular salary when someone is unable to work),
remedies and medical aids (such as massages, shoe inserts, walkers) and total costs. Inpatient care costs are based
on German diagnosis related groups, which provide lump sum reimbursement payments to hospitals for whole
inpatient episodes of care.

Study design

The objectives were to estimate the incidence of CDI in patients implanted with ICD or CRT-D devices and
report associated healthcare payer costs. Patients eligible for inclusion had an ICD or CRT-D implant in the 4-year
period 2010-2013 and all were followed up to 31 December 2014. At least 12 months’ continuous enrollment was
required before the implant index visit.

A before-and-after analysis was completed for patients with CDI to characterize resource use and costs 12 months
before and after CDI, with subjects acting as their own controls. The date of CDI served as the index date for
this analysis. Second, a case-controlled analysis was performed to estimate incremental costs for patients with and
without a CDI, using a propensity score matching (PSM) methodology. The date of CIED implant served as the
index date for this analysis. Data were extracted for 12 months prior to implant with minimum and maximum
follow-up postimplant of 12-36 months. Information on patient baseline characteristics, comorbidities, severity of
infection and treatment pathways were analyzed.

Study populations
Eligible patients had a record of an initial ICD/CRT-D implant or replacement (full system implant or generator
only) during the calendar years 2010-2013 (list of implant procedure codes in Supplementary Table 1). CIED
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patients were classified in two mutually exclusive groups according to German OPS procedure codes: de novo
implant or replacement implant.

For patients undergoing de novo implant, infections were counted if they occurred on the same day (outpatient)
or during the same hospital stay of the device implantation or within 365 days thereafter.

For the replacement cohort, it was not possible to discern from hospital episode codes regarding a single hospital
stay whether a patient underwent a replacement procedure in response to a CIED infection or if their infection arose
within the same stay as a device replacement procedure. It was assumed that if an infection code was present for an
index device replacement stay, the replacement was the result of an infection that initiated before the replacement
visit. Hence for the device replacement cohort, infections were only counted if they occurred after the index device
replacement stay.

Definition of cardiac implantable electronic device infection
CDI was defined by two conditions occurring <365 days after initial or replacement implant:

e A device infection was coded (ICD-10-GM T82.7, infection and inflammatory reaction due to other cardiac
and vascular devices, implants and grafts); or

e A less specific infection diagnosis code was used (see list of other infection diagnosis codes in Supplementary
Table 1) in combination with a CIED-related procedure code for removal or revision of a device during the same
hospital stay.

Once identified as a patient with a CDI, patients were retrospectively classified as having either a minor or major
infection as follows:

e Minor: without a device procedure within 8 weeks after documented infection
e Major: with a device-related procedure within 8 weeks, with or without a re-implantation

The 8-week threshold was selected based on clinical practice.
A second method to discriminate severity of infection was to classify CDI patients into those treated in an
ambulatory setting only (no hospital admission related to infection) versus those with a hospital admission.

Statistics

Three types of statistical tests were employed. T-tests were used for calculating differences in means. Fisher’s exact
test was used for analysis of contingency tables, such as share of male patients in the CDI group compared with the
group without CDI. Binomial tests were used for dichotomous data: for instance, 95% Cls for major and minor
infections were calculated using a binomial test.

Mortality or switching of health insurance provider can reduce the size of patient cohorts over the course of
3-year follow-up in an SHI healthcare claims database. We calculated mean per patient costs based on cumulative
costs per cohort divided by the starting size of each cohort.

Data were stored and analyzed using Microsoft Office Excel® 2010 (Microsoft Corporation, WA, USA) and
SAS® (Version 9.2; SAS Institute Inc., NC, USA).

