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Implantable cardioverter de� brillators (ICDs) are
widely used for the management of patients with serious
ventricular arrhythmias. To provide optimal care for
patients, physicians require knowledge and expertise in
the indications, techniques for implantation, complica-
tions, programming, and follow-up of these devices.
Physicians requesting clinical staff privileges at a given
institution must be able to prove their ability to uphold
the quality of care. The Joint Commission on Accredi-
tation of Health Care Organizations requires the granting
of continuing medical staff privileges to be based on
assessments of applicants against professional criteria
speci� ed in the medical staff bylaws. Physicians them-
selves are charged with identifying the criteria that con-
stitute professional competence and with evaluating their
peers accordingly. Yet, the process of evaluating physi-
cians’ knowledge and competence often is constrained
by the evaluator’ s own knowledge and ability to elicit the
appropriate information, problems compounded by the
growing number of highly specialized procedures for
which privileges are requested. Therefore, physicians
must identify the criteria that constitute professional
competence.

The recommendations in this statement have been
developed by the North American Society of Pacing and
Electrophysiology (NASPE) to assist in the assessment
of physician competence in the implantation and fol-
low-up of ICDs. The minimum education, training, ex-
perience, and cognitive and technical skills necessary for
the competent performance of these procedures are spec-
i� ed. Whenever possible, the speci� cations are based on
published data linking these factors with competence or,
lacking such data, on the consensus of expert opinion.
The recommendations are applicable to any practice set-

ting and can accommodate a number of ways in which
physicians might substantiate competence in this area
(see also Guide to the Use of American College of
Physicians Statements on Clinical Competence1).

Overview of the Procedure

The ICD originally was developed for the manage-
ment of survivors of cardiac arrest. The � rst human
implant took place in 1980. Initially, placement and
testing of epicardial de� brillating and rate-sensing elec-
trodes required a thoracotomy and usually involved the
cooperation of a cardiac surgeon and an electrophysiolo-
gist.2 Device follow-up was simple and straightforward,
as limited information was obtainable on interrogation
other than number of discharges. Little more than routine
reforming of the capacitors was required during follow-
up. Devices were not programmable, which dramatically
limited the range of therapy.3 Despite limitations of size,
the highly invasive surgical approach, and resultant mor-
bidity and mortality, these devices were effective in
reducing deaths from recurrent cardiac arrest.4-6

Second-generation devices incorporated a trans-
venous electrode that allowed for improved arrhythmia
recognition, the ability to abort shocks if arrhythmias
spontaneously terminated, and improved telemetered
data.7 Subsequent improvements included both bradycar-
dia pacing and antitachycardia pacing. The latter enabled
tiered therapy for ventricular arrhythmias. The third gen-
eration of devices had improved memory for both sensed
and therapeutic events, programmable current pathways,
and the capability of noninvasive programmed stimula-
tion.8

Development in all aspects of ICDs, including leads,
shock waveforms, device miniaturization, memory ca-
pacity, and arrhythmia recognition, has led to practical
nonthoracotomy implantation of highly sophisticated de-
vices. These fourth-generation devices have improved
electrograms for better diagnostics and can be pro-
grammed for advanced tiered therapy.9,10 Fifth-genera-
tion devices permit dual-chamber rate responsive pacing
with attendant improved hemodynamics in some patients
and improved recognition of supraventricular tachycar-
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dia with avoidance of inappropriate therapies. It is esti-
mated that supraventricular tachycardias cause unneces-
sary therapy delivery in about 10% to 20% of patients
with ICDs. Dual-chamber ICDs are somewhat more dif-
� cult to implant because they require an additional atrial
lead, but they allow enhanced detection criteria that may
decrease the rate of unnecessary therapy to , 5% of
patients.11,12

The technical aspects of a routine ICD implant are
now only moderately more complex than implantation of
a permanent pacemaker. It is common for nonsurgeons to
implant ICDs in a suite also used for placement of
permanent pacemakers. Conscious sedation may be used
for ICD implants rather than general anesthesia. As a
result of these changes, some physicians with inadequate
training and experience have begun to implant ICDs.
However, the same technology that has streamlined rou-
tine implants also has dramatically increased the com-
plexity of other aspects of patient management.

