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Cardiac resynchronization therapy:
implantation tips and tricks

Cardiac resynchronization therapy has been shown to improve quality of life and mortality in selected, subgroup of systolic heart failure patients
with left ventricular (LV) dyssynchrony. However, LV lead implantation can be difficult or ultimately unsuccessful in 10 to 15% of patients. The
reasons for difficult LV lead implantations are coronary venous system related issues (failure to access coronary venous system and anatomic
variations in the coronary veins), extensive scar tissue in the target region for LV pacing, phrenic nerve stimulation, and LV lead instability. The
aim of this review is to address the potential causes of difficult LV lead implantations and summarize the solutions for these challenging implan-
tations with the advent of new technologies, better tools, and improved techniques. (Anadolu Kardiyol Derg 2007: 7 Suppl 1; 53-6)
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Review

Introduction

Cardiac resynchronization therapy (CRT) has been shown to
improve morbidity and mortality in selected, subgroup of heart 
failure patients with left ventricular (LV) dyssynchrony (1-4). A 
successful implant typically involves placement of the LV lead in a
posterolateral or anterolateral coronary vein with good lead stability,
adequate thresholds without phrenic nerve stimulation. However,
many LV lead implants remain difficult and technically challenging
despite the newer lead and lead delivery systems. Up to 10-15% of
attempts to place LV leads are ultimately unsuccessful (5-7). 

The aim of this review is to address the potential causes of
difficult LV lead implantations and summarize the solutions for
these challenging implantations with the advent of new technolo-
gies, better tools, and improved techniques.

Potential causes of difficult LV lead 
implantations and solutions

Causes of difficult LV lead implantations are summarized in
Table 1.

Failure to access coronary venous system
Inability to obtain coronary venous system access is one of

the most common causes of implant failure (up to 4%) (5-8).
Implant failures are more often due to markedly enlarged right
atrium along with severe tricuspid regurgitation and the accom-
panying distortion of the coronary sinus (CS) ostium leading to
inability to cannulate the ostium or insufficient support by the
guiding catheter. Cannulation of the CS has become easier with
improved technology. Sheaths have been developed to take
advantage of the existing anatomy (7, 9). Outer sheaths with a
large primary curve and a smaller secondary curve allow support
from the lateral atrial wall and superior vena cava. The primary

curve allows the guide to extend over the Eustachian ridge and
the secondary curve allows the guide to engage the ostium of CS
above the Thebesian valve. The preferred technique of CS 
cannulation is to advance the sheath into the right ventricle and
withdraw it with counterclockwise rotation. A standard 0.035-mm
diameter wire, inner catheter, and contrast dye may be used to
assist in this process. Contrast dye injections improve the 
visualization of the anatomy in difficult cases. It may reveal
unusually high ostia, an overriding Thebesian valve, an early
bifurcation, or separate ostium of the middle cardiac vein. 
A deflectable mapping catheter can be used inside the guiding
catheter to facilitate CS cannulation. Fluoroscopy alone may be
helpful. The “fat stripe” (fatty tissue around the CS ostium) serves
as a marker for the location of the CS ostium. Like peripheral
veins, the coronary venous system may contain valves (Fig. 1).
The Thebesian valve and Vieussens valve (particularly triple
leaflet, concave type) have been reported to cover more than 75%
of the CS ostium in 12% and more than 75% of the proximal end of
the CS in 2% of cases, respectively (10-12).

Anatomic variations in the coronary venous system
Once the CS has been cannulated, balloon occlusive 

venography is performed to identify the existing anatomy and
possible target vessels. The venogram should be performed in left
anterior oblique (LAO) and right anterior oblique (RAO) projec-
tions in order to obtain better visualization of the coronary venous
system. Coronary venous system has been traditionally visualized
by balloon occlusive CS venography. In case of failure of this
method, other imaging modalities can be used such as 
venous-phase coronary angiography, multislice computed
tomography (CT)-guided imaging, fiberoptic endoscopy, and
intracardiac echocardiography (13-16). The data, regarding the
exact role of these imaging modalities before and during CRT
implantations is lacking. 



If the index vessel is at least of moderate size and does not
appear to have a difficult anatomy, the operator may elect to 
proceed with the lead and an inner 0.015-mm diameter guidewire.
The wire is advanced into the vessel, and the lead is advanced over
the wire. If the initial segment of the target vessel appears 
challenging (sharply-angulated/tortuous), then an appropriately
shaped inner sheath may be used to deliver the wire or the wire
and the lead. Very difficult branches may require inner catheters
that are capable of lead delivery. These catheters are shaped so
that they are supported from the opposite wall of the CS body,
which allows appropriate forward pressure to be applied to the
lead. These catheters are available in various shapes that conform
to differing anatomies (7, 9). These sheaths may also straighten out
tortuous segments for delivery. Care must be taken to choose the
correct angled inner guiding catheter. Of note, too much pressure
applied to the inner sheaths while placing it to the ostium of the
index vessel can result in coronary venous dissection. When inner
catheters that can subselect a sharply-angulated vein and allow
direct insertion of an LV lead are developed, they can be used 
for support. This is not yet commercially available from any manu-
facturer (7). 

After the lead is advanced, the site is tested for capture
thresholds and presence or absence of phrenic nerve stimula-
tion. The choice of lead depends on the anatomy of the branch. If
the branch is large, a larger diameter lead is chosen. If the branch
is very large and possible dislodgement is a concern, a lead with
a curled or sigmoid shape may be chosen. If the site is 
acceptable, then the sheath is removed, usually by mechanical
splitting. Sheaths may have an inner wire braiding. This type of
construction requires that a razor-bladed splitting device be used
to cut the braids. This process may dislodge the lead. Splitting of
the sheath should be performed under fluoroscopic guidance to
ensure that the lead is not rotated or retracted during the
process.

