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Abstract

Background Cardiac implantable electronic devices (CIED) are being inserted with increasing frequency. Severe
surgical site infections (SSI) that occur after device implantation substantially impact patient morbidity and mortality
and can result in multiple hospital admissions and repeat surgeries. It is important to understand the costs associated
with these infections as well as healthcare utilization. Therefore, we conducted a population-based study in the
province of Alberta, Canada to understand the economic burden of these infections.

Methods A cohort of adult patients in Alberta who had CIEDs inserted or generators replaced between January 1,
2011 and December 31, 2019 was used. A validated algorithm of International Classification of Diseases (ICD) codes to
identify complex (deep/organ space) SSls that occurred within the subsequent year was applied to the cohort. The
overall mean 12-month inpatient and outpatient costs for the infection and non-infection groups were assessed. In
order to control for variables that may influence costs, propensity score matching was completed and incremental
costs between those with and without infection were calculated. As secondary outcomes, number of outpatient
visits, hospitalizations and length of stay were assessed.

Results There were 26,049 procedures performed during our study period, of which 320 (1.23%) resulted in SSIs. In
both unadjusted costs and propensity score matched costs the infection group was associated with increased costs.
Overall mean cost was $145,312 in the infection group versus $34,264 in the non-infection group. The incremental
difference in those with infection versus those without in the propensity score match was $90,620 (Standard
deviation $190,185). Approximately 70% of costs were driven by inpatient hospitalizations. Inpatients hospitalizations,
length of stay and outpatient visits were all increased in the infection group.

Conclusions CIED infections are associated with increased costs and are a burden to the healthcare system. This

highlights a need to recognize increasing SSl rates and implement measures to minimize infection risk. Further studies
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should endeavor to apply this work to full economic evaluations to better understand and identify cost-effective

infection mitigation strategies.

Keywords Economic burden, Surgical site Infections, Healthcare utilization

Introduction

Cardiac Implantable Electronic Devices (CIEDs) are
being prescribed with increasing frequency due to
expanding indications and advances in technology [1].
These devices are among the highest volume and most
expensive device procedures in North America, there-
fore complications can be very costly [2—4] CIED sur-
gical site infections (SSIs) are becoming increasingly
prevalent and outpacing the rate of implantation of
devices [1]. The rates of CIED SSIs vary from approxi-
mately 1-4% depending on a variety of factors includ-
ing patient comorbidities and implanting centers [5, 6].
These infections can result in substantial negative impact
to patient quality of life due to recurrent and lengthy hos-
pital admissions, the need for additional procedures and
prolonged courses of antibiotics [7]. Additonally, SSIs
are very costly to the healthcare system, with some stud-
ies suggesting tens of thousands of dollars attributable to
CIED infections in both Canada and the US [8, 9]. How-
ever, there is still a lack of high quality data to support
this.

Prior studies assessing the economic burden of CIED
infections have generally relied on the use of administra-
tive data or insurer databases as the methods of tracking
infection. However, these methods have not been ade-
quately validated [8, 10, 11].

The primary objective of this study was to assess the
attributable cost of CIED infections in a Canadian pop-
ulation that was identified using validated administra-
tive data as a method to track infections. The secondary
objectives of this work were to explore healthcare utiliza-
tion associated with CIED infections including length of
stay (LOS) in hospital, number of admissions, and outpa-
tient visits.

Methods

Overview and study design

This was a population-based cohort study in Alberta,
Canada, a province of ~4 million people with a single
healthcare system, Alberta Health Services (AHS), that
included all patients who underwent CIED implanta-
tion, including those who subsequently developed a SSI.
Patients were identified using a centralized CIED data-
base (Paceart™) and these data were linked to AHS health
administrative data that captures patient comorbidities
and healthcare costs.