In order to estimate incremental costs associated with a CDI, patients with an infection were matched to
similar patients who did not experience an infection using PSM techniques, which balanced potential confounding
variables between the two groups [14]. The matching technique used was a kernel matching with an Epanechnikov
function [15]. Kernel matching is a nonparametric matching estimator that uses weighted averages of all individuals
in the control group (CG) to construct the counterfactual outcome. Using a weighted average instead of matching
individual patients generally results in a lower variance. Weights depend on the distance between each individual
from the CG [16]. Paired patients have their index event in the same year and the same duration of follow-up.
The defined covariates for the matching have been set as follows: age, sex, de novo or replacement implantation,
ambulatory or in-hospital implantation and the following costs measured over the 12-month period prior to device
implant: mean outpatient costs, inpatient costs and sick pay.
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Table 1. Implantable cardioverter defibrillator/cardiac resynchronization therapy-defibrillator infections and treatment.

device infection rate
ICD/CRT-D implants
Infections

95% Cl

Severity class

Major infection

95% Cl

Treatment setting

Hospitalized infection

Cardiac implantable electronic Overall De novo Replacement Significance

4699 3233 1466
158 (3.4%) 93 (2.9%) 65 (4.4%) p <0.01
2.8-3.9% 2.2-3.3% 3.6-5.8%

Major Minor

68 (43.0%) 90 (57.0%)

34.9-50.8% 49.2-65.3%

Hospitalized Ambulatory

95 (60.1%) 63 (39.9%)

51.2-67.2% 32.8-48.8%

95% CI

CRT-D: Cardiac resynchronization therapy-defibrillator; ICD: Implantable cardioverter defibrillator.

Results

Rate of cardiac implantable electronic device infection

Patients who had a record of an ICD or CRT-D implant or generator replacement during the period 2009-2013
numbered 4699 (3233 de novo and 1466 replacement). There were 158 CDIs in the 12 months after implantation,
an annual risk of 3.4% (95% CI: 2.8-3.9%). The risk differed for de novo and replacement implants: 2.9% (95%
ClI: 2.2-3.3%) for de novo and 4.4% (95% CI: 3.6-5.8%) for replacements (p < 0.01), see Table 1).

Split by definitions of severity, 57.0% (95% CI: 49.2-65.3%) were minor infections and 43.0% (95% CI:
34.7-50.8%) were major infections. CDIs were treated with ambulatory care only in 40% (95% CI: 32.8-48.8%)
of cases and in a hospital inpatient setting in 60% (95% CI: 51.2-67.2%) of cases. Considering infection severity
and treatment setting in combination, 70% of all minor infections were treated in the ambulatory sector and 30%
were treated in the inpatient sector; whereas all major infections were treated in hospital.

Before-and-after observational analysis (prior to propensity score matching)
Patients who experienced a CDI, compared with those who did not (prior to PSM), had significantly higher rates of
several known risk factors for CDI: kidney disease, having malignancies or being immunocompromised or taking
oral anticoagulant drugs (Supplementary Table 2).

With patients acting as their own controls, costs were €15,822 higher per patient in the 12 months after infection
(all severities) than the 12 months before after exclusion of the cost of index device implantation: 29,195 versus
€13,373 (p < 0.05; Figure 1). The higher cost was driven by hospital inpatient care (98%).

Case-controlled analysis
PSM created infection groups (IGs) and CGs of equal size (146 patients each); 12 patients with CDI were unable
to be matched to controls. Characteristics of the two matched groups were well balanced (Supplementary Table
S2).

Estimated rates of healthcare utilization were greater in the 12 months following implantation for those with an
infection compared with matched controls (Figure 2):

2.9 (IG) compared with 1.2 (CG) hospital inpatient stays (p < 0.01).

3.8 hospital inpatient stays for patients with major infections, compared with 2.0 stays for minor infections
(p < 0.01).

37.8 (IG) versus 11.5 hospital inpatient days (CG) (p < 0.01).

54.7 inpatient days for patients with major infections, compared with 22.7 days in hospital for minor infections
(p < 0.01).

39.4 (IG) versus 33.9 outpatient visits (CG) (p = 0.03).

Estimated 3 year incremental healthcare expenditures (from date of implantation) for patients with an infection
(IG) of any severity, compared with the CG patients without an infection, were €31,493 (p < 0.01) for de novo
implant patients and €33,777 (p < 0.01) for replacement patients (Figure 3). The index date for this analysis was
the implantation rather than the infection, thus if a patient had a CDI identified 11 months postimplant (for
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Figure 1. Average cost per patient, 12 months before and after infection. Initial implant costs excluded from
12 months prior to infection.

example), the costs associated with management of the infection spill-over into year 2; 81-84% of the difference
in 3-year cumulative expenditure occurred within the 2-year period.