Due to improved technologies, the types of clinical
situations appropriate for device management also have
expanded. Indications for ICD insertion now include
selected patients who have not experienced a symptom-
atic arrhythmia.13-15 The approved indications for ICD
therapy have changed to re� ect the outcomes of recent
clinical trials and are presented in the guidelines pub-
lished by the American College of Cardiology/American
Heart Association (ACC/AHA).16 Although the actual
implant techniques have been simpli� ed due to techno-
logic advancements, patient evaluation and management
have become more complex. Physicians participating in
device therapy for patients need to know these indica-
tions and to keep abreast of current trials as well as new
technologic developments that may affect future recom-
mendations for implantation. This knowledge is critical
in the selection of the appropriate candidate for device
therapy and in determining the optimal device for the
individual patient.

Device implantation should be performed by physi-
cians in centers prepared to provide appropriate preop-
erative evaluation and support throughout all phases
of device treatment: preprocedural, intraoperative, and
postoperative.

Preoperative and Intraoperative Evaluation

Preoperative decisions other than device and patient
selection include evaluation of any suspected venous
anomaly that might interfere with implantation. Several
lead systems are available, and selection will be deter-
mined by the individual patient’ s needs and may be
affected by the presence of prior devices. A sound ap-
proach is to keep the system as simple as possible.
Nevertheless, to deliver a de� brillation shock, there must
be at least two sites between which energy is delivered.
If more than two electrodes are used, two or more will
need to be combined to act as a single electrode.17 The
operator needs to have knowledge of the choices avail-
able and to understand how to evaluate each system for
effectiveness of therapy.

The physician also requires knowledge of the physical
characteristics of the variety of devices available. De-
pending on the patient’ s body habitus, certain device
characteristics may be better tolerated. The default site of
implantation for the active can device is the left pectoral
region, yet certain clinical situations may mandate a
right-sided implant.18 The operator must have knowledge
of different techniques appropriate for pectoral or sub-
pectoral implantation and for postoperative wound man-
agement.

De� brillation testing performed intraoperatively is
critical to long-term success. The operator must have
knowledge of the methods of arrhythmia induction and
therapies available as well as techniques for emergency
management of refractory arrhythmias. Assessment of
de� brillation threshold is an obligatory part of the im-
plantation procedure and may be performed during fol-
low-up as well. Some patients also may require testing of
antitachycardia pacing and cardioversion thresholds.
Clinical judgment is needed to reduce patient risk
through either overly aggressive or inadequate therapy.
Most devices deliver a biphasic truncated exponential
waveform, but the operator must be capable of determin-
ing the best pathway polarity.19,20 The operator also
requires knowledge of the device sensing algorithms to
choose optimal lead placement.

Troubleshooting intraoperatively and during fol-
low-up demands considerable skill and experience. The
implanting physician must be familiar with methods for
managing inadequate rate sensing (e.g., placement of a
separate active � xation lead). Even more important are
strategies for lowering de� brillation energy require-
ments, such as the use of additional high voltage elec-
trodes, manipulation of shock waveforms, and the addi-
tion of drugs. The implanting physician should be
familiar with the effects of drugs on arrhythmia rate and
de� brillation threshold, and the possibility of adverse
device–device interactions.

ICD Programming

The programming of ICDs has become increasingly
complex as the result of a myriad of new features. For
optimal function (and therefore greatest bene� t to the
patient), the physician must be aware of all aspects of
device programmability.8,21,22 As in permanent pacemak-
ers, parameters for bradycardia pacing must be pro-
grammed. Appropriate testing and programming to avoid
oversensing of far-� eld R waves23 and to assure recog-
nition of atrial � brillation24 in dual-chamber units is
critical. Decisions regarding programming of the brady-
cardia pacing component of the de� brillator must be
based on an understanding of an individual’ s needs,
knowledge of pacemaker therapy, and understanding of
the speci� cs of programming as it pertains to the under-
lying ventricular arrhythmia.