Patient cohort

We identified a cohort of adult patients (i.e., age>18
years) who underwent a new CIED implantation (includ-
ing pacemaker (PM), implantable cardioverter defibrilla-
tor (ICD), or cardiac resynchronization therapy (CRT))
or generator replacement between January 1, 2011, and
December 31, 2019. The infection group was identified
using Discharge Abstract Database (DAD) and Interna-
tional classification of Diseases 10th revision Canada
(ICD-10-CA) codes (T827, T857, 1330, 1339, 138, 1398,
L0330, L0339, L038, L039) that were previously vali-
dated as able to identify complex CIED SSIs (i.e. deep and
organ space but not superficial SSIs) with sensitivity and
specificity>90% [12]. All infections that occurred within
one year from the index date of CIED implantation were
tracked. Patients who had their device implanted outside
of Alberta were excluded from the study.

Data sources

Paceart™

CIED implantations were identified using the Paceart™
database which contains all device-related clinical
encounters for patients followed within the province of
Alberta, Canada. Paceart™ contains information regard-
ing indications for device implantation, type of device,
date of operation and basic demographic information
including sex. Repeat procedures within a two-year
period from the index surgical date were censored. This
avoided double counting patient encounters months later
as only the initial implant was counted as an index proce-
dural date.

AHS analytics

AHS analytics data which provides healthcare infor-
mation on all Alberta residents with an Alberta Health
Care Insurance Plan (>99% of provincial coverage) was
used. This data repository provided records from both
DAD which was used for tracking infection cases as
described above. Both DAD and the national ambula-
tory care reporting system (NACRS, which contains data
for hospital based and community based ambulatory
care including day surgery, outpatient and community
ambulatory clinics and emergency department visits)
were used to obtain demographic information about the
patient cohort including comorbidities which were col-
lected using a two-year retrospective review. Rural ver-
sus urban location and the Pampalon Deprivation Index
was collected as well. The Pampalon Deprivation Index is
a composite index using Canadian census data in order
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to create a measure of socioeconomic disparity, [13] and
urban versus rural residence data was determined from
patient postal codes.

A mix of gross costing and micro-costing was used to
assess economic burden. Gross costing was used where
micro-costing was not available (ie. for any inpatient
encounter outside of Calgary or Edmonton or any out-
patient encounter). Gross costing is when aggregate
resource use items are identified and expenditure data is
collected at the organization level. Gross costs were iden-
tified from DAD and NACRS using resource intensity
weights (RIW) for any healthcare encounter and were
multiplied by the cost of a standard hospital stay (CSHS)
in Alberta by year from the Canadian Institute for Health
Information [14].

AHS corporate finance

Micro-costing data was available from AHS corpo-
rate finance for all inpatient admissions in Calgary and
Edmonton. This is considered the gold standard of cost-
ing data. Patient level costs are provided and each compo-
nent of resource use is estimated and a unit cost derived
providing the most specific costing information possible
[15]. This data includes the specific costs for each patient
for nursing, operating room expenses, patient supplies,
in-hospital drug use, allied healthcare, diagnostic imag-
ing and testing (such as echocardiograms), laboratory
testing, equipment costs (including equipment for spe-
cialized medical procedures such as hemodialysis), orga-
nization supports such as utilities, and housekeeping.

Outcomes

The primary outcome was mean 12-month cumulative
healthcare costs for all patients who had a CIED implant
or generator replacement. Costs were also stratified into
inpatient and outpatient costs. Additionally, healthcare
utilization including number of inpatient and outpatient
visits to any AHS facility were considered as well as LOS
in hospital over 12 months. All outcomes were compared
amongst those who did and did not develop a complex
CIED SSI. All costs were inflated to 2022 Canadian dol-
lars. The perspective taken was that of the pubic health-
care payer and therefore, patient-borne costs such as
outpatient antibiotic prescriptions, were not included.
Physician claims were not accessed for this work and thus
were not included.

Statistical analyses

Descriptive statistics, such as frequencies and percent-
ages for categorical variables and means with standard
deviation (SD) for continuous variables were used to
describe baseline characteristics of patients with and
without infections. For our primary method, we assessed
the total mean costs, inpatient costs, and outpatient costs
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for all patients at one year after the index date of their
implantation. Number of inpatient admissions, outpa-
tient visits and total LOS were analyzed for all patients
over the subsequent one year.