Cumulative costs per patient were higher for patients with a major infection (€99,706; 95% CI: €81,632—
117,780), than for patients with a minor infection (€52,540; 95% CI: €40,706-64,373) (p < 0.01). Incremental
expenditures by infection severity compared with controls were €12,249 for minor infections and €59,419 for
major infections.

Discussion

This retrospective analysis of 4699 patients implanted with ICD and CRT-D devices using German health claims
data found an overall rate of CDI of 3.4% in the first 12 months after implantation. The rate was higher for
replacement as opposed to de novo implants (4.4 vs 2.9%), as reported in previous studies [12,17].

Assessed for severity, 57% were considered minor infections defined as without a device procedure within 8
weeks after documented infection. Similar rates of nonremoval of devices were observed in a recent study of
CDiIs also using health insurance claims data [12]. These are high rates of conservative management, given the
recommendations from medical societies in favor of complete device system removal due to increased mortality in
case of nonremoval (5-7]. It would be valuable to further investigate health outcomes in these patients, which was
beyond the scope of this claims data analysis. Only 40% of CDIs were treated with ambulatory care only, which
may suggest a potential to reduce expenditures in the treatment of minor infections, provided that appropriate
treatment is provided according to guidelines and without delay.

Two approaches were used to estimate the costs of a CDI: a before-and-after analysis and a case-controlled
analysis. Before-and-after analyses may be subject to ‘regression to the mean’ bias; an exacerbation of symptoms
might have precipitated the decision to implant a device, thus patients could have unusually high healthcare costs in
the 12 months prior to implantation, which could lead to a potential underestimate of the incremental costs of an
infection in the postimplant time-period. The second methodology used was a case-controlled analysis, using PSM
to create patient cohorts with similar characteristics, with and without CDI. In this analysis, the device implant
date was the index date and healthcare expenditures were obtained for the following 3 years. This methodology
avoids a potential regression to the mean effect.

Definition of CDI, duration of follow-up, sample size, CDI prevention strategies and other aspects of study
design have varied in the literature, making comparisons between studies problematic. The results of this study are
generally consistent with published evidence. In a recent randomized trial of ICD therapy (the DANISH study),
CDI was recorded in 4.9% of patients over a median follow-up of over 5 years (67.6 months) [8]. In a study of
316 patients with CRT implantation in a single center in France, the prevalence of CDI was 4.3% at 2.6 years
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Figure 2. Average annual (A) inpatient days and (B) number of outpatient visits.

(1.7% per year incidence) [18]. In a study of 2476 patients implanted with ICD or CRT-D devices in a single
center in The Netherlands, 2.6% underwent device and lead extraction for CDI during a median follow-up of
30 months [11].

Information about healthcare utilization and costs associated with CDI is scarce in Europe. The current study
is the largest to date to estimate CDI treatment costs in Europe. It is the first study taking into account healthcare
expenditure associated with infection management after hospital discharge, with a maximum follow-up period of
3 years after infection. Moreover, average per patient costs have been estimated according to severity of infection
and costs were broken down into six categories (hospitalization, outpatient care, pharmaceuticals in outpatient
setting, sick pay, remedies and medical aids).

A single-institution study in England of 24 CDIs requiring device removal calculated a cost of €36,931 (£30,958)
per CDI 19]. A study of CDI in seven pacemaker patients in Germany estimated a mean additional hospital cost
of €7091 [201. In an administrative claims database analysis in the USA, similar in methodology to our study, the
estimated incremental healthcare expenditures for patients with an infection were €44,099 (347,885) for de novo
implants and €41,913 (845,512) for replacement patients [12].
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It is important that data pertaining to CIED infections are accurately collected and reported at a national level,
in order to improve quality of care for patients. Few studies have been performed on the costs of CDIs and there is
a critical need for better data to estimate total healthcare costs.

Strategies to prevent CIED infection should be a priority for healthcare providers and payers. Two large trials
are ongoing which may define new standards of care for prevention of CIED infection: PADIT and WRAP-IT.
The Prevention of Arrhythmia Device Infection Trial (PADIT) is a 12,800 patient trial to test the comparative
effectiveness of an existing preprocedural antibiotic regimen versus a novel dosing regimen for high-risk procedures.
High-risk patients are defined as any patient undergoing CRT implant or any re-intervention on an incumbent
device. The World-wide Randomized Antibiotic Envelope Infection Prevention Trial (WRAP-IT) is a randomized,
single blinded clinical study in up to 7764 subjects, to evaluate the ability of the TYRX™ Absorbable Antibac-
terial Envelope (Medtronic Infection Control, NJ, USA) to reduce major CIED infections through 12 months
postprocedure following CIED generator replacement, upgrade, revision or de novo CRT-D implant.

