SYMPOSIUM ON GENERAL MEDICINE

New developments in cardiac
resynchronization therapy

Cardiac resynchronization therapy significantly reduces mortality and morbidity in patients with heart failure

and ventricvlar dyssynchrony. This is a dynamic field with some exciting recent advances, and these future

directions are discussed in this review.

when the first human pacemaker implant was per-
formed in 1958 by Ake Senning. This lasted a mere
3hours necessitating a further implant which in turn

Pacemaker technology started nearly five decades ago

lasted 2 days. Following these rather humble beginnings,
pacemaker technology has made astonishing progress in
the last few decades to where we stand now, perhaps on
the cusp of another revolution. The early 1990s heralded
the advent of cardiac resynchronization therapy and sev-
eral landmark trials in the last decade have incontrovert-
ibly demonstrated that cardiac resynchronization therapy
leads to improvement in mortality as well as morbidity in
patients with significant systolic heart failure and dys-
synchronous ventricular contraction. Cardiac resynchro-
nization therapy has thus become firmly established in
the multipronged strategy to manage heart failure.

In addition we have witnessed miniaturization of
generators, with more complex functions and monitor-
ing capabilities, improvements in longevity of battery
life, major advances in lead design and technology and
more recently seen the increasing use of remote monitor-
ing. These developments have helped to reduce implant
procedure times, improved pacemaker performance and

follow up.

Current status and future directions
Despite these developments, the success of cardiac resyn-
chronization therapy remains hindered by the significant
problem of ‘non-response’, which can affect up to 30% of
patients who have had cardiac resynchronization therapy
(Auricchio and Prinzen, 2011; Zaca et al, 2011). In addi-
tion, left ventricular lead implant can be unsuccessful in
one out of 10 patients who undergo cardiac resynchroni-
zation therapy implant, mainly as a result of procedural
difficulties related to abnormal coronary sinus anatomy
(Daubert et al, 2012).

The latest international (American and European)
guidelines for cardiac resynchronization therapy implant

for revisions and generators change could skew the over-
all cost—benefit ratio of this therapy.

Other problems include pacemaker system infection
requiring device and lead extraction, a procedure associ-
ated with significant morbidity and mortality. Lead-
related issues include diaphragmatic twitching, lead dis-
placement, conductor fracture and insulation breaks
causing inadequate pacing, which necessitates further
procedures, system revisions and lead re-positioning,
which again increases the risk of infection.

These weaknesses related to the lead are the Achilles’
heel of pacemaker technology and pose a significant
challenge to cardiologists as well as the device industry.
These issues have therefore spurred interest in research
into novel techniques to assist left ventricular lead
implant using imaging or mapping techniques, alterna-
tive routes for left ventricle pacing such as trans-septal
or trans-apical endocardial left ventricle pacing, mini-
mally invasive techniques for epicardial lead placement
and multi-site left ventricle pacing. Another promising
area includes research into leadless technology using
ultrasound or magnetic field-delivered electrical energy
and biological pacemakers may also herald a new revo-
lution. These novel strategies will be discussed in this
article.

Novel left ventricular lead implant
techniques

The main difficulty with cardiac resynchronization ther-
apy implantation is that posed by the left ventricular lead.
The ideal left ventricular lead position is in the lateral or
postero-lateral vein to achieve optimum resynchroniza-
tion, although this can be easier said than done.
Cannulating the coronary sinus can be challenging and
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issued in 2012 (McMurray et al, 2012; Tracy et al,
2012) have expanded the indications, and thus with
more heart failure patients now eligible for this therapy,
the number of non-responders could also possibly
increase. Non-response is likely to have a substantial
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implant procedure and the post-implant follow-up need
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the operator is often limited by coronary venous anato-
my. There may not be a suitable branch in which to place
the left ventricular lead, or the branch may be so tortu-
ous, small and degenerate or stenosed that it does not
allow the lead into it. Equally pacing may be hampered
by the lead being in an area of posterolateral scar giving
unsatisfactory thresholds, or cause troublesome diaphrag-
matic twitching requiring it to be placed at an alternative
albeit less suitable location.

