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Clinical electrophysiology (EP) and catheter ablation of arrhythmias are rapidly evolving in recent years. More than 50 000 catheter ablations are
performed every year in Europe. Emerging indications, an increasing number of procedures, and an expected high quality require national and
international standards as well as trained specialists. The purpose of this European Heart Rhythm Association (EHRA) survey was to assess
the practice of requirements for EP personnel, equipment, and facilities in Europe. Responses to the questionnaire were received from 52
members of the EHRA research network. The survey involved high-, medium-, and low-volume EP centres, performing .400, 100–399, and
under 100 implants per year, respectively. The following topics were explored: (i) EP personnel issues including balance between female and
male operators, responsibilities within the EP department, age profiles, role and training of fellows, and EP nurses, (ii) the equipments available
in the EP laboratories, (iii) source of patient referrals, and (iv) techniques used for ablation for different procedures including sedation, and peri-
procedural use of anticoagulation and antibiotics. The survey reflects the current EP personnel situation characterized by a high training require-
ment and specialization. Arrhythmia sections are still most often part of cardiology departments and the head of cardiology is seldom a heart
rhythm specialist. Currently, the vast majority of EP physicians are men, although in the subgroup of physicians younger than 40 years, the pro-
portion of women is increasing. Uncertainty exists regarding peri-procedural anticoagulation, antibiotic prophylaxis, and the need for sedation
during specific procedures.
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Introduction
Today, due to considerable progress made in recent years in the diag-
nosis and treatment of cardiac arrhythmias, catheter ablation is the
first or second choice of treatment for all types of tachyarrhythmias.
The procedural complexity varies with the type of arrhythmia tar-
geted, the presence of a structural abnormality, and the anatomical
location, which underlines the necessity of adequate competence
of the operators and a dedicated environment. The Accreditation
Committee of the European Heart Rhythm Association1,2 as well

as national organizations have recently published curricula for clinical
electrophysiologists to fulfil comparable qualifications.3 However,
guidelines for invasive electrophysiology (EP) procedures, that are
as generally accepted as the ones for atrial fibrillation (AF) ablation,4

are lacking.5 Specific national guidelines concerning the competence,
performance, or required standards for the practice of cardiac EP are
rare.6 As a consequence, the clinical routine concerning invasive EP
procedures is likely to vary widely. The purpose of this European
Heart Rhythm Association (EHRA) survey was therefore to assess
the different local standards and requirements for EP personnel,
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equipment, and facilities, among members of the EHRA EP research
network.

Methods and results

Participating centres
This survey is based on a questionnaire sent via the Internet to the
EHRA EP research network centres. Overall, 59 institutions
responded and 58 were included into analysis (1 blank submission).
Forty-three (74%) of the centres were university hospitals, seven
(12%) private hospitals, and eight (14%) were other type of hospitals.
In the previous calendar year, 16% of the responding centres per-
formed ,100 catheter ablations, 16% between 100 and 199, 36%
between 200 and 399, and 33% reported .400 catheter ablations
per year. Overall, in 84% of the centres cardiac surgery was provided
in-house.

Electrophysiology personnel and training
Electrophysiology is part of cardiology departments in themajorityof
centres, 51 of 57 (89%) and in only 6 centres (11%) have an independ-
ent department for EP specialty. Invasive EP is the main area of
expertise of the head of cardiology departments in only 15 of 57
(26%) institutions (Figure 1). The majority (79%) of the heart
rhythm specialists performed ablations only, but in 21% they also
performed percutaneous coronary interventions (50% of them
only partly).

During the ablationprocedures, two physicians aremost frequent-
ly present (42%), sometimes present (31%), and present only in
complex cases (19%), while the minority of responders reported

that two physicians were always present or only one physician was
present (10 and 19% of the centres, respectively). Consultants and
physicians in training in EP department were predominantly men
(Figure 1). In total, EP personnel included 173 men (86%) and 28
women (14%) consultants and 80 men (63%) and 46 women (37%)
physicians in training. Whereas a male consultant was employed in
every institution, 63% of the participating centres reported no
female consultant. In total, 193 male and 41 female physicians per-
formed ablations; 125 (65%) men and 18 (44%) performed ablation
procedures as an independent operator. Male physicians were
mainly 40–50 year-old (34%), younger than 40 years (29%), and
older than 50 years (31%). In contrast, the corresponding figures
for female physicians were 67, 25, and 8%. Six (8%) female EP physi-
cians and 20 (8%) male physicians worked part-time.