In order to adjust for covariates, a propensity score
match was conducted for comparing CIED patients who
developed a complex SSI within one year of implantation
to those who did not develop an infection. Propensity
scores were estimated using a logistic regression model
with observed baseline characteristics of age, sex, Elix-
hauser comorbidity index [16] and device type (i.e., PM,
ICD, CRT). Matching was performed using the greedy
nearest-neighbor methods without replacement and a
caliper of 0.2 of the standard deviation of the log-odds
of the propensity score. To assess the balance in base-
line characteristics, standardized mean differences in
proportions between patients with and without complex
SSIs for each covariate were calculated after matching. A
weighted standardized difference<10% indicated good
balance and acceptable bias. Incremental healthcare uti-
lization (i.e. costs, number of admissions/visits and LOS)
were calculated to determine the effect of infection on
these outcomes.

As a sensitivity analysis we conducted generalized lin-
ear models (GLM) to identify the relationship between
the outcomes and infection. We used GLM with Gamma
distribution and a log link function for the costs, GLM
with Poisson distribution and a log link for number of
hospital admissions, LOS, and number of outpatient
visits.

All statistical analyses were performed using R Statisti-
cal Software (Version 1.4.0). This research was approved
by the University of Calgary Health Research Ethics
Board (REB20-2186).

Results

Patient characteristics

All patient characteristics are listed in Table 1. In total
there were 26,049 index procedures identified from
Paceart™ with 320 complex SSIs identified using admin-
istrative data. Females accounted for 36.2% of the devices
implanted and 29.7% of the infections. The majority
(70.4%) of patients had a PM implanted.

Propensity score matching characteristics

Following propensity score matching, one infected
patient did not have a match leading to a matched cohort
of 319 (319 non-infection and 319 infection). Baseline
characteristics between patients with and without infec-
tion were well balanced after matching on propensity
score, as demonstrated by the standardized mean differ-
ences (Table 2).
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Variables Index procedures Infection group Rate of infection (%)
AlIN 26,049 320 1.23
Age N (%)
18-29 340 (1.31) 16 (5) 4.71
30-39 474 (1.82) 11 (3.44) 232
40-49 901 (3.46) 20 (6.25) 222
50-59 2467 (9.47) 39(12.19) 1.58
60-69 5200 (19.96) 76 (23.75) 146
70-79 2 (28. 84) 81(25.31) 1.08
80+ 9155 (35.15) 77 (24.06) 0.84
Gender N (%)
F 9450 (36.28) 95 (29.69) 1.01
M 16,297 (62.56) 225(70.31) 1.38
No Data 302 (1.16) 0(0) 0
Device Type N (%)
PM 18,329 (70.36) 182 (56.88) 0.99
CRT 3191 (12.25) 65 (20.31) 2.04
ICD 4375 (16.8) 70 (21.88) 1.6
LPM 73(0.28) 0(0) 0
S-ICD 80(0.31) 3(0.94) 3.75
No Data 1(0) 0(0) 0
Generator Replacement N (%)
6724 (25.81) 44 (13.75) 0.65
Pampalon: Material* N (%)
40 (15.89) 40 (12.5) 0.97
2 7 (15.04) 48 (15) 123
3 4350 (16.7) 59 (18.44) 1.36
4 5041 (19.35) 64 (20) 1.27
5 5227 (20.07) 72 (22.5) 1.38
No Data 3374 (12.95) 37 (11.56) 1.1
Pampalon: Social** N (%)
3457 (13.27) 48 (15) 1.39
2 2988 (11.47) 32(10) 1.07
3 4402 (16. 9) 68 (21.25) 1.54
4 5504 (21.13) 64 (20) 1.16
5 6324 (24.28) 71(22.19) 1.12
No Data 3374 (12.95) 37(11.56) 1.1
Urban/Rural N (%)
Rural 4311 (16.55) 57(17.81) 132
Urban 20,657 (79.3) 251 (78.44) 1.22
No Data 1081 (4.15) 12 (3.75) .11
Number of Comorbidities N (%)
0-1 4740 (18.2) 3(4.06) 0.27
2-3 9299 (35.7) 4 (20) 0.69
4-5 6386 (24.52) 78 (24.38) 1.22
o6+ 5624 (21.59) 165 (51.56) 293
Elixhauser Index N (%)
-10-0 357(1.37) 1(0.31) 0.28
1-10 13,758 (52.82) 92 (28.75) 0.67
11-20 9029 (34.66) 129 (40.31) 143
21-30 2346 (9.01) 75 (23.44) 32
31-40 488 (1.87) 16 (5) 3.28
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Variables Index procedures Infection group Rate of infection (%)
41-50 66 (0.25) 6(1.88) 9.09
51-58 5(0.02) 1(0.31) 20

