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Abstract
Infections of cardiac implantable electronic devices (CIEDs) have increased over the past decade. However, the impact of 
the climate on CIED infections is unknown. To determine whether there is a seasonal variation in CIED infections. In this 
single-center observational study, retrospective analysis of prospectively collected data was performed. Timone Hospital in 
Marseille (south-east France) is a tertiary care institution and the regional reference center for management of CIED infec-
tions. All consecutive patients with CIED extractions for infectious reasons were included over a 12-year period. We noted 
the mean temperature (°C), precipitation (mm) and the incidence of CIED infections over this period. Among 612 patients 
[mean (standard deviation) age, 72.4 (13.0) years; 74.0% male], 238 had endocarditis alone (38.9%), 249 had pocket infec-
tion alone (40.7%), and 125 had both (20.4%). We found bacterial documentation in 428 patients (70.0%), commensal in 245 
(40.0%). The incidence of CIED infections was positively associated with high temperature (regression coefficient = 0.075; 
P = 0.01) and precipitation (regression coefficient = 0.022; P < 0.01). Seasonal variation was specific of pocket infections, 
whether they were associated with endocarditis or not. Subgroups with infection seasonality were: women, elderly people 
(> 75 years), late CIED infection and skin commensal bacterial infections. We found a seasonal variation in pocket infec-
tions, whether associated with endocarditis or not. Infections were associated with elevated temperatures and precipitation. 
Therefore, specific prevention strategy should be discussed in high-risk patients.
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Introduction

Implantation of cardiac implantable electronic devices 
(CIEDs), which include permanent pacemakers and implant-
able cardioverter–defibrillators (ICDs), has increased dra-
matically [1]. This is largely due to the expanded indications 
for CIED implantation based on the results of large clinical 
trials of ICDs for primary prevention, as well as the aging 
of the general population [2]. However, studies have sug-
gested that the number of infections associated with CIEDs 
is increasing, more than the rate of implantations [3].

CIED infection is a serious condition that can occur 
immediately after an implantation or many years later. Pre-
ventive strategies are a desirable goal, but CIED pathogen-
esis remains unclear and mechanisms are still debated. For 
example, it has been proposed that dormant bacteria in the 
CIED pocket could reactivate [4]. A change in environmen-
tal heat and humidity associated with climate and seasons 
could also be relevant. Climate and seasonal variability 
have long been associated with infectious diseases [5–7]. 
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However, the impact of climate, seasonality, environmental 
temperature and humidity on CIED infection is unknown.

Therefore, the aim of this study was to determine whether 
there is a seasonal variation in the incidence of CIED infec-
tions, which could be explained by meteorological variations 
in temperature and precipitation.

Methods

Study design

This single-center study was conducted in Timone hospital, 
Marseille, in the south-east of France, in the region of the 
Provence Alpes Côte d’Azur (PACA). It is a tertiary care 
institution and the regional reference center for CIED infec-
tion management. A retrospective analysis of prospectively 
collected data was undertaken.

Patients

The ethics committee of the Timone Hospital approved this 
study. We included all consecutive patients with complete 
CIED extraction for reasons of infection, from January 2003 
to May 2015. The date of the extraction procedure was con-
sidered as the date of the infection.

CIED infections were categorized as “pocket infections” 
if local inflammation was present or if hardware protruded 
through the skin and/or as “device-related endocarditis” 
according to the modified Duke criteria [8].

Data collection

Clinical data

For all patients, data were collected prospectively and 
entered into a specific electronic database that was already 
in use for each lead extraction performed at our center. Data 
included demographic data (age, gender); underlying heart 
disease; type, date, and indication of first CIED implanta-
tion; date since last intervention on the device; age, number, 
and location of leads; and whether the pocket was infected or 
not, regardless of the type of CIED infection. CIED infection 
was considered “early” if it occurred < 1 year after the last 
intervention.