Appropriate programming of tachyarrhythmia detec-
tion criteria requires knowledge of the individual pa-
tient’ s electrophysiologic abnormality. Tachyarrhythmia
detection often involves multiple zones; care must be
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taken to choose zones appropriately to avoid leaving
undetected potentially lethal arrhythmias.25 Enhance-
ments such as assessment of sudden onset and/or rate
stability are available for discrimination of supraventric-
ular from ventricular tachyarrhythmias. Dual-chamber
ICDs offer the possibility of using the relationship of
atrial and ventricular activation to increase the speci� city
of ventricular tachycardia detection. Some devices are
capable of quantifying the morphology of the ventricular
electrogram to differentiate supraventricular from ven-
tricular tachycardia.

Programming optimal therapy also requires consider-
able expertise. If the patient is treated for ventricular
� brillation only, programming of therapy is straightfor-
ward and, to a large extent, is dictated by the de� brilla-
tion threshold information gained at implantation. Indi-
cations for, and selection of, antitachycardia pacing and
cardioversion parameters mandate an understanding of
the patient’ s arrhythmia substrate as well as the capabil-
ities of the ICD being used. Several choices must be
made in programming tiered therapy, including number
of tiers, types of therapy delivered, energy level for
shock therapy, waveform (in some ICDs), and de� bril-
lation current pathway. For ventricular tachycardia ther-
apy, the operator must determine how many and what
types of antitachycardia pacing therapies to permit be-
fore cardioversion or de� brillation. Other decisions are
necessary regarding antitachycardia pacing coupling in-
tervals, number of pulses, mode of therapy delivery
(burst vs ramp), number of sequences, and any decre-
ment between sequences. In addition, standard parame-
ters such as pulse width and amplitude must be chosen.
The operator must have solid knowledge of the princi-
ples of tachyarrhythmia therapy best gained through
training in clinical cardiac electrophysiology.

The operator should be aware of parameters requiring
assessment immediately postoperatively as well as dur-
ing long-term device follow-up.26,27 Recognizing that
components may fail over time28 and that patient require-
ments vary as disease course progresses, regular fol-
low-up evaluation has been recommended by the ACC/
AHA Task Force.16 The physician involved in device
management of patients must be aware of the spectrum
of complications, which range from those related to the
technical aspects of implantation to those seen during
device follow-up.29-32 Knowledge of the potential short-
comings of each device is critical.19,22,33 Optimum device
follow-up also requires the ability to interpret informa-
tion gained from stored electrograms.34,35

Justi� cation for Recommendations

The recommendations for the minimum education,
training, experience, and skills necessary to implant
ICDs and to provide follow-up for patients with these
devices are derived principally from the opinion of a
NASPE Task Force appointed by the NASPE Committee
on the Development of Position Statements. In addition,
we have referred to previously published guidelines for
training in clinical cardiac electrophysiology as well as

guidelines for implantation and follow-up of patients
with antiarrhythmia devices and permanent pacemak-
ers.13,16,36-39The numbers of implantations and follow-up
visits recommended are in accord with those published in
previous statements and are the best available recom-
mendations at the present time. However, there is a need
for objective data to be obtained over the coming years to
support or to alter these recommendations.

There are two levels of expertise that may be achieved
by physicians who care for patients with ICDs. The � rst
level is expertise in the indications for ICDs, follow-up,
and troubleshooting for these devices (Table 1). This
type of expertise is necessary for physicians who do not
implant ICDs, but who follow patients with these devices
in their practices. It is necessary for such physicians to
have knowledge of the results of recent clinical trials on
the indications for ICDs,13-16 to be thoroughly familiar
with programming and interrogation of ICDs, to be able
to interpret intracardiac electrograms, to understand
drug– device interactions, to be expert in the differential
diagnosis of appropriate versus inappropriate shocks, and
to be able to analyze changes in ICD function over time.
Such expertise may be attained during a fellowship in
cardiovascular diseases but will require elective time in
addition to the core training provided in arrhythmia man-
agement in order to acquire the necessary skills.

A more advanced level of training is required for
implantation of ICDs. Physicians who implant ICDs are
required to be expert in implantation techniques and the
complications of ICD implantation. Implantation of
ICDs demands expertise in cardiac anatomy, central ve-
nous access, manipulation of leads in the heart, sterile
operative technique, pacing and de� brillation threshold
testing, ICD programming, and postoperative care (Table
2). If the implanting physician is not responsible for
follow-up of the patient, as is the case in some institu-
tions, then there must be available at the same institution
a physician with the required expertise in device indica-
tions and selection, troubleshooting, and follow-up.

