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Detecting and managing device leads
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ABSTRACT

Inadvertent malpositioning of a cardiac implantable
electronic device lead into the left ventricle is a rare
complication of transvenous pacing and defibrillation.
Rapid identification of lead position is critical during im-
plantation and just after the procedure, with immediate
correction required if malpositioning is detected. If lead
misplacement is discovered late after implantation, the
lead should be surgically removed or chronic anticoagula-
tion with warfarin should be instituted.

KEY POINTS

During device implantation, fluoroscopy in progressively
lateral left anterior oblique views should be used to en-
sure correct lead position.

After implantation, malposition can almost always be
detected promptly by examining a 12-lead electrocardio-
gram for the paced QRS morphology and by lateral chest
radiography.

Echocardiography and computed tomography may en-
hance diagnostic accuracy and clarify equivocal findings.

Late surgical correction of a malpositioned lead is best
done when a patient is undergoing cardiac surgery for
other reasons.

Long-term warfarin therapy is recommended to prevent
thromboembolism if malpositioning cannot be corrected.
"Dt Trohman has disclosed commercial rlationships (consulting, salary support, teaching

and speaking, or research funding) with Biosense Webster, Boston Scientific, Daiichi Sankyo,
Medtronic/Vitatron, St. Jude Medical, and Wyeth Ayerst Laboratories.

Dr. Sharma has disclosed a commercial relationship (teaching and speaking) with Medtronic.
doi:10.3949/ccjm.85a.17012

CLEVELAND CLINIC JOURNAL OF MEDICINE

A LTHOUGH RARE, inadvertent placement
of a pacemaker or defibrillator lead in the
left ventricle can have serious consequences,
including arterial thromboembolism and aor-
tic or mitral valve damage or infection.'™

This article discusses situations in which
lead malpositioning is likely to occur, how to
prevent it, how to detect and correct it imme-
diately, and how to manage cases discovered
long after implantation.

M RARE, BUT LIKELY UNDERREPORTED

In 2011, Rodriguez et al' reviewed 56 reported
cases in which an endocardial lead had been
mistakenly placed in the left ventricle. A few
more cases have been reported since then, but
some cases are not reported, so how often this
occurs is unknown.

A large single-center retrospective study?
reported a 3.4% incidence of inadvertent lead
placement in the left side of the heart, includ-
ing the cardiac veins.

M HOW LEADS CAN END UP
IN THE WRONG PLACE

Risk factors for lead malpositioning include ab-
normal thoracic anatomy, underlying congeni-
tal heart disease, and operator inexperience.?

Normally, in single- and double-lead systems,
leads are inserted into a cephalic, subclavian, or
axillary vein and advanced into the right atrium,
right ventricle, or both. However, pacing, sens-
ing, and defibrillation leads have inadvertently
been placed in the left ventricular endocardium
and even on the epicardial surface.

Leads can end up inside the left ventricle
by passing through an unrecognized atrial sep-
tal defect, patent foramen ovale, or ventricular
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Figure 1. Typical 12-lead electrocardiogram showing right
bundle branch block morphology from the right ventricu-
lar apex with (A) standard V, and V, lead positions and (B)
return to left bundle branch block morphology after V,
and V, are moved 1 interspace lower than standard.
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Reprinted from reference 6 with permission.

septal defect, or by perforating the interven-
tricular septum. Another route into the left
ventricle is by gaining vascular access through
the axillary or subclavian artery and advanc-
ing the lead retrograde across the aortic valve.

Epicardial lead placement may result from
perforating the right ventricle’ or inadvertent
positioning within the main coronary sinus or
in a cardiac vein.

I PREVENTION IS THE BEST MANAGEMENT

The best way to manage lead malpositioning
is to prevent it in the first place.

Make sure you are in a vein, not an ar-
tery! If you are working from the patient’s
left side, you should see the guidewire cross
the midline on fluoroscopy. Working from ei-
ther the left or the right side, you can ensure
that the guidewire is in the venous system by
advancing it into the inferior vena cava and
then all the way below the diaphragm (best
seen on anteroposterior views). These obser-
vations help avoid lead placement in the left

ventricle by an inadvertent retrograde aortic
approach.

