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11.1	 �Introduction

Although the recently reported results of the PADIT study [1] indisputably bring a 
positive message by showing that the infection rate within the first year after cardiac 
implantable electronic device (CIED) implantation in advanced care systems was 
“only” 1% in high-risk patients, infection associated with the use of CIED (CIEDI) 
remains a serious complication leading to significant morbidity and mortality. These 
infections can be the result of initial pocket infection, usually due to surgical site 
contamination (more frequently) or secondary to hematogenous seeding of the leads 
or pocket during an episode of bacteremia due to remote septic foci or associated 
with either intravascular catheters or invasive procedures. As previously discussed 
in Chaps. 3 and 4, the principal agents involved in the development of CIEDI are 
gram-positive Staphylococci, and the main factors promoting the infective process 
can be classified into (a) patient-related, (b) device-related, (c) procedure-related, 
and (d) related to operators’ experience. In this chapter, we will focus on the various 
aspects of periprocedural modifiable risk factors: anticoagulation, antisepsis, antibi-
otic prophylaxis, and wound care. We will discuss both available evidence 
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supporting standard approaches and recently introduced devices to improve CIED 
procedures. On the contrary, prevention of CIEDI through adoption of new CIED 
technologies, patient-tailored choice of the device, implanting procedure, and long-
term follow-up are discussed in Chaps. 10 and 12.

11.1.1	 �Comorbidities

Greenspon et  al. clearly showed an imbalance between increasing incidence of 
CIEDI and the trend in new CIED implants, underlying that the rising in the burden 
of comorbidities could serve as the more plausible explanation [2]. Notably, many 
of them not only predict the risk of CIEDI but also the long-term survival after suc-
cessful lead extraction [3, 4] (Fig. 11.1). While we cannot avoid many of these fac-
tors (beyond excluding patients from the implant when risks clearly outweigh the 
benefits), we should carefully focus on those we can manage (Table 11.1). Several 
reports evidenced that presence of fever <24 h before CIED procedures is associ-
ated with an increased risk of CIEDI (OR 4.27; 95%CI 1.13–16.12) [5]. For this 
reason, the procedure should be postponed (whenever possible) in patients with 
fever (until >24 h apyrexia). In case of ongoing infections without fever, the best 
approach is less defined, and the role of systemic markers of infection, e.g., CRP or 
white cell count, has not been studied. However a similar conservative approach is 
rational, at least until resolution of systemic involvement [6]. Two additional risk 
factors deserving additional investigation are glycemic control and prevention of 
contrast-induced nephropathy. Diabetes mellitus has been identified as a predictor 

Fig. 11.1  Long-term survival from death for any cause after complete system extraction accord-
ing to the Shariff score at last CIED procedure. The Kaplan-Meier curves derive from a multicenter 
study on 169 patients after effective lead extraction for CIEDI (Reproduced with permission from 
Diemberger et al.) [3]. Patients were considered at high vs. low risk according to having <3 vs. ≥3 
points at the 10-points Shariff score [4] as reported in the table on the right. CIED cardiac implant-
able electrical device, CIEDI CIED-related infection, PM pacemaker
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of CIEDI (OR 2.08, 95%CI 1.62–2.67; see Chap. 3), while it cannot be avoided, it 
has been reported that glucose levels >11.1 mmol/L in the immediate postoperative 
period are associated with increasing surgical site infection (SSI), and a strict gly-
cemic control in the perioperative period significantly reduced major infectious 
morbidity and its associated socioeconomic costs [7]. These data suggest to extend 
the approach to a closer glycemic control also in the CIED setting, according to 
what is suggested in different surgical settings [6, 8, 9]. Renal failure is not only a 
leading risk factor for development of CIEDI but also for long-term survival after 
CIEDI treatment [3, 10]. Considering that up to 15% of the patients are undergoing 
complex CIED procedures [11], the adoption of measures should be carefully con-
sidered to avoid acute kidney injuries by properly managing periprocedural drugs 
and by adopting all measures for the prevention of contrast-induced nephropathy 
especially for candidates to cardiac resynchronization therapy. The last point to be 
discussed is the use of a temporary pacemaker which was reported to be associated 
with a more than doubled risk of CIEDI (see Chap. 3). Despite being recognized by 
several authors that it should be limited to very selected patients [12, 13] with severe 
symptomatic bradycardia (usually third-degree atrioventricular block with low 
escape rhythm or patients), it is not covered by many guidelines on about use of 
CIEDI or management/prevention of endocarditis [14–17]. Close monitoring of the 
patient coupled with timely implantation of permanent CIED and use of isoprena-
line or adrenaline should always be considered [12, 13].

11.1.2	 �Management of Anticoagulation and Antiplatelet Drugs

Pocket bleeding after CIED is a relevant complication since it causes patients dis-
comfort and pain while prolonging/requiring hospital admission in many cases, and 
also it can lead to pocket revision (Fig. 11.2), thereby increasing the costs of CIED 
therapy [18]. More relevant, pocket hematoma has been associated with an increased 
risk of CIEDI of 8.46 (95%CI 4.01–17.86; see Chap. 3 for additional information). 
The principal risk factor for pocket hematoma is anticoagulation therapy (and dual 

Table 11.1  Suggested interventions to reduce the risk of CIEDI: patient characteristics

Recommendations ¼
Defer CIED procedure in case of fever or ongoing infection, until resolution/apyrexia >24 h
Careful glycemic control throughout the entire perioperative phase
Limit the use of temporary PM to high-risk symptomatic bradycardia (e.g., third-degree AV 
block)
Limit the risk of acute kidney injury (e.g., limit use of contrast medium and nephrotoxic 
drugs)
Tailored management of anticoagulation/antiplatelet therapy, throughout the peri-operatory 
period, according to patient-/procedure-specific bleeding risk and indication for this treatment 
(see Sect. 11.1.2)

Based on De Maria et al., Sandoe et al., Padfield et al., Gleva et al. [6, 13, 46, 72]
AV atrioventricular, CIED cardiac implantable electrical device, PM pacemaker

11  Prevention of Device Infection: Procedural Aspects, Drugs, and Preventive Tools

https://doi.org/10.1007/978-3-030-46255-0_3
https://doi.org/10.1007/978-3-030-46255-0_3
https://doi.org/10.1007/978-3-030-46255-0_3


180

a b

c d

e f

Fig. 11.2  Different patterns of CIED pocket hematoma. The clinical relevance of the patterns 
progressively increases from a to f. In particular pattern a, b can be management with ambulatory 
surveillance. Pattern c, d deserves interruption of anticoagulation. Moreover, hospital admission 
should be seriously considered to avoid progressive dehiscence of the suture line (e) leading, if not 
urgently revised in the EP lab, to complete opening of the wound (f). At this point, it has to be 
considered complete CIED extraction
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antiplatelet, as more recently reported) [19], which has also been recognized as an 
independent risk factor for CIEDI. However, the association between CIEDI and 
pocket hematoma is not consistently reported among the studies [20], and various 
explanations could be advocated for this: study design, inhomogeneous definition/
reporting of pocket hematoma [21], additional comorbidities, study settings (type of 
CIED and procedure involved), but more importantly the management of pocket 
hematoma [22].

