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Background. Cardiac resynchronization therapy has
een shown to be an effective treatment to improve
unctional status and prolong survival among patients
ith advanced congestive heart failure. However, as many

s 30% of patients do not respond. Nonresponse may be
ue to suboptimal left ventricular lead placement. Stud-

es have indicated that leads placed in the midlateral left
entricle (LV) wall usually result in improved dP/dT and
ncreased pulse pressure, compared with other locations.

hen the surgeon is placing the leads thoracoscopically,
owever, in a chest with multiple adhesions, anatomic

andmarks can be obscured. It is desirable to have an
bjective physiologic method to determine optimal lead
lacement. The optimal LV pacing site may be best deter-
ined by locating the site with the latest depolarization.
Methods. A pacing lead attached to a pulse analyzer
as introduced through a thoracoscopic port and used as
mapping electrode to electrically map exposed areas of

he left ventricle. The right ventricular pacing lead was
lso attached to the pulse analyzer and the interval

etween the right ventricular pulse and the LV depolar-
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zation (paced depolarization interval) was measured in
9 patients undergoing thoracoscopic LV lead placement.

site with a paced depolarization interval less than 110
s was not accepted.
Results. Electrical mapping was possible in 19 of 29

onsecutive patients in whom it was attempted. The most
requent reason for not mapping was the presence of
xtensive scarring. In 7 of 19 patients (36.8%) mapped, the
ite that would have been chosen by anatomic landmarks
as not the site with the longest paced depolarization

nterval, and thus the lead placement was altered.
Conclusions. The site with the longest paced depolar-

zation interval is only selected 63.2% of the time when
tilizing anatomic landmarks for placement. Nonre-
ponse may be due to suboptimal LV lead placement.

easurement of paced depolarization intervals provides
physiologic method of determining optimal LV lead

lacement.

(Ann Thorac Surg 2007;83:89–92)

© 2007 by The Society of Thoracic Surgeons
ardiac resynchronization therapy is an established
treatment for heart failure patients who have left

undle branch block. Use of this therapy has been
indered because of difficulty either in placing the left
entricular (LV) lead or in obtaining therapy response for
he patient. While advancements in transvenous lead
echnology have improved, success rates for implanting
eft ventricular epicardial leads still range from as high as
6% [1, 2] to as low as 72% [3]. Tortuous coronary venous
natomy, difficult branch bifurcations, and stenotic veins
rom scarring all contribute to long implant times and
nability to provide therapy for all patients.

The response rate of cardiac resynchronization therapy
emains at 60% to 75%, despite studies and techniques to
mprove outcomes [4]. Various studies are under way to
nderstand how to optimize cardiac resynchronization

herapy, examining patient response rate with respect to

ccepted for publication Aug 28, 2006.

resented at the Fifty-first Annual Meeting of the Southern Thoracic
urgical Association, Cancun, Mexico, Nov 2–4, 2004.
he latest mechanical or electrical activation of the left
entricle, tissue Doppler imaging, or pressure volume
oop measurements [5, 6]. Other techniques to optimize
iventricular pacing are to optimize the atrioventricu-

ar interval to help LV filling time, and to vary timing of
ight ventricle (RV) to LV stimulation to optimize
oordination of LV free wall contraction [7–9]. Another
echnique is to optimize the contraction of the LV free
all with respect to the RV paced event, to ensure the
ost efficient contraction [10].
Surgical epicardial lead placement has emerged as an

pproach to successfully provide cardiac resynchroniza-
ion therapy for all patients. The advantage of surgical
lacement is the ability to place the LV lead in any

ocation, thereby enabling the optimization of LV free
all motion. Several papers have reported 100% success

n placement of epicardial leads, and one discusses lower
islodgement rates of epicardial placement [11].
Aurrichio and colleagues [7] concluded that postero-

ateral positioning of the LV pacing lead results in the
reatest LV dP/dT and pulse pressure increases. Their

esults also demonstrated that, depending on the patient,
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he optimal site for increases in dPdT and pulse pressure
aried greatly. Epicardial mapping of the maximum
epolarization interval to determine optimal pacing site
as been described by Byrd [10]. By placing the LV lead
t the site of latest depolarization of the left ventricle
ollowing a paced RV depolarization, the contraction of
V free wall can be coordinated with septal contraction.
This paper describes our technique of using electrical
apping to optimize the placement of epicardial leads

ompared with anatomic placement; some preliminary
ata are presented.

atients and Methods

atient Population
he Institutional Review Board at Medical City Dallas
ospital approved this study and waived the need for

ndividual consent. The study population consisted of 29
onsecutive patients with class III or IV heart failure who
ere referred between July 2003 and October 2004 be-

ause of failed attempts at transvenous LV lead place-
ent. All patients were indicated for biventricular pac-

ng, and presented with RV and right atrial leads
mplanted, and a biventricular pacemaker or a Medtronic
nSync Defibrillator (Medtronic, Minneapolis, MN). Pa-
ients were prepared for thoracoscopic placement of a

edtronic 5071 lead.

