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As the number of patients with cardiac implantable electronic devices (CIEDs) grows, they are likely to present with issues to diverse
groups of physicians. Guideline-adherent management is associated with improved prognosis in patients with CIED infection or lead prob-
lems but is insufficiently implemented in practice. The European Heart Rhythm Association (EHRA) with the support of the European
Society of Cardiology (ESC) Working Group on Cardiovascular Surgery, performed a multinational educational needs assessment study in
ESC member countries, directed at physicians who might be confronted with CIED patients with complications. A total of 336 physicians
from 43 countries, reached through the ESC mailing list, participated. They included a mix of electrophysiologists, cardiologists general
physicians and cardiac surgeons .One hundred and twenty-nine (38%) of the respondents performed lead extraction. The survey included
eight clinical cases and a self-evaluation question of knowledge and skills to apply that knowledge. The survey looked at 14 areas of care
across five stages of the patient journey. Of the non-extracting physicians over 50% felt they lacked the knowledge and skills to make the
diagnosis and refer for lead extraction and over 75% felt they lacked knowledge and skills to manage aspects of extraction and post-
extraction care. Barriers to correct referral were logistic and attitudinal. Extracting physicians reported significantly higher rates of ade-
quate skills and knowledge across all five stages of the patient journey (P < 0.05). We identified major gaps in physicians’ knowledge and
skills across all stages of CIED care. These gaps should be addressed by targeted educational activities and streamlining referral pathways.
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Introduction

The number of patients benefiting from implantation of cardiac im-
plantable electrical devices (CIEDs) is increasing, but as a result, so is
the prevalence of device infection.1 In addition to this, the increased
uptake of larger and more complex devices, such as cardiac resynch-
ronization therapy (CRT) and implantable cardiac-defibrillators
(ICDs) in an increasingly older and comorbid population has resulted
in an increase in device and lead complications.2

Device-related infection is associated with significant morbidity,
mortality, and financial healthcare burden.3 The precise burden of
CIED infections is difficult to estimate because of divergent definitions
and varied populations. The Danish registry reported a combined in-
cidence of infection during the device lifetime of 1.19% for pace-
maker, 1.91% for ICD, 2.18% for CRT-P, and 3.35% for CRT-D.4 The
more recent cross-over cluster PADIT5 and randomized WRAP-IT
trials6 reported lower infection rates of 0.6–1.3%, but follow-up was
relatively short.

In non-infected cases, the decision to abandon or extract a lead is
complex and careful consideration and discussion with the patient is
recommended prior to decision. In the context of device upgrade or
requirement of an additional lead, venous access maybe an issue.
Management options include contralateral lead implantation with
tunnelling across the chest, extraction of a redundant lead, or subcla-
vian venoplasty.7 An individualized approach should be taken based
on operator and centre expertise. Use of extraction as an approach
to device upgrades for patients with venous occlusion may be a useful
strategy in experienced centres.8

Transvenous lead extraction (TLE) is the gold standard for treat-
ment of CIED infection9 and is defined by the European Heart
Rhythm Association (EHRA) and Heart Rhythm Society (HRS) as ex-
traction of a lead that has been implanted for more than 1 year, or re-
moval of lead(s) that requires the use of specialized extraction
tools.10,11

The overall complication rates with TLE are low, however, when
they occur, they cause both significant morbidity and mortality.12

Good quality randomized evidence to guide treatment is lacking, but
there are now large prospective real-world registries, which have
shown that both clinical and radiological success can be achieved in
over 96% of cases with low complication rates.13

Cardiac implantable electronic device management encompasses
different aspects of care including identification of the problem, in-
terim management, and appropriate referral, decision to extract, and
post-extraction care. In addition to competent lead extraction itself,
appropriate and timely referral is key to improving outcomes. There
are several published international documents on the diagnosis and
management of CIED infection and lead management10,14–17 and al-
though ESC and EHRA have multiple activities to disseminate and im-
plement their practice guidelines, it is well documented that guideline
adherence is insufficient in daily practice18 and that there is a need for
intensified and more focused education.

To tailor such educational efforts better, ESC and EHRA set up an
educational need assessment study. The management of these com-
plex patients is multidisciplinary, with patients seen by general practi-
tioners, internal medicine physicians, cardiologists, and indeed
electrophysiologists as well as cardiac surgeons. Since collaboration

in care deployment between these specialties is essential, we opted
for a survey including these different physician subgroups.