By de� ning minimum standards for physicians who
implant ICDs and follow patients with these devices, this
committee hopes to reduce the risk of inappropriate
patient selection, operative complications, and incorrect

TABLE 1
Some Cognitive Skills Required for
ICD Implantation and Follow-Up

Knowledge of current indications
Knowledge of contraindications
Knowledge of complications and their management
Ability to interpret intraoperative electrogram recordings and to

determine pacing and de� brillation thresholds
Knowledge of normal and abnormal cardiac anatomy
Knowledge of ICD programming
Understanding of drug–ICD and pacemaker–ICD interactions
Understanding of the differential diagnosis of device malfunction
Ability to differentiate appropriate from inappropriate shocks
Knowledge of the appropriate management of patients with frequent

shocks
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programming of the device. The following speci� c rec-
ommendations are based on the issues delineated here,
published guidelines, and the consensus of the commit-
tee.

Minimum Training Necessary for Competence

It is preferable for implanting physicians who have
completed their training since 1992 to have matriculated
from a dedicated fellowship in Clinical Cardiac Electro-
physiology at least 1 year in duration. Training should
include a thorough knowledge of the indications for, and
contraindications to, ICD therapy. The trainee should
have expertise in the techniques of implantation and the
complexities of device selection and programming. Fa-
miliarity with outpatient follow-up and troubleshooting
also are required. For most aspects, although not for
implantation, eligibility or certi� cation by the American
Board of Internal Medicine (ABIM) Clinical Cardiac
Electrophysiology Board is evidence of competency, as
is certi� cation by NASPExAM. Trainees should have
completed at least 25 initial ICD implants as the primary
operator during fellowship as well as replacement or
revision of at least 10 ICDs.

It is commonplace for ICD implants to be performed
as a joint effort of a surgeon and an electrophysiologist.
The surgeon usually is responsible for creating the pec-
toral pocket. Either member of the team may gain vas-
cular access and position the transvenous lead(s). The
electrophysiologist supervises threshold testing and pro-
gramming of the device. Clearly, neither physician in
this situation must possess all of the skills necessary for
the implant. In aggregate, the two must have the compe-
tencies described. It is desirable to have considerable
overlap in the skill sets of the surgeon and cardiac
electrophysiologist.

Physicians who follow patients with ICDs must be
knowledgeable in all aspects of ICD programming and
troubleshooting. Although completion of a fellowship in
clinical cardiac electrophysiology may be taken as evi-
dence of competence in this area, it also is possible to
attain the necessary training during a fellowship in car-
diovascular diseases if elective time is taken in this area
in addition to the core curriculum. A minimum of 6
months on the clinical cardiac electrophysiology service
is necessary in order to achieve this expertise. Interroga-
tion of at least 50 ICDs with interpretation of the results
should be taken as the minimum number necessary for

independent performance of this kind of follow-up. Doc-
umentation of this experience by training program direc-
tors and/or chiefs of cardiology should be required. It
should be noted that this level of experience is not
adequate for the independent implantation of ICDs. It is
not adequate to rely solely on company representatives
for interpretation of the results of interrogation of anti-
arrhythmia devices. Knowledge about, and expertise in,
ICD follow-up and troubleshooting must reside in a
physician immediately present. If an industry represen-
tative is involved, it must be only under the direct and
immediate supervision of the physician with this exper-
tise.

Alternate Routes for Achieving Competence

Physicians who completed training prior to 1992 will
have more variability in their training experiences than
those who � nished training more recently. It is important
that these physicians possess the same fund of knowl-
edge and set of skills required of the newer trainees.
Physicians who have acquired experience outside of a
formal fellowship should have comparable experience.
Experience with pacemaker implantation (even if exten-
sive) in combination with an industry-sponsored ICD
implantation course does not constitute suf� cient train-
ing to implant or follow-up ICDs independently.

Cardiothoracic surgeons and pediatric electrophysi-
ologists may implant or follow patients with ICDs, yet
they would not be eligible for certi� cation in clinical
cardiac electrophysiology by the ABIM. Such physicians
should have had training comparable to that required in
clinical cardiac electrophysiology training programs. In
addition, successful completion of the NASPExAM in
cardiac pacing and de� brillation may be taken as evi-
dence of expertise in this area.

