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Introduction
In the years following the commercial intro-

duction of chronically implanted transvenous
pacing leads, a wide variety of methods for re-
moving such leads began to appear in the litera-
ture.1–5 The simplest in concept is traction—ap-
plying a longitudinal force to the lead body after
exteriorizing the proximal end of the lead. In some
instances, manipulation of the lead and only gen-
tle traction is required. For patients with exuber-
ant fibrotic overgrowth,6 more aggressive methods
were developed, including traction applied by
weights, elastic bands, or other inventive meth-
ods. A few reports describe grasping the lead with
forceps7 or catheters in an effort to overcome the
limited tensile strength or the short length of some
leads.

Complications8–11 and difficulties12–14 en-
countered when using traction for lead removal
led some investigators to surgical ap-
proaches.11,15–17 Exposing the heart and great
veins via sternotomy or thoracotomy allows ex-
traction of a lead via a transmural incision in the
atrium or ventricle. A limited surgical technique,
via the right intercostal space, has also been de-
scribed.18 In experienced hands these techniques
produced high success rates, but required skills
not typically practiced by the majority of implant-
ing physicians. In addition, these techniques are
associated with the morbidity and economic im-
pact of thoracotomy.

The desire for safe extraction techniques, per-
formed via the implant vein and compatible with
the pectoral-pocket transvenous implant method,

led to the development of intravascular counter-
pressure and countertraction.5,19–30 By using tele-
scoping sheaths made of polymer and/or steel ma-
terial which slide over the lead body, a countering
force is applied to the intravascular fibrotic over-
growth that resists the traction force applied to the
lead.5,21–25 This technique of intravascular coun-
terpressure localizes shear stress on the fibrotic
tissue and aids in blunt dissection or dilation of
the tissue away from the lead circumference. Use
of a locking stylet within the inner coil is funda-
mental to this system22–32 so that adequate forces
can be generated to overcome tissue adhesion, de-
spite the limited tensile strength inherent in most
lead designs. At the lead tip, the sheath is held in
position near the heart wall while traction is ap-
plied to the lead in the countertraction maneuver.
By minimizing the inversion of the ventricular
cavity, the lead tip is sheared from the fibrotic tis-
sue while minimizing the risk of heart wall tear.
Recent introduction of the laser sheath33–40 has in-
creased the ease of extractions from the implant
vein.

When access or removal is not possible from
the implantation vein, extraction has been
achieved by a femoral venous approach using in-
travascular catheter-based tools.21–25,41–45 Various
snares, deflecting wires, and grasping means have
been deployed via the inferior vena cava to grasp
the lead body in the right atrium. Traction and/or
countertraction can be applied to free the lead and
remove it through the femoral vein access
sheath.21–25,46

The development, training, and use of the
procedure for removal of chronically implanted
transvenous lead systems has proceeded without
formal guidelines since the market release of the
transvenous tools in the early 1990s. Since that
time the number of physicians and centers where
the procedure of lead removal is performed has
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grown rapidly.47–57 Clinical experience accumu-
lated by the U.S. Lead Extraction Database,49–57

the Accufix Research Institute Database,58 and the
results of the PLEXES Trial34,35,40 have high-
lighted the lack of formalized standards for (1)
training physicians in extraction techniques, (2)
availability of equipment and emergently needed
support staff at each institution, and (3) indica-
tions and contra-indications for lead extractions.
Standard definitions and recommendations for
the clinical practice of lead extraction are clearly
needed.35,51,57–60 To achieve these goals, a Policy
Conference was held on May 11, 1997 in New Or-
leans, LA. The conclusions of that conference
have been supplemented in this summary paper
by ongoing experience and new device develop-
ment. The purpose of this publication is to eluci-
date the consensus of the Conference in the form
of standardizing language and forward-looking
recommendations.

I. Definitions
Definition of the Procedure

Within the general category of “lead re-
moval,” distinctions must be made between sim-
ple procedures that can be performed via the im-
plant vein without specialized tools (“lead
explant”), and removal of leads involving more
complex procedures (“lead extraction”). This is
necessary when designing training programs, for
classification of procedures in registries and
databases, as well as for the goal of appropriate re-
imbursement levels for the different procedures.