According to a comprehensive meta-analysis, the prevalence of pocket hema-
toma in current literature can be estimated around 4.6% ranging between 2.2% in 
untreated patients and 14.6% in patients undergoing heparin bridging [19] in accor-
dance with the type of anticoagulant/antiplatelet therapy (Fig. 11.3). Notably, dual 
antiplatelet therapy provided a bleeding risk significantly higher than any oral anti-
coagulation approach without bridging. It is interesting to note that these figures are 
significantly higher than those reported by the meta-analysis of acute complications 
after ICD implant in randomized studies and registries (being, respectively, 1.2% 
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Fig. 11.3  Association between different anticoagulant/antiplatelet regimens and risk of bleeding 
complications both in terms of incidence (a) and odds ratio (b). AC anticoagulant, DAPT double 
antiplatelet therapy, HBS heparin bridging, SAPT single antiplatelet therapy (Figures adapted from 
Bernard et al. [19] with permission)
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and 0.86%) [23] and in a very large retrospective claim-based analysis [24] showing 
a range between 0.58 and 2.81%. These figures clearly underline the importance of 
providing a clear definition of pocket hematoma. According to De Sensi et al. [21] 
inside the literature, the definition of hematoma was recorded as an outcome ranged 
from any ecchymosis occurring in the surrounding area of the CIED pocket to any 
palpable mass requiring a dedicated intervention (reoperation, hospitalization, 
interruption of anticoagulation, blood transfusion) [25–27]. The authors recognized 
the importance of recording any phenomenon regarding the pocket, for the potential 
relationship with subsequent CIEDI, but stratifying it in a standardized manner, 
later modified by the Bristol Heart Institute scale [28] (Fig. 11.4).

The evidence of the heavy impact of hematoma on patients’ outcome led to orga-
nization of many randomized studies aimed at verifying the impact of different 
strategies for managing oral anticoagulation (Table 11.2) [25, 26, 29–32]. In sum-
mary they confirmed data from previous observational studies [33] evidencing that 

Grade 0: No swelling/bruising. Normal
appearance.
Treatment: None

Grade 1: Ecchymosis or mild effusion in the
pocket. No pain or swelling to device pocket.
Treatment: Observation

Grade 2: Moderate effusion in the pocket leading
to swelling and causing functional impairment or
to device pocket.
Treatment: Analgesia/pressure
dressing/interruption of anticoagulant

Grade 3: Large effusion in the pocket leading to
swelling and functional impairment or pain to
device pocket.
Treatment: Analgesia/evacuation /interruption of
anticoagulant/prolonged hospitalisation

Fig. 11.4  The Bristol Heart Institute scale to grade severity of pocket hematoma [28]
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interruption with oral anticoagulation and heparin bridging are associated with an 
increased risk of bleeding (mainly pocket hematoma), while perioperative continu-
ation of warfarin reduces the occurrence of clinically significant CIED pocket 
hematoma and the duration of hospital stay, without any increase in thromboem-
bolic events. Another finding that should be underlined is the very high ratio between 
bleeding and thromboembolic events explaining the results. The only limitation is 
the absence of a randomized study comparing warfarin interruption without bridg-
ing and uninterrupted warfarin. However, after the introduction of novel oral antico-
agulants, the attention is shifting to these agents that are becoming the standard for 
anticoagulation for most of CIED patients. Beyond the reports on observational data 
[34, 35] and sub-analysis of authorization trials [36], the recently published BRUISE 
CONTROL-2 [30] trial evidenced that when considering direct oral anticoagulants, 
a strategy based on continuation (maximum interval between doses 12 h) and the 
choice of a brief interruption (median 72 h) are both associated with very low com-
plications (Table 11.2).

The final consideration regards antiplatelet therapy. Single antiplatelet therapy is 
associated with an increased incidence of pocket hematoma [19], with inconsistent 
reports on higher effect provided by clopidogrel when interrupted for <5 days like 
to what occurs for other surgeries [37]. However, there is a considerable amount of 
data supporting a relevant increase in occurrence of pocket hematoma when CIED 
procedure is performed under dual antiplatelet therapy, estimated as a threefold 
increase [19, 37, 38].

According to the results of all these studies, it cannot be suggested a generalized 
approach to manage anticoagulation/antiplatelet therapy in patients candidates to 
CIED procedures. In general the use of heparin should be strongly discouraged, 
while the choice of interrupting or continuing oral anticoagulation should be bal-
anced on patient thromboembolic risk, complexity of planned procedure, and risk of 
deferring the procedure. In particular, an uninterrupted approach should be consid-
ered in patients with a CHA2DS2-VASc score ≥ 4, previous stroke, recent ablation/
cardioversion of atrial fibrillation, old mechanic valve prosthesis, and/or urgent pro-
cedure [39]. Conversely, other patients should be managed with appropriate inter-
ruption of oral anticoagulant. A recent report evidenced that a similar integrated 
approach has the potential to significantly decrease the incidence of pocket hema-
toma (from 6.5 to 1.6%) without paying in terms of an increase in ischemic events 
[40]. Notably, the authors adopted a lower INR value in the patients with uninter-
rupted anticoagulant therapy, a decision supported by the real values recorded in the 
BRUISE CONTROL trial [25]. Figure 11.5 provides a possible approach to manage 
anticoagulant/antiplatelet therapy considering the previously discussed literature.