Use of new imaging technigues durin
cardiac resynchronization therapy implant
A variety of imaging techniques are being investigated to
both aid implant of the left ventricular lead as well as to
assess the optimal implant site. Use of a magnetic naviga-
tion system for left ventricular lead implant such as the
Niobe system (Stereotaxis Inc., St. Louis, USA) incorpo-
rates two permanent magnets on either side of the fluoro-
scopy table to create a steerable magnetic field. The
magnetic guidewire also has a small magnet at the tip and
can be remotely navigated enabling precision to allow
engagement of angulated target veins and also leads to
reduced fluoroscopy time (Rivero-Ayerza et al, 2006,
2007, 2008; Gallagher et al, 2007). Similarly, use of
electro-anatomic mapping with the Ensite NavX system
(St Jude Medical, Endocardial Solutions Inc., St. Paul,
MN, USA) (Del Greco et al, 2012) has also been shown
to improve accuracy of left ventricular lead placement
and to reduce fluoroscopy time.

Use of pre-implant imaging

Increased scar burden, especially in the posterolateral area
in patients with ischaemic heart disease, has been shown
to predict non-response to cardiac resynchronization
therapy (Bleeker et al, 2006; Ypenburg et al, 2007). Scar
in this region limits optimal positioning of the left ven-
tricular lead, causing high thresholds and inadequate
resynchronization (Ypenburg et al, 2007). A variety of
techniques can be used to effectively map the left ven-
tricular myocardium beforehand in order to help assess
the amount of scar, regions of scar and transmurality of
scar. This can indicate optimal pacing sites to best
improve resynchronization, and also inform the implant-
er which areas of the left ventricle need to be avoided.
Certainly the most contemporary modality in imaging
with respect to this is cardiac magnetic resonance. Prior
imaging with cardiac magnetic resonance seems to pre-
dict clinical response and long-term prognosis following
cardiac resynchronization therapy (Leyva, 2010; Taylor et
al, 2010). Despite this the operator is still limited by
coronary venous anatomy — even with prior imaging, the
left ventricular lead can only be placed down whichever
branch is available.

Perhaps prior imaging with cardiac magnetic resonance
could be used to predict which patients may be non-
responders and in this group of patients alternatives such
as endocardial or multisite pacing (described below)

could be considered. Certainly there needs to be better
patient selection, criteria need to be refined and para-
meters that best define response and non-response clari-
fied in order to address the issue of non-response. Other
imaging modalities that have also shown promise in iden-
tifying scar and predicting non-response to cardiac resyn-
chronization therapy include single photon emission
computed tomography myocardial perfusion imaging
(Adelstein and Saba, 2007). Further studies could help
improve our understanding of non-response and provide
better prediction criteria for the cardiologist in the future
in appropriately selecting and assessing the patient for
cardiac resynchronization therapy.

The significant non-response rate has also spurred a
huge interest in several imaging studies in order to
improve the selection of appropriate patients for cardiac
resynchronization therapy implant. Prominent among
these is the large, prospective, multicentre trial
(PROSPECT; Predictors of Response to CRT) which
assessed the utility of twelve different echocardiographic
measures of ventricular dyssynchrony in improving
patient selection (Chung et al, 2008) but rather disap-
pointingly showed that no single echocardiographic
measure is either sensitive or specific enough to predict
cardiac resynchronization therapy response. Currently
QRS duration remains the mainstay in assessing eligibil-
ity for cardiac resynchronization therapy; imaging predic-
tors of dyssynchrony are yet to significantly influence
clinical decision-making as a result of inter- and intra-
observer variability. However, echocardiography using
speckle tracking can play a useful role in guiding left
ventricular lead implant away from myocardial scar as

suggested by the TARGET trial (Khan et al, 2012).

New routes for left ventricular lead
implant

While epicardial left ventricular lead placement is well
established as an alternative means of accessing the lat-
eral wall of the left ventricle, it has the disadvantage that
it involves surgery on an already frail, sick group of
patients and there is also variation in the long-term out-
come from epicardial lead placement for optimum
resynchronization.

