
How to manage ICD and pacemaker 
dependent patients after device 

removal due to DRI

M. V. Jorat MD

Shiraz University of Medical Sciences



Type on infection

• Clinical entities are relevant because they require 
different management pathways
– Early (within 30 days) post-implantation inflammation
– Uncomplicated generator pocket infection (no 

systemic sign, negative blood culture, no lead 
involvement)

– Complicated generator pocket infection (evidence of 
lead or endocardial involvement, systemic signs or 
symptoms of infection or positive blood cultures)

– ICED lead infection
– ICED-associated native or prosthetic valve 

endocarditis (ICED-IE)

(Sandoe, Barlow et al. 2015) J Antimicrob Chemother 70(2): 325-359.



Pacemaker Dependency

• Pacemaker dependency was defined as the absence of an intrinsic 
rhythm of 30 beats/min during back-up pacing and after switching 
off the pacemaker. 

• If any significant symptoms of bradycardia developed or if the 
underlying rhythm did not appear (asystole > 5 s) the pacing was 
restarted.

• In their study PD occurred very rarely, being found in 2.1% of all 
patients.

• In 3638 patients with pacemaker: 
• Pacemaker dependency in 76 (2.1%)

– SSS: 8 (0.6%) of 1315 patients
– AVB: 52 (3.5%) of 1482
– SSS and AVB: 15 (3.1%) of 478
– AF with bradycardia: 1 (0.3%) of 363

C ardiol J. 2007;14(1):83-6(Lelakowski, Majewski et al. 2007)

https://www.ncbi.nlm.nih.gov/pubmed/18651439


• All patients devices should be interrogated before 
removal to determine patient’s pacemaker 
dependency.

• Review the indication for device re-implantation in 
patient

– In up to 1/3 of patients there is no need for new device 
implantation.

• Guideline?  

• Post operative patients especially SSS

• Severe comorbid disease with prophylactic ICD             
eg: Malignancy, severe renal failure

– Need for more complex devices: VVI to CRT

Eur Heart J 36(37): 2484-2490 (Nielsen, Gerdes et al. 2015)



• In pacemaker independent patients indication for 

device  re-implantation should be reviewed and if it 

is indicated patient should be observed on the ward, 

until the procedure is considered safe.



Recommended Therapies according to 
type of infection

• In early post-implantation inflammation:
– In early post-implantation inflammation the ICED can 

initially be left in situ

• In generator pocket infection, ICED-LI and ICED-
IE?
– Complete and early (as soon as possible, but not more 

than 2 weeks after diagnosis) removal of an infected 
ICED system (generator and all leads) combined with 
appropriate antimicrobial therapy is the most 
effective, safe and efficient treatment option          
(cure >90%, relapse 0%–7%)

Biofilm is defined as a surface-associated community of 1 or more microbial species 
that are firmly attached to each other and the solid surface and are encased in an 
extracellular polymeric matrix that holds the biofilm together



Recommended Therapies according to 
type of infection

• 3%–15% patients decline or are unsuitable for 
ICED removal.

• Salvage of entire system: In a patient with ICED-
LI, it is reasonable to attempt salvage of the 
device with a course of appropriate antimicrobial 
therapy when the risks of removing the infected 
ICED are considered too high, or a patient 
declines system removal.
– Different reports

• Good success (46%)
• High recurrence rate (>50-100%)



Recommended Therapies according to 
type of infection

• Partial removal: In a patient with an infected ICED 
that involves generator pocket infection, in whom 
the risks of removing the entire device are 
considered too high (or a patient declines entire 
system removal), the generator should be 
removed, leaving the leads in situ, and a course 
of appropriate antimicrobial therapy should be 
given
– Less recurrence (>20%)

• high risk of relapse
• re-infection of any newly implanted system



Salvage procedure

• At present many guideline are agree with 
complete device removal

• Past policy: treatment consisting of antibiotic 
therapy alone or antibiotic therapy combined 
with pulse-generator removal resulted in a 
recurrence rate as high as 75%

• Current guidelines: lead removal is not necessary 
if the lead can be cut by accessing it through a 
sterile incision separate from the infected pocket



Salvage procedure

• The literature contains several successful 
reports of conservative management of CRMD 
infections localized to the device pocket.

• They did the procedure if: no sign of systemic 
infection, afebrile, no leukocytosis, Normal 
ESR, Normal CRP, Negative Blood Cultures (3 
samples), No vegetation in TEE.



Salvage procedure

• Two longitudinal incision along superior and 
inferior margins of skin

• En bloc resection of the pulse generator

• Device capsule was separated from the hardware

• All non-essential foreign materials (the plastic 
suture lead anchoring sleeve, sutures, and plastic 
lead caps from abandoned leads) were removed

• Leads were dissected proximally for 2 cm or up to 
the clavicle. 

J. Alberto Lopez, Europace (2013) 15, 541–545



J. Alberto Lopez, Europace (2013) 15, 541–545



Many patients need hospitalization 
after lead and generator removal

• Available choices
• Device implantation in the same session in contralateral site

– sepsis is a contraindication to permanent device implantation.