In their first year of training, EP fellows learn to get vascular access
(98%), run the stimulator (95%), operate the EP recording system
(93%), navigate the three-dimensional (3D) mapping system (63%),
and perform simple ablation procedures as stand-alone operators
(57%). In their second year, they are mainly taught to perform
stand-alone ablation in complex procedures (96%), ablations in chil-
dren (98%), and in patients with congenital heart disease (98%). Many
institutions require participation in a course (54%) before a physician
is allowed to perform invasive EP and ablations, whereas an examin-
ation is only necessary in 4%. In 42% of all institutions, no specific
training or course is required before performing invasive EP.

While in 23 (44%) of 52 centres EP nurses are independent of a
cardiac interventional department, in 12 (23%) of them take part in
night shifts at the cardiac interventional department. In 17 of 52
(33%) hospitals, EP nurses serve both EP and cardiac interventions
in daily practice. Physicians are mainly responsible for the ablation
generator and the stimulator, whereas the 3D mapping system is
routinely run by a company representative and the EP recording
system by a trained nurse (Table 1).

Equipment
All institutions have at least one EP recording system (53% have one
only, 31% have two, 14% have three, and 2% have four). At least one
catheter laboratory is almost exclusively (.90%) used for EP proce-
dures in 94% (44 of 47) of all responding centres, 26% (12/47) of
centreshave two, and 9% (4 of 47) of all centreshave even three cath-
eter laboratories which are exclusively used for EP. Most (43 of 48,
90%) of the institutions have at least one 3D mapping system, 18 of
48 (38%) have one, 21 of 48 (44%) have two, 2 of 48 (4%) have
three, and 2 of 48 (4%) have four systems. A Stereotaxis system is
available in 6 of 48 (13%) institutions, in one of them even two
systems. Two institutions (4%) are equipped with a Hansen system
and one (2%) with the Amigo robotic system.

Patient consent for invasive EP procedures is obtained before hos-
pital admission in .90% of cases in 14 of 52 (27%) of the centres,
between 50 and 89% of cases in 17 of 52 (32%), in ,50% in 4 of 52
(8%), and in ,10% of cases in 9 of 52 (17%) of the centres, respect-
ively. In 8 of 52 (15%), patient consent is not a requirement. A refer-
ring physician is the main source of patients in 23% (12 of 52),
outpatient clinic is the only source in 6% (3 of 52), but in the majority
of centres (37 of 52; 71%) patients are referred via both ways.
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Catheter ablation procedures
The preferred access for left-sided accessory pathway ablation is a
retrograde aorta approach (21 of 52; 40%), a transseptal approach
(20 of 52; 38%), and both approaches (11 of 52; 21%). Left ventricular
tachycardias are mainly ablated using a retrograde approach in 34 of
52 (65%), a transseptal approach in 12 of 52 (23%), and using both
types of access in 3 of 52 (6%). None of the centres reported an epi-
cardial access as a routine approach. Three centres did not perform
ablation of ventricular tachycardia. Most hospitals do not use routine
sedation for diagnostic EP procedures and ablation for Wolf–Parkin-
son–White syndromeandatrioventricular nodal reentrant tachycar-
dia. During pulmonary vein isolation, 75% use conscious sedation,
whereas 22% routinely use general anaesthesia (Figure 2).

A routine peri-procedural antibiotic regime is rarely used, except
for patients with prosthetic valves and devices, and the type of anti-
biotics used is varying. The choice of peri-procedural anticoagulation

differs substantially, except for AF ablation, where heparin under
activated clotting time (ACT) control is used in 87%.

The most frequently used type of energy for AF ablation is radio-
frequency (RF) energy, which is used in 40 of 51 (78%) centres;
however, many laboratories, 10 of 51 (20%), use cryoenergy (cryo-
balloon) and only 1 of 41 (2%) centres use laser energy. Most parti-
cipants ablate paroxysmal (43 of 51; 84%) and also persistent AF
(34 of 51; 67%) routinely. Atypical flutter ablation is an inherent
part of routine ablations in 71% (36 of 51) of institutions. Ablation
of long-standing persistent AF is not performed at all in 27% of the
centres, only rarely performed in 43%, and is done routinely in 31%
(Figure 2). Several imaging methods are used before AF ablations,
mainly computed tomography angiography (57%), followed by
magnetic resonance imaging (24%), but 18% of participants do not
use any imaging method before AF ablation (Figure 3).

Discussion
Catheter ablation is the treatment of choice for most supraventricu-
lar tachycardias. More than 50 000 interventions are performed
every year in Europe.7 Nevertheless, these procedures require well-
trainedcardiologistswithcomprehensiveknowledgeofheart rhythm
disorders, suitable equipment, and contemporary facilities to ensure
both patient safety and efficacy.