Increased understanding and awareness of risk factors for CDI is important to inform individualized decisions
about device implants. In some cases, it may be possible to address a risk factor (such as oral anticoagulant use).
Often, the risk factors are largely unavoidable, and in that case it makes financial sense to target the use of
technologies such as antibiotic envelopes to those patients at high-risk of CDI. In our study, some risk factors for
CDI were more common in patients with CDI versus those without; notably, kidney disease, having malignancies
or being immunocompromised or taking oral anticoagulant drugs. This adds to an already extensive literature
about risk factors for CDI [21].

Limitations

The analysis was conducted using data from several SHIs comprising approximately 2.8 million people, 3.5% of
the nationwide population. Similarly, the number of implants included in this study is estimated to represent 3.6%
(4699) of the total number of ICDs implanted in Germany in the period 2009-2013 (129,000).

The analysis is based on anonymized billing data from a German health claims database; such databases were
designed primarily to enable appropriate hospital financing and not for epidemiological purposes. The accuracy of
the information depends on physician coding practices and the quality of data could differ between health units or
regions.
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Information was not available about periprocedural use of intravenous antibiotic prophylaxis in each patient,
which significantly reduces CDI and is recommended practice [5-7,22]. Furthermore, microbiologic culture results
were unknown for each case of CDI and therefore we were unable to demonstrate the role of different bacteria.

For the device replacement cohort, infections were only counted if they occurred after the index device replace-
ment stay; for hospital stays where a CDI was documented with no prior record of a CDI in that patient, and a
replacement procedure was conducted during the same stay, it was not possible to discern whether the patient came
directly into hospital for a replacement procedure due to CDI, or the patient had come for a planned replacement
(for instance due to battery depletion) and developed a CDI after surgery and prior to discharge. This limitation
may underestimate the CDI rate for replacement procedures, and conversely overestimate the rate for de novo
implants. However, this may only have had a small effect, because it is uncommon for CDI to be diagnosed within
the same stay as the implant procedure [11,23].

We defined minor CDI as without a device procedure within 8 weeks after documented infection. However, 30%
of minor CDI in this study were managed with inpatient care and we acknowledge a limitation of our definition
and recognize that some minor CDIs were serious.

Mean cumulative costs per patient over 3 years were estimated without adjustment for a decreasing number of
patients still present in the SHI database over the course of the follow-up period, due to mortality or switching of
health insurance provider. This approach makes the results applicable for SHI companies to quantify the budget
impact of CDIs. However, the average cost per patient based on the whole starting cohort, from an SHI perspective,
underestimates the mean cost of surviving patients, which should be kept in mind for using these cost data in
Markov-type cost—effectiveness models.

Conclusion

CDIs are a serious and life-threatening complication occurring with an increasing frequency. Risk of infection
observed in this study of ICD and CRT-D devices was 3.4%. Mean incremental costs were €31,493 for de novo
implant patients and €33,777 for replacement patients for a payer perspective. Mean cumulative 3-year costs per
patient with major infections were €99,706, an incremental cost of €59,419 compared with controls.

Summary points

e Incidence of cardiac device infection (CDI) observed in Germany was 3.4% overall within 1 year of implant, with a
higher risk for replacement procedures than new implants (4.4 vs 2.9%; p < 0.01).

e Rates of conservative treatment are high, which may be a cause for concern given the known mortality risks of
nonremoval of the complete device system.

e Expenditures for patients with an infection of any severity, compared with the controls, were increased by
€31,493 for de novo implant patients and €33,777 for replacement patients. Costs for major infections (requiring
a device procedure) were much higher (€59,419).

e These cost data are useful for evaluation of cost-effectiveness of new methods to prevent CDI.

e To improve quality of care for patients, it is important in the future that data pertaining CDI and other outcomes
in device patients are collected and reported accurately in daily practice.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at:
www.futuremedicine.com/doi/suppl/10.2217 /cer-2017-0080
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