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1/ Where should ICED insertion take place? 

 The air requirements specified for cardiac catheterization 

laboratories (15 air changes/h) are less than the 25 air 

changes/h recommended for operating theatres. 

 There was complete agreement with the previous statement 

that a cardiac catheterization laboratory is not an ideal 

environment for implantation of ICEDs 

 All apparatus that comes into contact with the patient must 

be appropriately decontaminated before contact. All 

equipment in the room should be cleanable and regularly 

decontaminated. 



 ICED insertion should take  place in an 

appropriately ventilated (at least 15 

but ideally 25 air changes/h), equipped 

and cleaned room.



2/ Does operator experience affect infection 

rates? 

 Operator experience did not appear as a risk factor for 

ICED infection 

 However, increased operator experience and centeres

with a higher volume of implants have been associated 

with fewer complications in studies that focused on 

this issue 



 Comparing 30 and 60 day ICD infection incidence, 
physicians who implanted 1 – 10 devices per year had a 
higher complication rate than those who implanted 
more than 29 devices (30 days, 0.9% versus 0.4%; 90 
days, 1.3% versus 0.6%, P 1⁄4 0.01). 

 Devices implanted by thoracic surgeons had a higher 90 
day infection rate than those that were implanted percutan-
eously (5.1% versus 2.1%) 

 the overall complication rate was 3.82% in centres
performing fewer than 24 implants per year versus 
3.08% in those implanting more than 110 devices a year 
(P,0.0001) 



 One study did not show any difference in complication 
rate when trainees were supervised by an experienced 
operator. 

 The risk of ICED infection is much greater after generator 
change or device revision 

 It has been suggested that this is related to bacterial 
contamination of the avascular pocket that forms around the 
generator 

 The common assumption that generator changes are a 
‘straightforward’ procedure could potentially result in the 
procedure being performed by trainees with limited 
experience and without supervision 





Procedures, including generator 

change, should be performed or 

supervised by experienced 

operators. 



3/ Should temporary pacing be avoided to 

reduce infection? 

 A review of cases published in the literature before 2007 
showed that the risk of sepsis following insertion of a 
temporary wire ranged from 2% to 18%. In the light of these 
data, it is probable that the introduction of these external 
leads is associated with a higher rate of infection following 
permanent system implantation because of bacteraemia and 
occult sepsis. 

 It is increasingly common to implant PPMs in the acute 
setting, in order to avoid the risks of temporary pacing. The 
Working Party endorses this approach from an infection 
prevention perspective. 



Wherever possible, temporary 

transvenous pacing should be 

avoided prior to implanting a 

permanent ICED. 



4/ Should ICED procedures be carried out in patients 

with signs of infection? 

 Clinical studies to definitively support this are difficult to 
conduct, as most operators would not proceed with 
implantation when there are any signs of systemic infection 

 Some data suggest that the presence of fever increases the 
risk of infection

 The role of systemic markers of infection, e.g. CRP or white 
cell count, has not been studied 

 In the acute setting it is preferable to delay permanent 
ICED implantation until sepsis has resolved. 



Elective ICED 

implantation/replacement/revis

ion should be delayed if there 

are any signs of systemic 

infection.





5/ Should patients having ICED insertion or manipulation be 

screened for staphylococcal carriage or decolonized? 

 S. aureus colonizes the anterior nares of approximately 

one-third of people and appears intermittently in an 

additional third 

 It has been common practice to try and reduce surgical 

site infection (SSI) caused by S. aureus by applying 

topical antimicrobials to the anterior nares or skin. 

 This is clearly pertinent to ICED implantation, where S. 

aureus is a prominent pathogen 



 The National Institute for Health and Care Excellence 

(NICE) reviewed the evidence for the use of mupirocin

or chlorhexidine for nasal decontamination (five RCTs) 

and concluded it does not reduce the overall rate of 

SSI 

 None of these studies was undertaken in an ICED 

population. 



 The NICE guideline development group also modelled the cost 
effectiveness of three strategies for the use of nasal mupirocin
to prevent SSI: no treatment; screen for S. aureus and treat 
identified carriers with mupirocin; or treat all patients with 
mupirocin. Their model suggested screening for S. aureus carriage 
was not as cost effective as treating all patients empirically. 
However, the consensus was that routine treatment of all 
patients with mupirocin should not be recommended, 
especially as the potential harm of increased antimicrobial 
resistance had not been factored into the model. Washing with 
chlorhexidine was also of uncertain benefit in terms of SSI 
reduction and washing with soap prior to surgery was advised
by NICE. Both of these areas war- rant prospective evaluation in 
ICED patients. 