Lead Removal: Removal of a pacing or defib-
rillator lead using any technique.
Lead Explant: Manipulation of a pacing or de-
fibrillator lead so that the lead exits the vas-
culature via the implant vein using tools typ-
ically supplied for lead implant with the
addition of manual traction, for a lead that has
been implanted for less than one year.
Lead Extraction:
1. Removal of a lead with the assistance of

specialized equipment regardless of the
implant duration. This may include but is
not limited to the use of specialized stylets
that are not included as part of the typical
implant package, sheaths with or without
additional cutting capability (e.g., metal
composition, laser, and radiofrequency
current), snares, grasping devices, or other
devices used to engage or entrap and re-
move the lead or lead fragments.

2. Removal of a lead from a route other than
via the implant vein.

3. Removal of any lead that has been im-
planted for more than one year.

Definition of Success

Though most leads are removed safely and
completely,32,40,51,57 some portion of the lead may
be left in situ. In many instances this, neverthe-
less, results in the desired clinical outcome,
which may include many separate clinical goals.
Such goals may include preservation of the im-
plant site, implantation of leads and generator,
elimination of infection, etc. Thus, the “success”
may be defined in the following ways:

Radiographic Outcome (considered for each
lead):

Complete Success: Removal of all lead
material from the vascular space.
Partial Success: Removal of all but a small
portion of the lead. This may be the elec-
trode, 4 cm or less of conductor coil
and/or insulation, or the latter two com-
bined.
Failure: Abandoning a significant length
of lead (more than 4 cm) after attempting
to remove it.

Clinical Outcome (considered for the entire
procedure):

Success: Achieved all clinical goals associ-
ated with the indication for lead removal.
At a minimum, the clinical goals should
include:

1. Resolution of the clinical indication
for lead removal, such as:
a. elimination of infection at a previ-

ously infected incision site if the
indication for extraction was in-
fection

b. access for new leads if the indica-
tion was obliteration of all use-
able veins

c. removal of the identified risk if
the indication was a recalled lead

2. Absence of major complications.
3. Control of pacing status.

Failure: Inability to achieve all of the clin-
ical goals.

Definition and Classification of Complications

The assessment of complications requires
both a time frame and a level of severity. Several
procedures may be performed on the patient in
rapid succession, for example, removal of several
leads and implantation of replacement leads. Be-
cause the cause of the complication cannot always
be attributed to a specific procedure, reporting
consistency will be improved if complications are
considered for the entire patient admission cate-
gorized by time of occurrence. The definitions for
time frames are:
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Intra-operative: Any event related to the per-
formance of a procedure that occurs or be-
comes evident from the time the patient en-
ters the operating room until the time the
patient leaves the operating room. This in-
cludes complications related to the prepara-
tion of the patient and the delivery of anes-
thesia, opening and closing, and the
intervening time period.
Peri-operative: Any event related to the pro-
cedure that occurs or becomes evident during
the 24 hour period following the procedure.
Post-operative: Any event related to the pro-
cedure that occurs or becomes evident after
the peri-operative period (24 hours after the
procedure) and within the 30-day period fol-
lowing the procedure.
Late: Any event related to the procedure
(such as infection or venous thrombosis) that
occurs or becomes evident after the 30 day
post-operative period.

Events are classified as major complications,
minor complications, or observations, according
to their severity, as described below. Examples of
classifications using these definitions are shown
in Table I.

Major: Any complication related to the proce-
dure that requires procedural intervention or
transfusion to prevent death or threat to life,
or any complication related to the procedure
that results in death or serious harm to bodily
function or structure.
Minor: Any complication related to the proce-
dure that requires medical or minor procedu-
ral intervention to remedy, or prolongs hospi-
tal stay, or limits the patient’s function, but
does not threaten life, cause death, or cause se-
rious harm to bodily function or structure.
Observation: Unintended result that does not
require intervention, prolong hospital stay or
impair the patient’s function.

Table I.

Examples of Complications

Classification Examples

Major
Complication

Minor
Complication

Observation

1. Death*
2. Cardiac avulsion or tear requiring thoracotomy, pericardiocentesis, chest tube, or surgical repair
3. Vascular avulsion or tear requiring thoracotomy, pericardiocentesis, chest tube, or surgical repair
4. Hemothorax or severe bleeding from any source requiring transfusion
5. Pneumothorax requiring chest tube drainage
6. Pulmonary embolism requiring surgical intervention
7. Respiratory arrest
8. Septic shock
9. Stroke
1. Pericardial effusion not requiring pericardiocentesis or surgical intervention.
2. Hemodynamically significant air embolism
3. Pulmonary embolism not requiring intervention
4. Vascular repair near the implant site or venous entry site
5. Arrhythmia requiring cardioversion
6. Hematoma at the pocket requiring drainage
7. Arm swelling or thrombosis of implant veins resulting in medical intervention
8. Sepsis in a previously non-septic patient with infection
9. Pacing system related infection of a previously non-infected site
1. Transient hypotension that responds to fluids or minor pharmacologic intervention
2. Non-significant air embolism
3. Small pneumothorax not requiring intervention
4. Ectopy not requiring cardioversion
5. Arm swelling or thrombosis of implant veins without need for medical intervention
6. Pain at cut-down site
7. Myocardial avulsion without sequelae
8. Migrated lead fragment without sequelae