Microbiology

In all patients, cultures from at least three blood samples 
(all efforts were made to obtain the blood cultures before 
initiating antibiotic therapy at the hospital) and swabs from 
the device pocket, generator, and leads were taken for micro-
bial analyzes: phenotypic identification (Vitek, Biomerieux, 

France) and whole-cell identification by matrix-assisted 
laser desorption ionization-time of flight (MALDI-ToF) 
mass spectrometry (Microflex, Bruker Daltonics, Germany). 
Coagulase-negative Staphylococcus, Corynebacterium, and 
Propionibacterium were considered commensal; others were 
considered pathogenic. In case of double bacteria documen-
tation (commensal and pathogenic), we primarily considered 
the bloodstream documentation. For device and leads cul-
ture, because of the risk of non-specific contamination by 
commensal organism during extraction, we considered only 
pathogenic bacteria [9].

Weather temperature and seasons

Average monthly meteorological statements were obtained 
from the Marseille-Marignane weather station [10]. In par-
ticular, temperature (°C) and precipitation amount (mm) 
were noted.

Outcomes

The post hoc primary outcome of interest was the bimonthly 
incidence of CIED infections.

Statistical analysis

A descriptive analysis of the clinical and microbiologic 
characteristics of the study sample was performed. Qualita-
tive variables are expressed as numbers and percentages, 
and quantitative variables as means and standard deviations 
(SDs) or medians and interquartile ranges (IQRs). A descrip-
tive analysis of the infections incidence over time was per-
formed using seasonal decomposition by a moving averages 
strategy. Considering infections incidence data by month 
resulted in the rejection of the hypothesis of normality of the 
time series; hence, data were grouped by 2-month windows.

The change in infections incidence over time was ana-
lyzed using multivariable Box–Jenkins method-based sea-
sonal autoregressive integrated moving average (SARIMAX) 
models, which allow exposure and effect, trend changes, and 
seasonal changes to be accounted for. Pre-estimation of uni-
variate SARIMAX models was based on stationarity, auto-
correlation, and partial autocorrelation functions. Goodness 
of fit was assessed using Akaike and Bayesian information 
criterion, and the Box–Jenkins principle of parsimony.

Multivariable models were systematically adjusted on 
time (with linear and a quadratic term to take into account 
the decrease of activity), cumulative precipitation, and tem-
perature. Various multivariable models were constructed, 
for the various subgroups defined according to the following 
characteristics: gender (male/female); age (< 75/> 75 years); 
type of CIED infection (early/late); endocarditis/pocket 
infection; and bacteriologic identification. The final 



826 Heart and Vessels (2019) 34:824–831

1 3

multivariable SARIMAX models were tested for goodness 
of fit, residual autocorrelation (Barlett’s test with noise test, 
Portmanteau Q test), and residual normality. A full statisti-
cal description of the SARIMAX model can be found in the 
online-only Supplement.

All tests were two-sided, and P < 0.05 was considered 
significant. All data were analyzed using R software.

Results

Baseline characteristics

During the 12-year study period, 824 CIEDs were removed: 
612 for reasons of infection. The demographic and clinical 
characteristics of these patients are summarized in Table 1. 
The mean (SD) age was 72.4 (13.0) years. In this cohort, 
410 (67.0%) patients were implanted with a pacemaker 
and 202 (33.0%) with an ICD. The mean (SD) number of 
leads per patient was 2.3 (0.8). The median time between 
the last intervention and the extraction was 578 days (IQR 
156–1422 days). The median lead age was 1739 days (IQR 
420–3206 days). A total of 239 patients (39.1%) had early 
CIED infections.

Microbiology

Microbiologic ecology is summarized in Tables 2 and 3. 
Concordance between blood culture and material culture 
existed for 99 patients (56.0%) who presented with at least 
one positive blood culture. Considering early infection 
(n = 237), the proportions of commensal [n = 84 (35.4%)] 

and pathogenic infection [n = 73 (30.8%)] were similar, 
whereas we found a tendency of increasing proportion of 
commensal infection for later infection (n = 375; com-
mensal: n = 161 (42.9%); pathogenic: n = 110 (29.3%); 
P = 0.27).

Climate

The weather in PACA is Mediterranean, class CSa by the 
Köppen–Geiger climate classification [11]. It is character-
ized as a warm, temperate climate with hot, dry summers 
and mild, wet winters. Data from the Marseille-Marignane 
weather  station17 confirm this trend, with hot summers 
(June/July and August/September), mild winters (December/
January and February/March) and with maximum precipita-
tion in October/November. Climatic data are summarized 
in Fig. 1, along with the numbers of infections during each 
2-month period throughout the study.