The last consideration on the prevention of bleeding complications to reduce 
CIEDI is on operative technique. Each characteristic of CIED procedure can affect 
the bleeding risk, well beyond the underlying anticoagulant/antiplatelet treatment: 
(a) type of procedure; (b) vascular access (cephalic vs. subclavian); (c) creation of 
CIED pocket (site, tools, approach); and (d) preventive measures. While the points 
from (a) to (c) will be covered later (see the subsequent sections of this chapter and 
Chaps. 10 and 12), the last point needs a specific discussion. Several approaches 
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have been suggested to reduce the incidence of pocket hematoma independently 
from the management of anticoagulation/antiplatelet therapy. Beton et  al. [41] 
reported the results of a single-center case-control retrospective study on 135 
patients under warfarin (>50%) or dual antiplatelet therapy (>25%) comparing use 
of topical tranexamic acid and showing an impressive reduction in hematomas 
(overall and clinically relevant) and reoperations. As recognized by the authors, this 
report can be only hypothesis generating, but in view of the low impact (in proce-
dural time and costs), it should be considered for additional exploration. Another 
approach, routinely adopted in ophthalmologic and stomatologic procedures, is the 
topical infusion of epinephrine to promote vasoconstriction. Ilov et al. [42] reported 
the results of a randomized study on 133 patients to receive either epinephrine or 
saline solution, which were added to a local anesthetic administered during pace-
maker implantation. Notably, only a half of the patients were under anticoagulant/
antiplatelet therapy before CIED procedure. The study showed that use of local 
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Fig. 11.5  Proposed management of antiplatelet for CIED procedures according to current litera-
ture [39, 46, 121]. ∗HIS high ischemic risk, see table in the left corner [121]; ∗∗ high thromboem-
bolic risk, see table in the right corner [39]; ∗∗∗  preferably discussion between operator and 
interventional cardiologist. Note that submuscular CIED procedures and lead extraction are not 
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ischemic risk, MI myocardial infarction, SAPT single antiplatelet therapy, TE thromboembolic, 
VKA vit. K antagonists
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epinephrine was associated with an increased incidence of pocket hematoma (9% 
vs. 2%; OR = 5.95; CI: 2.1–7.3, p = 0.003). The provided explanation was that tem-
porary vasoconstriction induced by epinephrine may lead to a false impression of 
adequate hemostasis with later bleeding at the end of the effect. A different approach 
adopted in three other reports is to put procoagulant agents inside CIED pocket. 
Ohlow et  al. published a negative case-control study [43] on the use of D-Stat 
Flowable Hemostat™ (Vascular Solutions, Inc., USA). This device containins a 
mixture of thrombin and collagen approved by FDA indicated for use in the local 
management and control of bleeding in percutaneous and surgical procedures for 
patients at increased bleeding risk. Among the 163 enrolled patients, 50% were 
under anticoagulation, and 38% received dual antiplatelet therapy; the study arm 
presented more hematomas (14.6% vs. 3.7%; p = 0.03) but more importantly a trend 
for higher pocket infections (6.1% vs. 1.2%; p = 0.21) not associated with reopera-
tions. In a second study, Tscholl et al. [44] evaluated the use of PerClot™ (CryoLife, 
Inc. Kennesaw, GA, USA) a CE-marked system to deliver a mixture of absorbable 
polysaccharide particles derived from purified plant starch with the properties to 
cause local dehydration accelerating clotting cascade through concentration of 
platelets, red blood cells, and procoagulant proteins. However, the study was 
stopped early, after enrollment of one third of the patients (n = 51) due to significant 
incidence of fever and raised inflammatory markers in the PerClot™ group even 
without clinical signs of infection or later device explantation. Finally, another 
option under evaluation [45] is the also the use of oxidized regenerated cellulose, a 
plant-based topical hemostatic agent, which couples procoagulant action with (in 
vitro) bactericidal properties (Surgicel® Fibrillar™ Hemostat; Ethicon Inc., USA). 
However, the only available report provides just feasibility data in a limited 
population.

11.1.3	 �Skin Preparation

Several measures are routinely undertaken by many operators in current practice 
with the aim to reduce bacterial skin colonization (Table 11.3). However, we have 
limited and contrasting data supporting them. Removal of adhesive left by monitor-
ing electrodes is rational, but it should be carried out gently, with the use of alco-
holic solutions avoiding excessive rubbing to prevent skin erythema [6]. Preoperative 
shaving derives from the common belief that hair removal could reduce the inci-
dence of wound infection, and in many institutions, it is performed the night before. 
However, microscopic injuries secondary to this procedure can theoretically 
increase the risk of infection. There is evidence that the use of razors is associated 
with an increase in SSI, leading to the practical suggestion to use clippers (with a 
single-use head) on the day of the procedure [8, 9, 46]. Another possibility could be 
use of depilatory cream the day before the operation, but it has no supportive evi-
dence [6]. Chlorhexidine shower proved to diminish skin bacterial count (particu-
larly, Staphylococcus spp.), but no robust data confirm a reduction in postoperative 
infections [8, 9]. More recently, the guidelines for the prevention of SSI issued by 
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the US Centers for Disease Control and Prevention in 2017 [47] provide a strong 
recommendation to advise patients to shower/bathe (full body) with soap at least the 
night before the operative day. However, this recommendation is supported as an 
“accepted practice,” since there is uncertainty regarding the optimal timing, the total 
number of soap/antiseptic agent applications, and the type of agent (as clearly 
reported by the supplementary material). Notably, the same guidelines did not men-
tion the practice of removing hair before surgery. More data support the disinfection 
of the surgical site to reduce bacterial colonization (without irritating the skin). The 
results of a recent study on 1326 patients showed no difference between aqueous 
and alcoholic povidone-iodine solutions regarding CIEDI prevention [48]; in gen-
eral it is suggested to adopt alcohol-based (for higher skin penetration) antiseptic 
agent for intraoperative skin preparation (unless contraindicated) [46, 47]. Notably, 
single-use units should be preferred to avoid contamination during repeated open-
ing of large bottles, while the skin preparation should be left on for a minimum 
contact time of 30 s and should not be allowed to pool (to avoid the fire risk from 
diathermy) [46, 49]. Iodine and chlorhexidine both in 70% alcohol are the two most 
effective skin antiseptics [6, 50]. The comparison between these agents presents 
conflicting results in available literature. In the EHRA survey, the centers are split 
with 57.8% using povidone-iodine solution [51]. Povidone-iodine was also the pre-
ferred antiseptic agent in the participating centers at higher infection rates in the 
large REPLACE registry suggesting a higher protective action provided by 
chlorhexidine [52]. This was supported by a randomized multicenter trial in candi-
dates to different types of surgery (CIED procedures were not included) showing a 
significant reduction in SSI with chlorhexidine (9.5% vs. 16.1%, p = 0.004) [53]. 
However, in a very recent retrospective cohort including 2792 patients undergoing 
2840 CIED procedures, no difference in infection rates was found between povi-
done-iodine and chlorhexidine groups [54]. This inhomogeneity is also present in 
current guidelines [46, 47] showing a preference for chlorhexidine only for the Joint 
British guidelines on CIEDI management and prevention [46] mainly based on the 
extension of the EPIC3 guidelines recommendation for central line [55]. On the 

Table 11.3  Suggested interventions to reduce the risk of CIEDI: Skin preparation

Recommendations 2/4
Chlorhexidine bath/showers before elective procedures: Especially axillae and surgical site
Preoperative shaving: Use clippers immediately before. Avoid razors and shaving brushes
Remove central venous catheters if not strictly required
Gently remove residues of monitoring electrodes: Avoid excessive rubbing
Position ipsilateral peripheral venous access in case of venography. Prefer contralateral site 
after CIED procedure (to limit the risk of phlebitis)
Surgical site skin disinfection: Prefer chlorhexidine alcohol solutions (but also iodine). Prefer 
single-use units. Avoid pooling and leave to dry
Use of adhesive sheets at discretion of the operator. Prefer iodophor-impregnated adhesive 
incision drape. Position only after the antiseptic has completely dried. Do not remove or 
reposition during the procedure