* Death from multisystem or associated patient conditions would be included if the procedure caused or contributed to the final event.
Death clearly unrelated to the procedure would not be included. For example, death in a septic patient who had a perforation and could
not be resuscitated would be included. However, death in a septic patient who underwent extraction and later died of sepsis would not be
included.
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II. Indications for Lead Removal
The indications for lead removal have gener-

ally been described according to the “Byrd Classi-
fication.”5 The categories of “Mandatory”, “Neces-
sary”, and “Discretionary” have served well
during the developmental phase of lead extraction
technology and physician skills. At this time it is
appropriate to formalize the classes of indications
for lead removal procedures using transvenous
techniques.

Indications for Lead Removal Using
Transvenous Techniques

Class I (conditions for which there is general
agreement that leads should be removed)

a. Sepsis (including endocarditis) as a re-
sult of documented infection of any in-
travascular part of the pacing system, or
as a result of a pacemaker pocket infec-
tion when the intravascular portion of
the lead system cannot be aseptically
separated from the pocket.

b. Life-threatening arrhythmias sec-
ondary to a retained lead fragment.

c. A retained lead, lead fragment, or ex-
traction hardware that poses an imme-
diate or imminent physical threat to the
patient.

d. Clinically significant thromboembolic
events caused by a retained lead or lead
fragment.

e. Obliteration or occlusion of all useable
veins, with the need to implant a new
transvenous pacing system.

f. A lead that interferes with the operation
of another implanted device (e.g., pace-
maker or defibrillator).

Class 2 (conditions for which leads are often
removed, but there is some divergence of
opinion with respect to the benefit versus risk
of removal)

a. Localized pocket infection, erosion, or
chronic draining sinus that does not in-
volve the transvenous portion of the
lead system, when the lead can be cut
through a clean incision that is totally
separate from the infected area.*

b. An occult infection for which no
source can be found, and for which the
pacing system is suspected.

c. Chronic pain at the pocket or lead in-

sertion site that causes significant dis-
comfort for the patient, is not manage-
able by medical or surgical technique
without lead removal, and for which
there is no acceptable alternative.

d. A lead that, due to its design or its fail-
ure, may pose a threat to the patient,
though is not immediate or imminent if
left in place.

e. A lead that interferes with the treat-
ment of a malignancy.

f. A traumatic injury to the entry site of
the lead for which the lead may inter-
fere with reconstruction of the site.

g. Leads preventing access to the venous
circulation for newly required im-
plantable devices.

h. Non-functional leads in a young pa-
tient.

Class 3 (conditions for which there is general
agreement that removal of leads is unneces-
sary)

a. Any situation where the risk posed by
removal of the lead is significantly
higher than the benefit of removing the
lead.

b. A single non-functional transvenous
lead in an older patient.

c. Any normally functioning lead that
may be reused at the time of pulse gen-
erator replacement, provided the lead
has a reliable performance history.

In addition to the primary indication, several
clinical factors must be taken into consideration
when deciding whether or not to remove a lead,
such as:

1. Age of the patient
2. Gender of the patient51,57

3. Overall health (physical and mental) of
the patient, such as: comorbidities, cardiovascular
status, previous family and surgical history, abil-
ity to receive transfusion (religious-based limita-
tions), surgical candidacy, and presence of malig-
nancy

4. Presence of calcification involving the
lead(s)

5. Presence of vegetations in the heart
6. Number of leads in the intravascular

space
7. Duration of the implant
8. Fragility, condition, and physical charac-

teristics of the lead
9. Experience of physician

10. Desires of the patient

*The lead can be cut and the clean incision closed; then, the
infected area can be opened, the clean distal portion of the lead
pulled into the infected area, and that portion removed. This
allows a total separation of the retained lead fragment from the
infected area.
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Relative Contra-Indications for Transvenous
Lead Removal

The overall clinical state of the patient may
lead to relative contraindications for lead removal
using transvenous techniques as follows:

1. Presence of calcification visible by x-ray
involving the lead in the atrium or superior vena
cava.

2. Unavailability of required equipment.
3. Patient is unsuitable candidate for emer-

gent thoracotomy.
4. Known anomalous placement of the lead

through structures other than the normal venous
and cardiac structures (e.g., subclavian artery,
pericardial space).