Maintenance of Competence

A minimum of 10 ICD procedures per year is neces-
sary in order to maintain pro� ciency in ICD implanta-
tion. Physicians also should follow a minimum of 20
patients a year with ICDs if they are to maintain com-
petency in programming and follow-up.

Ongoing continuing medical education is an impor-
tant part of maintaining competence in the implantation
and follow-up of patients with ICDs. Physicians implant-
ing or following ICDs should be cognizant of new de-
vices and technologies and use them as appropriate for
the individual patient in order to provide maximum clin-
ical bene� t.

References

1. Guide for the use of American College of Physicians Statements on
Clinical Competence. Health and Public Policy Committee. Ann
Intern Med 1987;107:588-589.

2. Brodman R, Fisher JD, Furman S, Johnston DR, Kim SG, Matos
JA, Waspe LE: Implantation of automatic cardioverter-de� brilla-
tors via median sternotomy. PACE 1984;7:1363-1369.

3. Mower MM, Reid PR, Watkins L Jr, Grif� th LS, Platia EV, Bach

TABLE 2
Some Technical Skills Required for ICD Implantation

Operative skills to obtain central venous access and form a pocket
Manual dexterity to place de� brillation and sensing electrodes in the

right ventricle and right atrium
Ability to recognize and manage procedural complications
Ability to manage high de� brillation thresholds
Pro� ciency in the use of external de� brillation and intravenous

cardiac medications
Technical knowledge regarding electrical safety and radiation

Curtis et al. Competency in ICD Implantation and Follow-Up 283

http://ramiro.catchword.com/nw=1/rpsv/0003-4819^281987^29107L.588[nlm=3631796]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281984^297L.1363[nlm=6209684]
http://ramiro.catchword.com/nw=1/rpsv/0003-4819^281987^29107L.588[nlm=3631796]


SM Jr, Imran M, Juanteguy JM, Mirowski M: Automatic implant-
able cardioverter-de� brillator structural characteristics. PACE
1984;7:1331-1337.

4. Mirowski M, Reid PR, Mower MM, Watkins L Jr, Platia EV,
Grif� th LS, Guarnieri T, Thomas A, Juanteguy JM: Clinical per-
formance of the implantable cardioverter-de� brillator. PACE
1984;7:1345-1350.

5. Mirowski M, Reid PR, Mower MM, Watkins L Jr, Platia EV,
Grif� th LS, Juanteguy JM: The automatic implantable cardio-
verter-de� brillator. PACE 1984;7:534-540.

6. Mirowski M, Reid PR, Mower MM, Watkins L Jr, Platia EV,
Grif� th LS, Juanteguy JM: Use of the automatic implantable
cardioverter-de� brillator in the treatment of malignant ventricular
tachyarrhythmias. Herz 1984;9:83-89.

7. Echt DS, Armstrong K, Schmidt P, Oyer PE, Stinson EB, Winkle
RA: Clinical experience, complications, and survival in 70 patients
with the automatic implantable cardioverter/de� brillator. Circula-
tion 1985;71:289-296.

8. Fromer M, Brachmann J, Block M, Siebels J, Hoffmann E, Al-
mendral J, Ohm OJ, den Dulk K, Coumel P, Camm AJ, et al:
Ef� cacy of automatic multimodal device therapy for ventricular
tachyarrhythmias as delivered by a new implantable pacing car-
dioverter-de� brillator. Results of a European multicenter study of
102 implants. Circulation 1992;86:363-374.

9. Neglia JJ, Krol RB, Giorgberidze I, Mathew P, Lewis C, Munsif
AN, Saksena S: Evaluation of a programming algorithm for the
third tachycardia zone in a fourth-generation implantable cardio-
verter-de� brillator. J Interv Card Electrophysiol 1997;1:49-56.

10. Auricchio A, Scafuri A, Auricchio U, Fratini S, Chiariello L:
Clinical value of intracavitary electrograms stored by implantable
automatic de� brillator in patients resuscitated after cardiac arrest
(Valore clinico degli elettrogrammi intracavitari memorizzati dal
de� brillatore automatico impiantabile in pazienti rianimati da un
arresto cardiaco). Cardiologia 1995;40:31-39.