There are several other techniques for placement of the LV
lead inside the sharply-angulated/tortuous coronary veins. First is
to advance the guidewire as far out inside the vein as possible,
sometimes even coming back into the CS via anastomoses. This
allows extra support when pushing the lead through the acute
angle. One technique that gives even more support is to pull the
guidewire back as you advance the lead. Second, is to use the
other veins, which have extensive collaterals with the initial vein
and terminating in the target area (posterolateral region of the LV)
(Fig. 2). Third, is to use pulmonary artery balloon catheter in the
CS just distal to the sharply-angulated vein. This provides support
to advance the 0.014-mm diameter guidewire inside the vein 
without the wire prolapsing back into the CS (17). Fourth, is to use
double-wire technique in which two wires (one softer and one
stiffer) are placed in the sharply-angulated vein that opens the
vein, reducing tortuosity and providing better support. The 
second-support wire is a stiffer and heavier wire (0.018-mm diame-
ter or larger). This allows tracking of the lead over the first wire (18).

Occasionally, techniques such as venoplasty (angioplasty
and/or stenting) are required for significant narrowing of the 
target branch or for stabilization of the LV lead (19-21). Retained
guidewire technique has also been used for anchoring leads after
experiencing multiple dislodgements (22). A major concern with
these last two techniques is that the LV lead will not be 
accessible if lead extraction is necessary in the future (6, 23). 

A novel magnetic navigation system has been used for LV
lead implants. This technology is useful in traversing a wire
across very tortuous segments. This procedure is limited to the
technology of the current sheaths, leads, and wires. 
Magnet-tipped sheaths and delivery systems are being 
developed for future use (24).

Scar burden
Lack of adequate capture threshold and failure of response to

CRT (in the presence of LV dyssynchrony) may be related to the
presence of extensive scar tissue in the target region for LV 
pacing. Therefore, in patients with ischemic cardiomyopathy and
history of previous infarction, assessment of scar tissue should
be considered before CRT implantation (25).

Phrenic nerve stimulation
The left phrenic nerve, which is responsible for diaphragmatic

stimulation, runs along the posterior and lateral border of the
heart. Pacing near this nerve may result in diaphragmatic stimula-
tion at the programmed pacing rate, which is very uncomfortable
for the patient and not tolerated for long periods of time. Testing
with highest voltage and pulse width for capture threshold and
use of bipolar leads and leads with programmable pacing 
configurations may diminish this possible complication (Fig. 3) (7, 9). 

CCoorroonnaarryy  VVeennoouuss  SSyysstteemm  RReellaatteedd  PPrroobblleemmss::
1-Failure to access coronary venous system:

-Markedly enlarged right atrium and severe TR
-Tortuous, angulated, vertically positioned CS os
-Prominent Thebesian valve
-Prominent Vieussens valve
-Small-sized CS

2-Anatomic variations in the coronary venous system:
-Lack of suitable venous branch:

-Early takeoff of left ventricular branches
-Too large or too small veins

-Sharply-angulated/tortuous venous branches
-Venous branches with narrowing
-Venous branches with valves

SSccaarr  bbuurrddeenn
PPhhrreenniicc  nneerrvvee  ssttiimmuullaattiioonn
LLaacckk  ooff  aaddeeqquuaattee  ccaappttuurree  tthhrreesshhoolldd
LLeefftt  vveennttrriiccuullaarr  lleeaadd  iinnssttaabbiilliittyy
CRT- cardiac resynchronization therapy, CS- coronary sinus, TR- tricuspid regurgitation

TTaabbllee  11..  RReeaassoonnss  ffoorr  ddiiffffiiccuulltt  CCRRTT  iimmppllaannttaattiioonn

Figure 1. Unsuccessful left ventricular lead implantation via the coronary
venous system secondary to dynamic obstruction to coronary sinus access
due to a prominent Thebesian valve (arrow)
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Determination of optimal position of 
left ventricular lead 

Current practice involves placement of the LV lead in the
most posterior and lateral position as possible on the basis of LAO
and RAO projections. Besides anatomic landmarks, several other
methods have been recommended for optimal lead positioning
such as the timing of the LV electrogram in relation to the QRS
complex, and determination of the latest activation site by using

conventional electroanatomic mapping systems and CT imaging
(26-28). Other technologies to help refine optimal lead positioning,
include vector velocity imaging in conjunction with intracardiac
echocardiography (29).

Alternative routes to left ventricular pacing

In some cases, alternative routes of LV pacing are needed
due to constraints of coronary venous anatomy, diaphragmatic
stimulation, and late LV lead dislodgements. These include mini-
mally invasive surgical alternatives (minithoracotomy, 
video-assisted thoracoscopic surgery, and robotically assisted
placement of LV leads), minimally invasive subxiphoid epicardial
approach, transseptal endocardial left ventricular lead implanta-
tion, and bifocal right ventricular pacing (9, 30-35). Bifocal right
ventricular pacing consists of implantation of two right ventricu-
lar leads: one placed septally at the apex, and the other in the
high septal outflow tract. 

Right ventricular apical versus septal pacing

To date, a paucity of data exists about the role of right 
ventricular outflow tract pacing as opposed to apical pacing 
during CRT. Further studies are required to compare the acute
and chronic effects of apical versus septal pacing during CRT and
to evaluate the hemodynamic effects of both pacing sites by the
current imaging modalities.
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