PM: Pacemaker, CRT: Cardiac Resynchronization Therapy, ICD: Implantable Cardioverter Defibrillator, LPM: Leadless Pacemaker; S-ICD: Subcutaneous Implantable

Cardioverter Defibrillator

* Pampalon Deprivation Index - Material Indicators: Proportion of people aged 15 years and older with no high school diploma; Population employment ratio of
people aged 15 years and older; Average income of people aged 15 years and older

**Pampalon Deprivation Index - Social Indicators: Proportion of individuals aged 15 years and older living alone; Proportion of individuals aged 15 years and older
whose marital status is separated, divorced or widowed; Proportion of single-parent families

Table 2 Baseline characteristics for propensity score matched pairs

Infection Non-Infection Standardized Mean Difference
(N=319) (N=319)
Age, Mean (SD) 67.29 (16.8) 66.64 (16.69) 0.04
Sex, % (N)
Female 29.47 (94) 3041 (97) -0.02
Male 70.53 (225) 69.59 (222) 0.02
Device Type, % (N)
PM 56.74 (181) 57.68(184) -0.02
CRT 20.38 (65) 18.81 (60) 0.04
ICD 21.94 (70) 21.94 (70) 0
S-ICD 094 (3) 1.57 (5) -0.06
Generator Replacement, % (N)
True 13.79 (44) 28.84(92) -0.37
Elixhauser Index Score Groups, %(N)
-10-0 0.31(1) 0.63 (2) -0.05
1-10 28.84(92) 28.53(91) 0.01
11-20 4044 (129) 41,69 (133) -0.03
21-30 23.51(75) 18.81 (60) 012
31-40 4.7 (15) 7.84 (25) -0.13
41-50 1.88 (6) 2.19(7) -0.02
51-58 031 (1) 0.31(1) 0

Table 3 Costs for all patients

Non-Infection Infection
Total Costs
N 25,729 320
Mean (SD) 34,264 (53,790) 145,312 (188,279)
Inpatient Costs
Mean (SD) 23,988 (53,735) 130,456 (189,997)
Outpatient Costs
Mean (SD) 10,276 (9,030) 14,766 (14,713)

Unadjusted costs

Patients with infection had substantially more total mean
costs at one year $145,312 (Standard deviation (SD)
188,279) compared to those without infection, $34,264
(SD 53,790). These costs were largely driven by inpatient
costs which accounted for 70% and 72% of costs in the
non-infection and infection group, respectively (Table 3).
Where microcosting data was available, the majority of
inpatient costs were accounted for by nursing (36%) and
organizational supports (15%).

Adjusted costs
In the propensity score matched group, the mean incre-
mental costs for the infection versus non-infection group
was $94,128 (SD 190,185). Again, this was caused mainly
by inpatient costs with a mean incremental difference of
$90,620 (SD 193,833) compared to a mean incremental
difference of $3,508 (SD 20,784) for the outpatient costs
(Table 4). When the sensitivity test was done using GLM,
the same relationships were demonstrated showing
increased mean costs for the infection group overall (2.9
times greater than the non-infection group) and when
stratified into inpatient and outpatient costs (3.9 and 1.3
times greater than the non-infection group, respectively).
Further sensitivity testing using GLM and including the
variables of infection, device type, the five separate hos-
pital centers of care for CIED implantations, and Pam-
palon deprivation index with an outcome of mean total
12 month costs, again demonstrated increased costs in
the infection group. There was an additional $94,500 in
costs for the infection group compared to non-infection
group (p<0.001) and incremental costs of $49,350 for
those that had a CRT compared to PM (p<0.005). There
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Table 4 Costs for propensity-score matched pairs