This EP Wire survey has shown that the principal standards are
similar, although there is no European guideline that is generally

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

Table 1 Electrophysiology personnel available during ablations (centres, %)

Nurse Special trained nurse Cardiac physiologist Technician Company representative Physician

EP recording system 5/80 (6%) 23/80 (29%) 14/80 (18)% 9/80 (11%) 8/80 (10%) 21/80 (26%)

Stimulator 6/72 (8%) 17/80 (24%) 14/72 (19%) 7/72 (10%) 4/72 (6%) 24/72 (33%)

3D mapping system 1/71 (1%) 14/71 (20%) 8/71 (11%) 10/71 (14%) 22/71 (31%) 16/71 (23%)

Ablation generator 12/70 (17%) 18/70 (26%) 12/70 (17%) 4/70 (6%) 4/70 (6%) 20/70 (29%)

Routinely, physicians are responsible for the ablation generator and the stimulator, whereas the 3D mapping system is mainly run by a company representative and the EP recording
system by a special trained nurse.
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H.L. Estner et al.1080

 by Y
asm

ine C
arrasset on July 28, 2014

http://europace.oxfordjournals.org/
D

ow
nloaded from

 

http://europace.oxfordjournals.org/


accepted. The core curriculum for heart rhythm specialists and rele-
vant expert consensus statements for the treatment of arrhythmias4

are followed by the responding centres.

Electrophysiology personnel
Despite the fact that EP is a rapidly expanding and highly demanding
subspecialty in cardiology with increasing complexity of ablation pro-
cedures (e.g. AF, ventricular tachycardia, and device therapy), only
about 26% of the cardiology departments are led by the physicians
specialized in EP. It is also remarkable that it is routine for some EP
consultants to maintain skills for coronary interventions.

In this context, it is surprising, that in most, 29 of 52 (56%) institu-
tion EP nurses are required to be part of cardiac interventional ser-
vices including night shifts, thus making EP and interventions a an
equal part of their daily practice. Moreover, it is clearly evident that
a high level of training is necessary for nurses to assume responsibility
for the stimulator, EP recording system, the 3D mapping system, or
the ablation generator in most hospitals (Table 1).

Only 22% of the physicians in EP training are females and there are
even a lower proportion of female cardiology consultants (14%).
Whereas all centres employed a male consultant, only 37% had a
female consultant among their EP staff. This finding is consistent
with previous reports.8 This gender imbalance is however expected
to change in the future, as in many European countries women
represent the majority of medical students. Of interest, only 29%
of male physicians are younger than 40 years old but 67% of female
physicians performing EP studies are younger than 40 years.

There seems to be an accepted curriculum of training and knowl-
edge for EP fellows in their first and second year. While simple skills
such as vascular access, running the stimulator, the EP recording
system, and the 3D mapping system and performing stand-alone abla-
tions for simple procedures are mainly taught in their first year, more
advanced skills are expected to be acquired during their second year
in the majority of centres (stand-alone ablation in complex proce-
dures, ablations in children and patients with congenital heart
disease). On the contrary, there is a greater inconsistency regarding
the physician’s qualification to perform any invasive EP study. For
example, a course is required in only 54% of institutions, an examin-
ation is necessary in only 4%, and surprisingly in 42% of institutions no
specific training or course is required before performing invasive EP.

Equipment
In the core curriculum for heart rhythm specialists,1 it is stated that a
training centre should be equipped with the state-of-the-art equip-
ment to offer current technology treatment approaches.7,9 The
centre should have the following equipment available onsite:
(i) up-to-date monitoring equipment, which was available in all
participating institutions; (ii) a modern catheter laboratory; 94% of
the responding centres had at least one laboratory which was
almost exclusively used for EP; and (iii) 3D electroanatomical
mapping defined as a prerequisite for performing complex ablation
procedures, which was available in 90% of the institutions. In this
respect, mostof the European centres fulfilled the recently suggested
requirements for training centres.

Peri-procedural management
In our survey, the relatively frequent use of a transseptal approach for
left-sided accessory pathways and left ventricular tachycardia abla-
tions highlights the current high expertise in transseptal approaches
in modern EP units. Probably due to the high rate of AF ablations in
most institutions, the transseptal puncture has become a routine
procedure and therefore is used for other arrhythmias as well.

Although most centres still use RF energy for AF ablation proce-
dures, the cryoballoon seems to have gained a more widespread
use. As many as 22% of the centres routinely use general anaesthesia
for AF procedures. It is not surprising that a relevant proportion of
centres performing AF ablation treat consecutive left atrial arrhyth-
mias (71%). Long-standing persistent AF is still rarely ablated in
most participating centres, which probably reflects the uncertainty
of treatment success and recommended techniques.