Our aim was to assess the knowledge and skills gap that physicians
have with regard to CIED management. In the short term, identifying
areas where knowledge could be improved will ensure that EHRA’s
educational programmes are appropriate, evidence based and rele-
vant to its members. The desired outcome in the long term and be-
yond would be increased awareness, knowledge, and understanding
of the procedure culminating in improved patient and public health
outcomes.

Methods

An anonymized survey was sent out via electronic mail to members of
the EHRA, European Federation of Internal Medicine and members of
the ESC working group on Cardiovascular Surgery. The questionnaire
was designed following a literature review and using expert opinion to ex-
plore the knowledge and skills of the respondents along five stages of the
patient journey: diagnosis, management, referral, extraction, and post-
extraction care.

A mixed-methods approach was used, allowing a combination of quan-
titative and qualitative data. The questionnaire, cases included in the sur-
vey (Supplementary material online, Appendix S1), interpretation of the
data generated, and the development of the manuscript was the responsi-
bility of EHRA.

Ethical approval
The survey was anonymized with no identifiable personal or patient data
so specific ethical approval was not required. The study complies with
the Declaration of Helsinki.

Recruitment
Participants were recruited using membership lists from the ESC. Email
invitations were sent out with a link for participants to respond to an on-
line survey. 4321 contacts were accessed (2400 EHRA members from
national cardiac societies, 1782 ESC members with interest in general
cardiology and members of European Federation of Internal Medicine,
and 139 ESC working group members from cardiovascular surgery) of
which 4033 were reached.

A reminder was sent 2 weeks later and a final reminder was sent
8 weeks after the first email.

Survey (questionnaire)
The 15–20-min survey included key background demographics to enable
detailed analyses of responses. Eight clinical cases (Supplementary mate-
rial online, Appendix) were embedded in the survey to obtain insights into
the clinical decision-making process of the physicians in the diagnosis and
management of cardiac device issues. Participants were asked to select
their multiple-choice responses and also indicate (i) their level of knowl-
edge regarding aspects of clinical practice (not acceptable, could be im-
proved, and acceptable); (ii) their level of skill to apply that knowledge
(not acceptable, could be improved, and acceptable).

A list of 14 areas of investigation across cardiac device and lead man-
agement care pathways were considered (Figure 1). These were grouped
across five stages to follow the patient journey. The key findings in these
areas were grouped into themes to explore reasons for current clinical
practice. These themes were knowledge (awareness of guidelines, cur-
rent practice, safety of procedure, implications of not treating
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appropriately, etc), skills to apply that knowledge, and pathways (logistics
of referral or management of these patients).

Data collection and analysis
Each respondent was anonymized and given a number as an identifier,
which enabled alignment and analysis of the results. The researchers iden-
tified useful quotes from the free text fields, coding segments of informa-
tion into broad themes. The results were categorized further by whether
the respondent was a device extractor (in the last 12 months), a cardiolo-
gist, or a non-extractor/non-cardiologist. The analysis of the quantitative
survey data employed frequencies, cross-tabulations, chi-squares, and
analysis of variance, using SPSS 26.0 (IBM Corporation, Armonk, NY,
USA).

To simplify analyses, self-reported knowledge and skill data were di-
chotomized: ‘acceptable’ and ‘not acceptable’ or ‘could be improved’
were grouped as ‘needing improvement’.

Results

There were 336 completed questionnaires from the 4033 invites; a
response rate of 8%. This included respondents from 43 countries
with the greatest number of responses coming from Italy, Germany,
and Spain (15%, 8%, and 7%, respectively) (Table 1). The majority of
participants were electrophysiologists (47%), 20% were internal
medicine consultants, 17% general cardiologists, and 2% cardiac sur-
geons. The other specialties included interventional cardiologists,
heart failure specialists, cardiology trainees, and infectious diseases

physicians. The respondents were experienced clinicians with over
45% having had 10 or more years in clinical practice since qualification
and 71% regularly undertaking device implantation. There were also
a high proportion of lead extractors with 38% having undertaken TLE
in the last 12 months. Of those who described performing lead
extractions, 74% reported that cardiac surgery was available on site.

In those clinicians who were not primary extractors, 45% reported
referring an average of 3.7 patients per year for consideration of TLE
(range 0–50, total 947 patients). See results in Table 1.