Endocardial left ventricular lead implant
Endocardial lead implantation by means of trans-septal
puncture at the atrial level offers several potential advan-
tages. It allows access to all left ventricular regions, over-
coming the limitations of coronary venous anatomy, and
endocardial ventricular layers offer faster impulse propa-
gation than epicardial layers which might result in
improved haemodynamics (Mischke and Knackstedt,
2011). Combined with prior imaging or mapping tech-
niques this could allow the left ventricular lead to be
placed in the ideal area of ventricle that is not scarred,
and also the latest area to be activated, offering good pac-
ing thresholds and optimum resynchronization.
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Superior electrical resynchronization and haemo-
dynamic improvement, assessed by means of the maxi-
mum rate of pressure change in the ventricle (dP/dt,,,),
has been shown with endocardial left ventricle pacing in
an acute canine model compared with epicardial stimula-
tion, which resulted in transmural dispersion of repolari-
zation and less effective improvement (van Deursen et al,
2009). Further studies in humans have shown mixed
results. Spragg et al (2010) evaluated the haemodynamic
effects of left ventricle endocardial pacing in patients with
ischaemic cardiomyopathy. In this study, left ventricle
endocardial us epicardial pacing at transmural sites yield-
ed equivalent dP/dt,,,, values, suggesting no differences
in haemodynamics, although superior haemodynamic
results were seen in patients when endocardial pacing was
performed from extreme basal sites at positions adjacent
to the mitral ring (>85% increase in dP/dt,,).

In a study by Derval et al (2010) pacing at the best left
ventricle site in 35 patients with non-ischaemic cardio-
myopathy was associated with twice the improvement in
dP/dt,,,, compared to coronary sinus pacing. Bracke et al
(2010) also showed that left ventricular endocardial pac-
ing improves clinical efficacy in a cardiac resynchroniza-
tion therapy non-responder. Several articles suggest that
endocardial left ventricle pacing may be a realistic consid-
eration for the cardiac resynchronization therapy non-
responder with unfavourable coronary sinus anatomy as
an alternative to epicardial pacing, offering better haemo-
dynamic benefit, particularly when the left ventricular
lead is placed in the basal postero-lateral region (Bordachar
et al, 2010; van Gelder et al, 2011; Bracke et al, 2012).
There are problems, however; the procedure is techni-
cally challenging, there is increased risk of thromboem-
bolism as a result of leads in the left ventricle cavity (and
therefore requires lifelong anticoagulation), and as the
lead crosses the mitral valve there is risk of mitral regur-
gitation and endocarditis if there is pacemaker system
infection (Mischke and Knackstedt, 2011). To avoid this,
a trans-apical approach to endocardial left ventricular
lead placement has also been described in a limited
number of patients (Kassai et al, 2008).

Advances in epicardial left ventricular lead
implant

An alternative to transvenous left ventricular lead implant
is the surgical epicardial left ventricular lead implant
which was first described in 1994 (Cazeau et al, 1994).
While this approach can offer benefits such as direct visu-
alization of the implanting segment, lack of need for
fluoroscopy or contrast or the lack of difficulties posed by
atypical coronary sinus anatomy, there are also disadvan-
tages such as need for general anaesthesia, longer post-
operative recovery time and inferior long-term pacing
parameters leading to a 5-year lead failure rate of 15%
(Lau, 2009). However surgical left ventricular lead
implant techniques have also evolved to now include less
invasive techniques requiring reduced procedural times

such as using the lateral mini-thoracotomy technique,
video-assisted thoracoscopic approaches and robotically-
assisted procedures (Kamath et al, 2011; Singh and Gras,
2012).

New left ventricular lead technology
Quadripolar left ventricular lead

The problems with cardiac resynchronization therapy are
primarily related to the left ventricular lead, which can
cause phrenic nerve stimulation, diaphragmatic twitch
and high capture thresholds which often results in further
procedures and attempts to reposition the lead. Clinically
relevant phrenic nerve stimulation occurs in about 22%
of patients at cardiac resynchronization therapy implant
or follow up, with its occurrence highest in those patients
where the left ventricular lead is at the sites most associ-
ated with reverse remodelling (Biffi et al, 2009; Shetty et
al, 2011).