11. Schaumann A: Managing atrial tachyarrhythmias in patients with
implantable cardioverter de� brillators. Am J Cardiol 1999;83:
214D-217D.

12. Tanaka S: An overview of the � fth-generation implantable cardio-
verter de� brillator. Ann Thorac Cardiovasc Surg 1998;4:303-311.

13. Winters SL, Packer DL, Marchlinski FE, Lazzara R, Cannom DS,
Breithardt GE: Consensus statement on indications, guidelines for
use, and recommendations for follow-up of implantable cardio-
verter-de� brillators. PACE 20001; (In press).

14. Moss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL, Klein H,
Levine JH, Saksena S, Waldo AL, Wilber D, Brown MW, Heo M,
for the Multicenter Automatic De� brillator Implantation Trial In-
vestigators: Improved survival with an implanted de� brillator in
patients with coronary disease at high risk for ventricular arrhyth-
mia. N Engl J Med 1996;335:1933-1940.

15. Buxton AE, Lee KL, Fisher JD, Josephson ME, Prystowsky EN,
Ha� ey G: A randomized study of the prevention of sudden death
in patients with coronary artery disease. N Engl J Med 1999;341:
1882-1890.

16. Gregoratos G, Cheitlin MD, Conill A, Epstein AE, Fellows C,
Ferguson TB Jr, Freedman RA, Hlatky MA, Naccarelli GV, Sak-
sena S, Schlant RC, Silka MJ: ACC/AHA guidelines for implan-
tation of cardiac pacemakers and antiarrhythmia devices. A report
of the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines (Committee on Pacemaker
Implantation). J Am Coll Cardiol 1998;31:1175-1209.

17. Verdino RJ, Hannan RL, Tracy CM, Solomon AJ: Implantation of
a nonthoracotomy de� brillator using a second de� brillator patch in
the abdominal pocket. PACE 1996;19:1526-1527.

18. Bardy GH, Yee R, Jung W: Multicenter experience with a pectoral
unipolar implantable cardioverter-de� brillator. Active Can Inves-
tigators. J Am Coll Cardiol 1996;28:400-410.

19. Sperry RE, Ellenbogen KA, Wood MA, Stambler BS, DiMarco JP,
Haines DE: Failure of a second and third generation implantable
cardioverter de� brillator to sense ventricular tachycardia: Implica-
tions for � xed-gain sensing devices. PACE 1992;15:749-755.

20. Olsovsky MR, Shorofsky SR, Gold MR: The effect of shock
con� guration and delivered energy on de� brillation impedance.
PACE 1999;22:165-168.

21. Mann DE, Damle RS, Kelly PA, Landers M, Otto L, Reiter MJ:
Comparison of oversensing during bradycardia pacing in two types
of implantable cardioverter-de� brillator systems. Am Heart J
1998;136:658-663.

22. Cossu SF, Hsia HH, Simson MB, Hanna MS, Clyne CA: Inappro-
priate pauses during bradycardia pacing in a third-generation im-
plantable cardioverter de� brillator. PACE 1997;20:2271-2274.

23. Brouwer J, Nagelkerke D, den Heijer P, Ruiter JH, Mulder H,
Begemann MJ, Lie KI: Analysis of atrial sensed far-� eld ventric-
ular signals: A reassessment. PACE 1997;20:916-922.

24. Wood MA, Moskovljevic P, Stambler BS, Ellenbogen KA: Com-
parison of bipolar atrial electrogram amplitude in sinus rhythm,
atrial � brillation, and atrial � utter. PACE 1996;19:150-156.

25. Stambler BS, Wood MA, Ellenbogen KA: Limitations of tachy-
cardia con� rmation and rate classi� cation algorithms in a third-
generation implantable cardioverter de� brillator. PACE 1996;19:
1618-1628.

26. Scheinman M, Akhtar M, Brugada P, Denes P, Garan H, Grif� n
JC, Rosen M, Saksena S, Woosley R: Teaching objectives for
fellowship programs in clinical electrophysiology. J Am Coll Car-
diol 1988;12:255-261.

27. Bernstein AD, Parsonnet V: Survey of cardiac pacing and de� bril-
lation in the United States in 1993. Am J Cardiol 1996;78:187-196.