Based on De Maria et al., Sandoe et al., Padfield et al., Gleva et al. [6, 13, 46, 72]
CIED cardiac implantable electrical device
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contrary, the US guidelines on SSI prevention prefer a more conservative approach, 
not reporting a preference for any of the two agents [47] but acknowledging the 
divergent data. Remarkably, a recent report showed an interesting strategy based on 
a staged bundled antiseptic skin preparation including (a) application of 75% alco-
hol over the anterior chest and covering with sterile gauzes after taking a shower on 
the night before the procedure, (b) povidone-iodine at the incision site 10 min before 
operation, and (c) standard antiseptic preparation [56]. 270 patients prepared 
according to this protocol were compared with 395 patients who received the stan-
dard skin antiseptic preparation in the same institution in the 2 years before. The 
authors reported a drastic decrease in CIEDI (0.7 vs. 4.3%, P = 0.007) confirmed by 
multivariate analysis. Albeit interesting the limitations in study design do not permit 
to solve the concerns on the best approach for antisepsis before CIED procedures. 
A final remark involves the adoption of warmed antiseptic solutions to improve 
patient comfort. This approach was found to be at least non-inferior to use of a stan-
dard antiseptic regimen in a recent randomized comparison [57]. Finally, also the 
use of adhesive sheets to preserve sterility of the surgical site has no definite proof 
of reducing SSI. Anyway if adopted, it is recommended to choose an iodophor-
impregnated adhesive incision drape [6, 46, 47]. When used, it should be carefully 
considered that partial or complete removal before suturing can contaminate the 
wound [58], and different antiseptics can influence the adherence of the incisional 
drape [59].

11.2	 �Procedural Aspects

Table 11.4 reports suggested behavior according to best clinical practice in surgery 
interventions, to minimize the risk of infections [6, 46]. Beyond these recommenda-
tions, mainly based on consensus and established clinical practice, there are some 
data supported by scientific evidence. Kozon et al. recently reported an interesting 
study [60] on 60 candidates to CIED procedure. Both first operator and assistant 
imprinted their outer gloves on agar plates before manipulating the device while a 
wound swab was performed. Samples were cultured, and the presence of bacteria. 
Contamination occurred in 80% of replacements and 67% of primary implantations. 
Coagulase-negative Staphylococcus occurred in 52%, and Propionibacterium spp. 
occurred in 84% of positive cases. According to these data, the authors suggest 
changing outer gloves before handling the device. However, we deserve additional 
confirmatory data to suggest a similar, albeit rational, approach since contamination 
of the other area involved in the procedure could dramatically reduce the impact of 
a similar preventive measure. Notably, the additional evidence that contamination of 
the operators’ glove significantly increased every 15 min of procedure time stress 
the need to simplify procedures as much as possible.

Another relevant issue relates the surgical technique and tools adopted, espe-
cially during upgrade and replacement procedures. Nichols et al. provided an inter-
esting analysis on a US claim database on >40,000 patients undergoing a CIED 
replacement procedure. Incidence of lead damage was 0.46% for PM, 1.27% for 
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ICD, and 1.94% for CRT (p  <  0.001). After adjustment patients with ICD and 
CRT-D presented a risk of lead damage that was, respectively, double and > 2.5 
times that of patients with PM [61]. Lead damage occurred at a median of 107 days 
following the CIED replacement procedure, while age had a protective effect with a 
halved incidence for patients >65 years old. These issues were associated with an 
average cost of $25,797. Previous studies showed an incidence of lead failure rang-
ing between 0.6 to 1.2% for PM replacement and 2.2 to 5.1% for ICD replacements 
[62–64]. These figures are not negligible since repairmen procedures are at increased 
risk of CIED infections [65]. At this regard, the technique and the tools adopted for 
the procedure can be as important as the operators’ experience. Lim et al. analyzed 
effects of standard cautery blade transvenous lead insulation materials considering 
different outputs, pulse duration, orientation of the blade, and composition of the 
outermost insulations of the lead [66]. They evidenced a significant insulation dam-
age, especially in polyurethane leads or when the blade was used with a perpendicu-
lar direction with outputs >20 W. To overcome these issues, two devices have been 
recently studied: PlasmaBlade™ (Medtronic, Minneapolis, MN, USA) and 
PhotonBlade™ (Invuity, San Francisco, CA, USA); until now no report regarding 

Table 11.4  Suggested interventions to reduce the risk of CIEDI: Procedural aspects

Recommendations ¾
Operating room appropriately ventilated (at least 15 but ideally 25 air changes/h) settled to 
preserve sterility while favoring access to the patient and post-operatory cleaning
Consider hybrid rooms for complex/high-risk procedures (e.g., lead extraction)
Cover any equipment brought into the operating field to reduce the risk of contamination
Cover radiographic and lighting equipment with sterile bags
Devices and surgical equipment should be left uncovered for the minimum possible time
Limit personnel traffic to the minimum. All personnel wearing appropriate attire (head cap, 
facemask, dedicated shoes, and clothes) without any jewelry
Full surgical scrubbing of forearms and hands according to the 2009 WHO guidelines
Full aseptic body gowning and gloving for all the operators. Consider double gloving and 
change of the upper glove before manipulation of the CIED
Patient should wear only the operatory room attire and a hat without any jewelry
Prefer a large fenestrated drape to cover the patient, including the head
Tailor the size and location of the pocket to hardware and patients’ characteristics. Avoid 
complete capsulectomy (if not required)
Secure the device with suture, and place the leads comfortably to avoid sharp bends and 
excessive pressure
Bleeding control: Use of electrosurgical scalpel can help, but cutting settings should be 
carefully set to avoid lead damages. Use of topical application of procoagulants has no clear 
demonstration in reducing hematoma/CIEDI. Consider pressure dressing (new devices under 
evaluation)
The wound should be closed with multiple layer sutures. Consider to use a monofilament 
(absorbable) suture for the last, subcuticular, layer. Glue-like agents are not suggested, while 
new “noninvasive” devices for wound closure, albeit promising, deserve additional evidence