A quadripolar left ventricular lead, the St Jude Quartet
model 1458Q), has been developed to help overcome
these problems. The Quartet lead allows ten different
pacing vectors which lets the cardiologist ‘electronically
reposition’ and change the electrode configuration to
help avoid phrenic nerve stimulation and optimize pac-
ing thresholds without having to adjust lead position. A
chest X-ray (Figure I) from a patient in whom a cardiac
resynchronization therapy device with a quadripolar left
ventricular lead has been implanted is shown along with
a diagrammatic representation of the ten possible pacing
vectors. This flexibility reduces the need for procedural,
manual lead repositioning, which is difficult and time
consuming, with further, longer procedures being associ-
ated with higher chance of infection and need for extrac-
tion. This quadripolar lead therefore not only allows
programming flexibility but also offers more options to
achieve effective and safe cardiac resynchronization ther-
apy. These findings have also been confirmed in the lit-

Figure 1. The quadripolar left ventricle lead (poles 1-4) with a diagrammatic

representation of the ten different pacing vectors that can be used.
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erature (Thibault et al, 2010; Burger et al, 2011; Shetty
et al, 2011), and the Quartet lead has started to be used
in clinical practice and forms a useful tool in the cardi-
ologist’s armamentarium in enhancing cardiac resynchro-
nization therapy success and reducing phrenic nerve
stimulation. It appears likely that the Quarter will
become a more widely used, and established piece of kit
in cardiac resynchronization therapy implantation, at
least for the near future.

Multi-site left ventricle pacing
Apart from endocardial left ventricle lead pacing there
has also been interest in various types of multisite pacing
to see if this might help in the issue of non-response, the
theory being that placing multiple pacing leads at differ-
ent sites could create multiple waves of electrical activa-
tion, further reducing dyssynchrony in the case of ven-
tricular conduction delay (Auricchio and Prinzen, 2008).
Following case reports and small observational studies
(Yoshida et al, 2008; Hof and Maass, 2012), it seemed
that triple ventricular pacing or triangle ventricular pac-
ing (so-called “Tri V’ pacing), whether it be with an extra
right ventricular or left ventricular lead, seemed to result
in larger haemodynamic improvement compared with
traditional biventricular pacing (Leclercq et al, 2008).
This led on to the TRIP-HF (Triple Resynchronization
in Paced Heart Failure Patients) study, the first rand-
omized prospective multicentre trial comparing triple-
site stimulation (two transvenous left ventricular leads
placed on the anterior and lateral or posterolateral left
ventricle wall, and one right ventricular lead) with con-
ventional biventricular pacing. Figure 2 shows a sample
X-ray view of the lead positions used in this study. Figure
3 is a diagrammatic representation of triple ventricular
stimulation. These can be compared to the lead positions

Figure 2. Chest X-ray showing lead positions in tri-ventricular pacing. RV = right
ventricular lead; LV1 = left ventricular lead 1; LV2 = left ventricular lead 2.

used in the ‘typical’ biventricular cardiac resynchroniza-
tion therapy from one of the authors’ patients (illustrated
in Figure 4). The study enrolled patients with heart fail-
ure presenting with slow atrial fibrillation and showed
that, compared with standard biventricular pacing, triple
site ventricular stimulation promoted further left ventri-
cle reverse remodelling as assessed by end-systolic and
end-diastolic volumes and ejection fraction at 3-month
follow up. However, long-term difference in clinical
outcome was not shown and this question remains to be
answered. While multisite and endocardial pacing offer
a possible alternative to improve biventricular pacing in
cardiac resynchronization therapy non-responders, there
has not been enough large scale evidence yet to bring this
into routine clinical practice, and how far this changes
the face of future cardiac resynchronization therapy
remains to be assessed.

Optimizing device programming

in non-responders

In some non-responders, optimizing device program-
ming by adjusting ventricle-to-ventricle (V-V) or atria-
to-ventricle (A-V) timing delays in order to optimize
ventricular function may be of benefit. Often during
cardiac resynchronization therapy implant, the atrioven-
tricular delay is programmed at a nominal low value of
around 100-120ms to ensure maximum biventricular
pacing although this may excessively reduce atrial contri-
bution to left ventricle filling. Some studies suggest main-
taining intrinsic atrioventricular conduction in non-
responders to avoid this (Wang et al, 2009). Similarly,
output and timing of right and left ventricular stimula-
tion can be programmed to optimize inter-ventricular
delay. While some patients respond well to simultaneous
biventricular pacing, others do better with pre-activation
of the right ventricle before the left. In this respect there
is considerable inter-individual variability, and fine tun-