Non-Infection Infection Increment
Total Costs
N 319 319 319
Mean (SD) 49757.39(73089.11) 143884.96(186833.61) 94127.57(190185.06)
Inpatient Costs
Mean (SD) 38478.80(73820.52) 129098.74(188520.26) 90619.94(193832.86)
Outpatient Costs
Mean (SD) 11278.59(11860.36) 14786.22(17184.63) 3507.63(20784.35)

Table 5 Healthcare utilization for all patients

Non-Infection Infection
Inpatient Admissions
N 25,729 320
Mean N (SD) 1.03(1.24) 3.10(1.94)
Length of Stay
N 25,729 320
Mean days (SD) 12.24(29.61) 54.45(67.60)
Outpatient Visits
N 25,729 320
Mean N (SD) 7.63(13.27) 16.26(23.93)

Table 6 Healthcare utilization for propensity score matched

pairs

Non-Infection Infection Increment
Inpatient Admissions
N 319 319 319 pairs
Mean N (SD) 149 (1.67) 3.10(1.94) 1.68 (2.27)
Length of Stay
N 319 319 319 pairs
Mean N (SD) 18.92 (33.94) 53.69 (66.32) 34.77(70.12)
Outpatient Visits
N 319 319 319 pairs
Mean N (SD) 9.98 (15.99) 16.22 (23.96) 6.24(29.72)

were no significant differences in costs when looking spe-
cifically at hospital center or Pampalon deprivation index
classification.

Number of outpatient visits, hospitalizations and LOS
Number of outpatient visits, hospitalizations, and LOS
for all patients is shown in Table 5 and for the propen-
sity score matched group in Table 6. For all patients,
over a one-year time period, there was a mean number
of admissions of 3.1 and 1.03 for those with and without
infection, respectively. This contributed to LOS of 54.5
days in the infection group compared to 12.2 in the non-
infection group. In the propensity score matched group
there was an incremental increase of 1.6 admissions
to hospital in the infected group compared to the non-
infected group with an additional 34.8 days in hospital.
As an additional analysis, all costs and healthcare uti-
lization including number of admissions and LOS were

stratified by CIED device type. This information can be
found in Additional File 1.

Discussion

This work has demonstrated that infection following
CIED implantation is related with substantial increased
costs to the healthcare system compared to those who
did not develop an infection. This was the case overall
and when controlling for different variables using pro-
pensity score matching. The increase in costs was tied to
greater healthcare utilization largely driven by inpatient
hospitalizations with prolonged LOS.

The increase in hospitalizations and prolonged LOS
is in keeping with the prior literature on complex SSI
that occur after clean surgeries [17]. Complex SSIs fre-
quently require intensive therapy to manage including
repeat surgeries, prolonged courses of antimicrobials,
and prolonged external pacing and monitoring in pace-
maker-dependent patients or those with high risk life-
threatening arrhythmias [18]. This results in substantial
patient morbidity and prolonged LOSs [17]. Other work
done specifically on CIED infections has also demon-
strated significant increases in LOS compared to those
who do not develop infection [9]. Prior work demon-
strated increased costs associated with CIED infections,
with incremental costs for a single admission rang-
ing from $14,360 to $28,676 (in United States Dollars),
depending on device type [2]. A prior retrospective anal-
ysis conducted in France explored costs associated with
CIED implantation and generator replacement from 2012
to 2015 [10]. This work, similarly to ours and other exist-
ing literature, demonstrated that CIED infections were
associated with increased cost particularly related to
inpatient hospitalizations [10].