Based on De Maria et al., Sandoe et al., Padfield et al., Gleva et al. [6, 13, 46, 72]
CIED cardiac implantable electrical device
Note that device selection and post-procedural follow-up are discussed in Chaps. 10 and 12
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other devices (e.g., laser or ultrasonic scalpels) has been reported in CIED proce-
dures. In a retrospective study comparing 508 patients undergoing CIED replace-
ment with standard approach (including use of scalpel, scissors, and electrocautery) 
with 254 patients in which the operators used the PlasmaBlade™ device, Kypta 
et al. [67] showed a dramatic reduction of lead damages occurred (5.3% vs. 0.4%; 
p < 0.001), and the procedure time was significantly longer with standard approach 
(47.9 ± 24.9 and 34.1 ± 18.1 min; p < 0.001). These results turned into an average 
return of €81 for each patient. However, the retrospective design coupled with the 
very high incidence of lead failure in the control group limits transferability in other 
settings. On the contrary, Wasserlauf et  al. proposed a direct comparison of 
PlasmaBlade™ and PhotonBlade™ on an animal model (each lead positioned into 
grooves 1–2 cm deep made in a chicken breast. Later it was positioned on a ground-
ing pad for monopolar cautery) [68]. Applied force and duration of contact were 
also controlled. The authors tested different operative settings (COAG vs. CUT; 
20 W, 35 W, 40 W; blade orientation) and lead external insulation. Lead damage 
was scored on an ordinal scale of 0–4. They found a lower incidence of lead dam-
ages with PhotonBlade™ (75% vs. 40% at higher power; 39% vs. 13% at CUT 
20 W settings). Moreover, they underlined the compatibility of the PhotonBlade™ 
with any standard electrosurgical generator. Despite the limitations of the design of 
these findings, requiring verification in clinical studies, they underline the impor-
tance of tailoring the different settings of these new cutting devices when used for 
CIED procedures. Another interesting suggestion is provided by an observational 
retrospective report on the single-center adoption of the PlasmaBlade™ for stan-
dard CIED procedures [69]. Their aim was to evidence possible benefits of this 
device in reducing pocket complications in view of good data in other settings (e.g., 
ear, nose, and throat procedures and) where it showed good precision with lower 
local damages (thermal injury, inflammatory response, and scar formation) in com-
parison to conventional electrocautery. Despite these premises, they found an over-
all perioperative complication rate of 3.9%, mainly driven by pocket hematoma 
(3.2%) without any lead failure (among 282 patients) within 6 months. The authors 
suggest as the most plausible explanation a sub-optimal management of anticoagu-
lation that was not in line with the results of the BRUISE CONTROL study [25]. 
However, the retrospective design of the study does not permit to rule out the real 
mechanism.

In different settings, Servello et al. [70] proposed the use of PlasmaBlade™ to 
perform complete “capsulectomy” during elective replacement of generators used 
for deep brain stimulation. The reason to perform elective “capsulectomy” rises 
from the evidence of a higher prevalence of device infections after replacement 
procedures (vs. first implant), similar to what occurs in CIED settings [65, 71]. 
Among the possible explanations, it has been suggested the theory of a lower pen-
etration of antibiotics used for prophylaxis due to a “barrier-effect” provided by 
fibrotic tissue surrounding the generator. After a CIED procedure, the pocket tissue 
undergoes all the process of wound repair: (a) inflammation, (b) reepithelialization, 
(c) keratinocyte proliferation, (d) matrix metalloproteinase deposition, (e) angio-
genesis, and (f) contraction and closure [72]. Coupled with this process, there is the 
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physiologic response to a foreign body leading to formation of this fibrotic avascu-
lar capsule that Kleemann et al. [73] showed to be associated with a high prevalence 
of bacterial colonization (about one third in this report). Moreover the authors evi-
denced that after a median follow-up time of 203 days after CIED revision, CIEDI 
occurred in 7.5% of patients with culture-positive vs. 2.4% in culture-negative 
patients not reaching significance in view of the small size of the involved popula-
tion (122 patients). However, they underline that culture-positive patients later 
developing overt device infection presented the same type of agent. Albeit highly 
intriguing this study presents several limitations: samples were taken after CIED 
removal (increasing the risk of contamination both of samples and pocket), and two 
among three CIEDI in culture-positive patients were lead endocarditis, while all 
underwent only CIED replacement (without lead revision). This concept was chal-
lenged in the MAKE IT CLEAN trial [74] where 258 patients were randomized to 
pocket revision (i.e., complete capsule excision including floor, roof, and surround-
ing the leads) and a more conservative/standard approach. Patients in the first group 
experienced significantly more hematoma (6.1% vs. 0.8%, P = 0.03) (despite not 
being bridged with heparin) but without any difference in terms of CIEDI (1.5% vs. 
4.7%; p = 0.13). Notably, despite being a “negative” trial, the presence of conflict-
ing results between hematoma (which is a recognized risk factor for CIEDI) and 
CIEDI can be interpreted as a partial confirmation of the role of CIED capsule in 
promoting later development of infection. However, a similar approach cannot be 
suggested in current practice. Interestingly there are data suggesting both a relation-
ship between disposition of the leads inside CIED pocket and amount of fibrotic 
tissue on one side [75] and presence of fibrous tissue in CIED pocket and adhesions 
during lead extraction [76]. These elements will require additional studies in the 
near future to identify modifiable factors or predictors of later development of 
fibrosis.

Another field of research is the approach of wound closure. Standard approach to 
closure of CIED pocket is performed by multiple layers of sutures, with a tendency 
to favor intradermal suturing for the superior layer. However, several devices have 
been developed to improve wound closure: (a) tissue adhesive (2-octylcyanoacrylate) 
[77]; (b) barbed sutures [78]; and a (c) new adhesive device, the Zip™ Surgical Skin 
Closure (ZipLine Medical, Inc., Campbell, CA, USA). This device, approved for 
low-tension noninfected surgical wounds, is a sterile single-use system with two 
self-adhesive hydrocolloid pressure-sensitive strips linked with individually adjust-
able self-locking fasteners [79, 80]. All of them have been previously studied in 
different surgical settings, usually without involvement of implantable devices, with 
good results in terms of reduction of closure time, esthetic results, and wound heal-
ing. However, in the specific CIED settings, the only available benefits reported 
with respect to standard suture are a reduction of closure time for the Zip™ Surgical 
Skin Closure [80] (Fig. 11.6) showing a reduction of 5 min in closure time (14.9 ± 6.8 
vs. 20.1 ± 11.09 min, p = 0.0003). The same authors claimed for a reduction in 
overall procedure time coupled with a tendency for less CIEDI. However, the non-
randomized design coupled with a greater prevalence of ICD in the control arm 
which was also followed for a longer time represents a significant limitation. It has 
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to be recognized that standard sutures/staples hold incisions together at single points 
(in which the material passes through the incision) creating an area of increased 
wound tension where the lesion created by the suture material can promote spread-
ing of bacteria. For this reason, a monofilament continuous absorbable intradermal 
suture probably provided the best healing process among the “standard approaches” 
which could be exceeded, albeit theoretically, by the “noninvasive” Zip™ Surgical 
Skin Closure device. However, future studies are needed to confirm this hypothesis.