– No sign of systemic infection

– Use contralateral site

• Epicardial placement of pacemaker leads may be considered 
for those at high risk of re-infection or if the infected lead is
extracted at cardiotomy or with limited vascular access. e.g. 
dialysis patients

– Before device removal check the vascular access (consider SICD in 
ICD patients)

• Waiting after device and lead(s) removal



One stage device re-implantation

• Only 1 medical center has described simultaneous 
contralateral (side-to-side) replacement of an infected 
CIED.

• was performed in 68 consecutive patients who need 
PPM-DR 

• Clinical presentations included; erosion (41%), cellulitis 
or abscess (35%), and endocarditis (24%).

• Fifty-nine patients (87%) were followed up for more 
than 1 year, and 9 patients were lost to follow-up after 
1 to 10 months

• No new identified CIED infections

Nandyala R, Parsonnet V. One stage side-to-side replacement of infected pulse 
generators and leads. Pacing Clin Electrophysiol. 2006; 29:393–396.



Guideline?

• For patients who are PM-dependent, the 
optimal management strategy— i.e. 
immediate epicardial vs. temporary 
trans-venous pacing

• Is not well defined





Larry M. Baddour et al. Circulation. 2010;121:458-477



Recommendations for Diagnosis of CIED 
Infection and Associated Complications

Class I
1. All patients should have at least 2 sets of blood cultures drawn at the 

initial evaluation before prompt initiation of antimicrobial therapy 
for CIED infection. (Level of Evidence: C)

2. Generator-pocket tissue Gram’s stain and culture and lead-tip 
culture should be obtained when the CIED is explanted. (Level of 
Evidence: C)

3. Patients with suspected CIED infection who either have positive 
blood cultures or who have negative blood cultures but have had 
recent antimicrobial therapy before blood cultures were obtained 
should undergo TEE for CIED infection or valvular endocarditis. (Level 
of Evidence: C)

4. All adults suspected of having CIED-related endocarditis should 
undergo TEE to evaluate the left-sided heart valves, even if 
transthoracic views have demonstrated lead-adherent masses. In 
pediatric patients with good views, transthoracic echocardiography 
may be sufficient. (Level of Evidence: B

Larry M. Baddour et al. Circulation. 2010;121:458-477





Larry M. Baddour et al. Circulation. 2010;121:458-477



Waiting

• Duration:

– Depends on blood sterility or presence of 
bacteremia

– Type of organism



Optimal Timing Of Device  
Replacement

• The optimal timing of device replacement is 
unknown.

• Some have advocated proceeding 24 hours after 
removal.

• Sohail et al demonstrated a difference in timing 
of replacement based on 
– blood culture results (median time of 13 days for 

bacteremic patients versus 7 days for nonbacteremic
patients)

– type of pathogen identified (median 7 days for CoNS
versus 12 days for S aureus).



Which device, sterilized old or new 
one?

• Given current knowledge of sterilization 
procedures and the biofilm nature of ICED 
infection, the Working Party doubts that 
sterilization of an infected generator can be 
achieved by either of these methods and there is 
a high risk of transferring bacteria to the new 
leads.

• The biofilm nature of ICED infection makes 
eradication of infection very unlikely without 
removal of the device.

Biofilm is defined as a surface-associated community of 1 or more microbial species 
that are firmly attached to each other and the solid surface and are encased in an 
extracellular polymeric matrix that holds the biofilm together



Problems with Temporary               
Trans-venous Pacemaker Wires 

• Temporary pacing can be achieved by 
standard technique floating balloon pacing or 
trans-venous catheters. 

• High rate of complications:15% and 37% 
reported in the literature.

– Include: thrombosis, local infection, lead 
dislodgement needing replacement, or even 
resuscitation maneuver.

– Bed rest with associated problems





From: Transcutaneous lead implantation connected to an externalized pacemaker in patients with implantable cardiac 
defibrillator/pacemaker infection and pacemaker dependency
Europace. 2013;15(8):1205-1209. doi:10.1093/europace/eut031
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From: Utility and safety of temporary pacing using active fixation leads and externalized re-usable permanent 
pacemakers after lead extraction
Europace. 2013;15(9):1287-1291. doi:10.1093/europace/eut045
Europace | Published on behalf of the European Society of Cardiology
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pacemakers after lead extraction
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Wearable Defibrillator

• Continuously monitors the patient's heart with 
dry, non-adhesive sensing electrodes 

• The device alerts the patient prior to delivering a 
treatment shock

• If the patient becomes unconscious, the device 
releases a Blue™ gel over the therapy electrodes 
and delivers an electrical shock to restore normal 
rhythm.

• Leasing cost without insurance:                                    
2000-3000 $/Months



Wearable Defibrillator

• Effectiveness comparable to ICD

• Survival about 75%

• Survival from Ventricular Tachyarrhythmia 
about 90%

• Indication for patient with history of 
Ventricular Tachyarrhythmia after ICD 
implantation or secondary prevention 
indication at the begining