 There are no studies on the benefits of pre-procedural 
screening of ICED patients for carriage of MRSA or 
MSSA 

 The Working Party therefore recommends adherence to 
national guidelines. If a patient is known to be colonized with 
MRSA (or MSSA) before a proposed ICED procedure, 
topical agents should be used to suppress carriage pre-
procedure (e.g. nasal mupirocin and topical chlor- hexidine
washes

 Where high-level mupirocin resistance exists, other 
alternative regimens to which the microorganism is sensitive 
should be used, e.g. nasal neomycin/chlorhexidine
(Naseptin or Prontoderm). 



 There are no studies specifically investigating the 

impact of pre-procedure screening for S. aureus or 

decolonization therapy on ICED infection rates. 

 Current national guidelines for screening for MRSA 

colonization prior to elective procedures should be 

followed, as a minimum. [C] 

 Pre-procedural topical antimicrobial agents aimed at 

eliminating S. aureus are recommended for patients 

who are known to be colonized with S. aureus.  



6 /How should anticoagulation be managed 

during ICED insertion or manipulation? 

 Post-operative haematoma formation is a recognized risk factor for ICED 
infection. 

 The use of dual antiplatelet agents such as The use of dual antiplatelet 
agents such as clopidogrel in combination with aspirin has been shown to 
increase the risk of bleeding at least 3-fold

 In those patients in whom antith- rombotic or anticoagulants can be stopped, 
they should be discontinued before the procedure (in practice 5 days 
beforehand). 

 In instances where anticoagulation with warfarin cannot be discontinued 
(prosthetic heart valves, atrial fibrillation with high thromboembolic risk), it is 
preferable to undertake the procedure with an INR of 2 rather than bridge 
with heparin. In patients on warfarin with an INR of 2 – 2.5, there was no 
statistically increased risk of bleeding compared with patients with an INR 
lower than 1.5, but an INR higher than 2.5 significantly increased the risk 
of bleeding. 



 Uninterrupted warfarin [with careful international 

normalized ratio (INR) monitoring] is preferable to 

bridging with heparin in those patients in whom 

interruption of anticoagulation is contraindicated. 

 Where feasible (see notes below), antiplatelet 

and/or anticoagulants should be discontinued prior 

to the procedure to allow a normal 

thrombotic/coagulation profile. 



7/Which infection control measures should be 

in place before ICED implantation? 

ICED insertion should be carried out using an aseptic 

technique, in an environment observing operating 

theatre discipline, including appropriate clothing. 

 Bathing or showering with soap is recommended 

prior to ICED insertion. 

 Patients should be given specific theatre wear 

(including a hat) that allows easy access to the 

operative site and intravenous cannulae, and 

provides for the patient’s comfort and dignity. 



 All staff should wear theatre specific clothing in all areas 
where ICED procedures are undertaken. Scrub suits, hats, 
masks and theatre footwear are essential parts of theatre 
discipline. [C] 

 The operating team should wear sterile gowns in the 
operating theatre during ICED procedures. Consider wearing 
two pairs of sterile gloves when there is a high risk of glove 
perforation or the patient is known to have a chronic blood-
borne viral infection. 

 Staff number and movements should be kept to a minimum
in the operating theatre. [C] 

 The operating team should remove hand/wrist jewellery, 
artificial nails and nail polish before procedures. [C] 



 The operating team should wash their hands prior to the first
operation on the list using an aqueous antiseptic surgical 
solution, with a single-use brush or pick for the nails, and 
ensure that hands and nails are visibly clean. 

 Before subsequent operations on a list, hands should be 
washed using either an alcoholic hand rub or an antiseptic 
surgical solution. If hands are soiled they should be washed 
again with an antiseptic surgical solution. 

 Any equipment brought into the operating field should be 
covered to reduce the risk of contamination. [C] 

 Devices and surgical equipment should be left uncovered for 
the minimum possible time. 



8/ How should skin be prepared before ICED 

insertion/ manipulation? 

 There has only been one good-quality RCT that 
demonstrated superiority of alcoholic chlorhexidine over 
povidone iodine for surgical skin antisepsis.However, this 
trial did not include details of the length of application of the 
agents. 

 We conclude that skin preparation with 2% chlorhexidine in 
alcohol should be the current preparation of choice and 
should be left until dried; this usually involves a minimum 
contact time of 30 s. Pooling of alcoholic solutions should be 
avoided as there is a fire risk from diathermy during the 
procedure. Painting on alcoholic preparations may reduce 
pooling and thus fire risk. 