The use of elasticated pressure dressings has been studied with positive results in 
patients undergoing breast surgery/lymph node clearance [81]. In the CIED setting, 

a

b c

Fig. 11.6  Example of the ZIP™ device for noninvasive wound closure. The two self-adhesive 
hydrocolloid pressure-sensitive strips are linked with individually adjustable self-locking fasteners 
(a) and should be positioned along the suture after completion of subcutaneous or other deep, 
tension-reducing sutures (b). The final result is good also in difficult sites like after implant of 
subcutaneous defibrillator (c) (Panel b, c are courtesy of Elia De Maria Cardiology Unit, Ramazzini 
Hospital, 41012 Carpi (Modena), Italy)
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it has been proposed a postsurgical elastic vest to prevent pocket hematoma, in view 
of the associated risk of CIEDI. The device, manufactured by L & M Innovations 
(Leawood, KS, USA), is a disposable synthetic expandable vest available in differ-
ent sizes with two adjustable straps (shoulder and chest) to appropriately fit the 
body habitus of the patient and with a specially designed pocket containing a sup-
port wedge for additional pressure. This device was evaluated in a feasibility case-
control study involving 40 anticoagulated patients, assuming also antiplatelet 
treatment in >85%, candidates to CIED procedures. Turagam et al. [82] evidenced 
a significant reduction of pocket hematoma, showing a significant reduction at 
7 days of pocket hematoma in the vest group (0 vs. 30%, p = 0.02), despite a signifi-
cantly higher INR in the vest group (2.7 ± 0.4 vs. 2.2 ± 0.3 = <0.001). These highly 
promising results deserve additional confirmations in larger randomized studies 
including various types of CIED procedures and anticoagulation/antiplatelet 
regimens.

11.3	 �Antibiotic Prophylaxis

11.3.1	 �Evidence Supporting Antibiotic Prophylaxis

Intravenous antibiotics targeted against Staphylococci, which are involved in more 
than 70% of CIED infections, should be used in all the candidates to CIED proce-
dures [6]. This approach is supported by a large amount of data, but the first ran-
domized experience supporting the use of antibiotic prophylaxis for CIED 
procedures dates to 1994 when Mounsey et al. [83] showed a significant reduction 
of CIEDI with the administration of flucloxacillin (clindamycin if patient was aller-
gic): the rate was 0% vs. 4% in the control arm (p = 0.003). Notably, several inter-
esting features characterize this study: the antibiotics were continued for 48 h, and 
reoperation was described as a risk factor for CIEDI as far as prolonged procedures 
or reduced operators volume. However, the most robust evidence derives from the 
landmark double trial by de Oliveira et al. [84] randomizing patients to receive 1 g 
i.v. cefazolin or placebo immediately before CIED procedure. The study was 
stopped early before enrolling the planned 1000 patients in view of the dramatic 
reduction in CIEDI (0.63% vs. 3.28%, p = 0.016). These findings have been later 
confirmed by other randomized studies and two meta-analyses showing that antibi-
otic prophylaxis grants a reduction of CIEDI in a range between one third and one 
eighth [5, 85–88]. In 2010, the American Heart Association published a scientific 
statement “Update on Cardiovascular Implantable Electronic Device Infections and 
Their Management” and recommended that a parenteral-administered antibiotic be 
given 1 h before the procedure [17]. However, several aspects were less investi-
gated: (a) type of antibiotic; (b) timing of administration; (c) the need for postopera-
tive antibiotics; and (d) the use of local pocket antibiotics (Table 11.5) [6, 13, 46, 
72, 89].
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11.3.2	 �Antibiotic Agents and Routes of Administration

Among the different agents, cefazolin is the first choice in view of the data in CIED 
procedures, cardiac surgery, and for the wide spectrum of activity on gram-positive 
agents. Notably, it has been shown to be not inferior to glycopeptides even in the 
case of high prevalence of methicillin resistance with a high tolerability and low 
costs [84, 90–95]. Obviously, the final choice critically depends on site-specific 
prevalence of bacteria species and antibiotic resistance. For example, in a study of 
over 50,000 isolates from 495 hospitals in 26 European countries, methicillin-
resistant Staphylococcus aureus prevalence varied from 1% to over 40% [13]. In 
case of an institution with known high prevalence of antibiotic resistance or in case 
of coexistence of other risk factors (i.e., prolonged hospitalization, recurrent admis-
sions, chronic bed rest, living in a retirement home, or recent antibiotic treatment), 
glycopeptides, in particular vancomycin and teicoplanin, are probably the best 
choice [6, 46, 96]. Teicoplanin use is simpler since it can be administered in a single 
bolus which lasts also for long procedures. However, teicoplanin resistance is more 
frequent, and dose-response is more affected by patient-specific characteristics [46, 
97, 98]. Adding gentamicin to glycopeptides can be useful to increase the antibacte-
rial spectrum, but the benefits are unproven, and it may be advisable to avoid genta-
micin in patients with impaired renal function, particularly those where a 
deterioration in renal function may precipitate the need for long-term renal replace-
ment therapy [46]. However, an increase in nephrotoxicity was not seen with a 
2 mg/kg single-dose prophylaxis regimen in cardiac surgical patients [99].

In a meta-analysis, preoperative prophylaxis was found to be superior to postop-
erative antibiotics (RR = 0.14 (0.03–0.60); p = 0.008); however no trial formally 
addressed this question [86]. To achieve the appropriate concentration of antibiotic 
in the tissues during CIED procedures, timing of administration is crucial [17, 100, 

Table 11.5  Suggested interventions to reduce the risk of CIEDI: Antibiotics

Recommendations 4/4
Systemic antibiotic prophylaxis should be used prior to CIED implantation
The time from administration of i.v. antibiotics to skin incision should consider 
pharmacokinetics of the antibiotic and the specific characteristics of the incision site (e.g., 
presence of old fibrous capsule) Usually at least 30–60 min (more in case of slow infusions: 
vancomycin)
The choice of prophylactic agent should be based most likely on local pathogens in CIED 
infection Cefazolin and glycopeptides are generally preferred
No evidence supports the use of repeated administration of antibiotics after skin closure albeit 
in some settings have been advocated (mainly for the risk of inducing antibiotic resistance)
No evidence supports the use of local antibiotics/antiseptics
The use of the antibacterial envelope (TYRX™; Medtronic, Minneapolis, MN) is now 
supported by a recent randomized controlled trial to prevent pocket CIEDI. Identification of 
subjects at increased benefit is required

Based on De Maria et al., Sandoe et al., Padfield et al, Gleva et al., Tarakji et al. [6, 13, 46, 72, 89]
CIED cardiac implantable electrical device
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101]. When cefazolin is adopted, it should be administered 30 min before the pro-
cedure, considering the half-life of 1.6 h and a peak concentration in 30–60 min, 
with a repeated dose in case of procedures taking >3 h. When considering the use of 
vancomycin, having a half-life of 6–12 h with a peak tissue concentration around 
60 min, it should administered 1–2 h prior to surgery and requires a slower rate of 
infusion (1  g/h) to prevent systemic vasodilatation and erythema. As previously 
stated, teicoplanin can be administered in a single 5 min i.v. bolus eliminating the 
longer infusion of vancomycin.