Incidence of CIED infections and meteorological 
variations

The incidence of CIED infections was positively associated 
with precipitation (regression coefficient=0.023; P < 0.01) 
and elevatedtemperature (regression coefficient = 0.076; 
P = 0.01) (Table 4). After adjustment of time and mete-
orological variation, a seasonality [seasonal autoregres-
sive (SAR)/seasonal average moving (SAM) coefficient] 
persisted.

Subgroup analysis revealed that seasonal variations 
were specific to CIED infections with pocket infection 
(with or without endocarditis). Endocarditis without 
pocket infection did not have any seasonal variation (Fig. 2 

Table 1  Patient characteristics

Data are n (%)
CIED cardiac implantable electronic device, DCM dilated cardiomyo-
pathy, ICM ischemic cardiomyopathy, VHD valvular heart disease

All patients (n = 612)

Male 453 (74.0)
Age < 75 years 304 (49.7)
Indication of extraction
 Endocarditis alone 238 (38.9%)
 Isolated pocket infection 249(40.7)
 Endocarditis with pocket infection 125 (20.4)

Age of leads < 1 year 138 (22.5)
Heart disease
 DCM, ICM, VHD, other 251 (41.0)
 No heart disease 361 (59.0)

Type of CIED
 Implanted cardiac  defibrillator 202 (33.0)
 Pacemaker 410 (67.0)

Table 2  Microbiologic data

Data are n (%)

All patients (n = 612)

Patients with positive blood cultures 178 (29.1)
Patients with positive explanted material 371 (60.6)
Bacteria type
 Commensal 245 (40.0)
 Pathogenic 183 (29.9)

Time of presentation after implantation
 Early (< 1 an) 237 (38.7)
 Late (> 1 an) 375 (61.2)

Number of bacteria per patient
 1 329 (53.7)
 2 84 (13.7)
 3 11 (1.8)
 4 4 (0.7)
 Negative culture 184 (30.1)
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Table 3  Bacteriologic ecology

Data are n (%)

Blood samples 
(n = 183)

Explanted material 
(n = 462)

Total (n = 546)

Staphylococcus aureus 82 (44.8) 95 (20.6) 127 (23.3)
Coagulase-negative staphylococci 67 (36.6) 212 (45.9) 242 (44.3)
Gram-negative bacilli 19 (10.4) 31 (6.7) 42 (7.7)
Propionibacterium acnes 1 (0.5) 97 (21.0) 97 (17.8)
Other 14 (7.7) 27 (5.8) 38 (7.0)

Fig. 1  Incidence of infections, cumulative precipitation, and mean 
temperature during each 2-month period throughout the study. The 
climate in Provence Alpes Côte d’Azur is warm and temperate with 
hot, dry summers and mild, wet winters. Our data confirm this trend, 

with hot summers (June/July and August/September), mild winters 
(December/January and February/March), with maximum precipita-
tion in October/November
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and Table 4). The association of CIED infections incidence 
with high temperature and/or precipitation was significant 
in various subgroups: women, those aged > 75 years old, 
patients with late CIED infection, and those with skin 
commensal bacterial infection.

Discussion

To our knowledge, this 12-year epidemiologic study of 612 
patients with CIED infection is the first to show seasonal 
variation in the incidence of CIED infections. We found a 
positive association for periods with elevated temperature 
(June/July) and precipitation (October/November). This sea-
sonal variation specifically concerns pocket infection (with 
or without endocarditis), but not endocarditis alone. The 
increasing incidence of CIED infections with high tempera-
ture and precipitation is particularly pronounced in women, 
patients aged > 75 years, those with late CIED infection, and 
patients with skin commensal bacterial infections.

Device-related infection is the result of complex interac-
tions between the device, the microbe, and the host. Based 
on clinical presentation, pathophysiologic mechanisms of 

CIED infection (endocarditis vs pocket infection) are sup-
posed to be different [4, 12].