Figure 3. Diagrammatic representation of friple ventricular

stimulation showing right ventricular (RV) lead positioned on the

septum, left veniricular (LV1) lead positioned in the anterolateral

vein of the coronary sinus, and LV2 lead positioned in the
osterolateral vein.
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ing of the V-V interval has to be tailored to the individ-
ual to gain maximum benefit. While large inter-ventricu-
lar delays (up to 100ms) can be programmed, optimal
settings for V-V delay seem to be in a relatively narrow
range (12-20ms) (Fox et al, 2005). Several methods can
be used to achieve optimization, most involve use of
echocardiography. These include Doppler measures of
mitral inflow velocity and left ventricle outflow velocity
as markers for left ventricle filling and ejection (Gorcsan,
2011), aortic valve velocity time integral optimization,
and M-mode with septal to posterior wall times. In addi-
tion to this, electrocardiographic-based QRS duration
measures and, more recently, intra-cardiac electrogram-
based optimization, can be used.

Leadless technology

Ultrasound or magnetic field-mediated
energy

Problems related to the pacing lead include infection,
fracture and dislodgement (necessitating further proce-
dures such as lead repositioning), system revisions and
extractions (with their associated risks). Substitution of
the lead with an alternative means of energy transfer
seems a rational solution to avoid these problems.
Perhaps one of the most exciting advances to achieve this
objective is that of leadless pacemakers, which may help
to dramatically change the face of pacing technology in
the not too distant future.

Studies have assessed ultrasound or magnetic field-
mediated energy as an alternative to the flow of electric-
ity down a conductor in a pacing lead (Lee et al, 2007;
Kapa et al, 2010). A leadless pacing system includes an
ultrasound generator implanted subcutaneously in the
acoustic window of the chest wall and an endocardial
receiver electrode which is delivered to the target heart
chamber and implanted into the endocardium directly
using a steerable trans-vascular catheter. This uses the
mechanical to electrical properties of piezoelectric mate-
rials for the transformation of acoustic to electrical energy
to capture and pace the heart muscle. The safety and
acute efficacy of this ultrasound-mediated leadless tech-
nology has been evaluated successfully in animal models
for biventricular pacing (Echt et al, 2006). The efficacy
and safety of the Wireless Cardiac Stimulation LV System
(WiCS, EBR Systems Inc., Sunnyvale, CA) are being
evaluated in human implants in the ongoing WISE CRT
trial (DeFaria et al, 2011).

For leadless cardiac resynchronization therapy a further
receiver electrode will have to be implanted in the left
ventricle endocardium following trans-septal puncture. A
leadless pacing system has the advantages that it is less
invasive, making implants potentially simpler, less time-
consuming and technically less challenging, exposing the
patient to less radiation, with fewer acute and chronic
complications such as infection and skin erosion. It also
has better patient aesthetics, should allow lower cost and
reduced length of hospital stay, and overcomes problems

related to the lead such as fracture and dislodgement.
While the reliability of this technique to provide sus-
tained energy over a prolonged period of time is cur-
rently unproven, other disadvantages include larger
diameter catheters that are needed for implantation. It is
also difficult to explant or reposition, and therefore must
be abandoned at end of service. It also potentially has the
adverse event of device dislodgement and embolization,
although theoretically it should become endothelialized
after a certain period of time. All these will have to be
taken account of and technology further developed and
refined, but certainly leadless pacing systems appear a
very real and attractive prospect for the future of pacing
and cardiac resynchronization therapy, and its arrival on
the clinical scene is much anticipated.

Biological pacemakers

The next logical step to leadless systems would be to
eliminate all pacing hardware altogether. Biological pace-
makers could help to achieve this and in principle bio-
pacemaker generation can be achieved by either inducing
pacemaker activity in normally quiescent (‘working’)
myocardium or implanting exogenous cells engineered to
sustain pacemaker activity (‘cell based’ approach), once
electrically connected to the host myocardium (de Bakker
and Zaza, 2007). This could theoretically be performed
by injecting cells (perhaps stem cells, or gene therapy to
deliver recombinant genes that activate specific ion chan-
nels or currents) via a catheter positioned from the femo-
ral vein into the appropriate region of the heart (e.g. the
sinus node) to activate or stimulate the patients own

Figure 4. Chest X-ray posterior anterior view showing right ventricular (RV) lead
positioned at apex and left ventricular (LV) lead positioned in the anterolateral branch of

the coronary sinus.
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conduction system. While still perhaps just a researcher’s
dream, this may provide a vision of the future to come,
where medical technology advances to a point where we
can simply restore normal physiology, where treatment is
simple and effective, with little in the way of side effects
and complications.