The necessary duration of the treatment is also poorly established. Although pro-
longed courses of antibiotics may be theoretically useful in selected circumstances, 
available data does not support this behavior [86, 102]. In particular, Dwivedi et al. 
found no difference in the rate of CIEDI following 1 week of postoperative antibiot-
ics compared to 2 days [87]. In the prospective REPLACE study which included a 
pre-specified infection analysis, a higher infection rate was seen in patients treated 
with postoperative antibiotics. However, in this registry, the use of any or no post-
operative antibiotics was left to the individual investigator, thus limiting any specific 
conclusions [52]. More recently, Krahn et  al. [103] published the results of the 
PADIT Trial. The study prospectively evaluated the practice of postoperative antibi-
otic administration to reduce CIED infection. This investigative strategy involved an 
investigative center-based cluster-crossover design to evaluate the role of incremen-
tal antibiotics before, during, and after the CIED procedure. Each implanting center 
was randomized to pre-incision cefazolin (or vancomycin in penicillin-allergic 
patients) alone or with intraoperative bacitracin 50,000 U in normal saline wound 
irrigation and a 2-day postoperative course of oral cephalexin or clindamycin in 
penicillin-allergic patients. Patients eligible for inclusion are those who present for 
generator replacement, revision or upgrade procedures, or cardiac resynchroniza-
tion procedures [72]. 19,603 patients were enrolled among 28 centers, 12,842 were 
defined at high risk. Infection occurred in 99 patients (1.03%) under conventional 
treatment and in 78 (0.78%) receiving incremental treatment (OR 0.77; 95%CI: 
0.56–1.05; p = 0.10). In high-risk patients, hospitalization for infection occurred in 
77 patients (1.23%) receiving conventional antibiotics and in 66 (1.01%) receiving 
incremental antibiotics (OR: 0.82; 95%CI: 0.59–1.15; p = 0.26). Subgroup analysis 
did not identify any characteristics with significant benefit from incremental therapy.

The last point is the optimal route of antibiotic administration. Darouiche et al. 
examined two studies comparing systemic vs. intraoperative local antibiotics and 
found no significant difference (OR 0.45; 95%CI 0.10–2.03) [86]. However, it 
should be noted that they were both clearly underpowered also for being metana-
lyzed since they reported 7 CIEDI events among 177 patients overall. The meta-
analysis also found no evidence that concomitant local antimicrobials offered any 
benefit and concluded that local instillation of antimicrobials did not reduce infec-
tion rates. Moreover, also pocket irrigation with povidone-iodine showed no addi-
tional benefit in reducing CIEDI in a small study [104]. Irrigation of the pocket with 
saline probably reduces the bacterial concentration, though there is no evidence to 
indicate that it reduces CIEDI.
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11.3.3	 �The Antibacterial Envelope

The concept of using antibiotic coating to decrease SSI was tested more than 
20 years ago, showing good results both for central venous catheters [105, 106] and 
ventricular drain catheters [107]. However, in the same years, it was launched a dif-
ferent approach to fight bacterial colonization, through introduction of a different 
coating. St. Jude Medical (SJM, St. Paul, MN, USA) addressed this problem by 
introducing a modified prosthesis, the “Silzone” valve, with the sewing ring made 
of a dense layer of a silver-based alloy bound to the surface of the polyester fibrils 
by ion beam-assisted vapor deposition [108, 109]. Notably, this was based on the 
known capacity of silver to behave as a broad-spectrum antimicrobial agent. 
However, after launching a randomized controlled trial to test the superiority in 
reducing early endocarditis, the product was withdrawn voluntarily on the basis of 
a higher incidence of paravalvular dehiscence (4.4% vs. 1.0%) probably driven by 
inhibition of fibroblastic reparative action [110]. At the end of the 1990s, also the 
antibacterial envelope, currently known as TYRX™ Absorbable Antibacterial 
Envelope, was born using the same antibiotics: minocycline and rifampin. The first 
name was AIGIS (from the Greek word meaning shield), and the polymer technol-
ogy was invented in the laboratories of Prof. Joachim Kohn at Rutgers University. 
Later it was tested on four different bacterial strains in a rabbit model with good 
results [111]. In 2010 the Food and Drug Administration (FDA) approved the use of 
the AGISRX to reduce infection after CIED implant. Before closure of the pocket, the 
generator is inserted into an antibacterial polypropylene mesh sleeve that releases 
within approximately 7 days minocycline and rifampicin in the generator pocket 
(Fig. 11.7). Both minocycline and rifampin have broad-spectrum antibacterial cov-
erage, and biofilm penetration and local concentrations of the drugs are very high 
(with negligible systemic concentrations). The first-generation envelope was nonab-
sorbable; the last one uses a fully bioabsorbable polymer that dissolves within 
9 weeks, now called TYRX™ (Medtronic, Minneapolis, MN). Observational stud-
ies showed favorable outcomes in reducing the rate of CIED infections in high-risk 
patients (Table 11.6) except the one of Hassoun et al. [112] which was conducted in 
a rather small population and showed higher infection rates in patients who received 
the envelope. Reasons for this result could include the presence of severe comor-
bidities and a higher incidence of revision surgery in the TYRX™ group. The 
authors also suggest that the envelope may have acted as a nidus for infection. A 
meta-analysis was performed on controlled studies of the antibiotic envelope. Five 
studies were included, corresponding to 1798 patients implanted with an antibiotic 
envelope and 2692 without [113]. The envelope was associated with a 69% relative 
risk reduction in CIED infection (0.31 [0.17, 0.58] 95% CI, p = 0.0002). Propensity-
matched data from three studies were analyzed to ensure accurate comparison. In 
the risk-matched cohort, infections were significantly lower in the envelope group 
(3 vs. 26, p < 0.0003).

In their study, Shariff et al. [4] have considered economic implications related to 
the use of TYRX™. Out of 1476 patients undergoing CIED procedures, 365 
received the TYRX™ envelope. Nineteen patients in the no-TYRX™ group 