The presentation of patients with cardiac device issues was vari-
able; 47% of respondents reported presentation in emergency de-
partment, 44% to implanting cardiologists, 23% reported to general
cardiologists, and 12% to primary care. This is likely a reflection of the
variable healthcare delivery across Europe.

Assessing gaps in knowledge with clinical
problem solving
Diagnosis

Three clinical cases were presented assessing the investigation and di-
agnosis of potential cardiac device issues. There were 306 responses
to these initial clinical questions (91%).

Case 1 described a patient with a cardiac device in situ presenting
with recurrent fever- the correct management plan would include
blood cultures, wound check, chest X-ray, and echocardiogram.
Seventy-five percent of respondents matched the correct

Areas of inves�ga�on targeted by the study grouped into key pa�ent themes.

Category Area of inves�ga�on Key findings;                
Knowledge (K), Skills (S), 
Pathways (P) 

Diagnosis 1. Iden�fica�on of problem  
2. Diagnosis  
3. Differen�al Diagnosis  

K, S  
K, S  
K, S 

Management 4. Clinical decision making  
5. Knowledge and use of 
guidelines  
6. Treatment ini�a�on  

K, S   
K, S  
K, S 
K, S 

Referral 7. Timing  
8. Pathways  

K, S, P 
P  

 

Extrac�on 9. Method  
10. Anaesthe�c  
11. Se�ng  

K, S  
P  
P 

Post extrac�on 12. Outcome  
13. Discharge  
14. Re implant  

K, S, P  
K, S, P  
K, S 

Figure 1 Five key categories of device management, and the 14 areas of investigation.

J_ID: Customer A_ID: EUAA218 Copyedited by: TP Manuscript Category: EHRA Survey Cadmus Art: OP-EUPA200219 Date: 30-September-20 Page: 3

EHRA survey 3
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/advance-article/doi/10.1093/europace/euaa218/5917719 by ESC
 M

em
ber Access user on 05 O

ctober 2020



management plan with a further 14% requesting a blood culture but
no other investigations.

Case 2 was a more subtle case of chronic pain around a device.
The management of this is less prescriptive and would include
attempts to exclude infection prior to reassurance. Around 50% of
the responses focused on the possibility of further investigation for a
device complication but half would re-assure or refer for pain man-
agement only. We analysed the responses between cardiologists and

non-cardiologists and nearly half of cardiologists and extracting physi-
cians would adopt a conservative approach in this situation
(Figure 2A).

Case 3 included an image of device erosion in a clinically stable afe-
brile patient. Guideline directed management would be a full system
extraction. In total, 75% of participants opted for full system extrac-
tion. The remaining quarter opted for a more conservative approach
or partial device removal/reburial. There was a divergence in the
responses here with the majority of extractors and cardiologists opt-
ing for complete system extraction (95% and 85%, respectively).
There were a significantly higher number of extractors offering ex-
traction in this setting then non-extractors (P < 0.05) but still 15% of
non-extracting cardiologists would offer either revision or partial re-
moval (generator only).

Non-cardiologists were more split in their responses between
partial removal (generator only) and generator reposition (Figure 2B).

Management of lead and device issues

This section focused around three clinical cases but offered alterna-
tive test results to assess how the respondents’ clinical decision-
making would change in response to changing clinical scenarios.

Two hundred and sixty-eight (80%) participants answered this se-
ries of questions.

Case 1 described a patient with a CRT-D device, recurrent fever,
positive cultures for Staphylococcus aureus, and a vegetation on the
lead on transoesophageal echocardiogram (TOE). About 92%
reported intending to treat the patient with antibiotics and refer for
device extraction. In the same patient without echocardiographic evi-
dence of vegetation, this number falls drastically and only 57% would
consider lead extraction. If the patient had Escherichia coli in the blood
stream only 30% would refer for lead extraction.

Case 2 described a 40-year-old patient with a failing ICD lead that
had been in situ for 9 years, with no signs of infection and not pacing
dependent. In this setting, 42% of participants would extract the old
lead, with 30% adding a new lead and leaving the old lead in situ.
Around 20% felt a subcutaneous ICD (S-ICD) might be appropriate.