ead Placement Technique
ince April 2002, we have been utilizing a thoracoscopic
pproach for LV lead placement. Whereas initially the
ite for LV lead placement was selected based on ana-
omic criteria alone, we then began to selectively utilize
ransthoracic echocardiography to determine the site of
atest mechanical activation. With this technique, the
nesthesiologist visually locates the latest site of LV
ontraction while the surgeon utilizes an endoscopic
itner (Ethicon Endosurgery, Cincinnati, OH) to gently

ndent several spots on the epicardium until this latest
ite of contraction is located. This procedure was cum-
ersome, difficult, and imprecise, and in July 2003, we
egan to determine lead site placement by determining

he latest site of electrical activation.
The patient was placed on the operating table in a

upine position, and general endotracheal anesthesia
as induced utilizing a double lumen tube. The patient
as positioned in the right lateral decubitus position and
repared and draped so that the pacemaker pocket was

n the surgical field. Single right lung ventilation was
nitiated. A scope was introduced through a 5- or 10-mm
ort in the fifth or sixth intercostal space at the posterior
xillary line, with port location chosen based on preop-
rative antero-posterior radiographic examination of
eart borders. Carbon dioxide insufflation was initiated

o assist with visualization. Under thoracoscopic visual-
zation, a second 5-mm port was placed in the sixth or
eventh intercostal space at the midaxillary line; and
hrough this, a long endoscopic instrument was placed to

id in dissection. Pleural adhesions were taken down l

ats.ctsnetjournalsDownloaded from 
tilizing cautery. With the lung retracted posteriorly, the
ikely site of lead placement on the high lateral LV wall
as visualized. A spinal needle was then passed through

he chest wall to locate a spot directly above the high
ateral LV wall where an 11.5-mm port was placed. This
ort was usually located in the third or fourth intercostal
pace at the midaxillary line, and allowed manipulation
hile maintaining good visualization. Working through

hese ports, the pericardium was opened and adhesions
o the heart taken down. We located, and made note of, the
igh lateral wall anterior to the phrenic nerve. This is the
ite where the LV lead would be placed if using only
natomic landmarks to select an LV pacing site.
After the pacemaker pocket was opened, the pulse

enerator was explanted; the RV lead was removed from
he generator and connected with sterile alligator clips
o the pacing systems analyzer. The pacing analyzer is set
o record an electrocardiogram and an electrogram at
0 mm/s speed. A monopolar pacing lead was selected
nd introduced through the third intercostal space port
nd used as a sensing electrode to electrically map
xposed areas of the left ventricle. This lead was attached
ith alligator clips to the pacing systems analyzer to

ecord an LV electrogram. The pacing rate of the RV lead
as adjusted to ensure that intrinsic depolarization did
ot occur.
The interval between the RV pulse and the sensed LV

epolarization (paced depolarization interval) was mea-
ured in 19 patients undergoing thoracoscopic LV lead
lacement. The LV epicardium was mapped, starting at a
redetermined anatomic location (posterolateral basal
osition). The maximum paced depolarization interval
as found at the site where the timing between the RV
aced beat and the LV sensed depolarization was longest

Fig 1). A site with a paced depolarization interval less
han 110 ms was not accepted. At this location, two
crew-in LV epicardial leads were placed. Pacing thresh-
lds were obtained.
All leads were tunneled intrathoracically to avoid any

raction or injury that might occur to leads brought out
hrough an intercostal space and tunneled subcutane-
usly. A size 10F red rubber catheter with both ends cut
ff was used to help tunnel the leads. The ends of both LV

ig 1. Measuring the paced depolarization interval (PDI). (ECG �
lectrocardiogram; EGM � electrogram; LV � left ventricular.)
eads were pushed into opposite ends of the rubber
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atheter and then dropped entirely into the chest. A
onsil clamp was passed into the chest through the back
f the pulse generator pocket and used to grasp the red
ubber catheter. That was then pulled into the pacer
ocket, thus delivering the tips of each of the leads. This

echnique allows us to avoid grasping the leads them-
elves and potentially damaging the insulation. Sufficient
ead is left in the chest to allow lung expansion without
raction.

A soft silicone elastomer drain was introduced through
he most caudad 5-mm port and directed posterior and to
he apex. All ports were removed as the lung was
nflated. The RV lead and one of the LV leads were
ttached to the pulse generator. The spare LV lead was
apped and placed in the back of the pocket. The gener-
tor was placed back into the pocket, and all wounds
ere closed with absorbable suture.
Follow-up telephone survey was carried out to mea-

ure changes in the patients’ quality of life after institu-
ion of the biventricular pacing. Quality of life scores of
hose who had LV lead placement determined by map-
ing were compared with scores of those who had not
een mapped.