28. Brady PA, Friedman PA, Trusty JM, Grice S, Hammill SC, Stan-
ton MS: High failure rate for an epicardial implantable cardio-
verter-de� brillator lead: Implications for long-term follow-up of
patients with an implantable cardioverter-de� brillator. J Am Coll
Cardiol 1998;31:616-622.

29. Schwartzman D, Nallamothu N, Callans DJ, Preminger MW, Got-
tlieb CD, Marchlinski FE: Postoperative lead-related complica-
tions in patients with nonthoracotomy de� brillation lead systems.
J Am Coll Cardiol 1995;26:776-786.

30. Almassi GH, Olinger GN, Wetherbee JN, Fehl G: Long-term
complications of implantable cardioverter de� brillator lead sys-
tems. Ann Thorac Surg 1993;55:888-892.

31. Peters RW, Foster AH, Shorofsky SR, Nolan DA, Gold MR:
Spurious discharges due to late insulation break in endocardial
sensing leads for cardioverter de� brillators. PACE 1995;18:478-
481.

32. Roelke M, O’ Nunain SS, Osswald S, Garan H, Harthorne JW,
Ruskin JN: Subclavian crush syndrome complicating transvenous
cardioverter de� brillator systems. PACE 1995;18:973-979.

33. Stirbys P: The automatic implantable cardioverter-de� brillator:
Evaluating suspected inappropriate shocks. PACE 1996;19:1530.

34. Hook BG, Callans DJ, Kleiman RB, Flores BT, Marchlinski FE:
Implantable cardioverter-de� brillator therapy in the absence of
signi� cant symptoms. Rhythm diagnosis and management aided
by stored electrogram analysis. Circulation 1993;87:1897-1906.

35. Marchlinski FE, Callans DJ, Gottlieb CD, Schwartzman D, Prem-
inger M: Bene� ts and lessons learned from stored electrogram
information in implantable de� brillators. J Cardiovasc Electro-
physiol 1995;6:832-851.

36. Mitchell LB, Dorian P, Gillis A, Kerr C, Klein G, Talajic M:
Standards for training in adult clinical cardiac electrophysiology.
Canadian Cardiovascular Society Committee. Can J Cardiol 1996;
12:476-480.

37. Hayes DL, Naccarelli GV, Furman S, Parsonnet V: Report of the
NASPE Policy Conference training requirements for permanent
pacemaker selection, implantation, and follow-up. North American
Society of Pacing and Electrophysiology. PACE 1994;17:6-12.

38. Josephson ME, Maloney JD, Barold SS, Flowers NC, Gold-
schlager NF, Hayes DL, Prystowsky EN: Guidelines for training in
adult cardiovascular medicine. Core Cardiology Training Sympo-
sium (COCATS). Task Force 6: Training in specialized electro-
physiology, cardiac pacing and arrhythmia management. J Am
Coll Cardiol 1995;25:23-26.

39. Flowers NC, Abildskov JA, Armstrong WF, Curtis AB, Elion JL,
Gillette PC, Grif� n JC, Josephson ME, Kennedy HL, Lambrew
CT, Mason JW, Naccarelli GV, Shef� eld LT: Recommended
guidelines for training in adult clinical cardiac electrophysiology.
ACC Policy Statement. J Am Coll Cardiol 1991;18:637-640.