The patient is then found to have an occluded left subclavian vein,
which increases the number favouring S-ICD to 32%. Thirty percent
felt lead extraction would allow a new lead to be implanted and 17%
would implant a new system on the right-hand side, with extractors
significantly more likely to recommend lead extraction than non-
extractors (P < 0.05) (Figure 2C).

Case 3 showed a picture of a pocket infection. Participants were
asked to choose their preferred management strategy and 74% chose
to extract the system, with 20% opting for a more conservative
pocket washout or partial device removal. When we analysed the
responses here by speciality, 63% of cardiologists would appropri-
ately opt to extract the device in the presence of a S. aureus bacterae-
mia [without echo evidence of infective endocarditis (IE)] but a third
would not. A higher proportion of extractors would offer extraction
(73%) in this situation but again over a quarter would not routinely
offer this (Figure 2D). In the presence of confirmed pocket infection,
10% of cardiologists would also still only perform a partial system ex-
traction, with only 4% of extractors opting for this approach
(Figure 2E).

.................................................................................................

Table 1 Study group demographics and results

Total respondents

(n 5 336)

Role

Electrophysiologists 159 (47.3%)

Internal medicine 68 (20.2%)

General cardiologists 56 (16.7%)

Cardiac surgeon 7 (2.1%)

Heart failure specialist 16 (4.8%)

Interventional cardiologists 15 (4.5%)

Other 15 (4.4%)

Country of practice

Italy 52 (15.4%)

Germany 26 (7.7%)

Spain 24 (7.1%)

France 14 (4.2%)

UK 14 (4.2%)

Russia 13 (3.9%)

Romania 13 (3.9%)

Netherlands 11 (3.3%)

Other 169 (50.3%)

Number of years since completing residency or fellowship

0–5 98 (29.2%)

5–10 79 (23.5%)

10–20 86 (25.6%)

>20 73 (19.9%)

Device operator experience

Number of regular device implanters 238 (71.1%)

Number of device extractors 129 (38.3%)

High volume (>30 per year) 33 (25.6%)

Moderate volume (15–30 per year) 23 (17.8%)

Low volume (<15 per year) 73 (56.6%)

Facilities and/or onward referral

Lead extraction facilities available on site 200 (59.5%)

Cardiac surgery available on site

(extractors)

95/129 (73.6%)

HCP who had referred patients for TLE

in last year

154 (45.5%)

1–5 referrals 115 (74.7%)

5–10 referrals 22 (14.3%)

>10 17 (11.0%)

Total number of referrals reported/year 947 (average 3.7;

range 0–50)

HCP, healthcare practitioner; TLE, transvenous lead extraction.
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Referral for lead extraction

This was a single question which aimed to explore barriers to refer-
ring patients for consideration of TLE. Two hundred and sixty (77%)
respondents answered this question describing a confirmed pocket
infection with positive blood cultures. Only 50% did not perceive any
barriers to referral. Eighteen percent cited the proximity to the ter-
tiary centre as a factor, with a further 18% wanting to complete fur-
ther investigations such as echo or positron emission tomography
(PET). Bed constraints, cost, and the perceived lack of a diagnosis
were also factors that may delay onward referral.

Extraction

This section was completed by 239 (71%) respondents. When asked
about which factors affect the decision to perform extraction, the

patient’s co-morbidity had the largest effect, with 92% reporting this
impacted their choice. Eighty-three percent reported the age of the
patient and 73% the age of lead as strongly influencing the decision to
undertake (and presumably refer) lead extraction.

Thirty-seven percent felt the ease of access to an extraction centre
was an important consideration, and 14% did not want to refer the
patient to an extracting physician for fear of losing them to follow-up.

Respondents were also asked what factors may limit patients from
being considered for TLE. High risk of procedural mortality was the
most common reason given, cited by 77%. Interestingly, the per-
ceived difficulty or complexity of TLE is still high, with 43% reporting
this as a limiting factor, but perhaps more strikingly almost 40% of
respondents had reservations about the ability of the extractor to
achieve good outcome in lead extraction procedures. Fifteen percent
of these reported they were themselves extracting devices and three

A D

B

C

E

*P = 0.07

*P = <0.05

*P = <0.05

*P = <0.08

*P = 0.06

Figure 2 Five key areas of knowledge gaps in managing device extraction. ICD, implantable cardiac-defibrillator; IE, infective endocarditis; PET, pos-
itron emission tomography; S-ICD, subcutaneous ICD.
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quarters were cardiologists. Whilst there is no published data on ra-
diation exposure during TLE, 11% felt that the radiation exposure
would influence their clinical decision-making.