III. Physician Qualifications
Lead extraction is an invasive procedure re-

quiring training and experience to perform safely
and effectively. Physicians wishing to perform
this procedure should be properly trained in tech-
nique. The simple act of watching an instructional
video demonstration or observing an operator per-
forming the procedure is not adequate. Other pro-
cedures with similar operator skill requirements
and patient risk (e.g., percutaneous angioplasty of
coronary or peripheral vessels) require at least an
additional year of training. The following issues
must be considered when determining a minimal
number of extraction procedures that should be
performed under supervision.

1. Analysis of lead extraction outcomes sug-
gests that the frequency of procedural (radio-
graphic) failure drops dramatically after the first
10–20 procedures have been performed.35,49,51

2. Lower complication rates are associated
with prior experience of 50 procedures.57

3. A minimal number of procedures should
be performed on an annual basis to maintain
skills.

4. Performing a specific number of proce-
dures does not guarantee proficiency, compe-
tency, or safety; outcome data are necessary to as-
sess performance.

5. Training should be obtained at centers
with adequate volume, experience, and expertise.

6. The number of lead extractions that need
to be performed annually does not justify a wide
dissemination of this technique.

Therefore, based on the available data, it is
recommended that physicians being trained in
this technique perform a minimum of 20 lead ex-
tractions as the primary operator under the direct
supervision of a qualified training physician. Ex-

posure to venous entry site as well as femoral re-
trieval techniques should be included. The super-
visor should have in excess of 100 lead extractions
performed with an efficacy and safety record that
is consistent with published data.

IV. Minimal Requirements for Facilities for the
Performance of Lead Extraction

Intra-operative and peri-operative complica-
tions observed during lead extraction include life-
threatening events, such as hemothorax and car-
diac tamponade, leading to death in less than 1%
of patients.51,57 As the possibility of vascular
catastrophe is very real, the physician and the in-
stitution must both be capable of responding im-
mediately and appropriately. To achieve this level
of preparedness, the hospital must have the fol-
lowing services on site and immediately available
during the lead extraction procedure:

Facility Requirements for Lead Extraction

1. An accredited cardiac surgery program on
site.

2. An accredited cardiac catheterization
program.

3. At least one physician who is properly
trained and proficient in the technique of transve-
nous lead extraction.

4. Cardiothoracic surgeon on site and capa-
ble of initiating an emergent procedure promptly.

5. Anesthesiologist with working anesthesia
equipment.

6. A full set of basic instruments for lead ex-
traction.

7. High quality fluoroscopy.
8. Transthoracic ultrasound and trans-

esophageal ultrasound capability immediately
available.

9. Monitoring equipment for arterial pres-
sure (invasive or noninvasive) and oxygen satura-
tion.

10. Pericardiocentesis tray in the procedure
room, and availability of personnel trained in the
technique of pericardiocentesis.

11. Thoracotomy tray immediately available.
12. Temporary pacing and defibrillation/car-

dioversion equipment in the procedure room.
13. Fluids, pressors, and other emergency

medication available in the procedure room.

Of these items, the value of a high-quality flu-
oroscopy system cannot be overstressed. Visual-
ization of small lead components, such as the po-
sition of fixation screws on leads with retractable
screws, is necessary for the safe application of ex-
traction technique. It is also recommended that a
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designated “extraction coordinator” be identified
to coordinate the procurement, storage and re-
ordering of the extraction equipment. This person
would also be responsible for maintaining proto-
cols, in concert with the hospital’s requirements,
that insure patient safety throughout the proce-
dure.

V. Patient Preparation
As this procedure may result in life-threaten-

ing complications, it is imperative that the patient
be prepared and that the conditions noted in sec-
tion IV of this document be present.

Patient Preparation Requirements for Lead
Extraction

1. Patient should be informed of the proce-
dure, the risks, benefits and alternatives to the in-
tended procedure.

2. Patient history and physical examination
should be performed with attention to any
anatomic details that may influence the efficacy
and safety of the procedure.

3. The models and implant dates of the de-
vices should be obtained.

4. The degree of pacemaker dependency
should be assessed and stable temporary pacing
should be established if necessary.

5. External pacing and defibrillation capa-
bility, preferably with pre-applied pads, should be
established as well.

6. Basic lab studies including coagulation
status must be evaluated.

7. The patient should be screened or cross-
matched for blood.

8. Chest X-ray and/or fluoroscopic images of
the lead(s), vasculature, and heart should be eval-
uated, including ilio-femoral access site.