Conclusions

Cardiac resynchronization therapy has undergone several
advances over the last decade to become one of the crucial
components of modern heart failure therapy. Despite
adherence to guidelines in selecting eligible patients,
there is a significant non-response rate and current efforts
are focussed on improving patient selection and thus
cardiac resynchronization therapy response. There have
been several exciting advances in implant techniques and
lead technology as well as imaging which could herald the
onset of a new generation in this dynamic field. While it
remains to be seen if most of these novel ideas and devel-
opments will fully blossom from their embryonic stages
to see the full light of day in our lifetimes, certainly these
are exciting times in the story of cardiac resynchroniza-
tion therapy. These novel techniques in the field of car-
diac resynchronization therapy could offer cardiologists a
variety of options that can be tailored to each individual-
ized patient thus enabling more personalized device
therapy in the near future. BJHM

Figure 2 is reproduced from Leclercq et al (2008) by kind permission of
Elsevier.

Conflict of interest: none.

Adelstein EC, Saba S (2007) Scar burden by myocardial perfusion
imaging predicts echocardiographic response to cardiac
resynchronization therapy in ischemic cardiomyopathy. Am Heart J
153(1): 105-12

Auricchio A, Prinzen FW (2008) Cardiac resynchronization therapy:
the more pacing sites, the better the outcome? J Am Coll Cardiol
51(15): 1463-5

Auricchio A, Prinzen FW (2011) Non-responders to cardiac
resynchronization therapy: the magnitude of the problem and the
issues. Circ [ 75(3): 521-7

Biffi M, Moschini C, Bertini M et al (2009) Phrenic stimulation: a
challenge for cardiac resynchronization therapy. Circ Arrhythm.
Electrophysiol 2(4): 402-10

Bleeker GB, Kaandorp TA, Lamb HJ et al (2006) Effect of
posterolateral scar tissue on clinical and echocardiographic
improvement after cardiac resynchronization therapy. Circulation
113(7): 969-76

Bordachar B, Derval N, Ploux S, Garrigue S, Ritter P, Haissaguerre M,
Jais P (2010) Left ventricular endocardial stimulation for severe

heart failure. / Am Coll Cardiol 56(10): 747-53

KEY POINTS

®  (ordiac resynchronization therapy is a dynamic field in device technology with
several ongoing advances.

B These indude new developments in lead technology, imaging as well s research
into leadless technology and bio-pacemakers.

B These novel techniques may help to increase successful response to cardiac
resynchronization therapy.

Bracke FA, Houthuizen P, Rahel BM, van Gelder BM (2010) Left
ventricular endocardial pacing improves the clinical efficacy in a
non-responder to cardiac resynchronization therapy: role of acute
haemodynamic testing. Europace 12(7): 1032—4

Bracke FA, van Gelder BM, Dekker LR, Houthuizen P, Ter Woorst JE,
Teijink JA (2012) Left ventricular endocardial pacing in cardiac
resynchronisation therapy: Moving from bench to bedside. Neth
Heart ] 20(3): 118-24

Burger H, Schwarz T, Ehrlich W, Sperzel J, Kloevekorn W,
Ziegelhoeffer T (2011) New generation of transvenous left
ventricular leads - first experience with implantation of multipolar
left ventricular leads. Exp Clin Cardiol 16(1): 23-6

Cazeau S, Ritter P, Bakdach S et al (1994) Four chamber pacing in
dilated cardiomyopathy. Pacing Clin Electrophysiol 17(11 Pt 2):
1974-9

Chung ES, Leon AR, Tavazzi L et al (2008) Results of the Predictors
of Response to CRT (PROSPECT) trial. Circulation 117(20):
2608-16

Daubert JC, Saxon L, Adamson PB et al (2012) 2012 EHRA/HRS
expert consensus statement on cardiac resynchronization therapy in
heart failure: implant and follow-up recommendations and
management. Heart Rhythm 9(9): 1524-76

de Bakker JM, Zaza A (2007) Special issue on biopacemaking:
clinically attractive, scientifically a challenge. Med Bio Eng Compur
45(2): 115-18

DeFaria YD, Lonergan KL, Fu D, Yeh RW, Echt DS, Foster E (2011)
Clinical factors and echocardiographic techniques related to the
presence, size, and location of acoustic windows for leadless cardiac
pacing. Europace 13(12): 17605