The survey asked extractors to list what tools were available and
accessible to them when performing TLE. Locking stylets which were
the most commonly used (50%) followed by non-powered mechani-
cal sheaths (45%). Thirty-five percent had access to powered me-
chanical sheaths but only 19% had LASER extraction tools available.
Forty-one percent had femoral snares and surgical extraction was an
option for 47% of the respondents. Training had the greatest influ-
ence on which tools were selected (82%), with device and lead char-
acteristics a factor for 51%. Twenty-eight percent felt the patient
profile influenced the choice of equipment, with the evidence base
less of a consideration, only regarded important by 20% of those
surveyed.

The majority of extractions were performed under general anaes-
thetic with or without local anaesthetic (78%) and the remaining 22%
favoured just local anaesthetic. Facilities available to extracting physi-
cians varied, with 49% utilizing a catheter lab and 29% operating the-
atre, with 42% having access to hybrid labs. There was some overlap
in the responses implying that these facilities were used variably.

Post-extraction care

The final section consisted of 5 questions around the management of
patients post-extraction. Two hundred and thirty-six (70%) respond-
ents completed this section. The first two questions aimed to assess
duration of antibiotics prescribed post-extraction; the first, a case of
confirmed pocket infection with negative blood cultures, and the sec-
ond, a case with positive blood cultures (not specified) but negative
TOE.

With a confirmed pocket infection and negative blood cultures,
just over half of physicians (55%) were practising in line with the
guidelines and administering 2 weeks of IV antibiotics. Twenty per-
cent recommended 10 days with a further 20% recommending 72 h
or less. When the patient had positive blood cultures the majority
(58%) would offer at least 4 weeks of IV antibiotic therapy. Thirty-
four percent of respondents would offer a 2-week course with 5%
willing to consider a 4-week course of oral antibiotics.

When considering device re-implantation after successful extrac-
tion 97% of respondents would review the original indication for the
device, with only 1% choosing a strategy based on patient choice
alone.

A common challenging scenario encountered in clinical practice is
extracting devices from patients who are pacing-dependent.
Respondents were asked which methods were available in their
centres of practice and the most common mode was standard trans-
venous temporary pacing (62%). Fifty-five percent had the option of
a ‘semi-permanent’ system using an active fixation lead with an exter-
nalized generator. Twenty-seven percent had access to epicardial
pacing and 17% leadless pacing technology.

Timing of re-implantation is an area where good quality data is
lacking and participants were also asked to consider the optimum
time to implant a new device. The majority (60%) would re-implant
when clinically stable on the contralateral side, 22% would re-implant
as soon as possible on the contralateral side, with 6% considering an
epicardial system and only 4% considering re-implanting as soon as

possible on the ipsilateral side. The results were grouped according
to areas of investigation are listed in Table 2.

Self-reported knowledge and skill
assessment
After each clinical scenario, the participants were asked to self-report
their knowledge and skill levels with regard to each area. The results
are presented in Figure 3. The results were separated between
respondents who were performing extractions (in the last
12 months) and those who were not, as we felt extractors were
more likely to feel confident about managing these patients.

Over half of the non-extractors felt that the skills and knowledge
were needing improvement when diagnosing and referring on
patients needing device extraction, with a higher proportion again
reporting needing improvement with the management of device-
related complications. The most challenging area, however, was
knowledge of the extraction process and the post-extraction care.
The results show that three quarters of non- extractors felt that
they were not adequately skilled or informed to manage these
patients.

The extractors reported significantly higher levels of confidence at
all stages of the process (P < 0.05) but still a quarter of these experi-
enced clinicians self-reported their knowledge and skills as needing
improvement, particularly with post-extraction care where over 30%
felt there was further development required.

Discussion

Survey responses
The purpose of this survey was to gain insights into disparities in prac-
tices in diagnosis and management of CIED complications as well as
compliance with published recommendations and guidelines across
various physician groups. This knowledge would be used to guide ed-
ucational activity and focus on areas that require more attention.

The survey represents a broad range of replies from varying physi-
cian groups. It included physicians (and surgeons) with diverse back-
grounds as well as different length of time in practice, trying to mirror
as accurately as possible current realities of health care provision for
patients presenting with cardiac device issues.