Suspect that you are taking the wrong route
to the heart (ie, through the arterial system)
if, in the anteroposterior view, the guidewire
bends as it approaches the left spinal border.
This sign suggests that you are going back-
wards through the ascending aorta and bump-
ing up against the aortic cusps. Occasionally,
the wire may pass through the aortic valve
without resistance and bending. Additional
advancement toward the left chest wall will
make contact with the left ventricular endo-
cardium and may result in ventricular ectopy.
Placement in the left ventricle is best seen in
the left anterior oblique projection; the lead
will cross the spine or its distal end will point
toward the spine in progressive projections
from farther to the left.

Make sure you are in the right ventricle.
Even if you have gone through the venous sys-
tem, you are not home free. Advancing the
lead into the right ventricular outflow tract
(best seen in the right anterior oblique projec-
tion) is a key step in avoiding lead misplace-
ment. In the right ventricular outflow tract,
the lead tip should move freely; if it does not,
it may be in the coronary sinus or middle car-
diac vein.

If a lead passes through a patent foramen
ovale or septal defect to the left atrium, a left
anterior oblique view should also demonstrate
movement toward or beyond the spine. If
the lead passes beyond the left heart border,
a position in a pulmonary vein is possible.
This is often associated with loss of a record-
able intracardiac electrogram. A position in
a right pulmonary vein is possible but very,
very unlikely. If a lead passes through a pat-
ent foramen ovale or septal defect to the left
ventricle, it will point toward the spine in left
anterior oblique projections. (See “Postopera-
tive detection by chest radiography.”)

Ventricular paced QRS complexes should
show a left bundle branch pattern on elec-
trocardiography (ECG), not a right bundle
branch pattern (more about this below).
However, when inserting a pacemaker, the
sterile field includes the front of the chest and
therefore lead V, is usually omitted, depriving
the operator of valuable information.

Fortunately, operators may fluoroscopically
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TABLE 1

Electrocardiographic localization of leads
that exhibit right bundle branch block morphologies during pacing

Positive
Precordial Sensitivity Specificity  predictive
Frontal axis transition Location (%) (%) value (%)
0° to —90° ByV; RV septum or apex 86 99 95
ByV, RV septum or apex 100 92 64
ByV, Posterior LV or coronary vein 26 83 36
AfterV, Posterior LV or coronary vein 72 100 100
—-90° to —180° By V, LV apex and distal anterior LV 85 100 100
90° to 180° Proximal anterior 100 97 90

and anterolateral LV

LV = left ventricular; RV = right ventricular

view leads intended for the right ventricle in
left anterior oblique projections. We recom-
mend beginning at 40° left anterior oblique.
In this view, septally positioned right ven-
tricular leads may appear to abut the spine.
A right ventricular position is confirmed in a
steeper left anterior oblique projection, where
the lead should be seen to be away from the
spine.*

I POSTOPERATIVE DETECTION BY ECG

Careful evaluation of the 12-lead electrocar-
diogram during ventricular pacing is impor-
tant for confirming correct lead placement. If
ventricular pacing is absent, eg, if the device
fires only if the natural heart rate drops below
a set number and the heart happens to be fir-
ing on its own when you happen to be look-
ing at it, programming the device to pace the
right ventricle 10 beats per minute faster than
the intrinsic heart rate usually suffices. Tem-
porarily disabling atrial pacing and cardiac ve-
nous pacing in biventricular devices facilitates
interpretation of the paced QRS complex.

Bundle branch block patterns

The typical morphology for paced events
originating from the right ventricle has a left
bundle branch block pattern, ie, a dominant S
wave in leads V|, and V,. Nevertheless, many
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patients with a safely placed lead in the right
ventricle can also demonstrate right bundle
branch morphology during pacing,® ie, a domi-
nant R wave in leads V, and V,.