Del Greco M, Marini M, Bonmassari R (2012) Implantation of a
biventricular implantable cardioverter-defibrillator guided by an
electroanatomic mapping system. Europace 14(1): 107-11

Derval N, Steendijk P, Gula L] et al (2010) Optimizing
hemodynamics in heart failure patients by systematic screening of
left ventricular pacing sites: the lateral left ventricular wall and the
coronary sinus are rarely the best sites. / Am Coll Cardiol 55(6):
566-75

Echt DS, Cowan MW, Riley RE, Brisken AF (2006) Feasibility and
safety of a novel technology for pacing without leads. Heart Rhythm
3(10): 1202-6

Fox DJ, Fitzpatrick AP, Davidson NC (2005) Optimisation of cardiac
resynchronisation therapy: addressing the problem of ‘non-
responders’. Heart 91(8): 1000-2

Gallagher P, Martin L, Angel L, Tomassoni G (2007) Initial clinical
experience with cardiac resynchronization therapy utilizing a
magnetic navigation system. J Cardiovasc Electrophysiol 18(2): 174-80

Gorcsan ] 3rd (2011) Finding pieces of the puzzle of nonresponse to
cardiac resynchronization therapy. Circulation 123(1): 10-12

Hof MJ, Maass AH (2012) Leads for cardiac resynchronization
therapy: where and how many? Fur J Heart Fail 14(5): 459-60

Kamath GS, Balaram S, Choi A, Kuteyeva O, Garikipati NV,
Steinberg JS, Mittal S (2011) Long-term outcome of leads and
patients following robotic epicardial left ventricular lead placement
for cardiac resynchronization therapy. Pacing Clin Electrophysiol
34(2): 235-40

Kapa S, Bruce CJ, Friedman PA, Asirvatham SJ (2010) Advances in
cardiac pacing: beyond the transvenous right ventricular apical lead.
Cardiovasc Ther 28(6): 36979

Kassai I, Foldesi C, Szekely A, Szili-Torok T (2008) New method for
cardiac resynchronization therapy: transapical endocardial lead
implantation for left ventricular free wall pacing. Europace 10(7):
882-3

Khan FZ, Virdee MS, Palmer CR et al (2012) Targeted left ventricular
lead placement to guide cardiac resynchronization therapy: the
TARGET study: a randomized, controlled trial. / Am Coll Cardiol
59(17): 1509-18

Lau EW (2009) Achieving permanent left ventricular pacing-options
and choice. Pacing Clin Electrophysiol 32(11): 146677

Leclercq C, Gadler F, Kranig W et al (2008) A randomized
comparison of triple-site versus dual-site ventricular stimulation in
patients with congestive heart failure. J Am Coll Cardiol 51(15):
1455-62

Lee KL, Lau CB Tse HE Echt DS, Heaven D, Smith W, Hood M
(2007) First human demonstration of cardiac stimulation with
transcutaneous ultrasound energy delivery: implications for wireless

pacing with implantable devices. / Am Coll Cardiol 50(9): 877-83

508 British Journal of Hospital Medicine, September 2013, Vol 74, No 9

© 2013 MA Healthcare Ltd



© 2013 MA Healthcare Ltd

SYMPOSIUM ON GENERAL MEDICINE

Leyva F (2010) Cardiac resynchronization therapy guided by
cardiovascular magnetic resonance. / Cardiovasc Magn Reson 12: 64

McMurray JJ, Adamopoulos S, Anker SD et al (2012) ESC guidelines
for the diagnosis and treatment of acute and chronic heart failure
2012: The Task Force for the Diagnosis and Treatment of Acute
and Chronic Heart Failure 2012 of the European Society of
Cardiology. Developed in collaboration with the Heart Failure
Association (HFA) of the ESC. Fur J Heart Fail 14(8): 803—69

Mischke K, Knackstedt C (2011) Cardiac Resynchronization Therapy:
Lead Positioning and Technical Advances. In: Min M, ed. Cardiac
Pacemakers - Biological Aspects, Clinical Applications and Possible
Complications. In Tech Publishers, New York: 97-112