The clinical scenarios and questions were designed to highlight 14
areas of investigation and clinical images were included to reflect
real-world presentation rather than simple descriptions. Some clini-
cal scenarios were straightforward with clear guideline recommenda-
tion for diagnosis and management, and others less straightforward.

Chronic pain around the device site is is a Class 2a indication for
system extraction in the absence of an alternative explanation.10 We
found variable responses to this clinical scenario. One-third of
respondents reassured the patient and one-third recommended a
PET scan to assess occult infection, but overall half did not pursue
any further investigation and only a minority considered referral for
system extraction. This is clearly an area where there is lack of con-
sensus despite guideline recommendations.

A recent worldwide survey looking at clinical practice and
implementation of guidelines for the prevention, diagnosis, and man-
agement of cardiac implantable electronic device infections reported
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that guidelines and recommendations were not commonly adhered
to in clinical practice and that there was significant regional varia-
tion.18 This survey focused on CIED infection prevention and man-
agement and included members of arrhythmia societies worldwide. It
suggested that in cases of pocket infection without systemic involve-
ment complete hardware removal was applied by under two-thirds
of responding physicians. This compares unfavourably with the re-
sponse rate in our survey where nearly 75% advocated complete sys-
tem removal. This discrepancy in the response rates for extraction is
possibly explained by economic issues and limited access to extrac-
tion centres in other regions (Asia/Pacific, Latin America, and Middle
East/North Africa).

The question of systemic infection with positive blood cultures for
S. Aureus elicited an interesting response. Almost 92% responders
considered extraction when IE was present (TOE positive vegeta-
tion) but if TOE was negative almost 40% of cardiologists and around
60% of other physicians would opt for only antibiotics or partial sys-
tem removal in contravention of the guidelines. Cardiac implantable
electronic device infection has an in-hospital or 30-day mortality of
5–8%19,20 including mortality from lead extraction, usually reported
as 0.5%,13 but mortality is principally related to the complications of

ongoing sepsis. The reported mortality is higher for patients who do
not undergo complete removal of CIED hardware21 and for those
who incur delays in device removal.22

The recently published EHRA consensus document23 recom-
mends that the timing of an extraction procedure should be without
time delay after diagnosis of CIED infection, since if performed within
3 days after hospitalization it results in significantly lower in-hospital
mortality and shorter length of stay.

Malfunctioning leads are another challenging area and the
responses included a leadless device, addition of leads, and lead ex-
traction (42%) reflecting a balanced view despite the Class 2a recom-
mendation for lead extraction in the guidelines. Interestingly when
the scenario was modified to that of an occluded vessel precluding
vascular access, the recommendation for extraction dropped to 32%
and those in favour of right-sided implants increased (1–17%) and S-
ICDs increased from 18% to 32%. This is surprising and perhaps
reflects the perception that lead extraction in an occluded vein car-
ries a higher risk of complication.

The decision to consider extraction in this survey was heavily influ-
enced by clinical factors including the patient’s co-morbidity (92%),
age of the patient (83%), and the age of lead (73%). However, 50% of

....................................................................................................................................................................................................................

Table 2 Areas of investigation and key knowledge gaps revealed by this study

Area of investigation Key findings

1. Investigation of suspected CIED infection Good knowledge of investigation, awareness of importance of blood culture testing

2. Investigation for chronic pain around cardiac device Sub optimal, half would re-assure or not investigate further

3. Recognizing device erosion as CIED infection 25% would consider conservative management or partial extraction

4. Management of confirmed CIED infection High percentage of responders considered extraction when IE was present but 30% still

opted for antibiotic treatment only or partial removal if TOE was negative

5. Management and extraction strategy for failing leads Wide variation in practice but less than half would consider extraction in the first instance

6. Recognizing pocket infection and need for extraction 20% of respondents would offer conservative treatment

7. Barriers to referral 50% perceived barriers to onward referral.

Proximity is a concern for 18% with bed constraints and cost also a cause for concern.

14% were concerned about losing a patient to another caregiver.

8. Factors which influence decision to extract The age and frailty of the patient appear to have the biggest influence, 37% feel ease of access

to extraction service is a limitation

9. Factors which would limit TLE being offered 75% feel the procedural risk would be a limiting factor, with around 40% feeling the difficulty

of the procedure also being a factor. Concerning 40% did not have confidence in the

extractors ability to obtain a satisfactory outcome.