I. Diemberger et al.



197

experienced CIED infection versus 0 in the TYRX™ group (p = 0.006). The mean 
duration of hospitalization stay related to infection was 13 ± 11 days. The average 
cost of treating CIED infections was calculated $54,926  ±  $11,374 per patient, 
mostly attributable to inpatient care. Applying the infection rate observed in the no-
TYRX™ group, it was estimated that 6.2 additional patients would have experi-
enced infection if the device had not been used in the TYRX™ group. The estimated 
cost of treating those infections was similar to the cost of using TYRX™ in every 
patient. Patient subsets in which greater cost-efficiency was observed included 
those with high preoperative infection risk score and those who had undergone early 
reintervention. It was calculated that, even at an infection rate of 1.59% (instead of 
the observed 1.71%), the cost of infection care would be approximately balanced by 
the cost of using TYRX™ in every patient. In the study of Kay et al. [114], the cost-
effectiveness of TYRX™ vs. standard of care was assessed from the UK National 
Health Service perspective. Probabilities of infection were derived from the litera-
ture, and resource use included mainly drugs, hospitalization, device extraction, and 
replacement. Over a 12-month time horizon, TYRX™ was less costly and more 
effective than standard of care when utilized in patients with an ICD or CRT-D. The 
results of the randomized WRAP-IT clinical trial (Table  11.1) confirmed the 

a

b

Fig. 11.7  The TYRX 
antibacterial envelope is 
prepared before insertion 
of the CIED (a) in a 
diabetic patient undergoing 
a replacement of an 
epicardial pacemaker (b)
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efficacy of the antibacterial envelope. 6983 patients were randomly assigned in a 
1:1 ratio to receive or not the envelope at the end of the CIED procedure. The use of 
TYRX was associated with a 40% reduction of major CIEDI at 1 year (0.7% vs. 
1.2%; HR 0.60; 95%CI 0.36–0.98; p = 0.04). The same result was confirmed at the 
end of the entire follow-up of 20.7  ±  8.5  months (HR 0.63; 95%CI 0.40–0.98). 
[126] The published subgroup analysis did not show any specific group with signifi-
cantly higher benefit from use of TYRX, albeit this analysis is clearly limited by the 
small number of events that was far below what it was expected in the development 
of the study design. In fact, the sample size was calculated assuming a 2% 12-month 
infection rate, about the double of what the actually authors found. Notably, there 
was an evident discrepancy between the expected and found incidence of CIEDI in 
high-power vs. low-power devices (respectively, 2.4%/1.3% vs. 0.6%/0.8%) leav-
ing much room for future analysis [89]. At this regard, we are still waiting for the 
results of the ENVELOPE study to better clarify these aspects. The study will eval-
uate whether the TYRX™ envelope alone offers protection against CIED infections 
without the use of intraoperative antibacterial solution and postoperative oral anti-
biotics in patients at high risk for infection. This randomized non-inferiority study 
will enroll nearly 1500 patients at one site in the USA. In summary, the use of a 
minocycline/rifampin envelope in patients requiring a CIED proved to be effective 
in reducing CIEDI, but further research is still needed to define the most appropriate 
patient groups that would benefit more from this approach.

11.4	 �Integrated CIEDI Infection Protocols

Several interventions showed a dramatic reduction in the incidence of CIEDI; as 
discussed in the previous sections and chapters (see Chaps. 1, 3, 10), some have 
been already introduced in current guidelines (e.g., antibiotic prophylaxis and 
avoidance of temporary pacemaker); some others not (e.g., use of antibiotic enve-
lope). Regarding CIEDI, like to many other diseases, several recommendations 
present in current guidelines/consensus documents are based on common practice 
and opinion from the experts [14, 46, 47, 115] since it would be almost impossible 
to demonstrate any single intervention both from a feasible and ethical point of view 
(e.g., preparation of the operatory field). Moreover, it is extremely difficult to ana-
lyze any single intervention alone with complete control of all other variables in 
such a complex setting with relatively few events. For these reasons, it is extremely 
interesting looking at the effects of wide protocols including multiple interventions. 
Ahsan et al. reported the results of a retrospective analysis of the impact of a specifi-
cally designed infection-control protocol (including antibiotic prophylaxis deter-
mined by risk stratification, improved glycemic control, specific skin preparation, 
and closure techniques, as well as different diathermy settings) on the incidence of 
CIEDI in a tertiary referral center [116]. They found a 54% reduction in the inci-
dence of CDI (from 1.3 to 0.6%; p = <0.03) associated with a relevant cost saving 
(about 70,000 GBP per annum) driven by the reduction in the costs associated with 
management of new cases of CIEDI, while the cost per patient varied between 85 
GBP and 115 GBP according to infection risk and drug intolerance. The same 
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protocol was adopted in completely different settings, on five low-volume centers in 
China [117], showing a dramatic reduction in CIEDI from about 4 to 1% in these 
centers justifying the authors suggestion for the adoption of an integrated protocol 
in all low-volume centers. More recently Manolis reported the results of his per-
sonal preventive strategy to CIEDI evidencing the occurrence of only two infections 
among 762 patients [118]. Despite the limitations of the design (single operator, 
teaching hospital, long-time window), this report provides really interesting results 
with a rather different protocol from the previous one. The preventive strategy eval-
uated in the PADIT trial was narrower compared to the two previously reported, 
being more focused on antibiotic treatment [119]. However, looking deeply in the 
design, at least four different aspects were covered: (a) risk stratification (only high-
risk patients are considered); (b) pre-procedure antibiotic; (c) use of pocket wash; 
and (d) post-procedure continuation of antibiotic. This was a well-conducted ran-
domized controlled trial which however failed to demonstrate a significant benefit 
of the incremental antibiotics strategy [103], but the principal reason seems to be the 
very low incidence of CIEDI (1.03% in the control group vs. 0.78%; p  =  0.10) 
which made the study underpowered. Notably, these results are different from the 
before-and-after design of previous reports in this topic (e.g., CITADEL/
CENTURION studies or the report from Ahsan et al.) [116, 120] but similar to the 
results of the WRAP-IT trial [89]. The more plausible reason is the presence of a 
bias introduced by the investigational setting, maybe due to operator/site selection 
or modification of operator’s behavior in response to participation to the study. 
Additional sub-analysis of these two landmark trials integrated with future studies 
will probably help us identify the factors we have to focus on in order to drastically 
reduce CIEDI (Fig. 11.8).

co
nt

ro
l

co
nt

ro
l

co
nt

ro
l

co
nt

ro
l

0.72 1.20 0.68 1.33 0.44 1.30 2.22

M
aj

o
r 

in
fe

ct
io

n
s 

(%
)

2.25

2.00

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0.25
WRAP-IT
(complete)

WRAP-IT
(ICD/CRTD)

CENTURION
+ CITADEL*

HISTORICAL
CONTROL**

P = 0.001

P = 0.04

P = 0.02 P = 0.02

P = 0.002 P = 0.002

Fig. 11.8  Comparison of infection rates among the three main trials on the TYRX antibacterial 
envelope (WRAP-IT, CENTURION, and CITADEL trials) (data from [120, 126]). From left to 
right, the bars represent incidence of 12  months CIEDI with matched control in the whole 
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11.5	 �Conclusions

Newly developed technologies and strategies represent attractive options to reduce 
the incidence of the highly concerning issue of CIEDI, in particular, avoidance of 
promoting factors (e.g., temporary pacemaker, pre-operatory fever), tailored man-
agement of anticoagulation, appropriate antibiotic prophylaxis, accurate intra-
procedure aseptic approach, and careful post-procedural follow-up. All these factors 
probably concur to the final result, and we should not focus on a single ingredient 
but in the whole receipt that should be tailored to each costumer. However, rooms of 
improvement are clearly present to optimize our preventive strategies and obtain the 
best results for our patients.
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