The increased economic burden associated with com-
plex SSIs following CIED implantation, and the associ-
ated extensive healthcare utilization suggests a need for
strategies to recognize and mitigate infection risk. Infec-
tion Prevention and Control (IPC) surveillance is one
known strategy to monitor rates of infection and the
impact of infection reduction strategy [19]. This type of
surveillance has been recognized as a key area of impor-
tance for hospital systems and patient safety [19].
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A strategy to reduce complex SSIs may include IPC
interventions such as perioperative bundles including
pre-operative checklists, decolonization for Staphylococ-
cus aureus (a common causative pathogen for infection),
appropriate preoperative antibiotics and hand hygiene
[20]. A recent systematic review and meta-analysis
demonstrated that these types of perioperative bundles
are effective at reducing complex SSIs [21]. More novel
solutions for reducing complex SSIs such as antibiotic
impregnated envelopes inserted at the time of device
implantation could also be considered to improve out-
comes for patients, but are costly [5]. The work com-
pleted in this study can be used as part of the decision
making process when implementing strategies to reduce
complex SSIs. Understanding the economic burden is key
to assessing value for money when choosing between dif-
ferent options to reduce infection.

As noted previously, the majority of costs associ-
ated with complex SSIs post-CIED implantation were
found to be driven by inpatient hospitalizations with
prolonged LOS. This is in keeping with previous litera-
ture demonstrating that prolonged hospitalizations are
drivers of increased costs [22]. This may suggest a need
for streamlining of services to manage complex SSIs in
order to expedite discharge and reduce costs. A study
done on orthopedic surgeries demonstrated that a dedi-
cated infectious diseases team in conjunction with a joint
arthroplasty service was able to successfully restructure
patient discharge expeditiously while maintaining patient
safety and quality of care [23].

This work is unique in that it used validated adminis-
trative data to track complex SSIs that occurred after
CIED implantation [12]. This suggests increased reliabil-
ity and validity of the results. There can be confidence in
the ability of the data to identify infection and this work
would be able to be replicated in other datasets. While
costing data is specific to different regions and therefore
can vary both in the national and international context,
given that this work was population-based, and encom-
passed both rural and urban settings including academic
and community settings, it is generalizable to different
demographics and geographic areas. While costing stud-
ies should potentially be replicated in specific geographic
locations, this work can provide a framework and foun-
dation on which to replicate future studies. High quality
micro-costing data was utilized where available improv-
ing the specificity of the costing estimates.

There are limitations that must be addressed. Infec-
tions were only tracked for one year, therefore complex
SSIs occurring very late would not have been captured.
There is always the possibility of errors in adminis-
trative data which relies on human coding. However,
this provides one of the only ways to complete large
population-based studies which would otherwise be
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prohibitively expensive and difficult. There are concerns
associated with propensity score matching. One infection
was excluded as a match could not be found; however, we
do not believe that this introduced selection bias. There
may be unobserved confounders that could influence the
pairs and lead to bias in the matching, as all relevant dif-
ferences may not be accounted for. Microcosting data
was not available for all patients and given that many
patients without infection were not re-admitted to hos-
pital there would be more microcosting data available for
the infection group. However, previous work on micro-
costing versus gross costing data specifically in Alberta
exploring cardiac care demonstrated that microcosting
and RIW performed similarly somewhat mitigating any
risk of this discrepancy influencing costing outcomes
[24]. Finally, physician claims were not included which
may have influenced the costs from the public healthcare
payer perspective. Given the increased hospitalizations
and outpatient visits associated with the infection group,
the physician costs would likely increase the differences
even further.

Conclusions

This work has demonstrated the substantial economic
burden associated with CIED complex SSIs. Largely
driven by hospital admissions and prolonged LOS, these
costs demonstrate a need to mitigate infection risk and
work toward strategies for prevention. Now that the
foundation has been completed through assessment of
economic burden, these findings can be applied to future
studies exploring cost-effectiveness for different infection
prevention strategies. This work would be of relevance to
healthcare providers, guideline development committees
and policy-makers. Further studies should be completed
in larger populations and explore individual factors con-
tributing to increased costs in complex CIED SSIs, such
as individual comorbidities, comorbidity indices and
causative pathogens.
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