284 Journal of Cardiovascular Electrophysiology Vol. 12, No. 2, February 2001

http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281995^2918L.478[nlm=7770370]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281984^297L.1331[nlm=6209679]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281984^297L.1345[nlm=6209681]
http://ramiro.catchword.com/nw=1/rpsv/0009-7322^281985^2971L.289[nlm=3965173]
http://ramiro.catchword.com/nw=1/rpsv/0009-7322^281992^2986L.363[csa=0009-7322^26vol=86^26iss=2^26firstpage=363,nlm=1638705]
http://ramiro.catchword.com/nw=1/rpsv/1341-1098^281998^294L.303[csa=1341-1098^26vol=4^26iss=6^26firstpage=303,nlm=9914457]
http://ramiro.catchword.com/nw=1/rpsv/0028-4793^281999^29341L.1882[csa=0028-4793^26vol=341^26iss=25^26firstpage=1882,nlm=10601507]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281998^2931L.1175[csa=0735-1097^26vol=31^26iss=5^26firstpage=1175,nlm=9562026]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281996^2919L.1526[csa=0147-8389^26vol=19^26iss=10^26firstpage=1526,nlm=8904550]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281992^2915L.749[csa=0147-8389^26vol=15^26iss=5^26firstpage=749,nlm=1382277]
http://ramiro.catchword.com/nw=1/rpsv/0002-8703^281998^29136L.658[nlm=9778069]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281997^2920L.2271[nlm=9309755]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281997^2920L.916[nlm=9127396]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281996^2919L.150[csa=0147-8389^26vol=19^26iss=2^26firstpage=150,nlm=8834684]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281996^2919L.1618[nlm=8946459]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281988^2912L.255[nlm=3379212]
http://ramiro.catchword.com/nw=1/rpsv/0002-9149^281996^2978L.187[csa=0002-9149^26vol=78^26iss=2^26firstpage=187,nlm=8712141]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281998^2931L.616[csa=0735-1097^26vol=31^26iss=3^26firstpage=616,nlm=9502644]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281995^2918L.478[nlm=7770370]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281995^2918L.973[nlm=7659570]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281996^2919L.1530[nlm=8904552]
http://ramiro.catchword.com/nw=1/rpsv/0009-7322^281993^2987L.1897[csa=0009-7322^26vol=87^26iss=6^26firstpage=1897,nlm=8504502]
http://ramiro.catchword.com/nw=1/rpsv/1045-3873^281995^296L.832[nlm=8542079]
http://ramiro.catchword.com/nw=1/rpsv/0828-282X^281996^2912L.476[csa=0828-282X^26vol=12^26iss=5^26firstpage=476]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281994^2917L.6[csa=0147-8389^26vol=17^26iss=1^26firstpage=6,nlm=7511233]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281995^2925L.23[csa=0735-1097^26vol=25^26iss=1^26firstpage=23,nlm=7798507]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281991^2918L.637[csa=0735-1097^26vol=18^26iss=2^26firstpage=637,nlm=1856433]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281984^297L.1331[nlm=6209679]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281984^297L.1345[nlm=6209681]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281984^297L.534[nlm=6204311]
http://ramiro.catchword.com/nw=1/rpsv/0009-7322^281985^2971L.289[nlm=3965173]
http://ramiro.catchword.com/nw=1/rpsv/1383-875X^281997^291L.49[csa=1383-875X^26vol=1^26iss=1^26firstpage=49]
http://ramiro.catchword.com/nw=1/rpsv/0028-4793^281996^29335L.1933[csa=0028-4793^26vol=335^26iss=26^26firstpage=1933,nlm=8960472]
http://ramiro.catchword.com/nw=1/rpsv/0028-4793^281999^29341L.1882[csa=0028-4793^26vol=341^26iss=25^26firstpage=1882,nlm=10601507]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281996^2928L.400[csa=0735-1097^26vol=28^26iss=2^26firstpage=400,nlm=8800117]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281999^2922L.165[nlm=9990623]
http://ramiro.catchword.com/nw=1/rpsv/0002-8703^281998^29136L.658[nlm=9778069]
http://ramiro.catchword.com/nw=1/rpsv/0147-8389^281996^2919L.1618[nlm=8946459]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281988^2912L.255[nlm=3379212]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281998^2931L.616[csa=0735-1097^26vol=31^26iss=3^26firstpage=616,nlm=9502644]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281995^2926L.776[csa=0735-1097^26vol=26^26iss=3^26firstpage=776,nlm=7642873]
http://ramiro.catchword.com/nw=1/rpsv/0003-4975^281993^2955L.888[csa=0003-4975^26vol=55^26iss=4^26firstpage=888,nlm=8466344]
http://ramiro.catchword.com/nw=1/rpsv/1045-3873^281995^296L.832[nlm=8542079]
http://ramiro.catchword.com/nw=1/rpsv/0828-282X^281996^2912L.476[csa=0828-282X^26vol=12^26iss=5^26firstpage=476]
http://ramiro.catchword.com/nw=1/rpsv/0735-1097^281995^2925L.23[csa=0735-1097^26vol=25^26iss=1^26firstpage=23,nlm=7798507]