9. Continuous blood pressure monitoring,
preferably by intra-arterial catheter, should be
used. Automatic non-invasive monitoring may be
used, but does not provide the immediate feed-
back that may be required.

10. Large bore intravenous access should be
established.

11. Adequate anesthesia should be provided
to prevent significant patient discomfort during
the procedure.

VI. Lead Extraction Patient Registry (Quality
Assurance)

Maintenance of a physician’s privileges
should include participation in a Joint Commis-
sion on Accreditation of Health Care Organiza-

tions-mandated quality assurance program. A data
registry should be established at each hospital site
where lead extraction is performed; participation
in a national database is strongly recommended.

Lead Extraction Registry Requirements

1. Enroll all patients who undergo proce-
dures in which lead removal is attempted using
transvenous techniques.

2. Compile patient statistics regarding clini-
cal characteristics.

3. Record lead extraction data on the proce-
dure, success and complications, consistent with
the data requirements of the national registry.

4. Obtain follow-up at the end of the post-op-
erative period (30 days).

5. Data analysis should be reviewed at least
on an annual basis. Review of individual physi-
cian’s data should be done in a confidential man-
ner and compared to national or regional statistics.

6. Submission of all cases to a national reg-
istry. The individual physician may be identified
by name or code, at the discretion of the physician
and the reporting institution.

VII. Reimbursement
The current CPT codes have recently been

modified to deal with routine lead explant, but
currently there are no CPT codes that adequately
describe or address lead extraction. These codes
do not reflect the additional effort, risk, expertise
or time required to perform lead extraction. Thus,
new codes must be developed in the near future to
address the growing use of these techniques. It is
recommended that a single code for lead extrac-
tion that utilizes these specialized techniques be
assigned. This code may be utilized multiple
times for multiple lead removal procedures per-
formed during an operative session.

VIII. New Devices and Techniques
The introduction of new devices and their use

is regulated in the United States by the Food and
Drug Administration. The purpose of this over-
sight is to assure that newly released devices are
safe and effective when used according to the de-
vice labeling. It must be understood that a single
device or technique is unlikely to be proven safe
and effective in all situations. Rather, as with many
surgical techniques, the instruments used are cho-
sen in a given situation due to the specific needs as
they present during the procedure. Further, de-
vices are often used in combination, such as lock-
ing stylets and telescoping sheaths, or in tandem,
such as laser sheaths followed by polymer sheaths.
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This makes the design of a clinical trial to test a
new device or technique somewhat problematic
because the effects of the new device or technique
alone may be difficult to separate from the effects
of all the devices and techniques used as a group.
The interpretation of results from such trials is fur-
ther complicated by difficulties in the definitions
of success and complications, by the lack of ade-
quate data, by sources of bias such as unbalanced
crossover, and by patient selection criteria.

These considerations suggest that guidelines
for evaluation of new lead extraction devices and
techniques may be advantageous.

Guidelines for Clinical Evaluation of Lead
Extraction Devices

1. The clinical trial design should be appro-
priate to assess the marginal effects of a new de-
vice on safety and effectiveness, given the com-
bined use with existing devices.

2. The clinical trial design should have a sta-
tistical plan addressing adequate sample size,
stratification (e.g., ICD vs pacing lead), crossover
bias if applicable, assessment of covariates, and
appropriate methods for hypothesis testing.

3. Clinical studies should use the definitions
of indications, success, and complications (in-

cluding time period and severity) listed above,
and use written definitions for other measures.

4. The clinical trial Case Report Form should
acquire at the least the data obtained in institution
and national registries, and data and factors
known to predict outcome.

IX. Summary
The procedure of lead removal has recently

matured into a definable, teachable art with its
own specific tools and techniques. It is now time
to recognize and formalize the practice of lead re-
moval according to the current methods of
medicine and the health care industry. In addi-
tion, since at this time the only prospective sci-
entific study of lead extraction is the PLEXES
trial, we suggest that studies relating to the tech-
niques of and indications for lead extraction be
designed. Recommendations for a common set of
definitions, for a framework of training and re-
viewing physicians in the art, for general meth-
ods of reimbursement, and for consistency among
clinical trials have been made. Implementation of
these recommendations will require additional
effort and cooperation from practicing physi-
cians, medical societies, hospital administra-
tions, and industry.
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