The peri-procedural administration of antibiotics is quite rare and
is reserved for patients with prosthetic valves and devices; the choice
of antibiotic differ significantly. Also, uncertainty exists regarding the
choice of peri-procedural anticoagulation. There is even no clear
trend regarding use of low-molecular weight or unfractionated
heparin during most procedures. Except for AF ablation, the majority
of participants used heparin under ACT control, reflecting the high
level of research in that field.10 –13

Conclusion
The survey highlights the current EP personnel situation with high
training requirements and specialization. However, the head of cardi-
ology is most often not a heart rhythm specialist and the require-
ments of courses and exams within the EP specialty are low and
highly variable. These observations warrant more resources to be
focusedonEP training andexamination facilities.Currently,malephy-
sicians are clearly most dominant within the EP society, although in
the subgroup of physicians younger than 40 years, the proportion
of females is increasing. Uncertainty exists in the peri-procedural
anticoagulation, antibiotic prophylaxis, and the type of sedation
during specific procedures.
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3. Breithardt G, Krämer LI, Willems S. Curriculum spezielle rhythmologie. Kardiologe
2012;6:219–25.

4. Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen SA et al. 2012 HRS/
EHRA/ECAS Expert Consensus Statement on Catheter and Surgical Ablation of
Atrial Fibrillation: recommendations for patient selection, procedural techniques,
patient management and follow-up, definitions, endpoints, and research trial
design. Europace 2012;14:528–606.

5. Wolpert C, Lubinski A, Bissinger A, Merkely B, Priori S, Brugada J. Barriers to imple-
mentation of evidence-based electrical therapies and the need for outcome
research: role of European registries. Europace 2011;13 (Suppl 2):ii18–20.

6. Piot O, Anselme F, Boveda S, Chauvin M, Daubert JC, Defaye P et al. Guidelines
issued by the French society of cardiology concerning the competence, perform-
ance and environment required in the practice of diagnostic and interventional
cardiac electrophysiology. Arch Cardiovasc Dis 2011;104:586–90.

7. Auricchio A,Kuck K-H, HatalaR,Arribas F.The EHRAWhite Book 2013: thecurrent
status of cardiac electrophysiology in ESC member countries. http://www.escardio.
org/communities/EHRA/publications/Documents/ehra-white-book-2013.pdf.
2013.

8. Neuberger HR, Tilz RR, Bonnemeier H, Deneke T, Estner HL, Kriatselis C et al.
A survey of German centres performing invasive electrophysiology: structure,
procedures, and training positions. Europace 2013;15:1741–6.

9. Blomström Lundqvist C, Auricchio A, Brugada J, Boriani G, Bremerich J, Cabrera JA
et al. The use of imaging for electrophysiological and devices procedures: a report
from the first European Heart Rhythm Association Policy Conference, jointly orga-
nized with the European Association of Cardiovascular Imaging (EACVI), the
Council of Cardiovascular Imaging and the European Society of Cardiac Radiology.
Europace 2013;15:927–36.

10. Di Biase L, Burkhardt D, Santangeli P, Mohanty P, Sanchez J, Horton R et al. Peripro-
cedural stroke and bleeding complications in patients undergoing catheter ablation
of atrial fibrillation with different anticoagulation management: results from the
COMPARE randomized trial. Circulation 2014, in press.

11. Chen J, Todd DM, Hocini M, Larsen TB, Bongiorni MG, Blomström-Lundqvist C. Sci-
entific Initiative Committee, European Heart Rhythm Association. Current peripro-
cedural management of ablation for atrial fibrillation in Europe: results of the
European Heart Rhythm Association survey. Europace 16:378–81.

12. Lakkireddy D, Reddy YM, Di Biase L, Vallakati A, Mansour MC, Santangeli P et al.
Feasibility and safety of uninterrupted rivaroxaban for periprocedural anticoagula-
tion in patients undergoing radiofrequency ablation for atrial fibrillation: results
from a multicenter prospective registry. J Am Coll Cardiol 2014;63:982–8.

13. Hohnloser SH, Camm AJ. Safety and efficacy of dabigatran etexilate during catheter
ablation of atrial fibrillation: a meta-analysis of the literature. Europace 2013;15:
1407–11.

H.L. Estner et al.1082

 by Y
asm

ine C
arrasset on July 28, 2014

http://europace.oxfordjournals.org/
D

ow
nloaded from

 

http://www.escardio.org/communities/EHRA/publications/Documents/ehra-white-book-2013.pdf
http://www.escardio.org/communities/EHRA/publications/Documents/ehra-white-book-2013.pdf
http://www.escardio.org/communities/EHRA/publications/Documents/ehra-white-book-2013.pdf
http://www.escardio.org/communities/EHRA/publications/Documents/ehra-white-book-2013.pdf
http://www.escardio.org/communities/EHRA/publications/Documents/ehra-white-book-2013.pdf
http://www.escardio.org/communities/EHRA/publications/Documents/ehra-white-book-2013.pdf
http://www.escardio.org/communities/EHRA/publications/Documents/ehra-white-book-2013.pdf
http://europace.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