10. Tools available for extraction Locking stylets were the most commonly used, followed by powered and non-powered me-

chanical sheaths, surgical extraction, femoral snares and LASER.

11. Factors which influence equipment selection Training was the most important factor when deciding on which tools were used (82%).

12. Antibiotic duration post-CIED removal Variation in practice with just over half using guideline approved antibiotic duration

13. Options for temporary pacing Transvenous temporary pacing or an externalized permanent system were the most com-

monly used

14. Timing of re-implantation Approximately 80% would implant on the contralateral side with the majority waiting until

clinically stable. Only 4% would implant on the ipsilateral side and 6% would consider an

epicardial system.

CIED, cardiac implantable electronic devices; TLE, transvenous lead extraction.
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respondents perceived barriers to onward referral including the
availability of beds, distance from specialist centre, and need for fur-
ther investigations. Forty-three percent felt the ease of access to ex-
traction centre would influence their decision to refer the patient. It
is not clear if they are referring to geographical access or streamlined
referral pathways and communication but these are areas in which
access to TLE need to be improved. The questionnaire further ex-
plored barriers to lead extraction and highlighted the fact that a num-
ber of respondents perceived lead extraction as a complex
procedure (44%) with a high risk of mortality (77%). This belies evi-
dence from the ELECTRA registry which confirmed the safety and ef-
ficacy of the current practice of TLE with clinical success rates of
96.7% and mortality of 0.5%.13

Of the respondents who undertook lead extraction, fewer opera-
tors reported using locking stylets than previously documented in

the published registry data (50% vs. 71%) and a higher proportion
used manual traction only (47% vs. 27%).9 Use of LASER was similar
in this survey as in ELECTRA, and participants cited the training they
had received as having the biggest influence on what tools were used.
Industry and EHRA have an important role in providing this training
as currently there are too few training opportunities elsewhere.

Lead extraction in our survey was performed mainly under general
anaesthetic (78%) but it was concerning that nearly a quarter of
extractors did not have cardiac surgery backup. The guidelines rec-
ommend facilities to perform emergent sternotomy or thoracotomy
within 5–10 min and these guidelines have been in place since 2009.

Questions on post-extraction care focused around antibiotic use
and timing of re-implantation. With a confirmed pocket infection and
negative blood cultures just over half of physicians (55%) were prac-
ticing in line with the guidelines and administering 2 weeks of IV
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Figure 3 Results of self-assessment across the five key themes.
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antibiotics. Twenty percent recommended 10 days with a further
20% recommending 72 h or less.

There is some variation in the published Guidelines on the recom-
mended duration of antibiotics and the most recent EHRA consensus
document suggests 10–14 days post-extraction if cultures are nega-
tive.23 Almost three quarters of our respondents were within the
recommendation guidelines, however, in a culture positive CIED in-
fection, the guidelines recommend 4 weeks of IV antibiotics. Only
58% of respondents followed the guideline recommendations here.
A minority of respondents would opt for oral antibiotics which al-
though has shown promise in native valve endocarditis,24 has not yet
been assessed in the setting of CIED infection. The HRS guidelines
for antibiotic duration are described in Table 3.

The decision to re-implant post-extraction is complex, which
EHRA identified as an area requiring further research.12 Evaluation of
the patient’s clinical status and patient choice should be taken into ac-
count prior to re-implant.10 The responses in the survey reflected
this and 56% of respondents felt a combination of these factors
would influence the decision to re-implant.

The timing of re-implant depends on the indication for extraction.
In an infected CIED extraction guidelines recommend contralateral
implants, when the patient is clinically stable. Only 60% of the survey
respondents went with the guideline recommendation.

Interim pacing in pacing-dependent patients undergoing extraction
is complex and requires some forethought. Fifty-five percent of
respondents selected a semi-permanent system with a screw-in lead
and externalized generator. Almost a third suggested an epicardial
system and about 17% selected a leadless pacemaker (LPM).