 Use of multiple drapes was considered to be 

unnecessary by the Working Party 

 The Working Party felt that a single large drape was 

the most appropriate draping technique. 



 If hair has to be removed,use electric clippers (with a 
single-use head) on the day of the procedure. Do not use 
razors for hair removal, because they increase the risk of 
surgical site infection. 

 The skin over the operative site should be prepared using 
an alcoholic chlorhexidine preparation containing a 
minimum of 2% chlorhexidine (or povidone iodine in 
alcohol for patients unable to tolerate chlorhexidine) . The 
skin preparation should be left on for a minimum contact 
time of 30 s and should not be allowed to pool. 

 A pragmatic approach to draping is recommended i.e. one 
large fenestrated drape can be used to cover the patient, 
including the head. [C] 



9/ Antimicrobial prophylaxis 

 Should systemic antimicrobial prophylaxis be 

used for ICED insertion? 

Systemic antimicrobial 

prophylaxis should be used prior 

to ICED implantation. 



 Two meta-analyses of RCTs of antimicrobial 

prophylaxis prior to ICED insertion concluded that 

prophylaxis was potentially benefi- cial, 

 The best evidence of benefit of antimicrobial 

prophylaxis comes from a trial using cefazolin as the 

active agent 



 When should prophylaxis be administered?

 Intravenous antimicrobials should be 

administered within 1 h prior to skin 

incision. 

 Repeat dosing of antimicrobials is not 

recommended after skin closure. 



 The oral route is an option for agents with good oral 

bioavailability. Repeat dosing of antimicrobials after the 

procedure does not appear to offer any benefit 



 Which agent(s) should be given? 

 The choice of prophylactic agent should cover 

the most likely pathogens in ICED infection. 

 A glycopeptide (e.g. intravenous teicoplanin, 

according to local dosing protocols) is the cur-

rent preferred agent (with or without gentamicin 

depending on local Gram-negative infection 

rates.



 If a glycopeptide is to be used, teicoplanin has some 

practical advantages over vancomycin in terms of 

administration as it can be given as a bolus168 rather 

than a long infusion. 

 The Working Party recommends use of a glycopeptide

as the first-choice agent. Intravenous gentamicin may 

be beneficial but the drug should be used with caution 

in patients at risk of toxicity. 





 Should antimicrobials be instilled into the 

generator pocket after implantation? 

 Local instillation of antimicrobials or 

antiseptics should be avoided until 

evidence of benefit has been 

demonstrated. 



Antimicrobial ‘envelopes’ have been developed to deliver 

antimicrobial agents locally into the generator pocket at the 

time of implantation or generator replacement. A product that 

delivers rifampicin and minocycline locally has been used 

in an uncontrolled clinical setting, in an animal model and in 

vitro, but efficacy data from clinical trials are awaited. 



 however, the meta-analysis of six trials undertaken by 
NICE found no significant difference in SSI rates 
when diathermy was compared with scissors or 
scalpel for skin incision for a range of procedures. 

 Optimal management of haematoma formation post-
ICED insertion is not known. Compression and 
evacuation are both used clinically. While haematoma
formation is a risk factor for infection, so is reoperation, 
so it is unclear which approach is best. If the skin is 
tense and the wound is at risk of opening it may be 
better to re-operate. 



 the fibrous capsule that forms around the generator is 

believed by some to limit the penetration of 

systemically administered prophylactic antimicrobials 

and host defences during generator replacement. 

Capsulectomy, or disruption of the capsule, is 

therefore advocated by some cardiologists, although 

there is no evidence to support or refute this 

practice; it makes theoretical sense and warrants 

further investigation. 



11/ What represents ideal post-operative 

wound closure and care? 

No specific recommendations concerning wound 

closure and care can be made. 

 There is no evidence to support specific 

recommendations on wound closure and post-

operative care following insertion of an ICED 



12/postoperative antibiotics













 The relative value of post-operative antibiotic 

prophylaxis is still a matter of debate 

 According to a recent meta-analysis, perioperative 

antibiotic treatment is superior to isolated post-

operative prophylaxis. 



 in the European Heart Rhythm Association (EHRA), 

survey data on the post-operative use of antibiotics are 

not reported 

 the British guidelines point out that repeat dosing of 

antibiotics after the operation does not seem to have 

any benefit and therefore is not recommended. 

 Italian experts recommend no routine use of 

prophylactic antibiotics beyond the second dose. 



On the other hand, some device 

experts suggest continuation of 

antibiotics for 5 days after the 

procedure. 