Rivero-Ayerza M, Thornton AS, Theuns DA, Scholten ME, Mekel
JM, Res ], Jordaens L] (2006) Left ventricular lead placement
within a coronary sinus side branch using remote magnetic
navigation of a guidewire: a feasibility scudy. / Cardiovasc
Electrophysiol 17(2): 128-33

Rivero-Ayerza M, Van BY, Mekel ], Jordaens L] (2007) Left
ventricular lead implantation assisted by magnetic navigation in a
patient with a persistent left superior vena cava. Int J Cardiol
116(1): el5—el7

Rivero-Ayerza M, Jessurun E, Ramcharitar S, Van BY, Serruys PW,
Jordaens L (2008) Magnetically guided left ventricular lead
implantation based on a virtual three-dimensional reconstructed
image of the coronary sinus. Europace 10(9): 1042-7

Shetty AK, Duckett SG, Bostock ], Rosenthal E, Rinaldi CA (2011)
Use of a quadripolar left ventricular lead to achieve successful
implantation in patients with previous failed attempts at cardiac
resynchronization therapy. Enropace 13(7): 992-6

Singh JB, Gras D (2012) Biventricular pacing: current trends and
future strategies. Eur Heart ] 33(3): 305-13

Spragg DD, Dong ], Fetics BJ et al (2010) Optimal left ventricular
endocardial pacing sites for cardiac resynchronization therapy in
patients with ischemic cardiomyopathy. / Am Coll Cardiol 56(10):
774-81

Taylor AJ, Elsik M, Broughton A et al (2010) Combined

dyssynchrony and scar imaging with cardiac magnetic resonance

DEDICATED TO
CARDIAC NURSES

imaging predicts clinical response and long-term prognosis
following cardiac resynchronization therapy. Europace 12(5): 708—
13

Thibault B, Karst E, Ryu K, Paiement P, Farazi TG (2010) Pacing
electrode selection in a quadripolar left heart lead determines
presence or absence of phrenic nerve stimulation. Europace 12(5):
751-3

Tracy CM, Epstein AE, Darbar D et al (2012) 2012 ACCF/AHA/
HRS Focused Update of the 2008 Guidelines for Device-Based
Therapy of Cardiac Rhythm Abnormalities: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. Hearr Rhythm 9(10):
1737-53

van Deursen C, van Geldorp IE, Rademakers LM et al (2009) Left
ventricular endocardial pacing improves resynchronization therapy
in canine left bundle-branch hearts. Circ Arrhythm Electrophysiol
2(5): 580-7

van Gelder BM, Houthuizen P, Scheffer MG, Dekker L, Bracke FA
(2011) Left Ventricular Endocardial Pacing Techniques as an
Alternative for Ineffective Cardiac Resynchronization Therapy and
the Role of Acute Hemodynamic Evaluation. In: Das MK, ed.
Modern Pacemakers - Present and Future. In Tech Publishers, New
York

Wang RX, Guo T, Hua BT et al (2009) Initial experiences of
maintaining atrioventricular intrinsic conduction during cardiac
resynchronization therapy in non-responders. Chin Med ] (Engl)
122(20): 2455-60

Yoshida K, Yokoyama Y, Seo Y, Sekiguchi Y, Aonuma K (2008)
Triangle ventricular pacing in a non-responder to conventional
bi-ventricular pacing. Europace 10(4): 502—4

Ypenburg C, Schalij MJ, Bleeker GB et al (2007) Impact of viability
and scar tissue on response to cardiac resynchronization therapy in
ischaemic heart failure patients. Eur Heart ] 28(1): 33-41

Zaca V, Mondillo S, Gaddi R, Favilli R (2011) Profiling cardiac
resynchronization therapy patients: responders, non-responders and
those who cannot respond--the good, the bad and the ugly? /nz J
Cardiovasc Imaging 27(1): 51-7

British Journal of

CARDIAC
NURSING

BENEFITS OF SUBSCRIPTION:

= The best clinical articles, peer-reviewed by leading authorities
in the field

= The latest research findings in cardiovascular practice
= Examples from practice to test and hone your interpretation skills

= Career guidance, covering all career options
available to cardiac specialists

= Practical articles to help you further your writing and presenting skills
= Support with your professional development

= (Clear theoretical introductions to core issues

To subscribe, call 0800 137201 or visit www.magsubscriptions.com/cardiac

British Journal of Hospital Medicine, September 2013, Vol 74, No 9

509