All these options are reasonable, although the most recent EHRA
consensus suggests ipsilateral semi-permanent system as a reason-
able strategy to delay re-implant.25,26 Epicardial systems are a reliable
way of providing pacing in patients at very high risk of infection, but in
the past have been associated with higher mortality.27

Emerging data suggests that in selected high-risk patients, the risk
of infection with LPM appears low28 and the device appears safe and
feasible in patients with pre-existing CIED infection and after extrac-
tion of infected leads.29

Self-assessment
The self-evaluation question at each stage of the questionnaire pro-
vides insight into the physicians’ comfort level in dealing with clinical
scenarios involving CIEDs and yielded perhaps the most alarming
responses. Despite being a cohort comprising a large number of car-
diologists and extracting physicians there was a high percentage of
respondents who felt uncomfortable in dealing with all aspects of
CIED care. This underscores the importance of managing these
patients in a multidisciplinary setting with involvement of cardiolo-
gists, electrophysiologists, and microbiologists.

In the diagnosis and referral sections <50% of respondents felt
their knowledge and skill were acceptable. A quarter of extractors
felt they needed improvement and over 60% of non-extractors
reporting their knowledge and skills in this area needed
improvement.

This is an important finding as patients with CIEDs rely on diagno-
sis and referral in order to access appropriate treatment in a timely
manner.

The survey clearly showed that the areas which were perceived to
be the most complex and challenging were the extraction procedure
itself and the post-extraction care. Almost 75% of respondents felt
their knowledge and skill needed improvement and a third of partici-
pants, who regularly undertake extraction work, still felt improve-
ment was required. This level of uncertainty is striking and gives a
clear mandate that more needs to be done to educate clinicians on
all aspects of CIED management.

Limitations
This survey was reliant on voluntary participation and self-reporting
to achieve its endpoints and achieved a response rate of 8% across
three main groups of respondents i.e. cardiologists, internal medicine
physicians, and cardiac surgeons. Physician surveys are an important
tool in health services and policy research, providing cost-effective
sources of information and physicians attitudes, knowledge, and prac-
tice related to care delivery and training.30 Despite their importance,
however, physician surveys are hampered by low response rates,
raising concerns about their validity, and generalizability of their
findings.31

Specifically, low response rates raise concerns about non-
response bias or the likelihood that non-responding physicians will
be systematically different from the population under study. A re-
sponse rate of 8% in this survey response rate was low, however,
compared favourably with a response rate of 7% across a similar un-
dertaking by EHRA on needs assessment in atrial fibrillation (AF).32

This is despite the fact that the prevalence of AF is substantially higher
than that of CIED complications and cardiologists and physicians are
much more likely to encounter patients with AF.

This is only a single survey with no follow-on questionnaire, so it is
impossible to determine whether practice is changing over time.

Conclusions

This survey was undertaken to explore the prevalent knowledge and
understanding of CIED management and lead extraction and help
guide future educational strategies in this area.

The majority of respondents felt extraction was very high risk and
nearly half perceived this to be a limitation to referring the patient for
the procedure. When referring patients for extraction, half of

Table 3 Guidelines for antibiotic therapy post-CIED
removal

Negative blood

cultures

Pathogen-directed antimicrobial therapy for

2 weeks

Positive blood

cultures

Staphylococcus aureus—4 weeks

Other pathogens—2 weeks

Positive blood cul-

tures and positive

TOE

• Pathogen directed therapy for 4–6 weeks
• Four weeks for native valve endocarditis
• Six weeks advised for prosthetic valve

staphylococcus infection

Start date is considered the date of CIED extraction

CIED, cardiac implantable electronic devices; TOE, transoesophageal echo.
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respondents perceived barriers to access to extraction centres. The
perception of extraction risk, diagnostic pathways, and referral
streams will need to be addressed in order to improve referral across
diverse healthcare settings.

There was also poor guideline adherence, particularly with respect
to post-extraction care and antibiotic duration. This was reflected in
low confidence in the self-assessments and may reflect the lack of
clear recommendations as well as unfamiliarity with the existing
guidelines. This is an area which would benefit from targeted educa-
tional activity to improve patient outcomes and address some of the
misconceptions about the safety of transvenous lead extraction.

The survey highlighted discrepencies between the real world
management and guideline recommendations. Given, a large propr-
tion of respondents were insightful enough to rate their knowledge
as requiring improvement across all stages of the patient journey,
an accessible and focused educational strategy will need to be imple-
mented to improve patient outcomes.

Supplementary material

Supplementary material is available at Europace online.
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