Infections of the indwelling transvenous leads (endocar-
ditis) without pocket infection are thought to be caused by 
transient bacteremia [13]. Seasonal variations of bactere-
mia have already been described in the literature. Neverthe-
less, these mainly concern Gram-negative organisms [14], 
which are rarely responsible for CIED infections. This could 
explain why we did not find any seasonal variation in the 
incidence of CIED endocarditis without pocket infection. 
However, for pocket infections, the mechanism is local con-
tamination of the pocket and could be secondary to skin 
infection [13]. This is probably the same mechanism for 
endocarditis secondary to pocket infection, in which lead 
infection could be the result of contiguity transmission from 
the pocket.

Early CIED infections are more likely due to organisms 
that are introduced at the time of surgery (whether it is com-
mensal or pathogenic bacteria). With regard to this mecha-
nism, it seems pertinent that early pocket infections are inde-
pendent of seasonal variation. On the other hand, our study 
shows a tendency of increasing proportion of commensal 
infection for later infection [15]. With the reservations 

Table 4  Precipitation, temperature, and time influence on incidence of CIED infections

+ variation coefficient persisted after multivariable adjustment on time and meteorological data, – variation coefficient did not persist after mul-
tivariable adjustment on time and meteorological data, MA moving average, AR auto regressive, CIED cardiac implantable electronic device, NS 
not significant, SMA seasonal moving average, SAR seasonal auto regressive
a Regression coefficient between incidence of CIED infections and precipitation
b Regression coefficient between incidence of CIED infections and temperature
c Regression coefficient between incidence of CIED infections and time
d Regression coefficient between and incidence of CIED infections and  time2 (quadratic term of time to take into account the decrease of activity)
e Non-seasonal coefficient
f Seasonal coefficient
g Appeared < 1 year after the implantation or the last intervention on the device
h Appeared ≥ 1 year after the implantation or the last intervention on the device

Precipitation 
 coefficienta

Temperature 
 coefficientb

Time  coefficientc Time2  coefficientd AR/MAe SAR/SMAf

All infections 0.023 (P < 0.01) 0.076 (P < 0.05) − 0.909 (P < 0.01) − 0.168 (P < 0.001) + +
Pocket infec-

tion ± endocarditis
0.010 (P < 0.05) 0.031 (NS) − 0.724 (P < 0.001) − 0.045 (P < 0.01) – +

Endocarditis without 
pocket infection

0.003 (NS) 0.015 (NS) − 0.283 (NS) − 0.060 (P < 0.01) – –

Male 0.004 (NS) 0.031 (NS) − 0.639 (P < 0.05) − 0.121 (P < 0.01) – +
Female 0.010 (P < 0.05) 0.04 (P < 0.05) − 0.329 (P < 0.01) − 0.050 (P < 0.001) – +
Age < 75 years 0.006 (NS) − 0.025 (NS) − 0.556 (P < 0.01) − 0.094 (P < 0.001) – –
Age > 75 years 0.017 (P < 0.01) 0.010 (P < 0.001) − 0.4456 (NS) − 0.080 (P < 0.001) + –
Early  infectiong 0.012 (NS) 0.023 (NS) − 0.361 (P < 0.05) − 0.066 (P < 0.001) – –
Late  infectionh 0.010 (NS) 0.044 (P < 0.05) − 0.529 (NS) − 0.100 (P < 0.001) + +
Commensal bacteria 0.020 (P < 0.01) 0.016 (NS) − 0.220 (NS) − 0.056 (P < 0.05) + +
Non-commensal 

bacteria
− 0.002 (NS) 0.013 (NS) − 0.875 (P < 0.001) − 0.109 (P < 0.001) + –
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relative to this non-significant result, this tendency may sup-
ports our hypothesis of seasonality.

Biofilm formation is known to be a potential mecha-
nism for device infection [12, 16]. Several steps have been 
described, of which colonization is the first. The microor-
ganisms must adhere to the exposed surfaces of the device 
for long enough to become irreversibly attached. The rate 
of cell attachment depends on the number and types of 
cells in the environment the device is exposed to and the 
physicochemical characteristics of the surface. Once these 
cells have irreversibly attached, they produce extracellular 
polysaccharides to develop a biofilm. The rate of growth is 
influenced by the nutrient composition of the environment, 
antimicrobial drug concentration, and ambient temperature. 
Then, phagocytic enzymes will damage the tissue around 
the biofilm, and planktonic bacteria will be released from 
the biofilm, causing dissemination and acute infection in 
neighboring tissue [16, 17].