Klein et al” reported on 8 patients who had
features of right bundle branch block in leads
V, and V, and noted that placing these leads
1 interspace lower eliminated the right bundle
branch block appearance. The utility of this
maneuver is demonstrated in Figure 1.

Almehairi et al®* demonstrated transition to
a left bundle branch block-like pattern in V,
in 14 of 26 patients after leads V, and V, were
moved to the fifth intercostal space. Moving
these leads to the sixth intercostal space pro-
duced a left bundle branch block-like pattern
in all the remaining patients. Additional study
is needed to validate this precordial mapping
technique.’

Coman and Trohman® developed an al-
gorithm using Klein’s technique and simple
biaxial data (Table 1). They excluded left
ventricular pacing from the proximal and mid-
septum. The 2 criteria of a frontal axis of 0°
to —90° and precordial transition from a pre-
dominantly positive to a predominantly nega-
tive paced QRS complex by V; separated right
ventricular septal pacing from all other forms
of left ventricular pacing, including from the
cardiac veins (sensitivity 86%, specificity 99%
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Figure 2. (A) Electrocardiogram from a patient with known

left ventricular lead position through a patent foramen ovale.

Arrows point to dominant R waves in leads V,, V,, and V,,
compatible with left ventricular pacing. (B) The same patient
after revision and placement in the right ventricle. Arrows
point to dominant R waves in leads V, and V,, with a precor-
dial transition to a dominant S wave occurring at lead V,.
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Reprinted from reference 6 and reference 14 with permission.

specificity, and positive predictive value 95%).
A precordial transition at or before lead V, es-
sentially ruled out inadvertent left ventricular
pacing (Figure 2).° In addition, criteria were
established to distinguish 4 major areas of left
ventricular endocardial pacing.®

Although the Coman and Trohman algo-
rithm suggests that a frontal plane axis of —90°
to —180° is specific for left ventricular pacing,®
other reports have identified this axis in the
presence of true right ventricular pacing.®-12
Therefore, Barold and Giudici’ argue that a
frontal plane axis in the right superior quad-
rant has limited diagnostic value.

I POSTOPERATIVE DETECTION
BY CHEST RADIOGRAPHY

The postoperative chest radiograph is im-
portant for identifying complications such as
pneumothorax and hemothorax. It is also ex-
tremely valuable for identifying lead dislodge-
ment or malposition.

A lead in the left ventricle may be a subtle

finding on an anteroposterior or posteroante-
rior chest radiograph. The definitive view is
the lateral projection, which is also true dur-
ing intraoperative fluoroscopy.”*"® The tip of a
malpositioned left-ventricular lead is charac-
teristically seen farther posterior (toward the
spine) in the cardiac silhouette on the lateral
view (Figure 3).? If the lead is properly posi-
tioned, the general direction of the middle to
distal portion should be away from the spine.

B ECHOCARDIOGRAPHY
TO CONFIRM

Although an electrocardiogram and a lateral
chest radiograph should suffice to detect in-
advertent left ventricular lead placement, it is
common to confirm the diagnosis with a 2-di-
mensional transthoracic or transesophageal
echocardiogram (Figure 4).'°

Two-dimensional echocardiography can
help to confirm left ventricular placement via
an atrial septal defect, patent foramen ovale,
or perforation of the interventricular sep-
cum. 1617

Three-dimensional echocardiography can
facilitate cardiac venous lead placement and
assess the impact of right ventricular lead
placement on tricuspid valve function.!®!’ In
one case report, 3-dimensional echocardiog-
raphy provided a definitive diagnosis of inter-
ventricular septal perforation when findings
on computed tomography (CT) were indeter-
minate.?

I CTAND MRI: LIMITED ROLES

When echocardiographic findings are equivo-
cal, CT can help diagnose lead perforation.
Electrocardiogram-triggered cardiac CT can
help visualize lead positions and potential lead
perforation. Unfortunately, the precise loca-
tion of the lead tip (and the diagnosis) can be
missed due to streaking (“star”) artifacts and
acoustic shadowing from the metallic lead.?!-%
Because of these limitations, as well as radia-
tion exposure and high costs, CT should be
used sparingly, if at all, for diagnosing lead
malposition.