Asymptomatic colonization of CIEDs with commensal 
bacteria has already been described [13, 18]. This “asymp-
tomatic colonization” can occur after bacterial transcu-
taneous crossing favored by enhanced epidermal perme-
ability [19, 20]. An experimental animal study showed 
that exposure to a dry environment enhances epidermal 
permeability barrier function [21]. Epidermal thickness, 
the number of layers, and the lipid content of the stratum 
corneum, lamellar body secretory system, and lamellar 
membranes are all increased by low humidity. We could 
therefore expect that a weakened epidemiologic barrier 
during high humidity could promote “asymptomatic colo-
nization” of pocket CIED infection, with skin commensal 
bacteria.

The ecology of the skin surface is highly variable depend-
ing on topographic location, endogenous host factors, and 
exogenous environmental factors.[19, 22] Since Ratkowsky 
et al. proposed a linear relationship between the square root 
of the growth rate of bacteria and the absolute temperature 
[23, 24], it has been demonstrated that the densest bacterial 
populations are located in hot and wet areas, rich in growth 
factors and with a pH close to 7 [19]. Furthermore, higher 
temperatures induce acceleration of microbial colonization 
and microbial interactive effects of the biofilm [25, 26]. 
Thus, higher temperatures may facilitate CIED infection by 
enhancing bacterial growth on the skin surface and in the 
biofilm.

Seasonal variation in CIED infection was particularly 
pronounced in two subgroups: women and elderly patients. 
The reduced strength of the skin tissue in such people could 
explain an increased sensitivity to climatic conditions and, 
thus, seasonal variation [27, 28].

Our study has some limitations. First, we considered the 
date of the extraction procedure to be the same as the date 
of the infection, but, realistically, there is a delay between 
the onset of infection and the extraction procedure. A ret-
rospective study from the Cleveland Clinic that included 
412 consecutive patients who underwent CIED removal for 
infection (including endocarditis with and without pocket 
infection) reported a median time interval between onset of 
infection and device removal of 24 days [29]. However, the 
diagnosis of pocket infection is easier, so the delay between 
onset of infection and device removal should be shorter. 
On the other hand, in cases of isolated endocarditis, clini-
cal signs are often poor (e.g., fever of unknown origin), so 
diagnosis can be challenging and delayed. Several months 
may elapse between infection onset and diagnosis. This is 
probably another reason why we did not see any seasonal 
variation among patients with endocarditis without pocket 
infection. Second, our study has limitations attributable to 
its retrospective single-center nature. However, please note 
that our data were collected prospectively. Third, we only 
investigated two components of the climate: temperature 

Fig. 2  a Pocket infection and b non-pocket infection incidences 
according to mean bimonthly temperature (°C) and cumulative pre-
cipitation (mm). In a, the “pocket infections” incidence curve shows 
two significant peaks: the first one in June/July (elevated temperature) 
and the second one in October/November (increased precipitation). 
In b the “non-pocket infection” incidence curve shows no significant 
peak. F/M, February/March; A/M, April/May; J/J, June/July; A/S, 
August/September; O/N, October/November; D/J, December/January
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and precipitation. It is, however, likely that any interaction-
between weatherand infection is not limited to these two 
components [30].

Conclusion

Our observational study is the first to report a seasonal trend 
in CIED infections. Pocket infection incidence (with or with-
out endocarditis) was positively associated with elevated 
temperature and increased precipitation periods. Subgroups 
of patients strongly influenced by seasonality and meteoro-
logical variations were women, those aged > 75 years old, 
patients with late infections, and those with commensal 
bacteria. These results could justify enhanced surveillance 
during warm, wet seasons and may even justify prophylactic 
measures in selected high-risk patients. Understanding and 
controlling biofilm formation could also have a significant 
impact on rethinking the surface design of CIEDs.
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