Technological advances and the increasing
use of magnetic resonance imaging (MRI) in
clinical practice have led to the development
of “MRI-conditional” cardiac implantable elec-

CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 85 ¢ NUMBER 1 JANUARY 2018

Downloaded from www.ccjm.org on July 23, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

tronic devices (ie, safe for undergoing MRI),
as well as more lenient regulation of MRI in
patients with nonconditional devices.?"*8 Al-
though the widely held opinion that patients
with a pacemaker or implantable cardioverter
defibrillator are not eligible to undergo MRI
has largely been abandoned, it seems unlikely
that cardiac MRI will become a pivotal tool in
assessing lead malposition.

I MANAGING MALPOSITIONED LEADS

Inadvertent left ventricular lead placement
provides a nidus for thrombus formation.
When inadvertent left ventricular lead mal-
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Figure 3. (A) Norrr-1al lead positions in a cardiac

resynchronization therapy defibrillator device on a
posteroanterior chest radiograph. An adapter has
been added to a pre-existing right-sided atrial lead
that has been tunneled to the left-sided pocket.
Note that the right ventricular (white arrow) and left
ventricular (black arrow) leads appear to overlap. (B)
On the lateral chest radiograph, the left ventricular
lead is correctly positioned posteriorly (black arrow)
and the right ventricular lead is positioned anteriorly
(white arrow). (C) In this graphically enhanced image,
a ventricular lead has passed through a patent fora-
men ovale and is positioned posteriorly in the left
ventricle endocardium (blue arrow).

Adapted with permission from references 14 and 15.

position is identified acutely, correction of the
lead position should be performed immediate-
ly by an experienced electrophysiologist.
Treatment of left ventricular lead mis-
placement discovered late after implantation
includes lead removal or chronic anticoagula-
tion with warfarin to prevent thromboemboli.

Long-term anticoagulation
No thromboembolic events have been re-
ported?’ in patients with lead malposition who
take warfarin and maintain an international
normalized ratio of 2.5 to 3.5.

Antiplatelet agents are not enough by
themselves.!¢
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Figure 4. Left, correctly positioned and malpositioned leads. As shown in the transesopha-
geal echocardiogram (right), the malpositioned lead passed through an atrial septal defect
(top) through the mitral valve into the left ventricle (bottom).

Echocardiograms adapted with permission from reference 16; medical illustration by Joseph Pangrace.

The use of direct oral anticoagulants has
not been explored in this setting. Use of
dabigatran in patients with mechanical heart
valves was associated with increased rates of
thromboembolic and bleeding complications
compared with warfarin.?’ Based on these re-
sults and an overall lack of evidence, we do
not recommend substituting a direct oral anti-
coagulant for warfarin in the setting of malpo-
sitioned left ventricular leads.

Late percutaneous removal

Late lead removal is most appropriate if car-
diac surgery is planned for other reasons. Al-
though percutaneous extraction of a malposi-
tioned left ventricular lead was first described
over 25 years ago, " the safety of this procedure
remains uncertain.

VOLUME 85 e NUMBER 1

Kosmidou et al'” reported two cases of per-
cutaneous removal of inadvertent transarterial
leads employing standard interventional car-
diology methods for cerebral embolic protec-
tion. Distal embolic filter wires were deployed
in the left and right internal carotid arteries.
A covered stent was deployed at the arterial
entry site simultaneously with lead remov-
al, providing immediate and effective hemo-
stasis. Similar protection should be considered
during transvenous access and extraction via
an atrial septal or patent foramen ovale.

Nevertheless, not even transesophageal
echocardiography can reliably exclude adhered
thrombi, and the risk of embolization of fibrous
adhesions or thrombi has been cited as a piv-
otal contraindication to percutaneous lead ex-
traction regardless of modality.'® [ |
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