esults

lacement of LV leads was successful in all patients. Two
atients (7%) required conversion to minithoracotomy

or lead placement. One was converted because dense
leural adhesions prohibited introduction of a thoraco-
cope and the other because single lung ventilation could
ot be attained. In 19 of these patients (66%), the maxi-
um depolarization interval was determined by map-

ing the LV to determine the latest site of LV depolar-
zation after pacing the RV. Reasons for not mapping in
ll patients were that 6 had too much intense scar,
llowing only one spot to be cleared, 2 had unstable
hythm with induction of ventricular tachycardia when
he LV was touched, and 2 required monitoring equip-

ent that was not available.
In 7 patients (36.8%), the site chosen by determination

f maximum depolarization interval was different from
he site that would have been chosen on anatomic criteria
lone. This site was most often in a position more posterior
o the anatomic one.

able 1. Results of Quality of Life Survey

Mapped Not Mapped

atients 19 10
apping led to changed
lead position

7 (36.8%) 0

ied 31.6% (6/19) 10% (1/10)
ost to follow-up 10.5% (2/19) 0
OL improved 90.9% (10/11) 66.6% (6/9)
OL no change 0 33.3% (3/9)
OL slightly worse 9.9% (1/11) 0
eOL � quality of life.

ats.ctsnetjournalsDownloaded from 
Quality of life was determined by survey at 1 month to
5 months (median, 247 days). Follow-up was obtained
or 27 of 29 patients (93%). Seven patients (6 mapped, 1
ot mapped) had died during follow-up at an average of
months postoperatively. Table 1 shows the results of the
uality of life survey. As a comparison, in the MIRACLE

Multi-Center InSync ICD Randomized Clinical Evalua-
ion) trial [3], 70.9% reported slight to marked improve-

ent on the quality of life questionnaire.
Patients were also assessed by their New York Heart
ssocation functional class. Of the 9 patients who had

heir leads placed without mapping, 4 improved one
unctional class and 5 were unchanged. Of the 11 patients
ho had lead location determined by measuring the
oint of latest depolarization, 4 improved two classes, 4

mproved one class, 1 was unchanged, and 2 declined one
lass.

omment

esynchronization has been shown to result in symptom-
tic improvement [12, 13] and even increased longevity
14] for those patients with congestive heart failure and
entricular dyssynchrony. However, not all patients im-
rove, and perhaps that is because not all biventricular
acing results in resynchronization. We find it intriguing

hat the failure rate in the MIRACLE trial was 30%, and
e found that in 36.8% of patients, the site most fre-
uently chosen for LV lead placement was not the site
ith the longest paced depolarization interval. Perhaps

he 30% failure rate is related to improper lead placement
hat does not effectively resynchronize the ventricles.
ndeed, our follow-up data showed that 33% of those
atients who had their lead placed on anatomic criteria
lone did not respond.
We were 100% successful in surgical LV lead place-
ent. Early in this trial, however, we did not free up

nough left ventricle to do adequate mapping in 5 pa-
ients with dense pericardial adhesions. We are now

ore aggressive in the endoscopic lysis of these adhe-
ions to allow mapping. This endoscopic approach then
llows the surgeon access to the entire LV free wall,
nconstrained by the location of epicardial veins. That
ay lead to more optimal lead placement, resulting in a

igher responder rate. Indeed, in an editorial on this
ubject, Schilling stated, “The results of CRT [cardiac
esynchronization therapy] are likely to improve as
ethods for identifying likely responders and the opti-
um site for lead placement become more refined.
owever, it is becoming apparent that the choice of one

r two epicardial veins suitable for lead placement is just
ot good enough. Systems for delivering the lead to the
picardium directly (that is, without passing trans-
enously first) using percutaneous approaches may be
he answer to this” [15]. We concur.

We also believe that determining the optimal site for
ead placement should involve a physiologic measure
ather than simply choosing pacing site by anatomic
riteria alone. That allows tailoring of lead placement to

ach individual patient’s physiology. Previously we at-
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empted to determine pacing site by locating the latest
ite of mechanical activation on transthoracic echocardi-
graphy. Although theoretically appealing, this method

s technically difficult and imprecise. Others [16, 17] have
sed determination of pressure-volume loops to choose

he pacing site; however, that is expensive and not
eadily available in the operating room. The use of tissue
oppler [18] to select the lead site has also been advo-

ated, but this technique requires specialized training
nd is also not readily available in most operating rooms.
Determination of the maximum depolarization interval

sing the paced depolarization interval technique is a
imple technique that may allow optimal LV lead place-
ent and improved outcomes. Surgical thoracoscopic

picardial LV lead placement at a physiologically deter-
ined site may be the optimal method of cardiac resyn-

hronization therapy.

eferences

1. Kautzner J, Riedlbauchova L, Cihak R, Bytesnik J, Vancura V.
Technical aspects of implantation of LV lead for cardiac
resynchronization therapy in chronic heart failure. Pacing
Clin Electrophysiol 2004;27:783.

2. Daoud E, Kalbfleisch SJ, Hummel JD, et al. Implantation
techniques and chronic lead parameters of biventricular
pacing dual chamber defibrillators. J Cardiovasc Electro-
physiol 2002;13:964–70.

3. Young J, Abraham WT, Smith AL, et al. Combined cardiac
resynchronization and implantable cardioversion defibrilla-
tion in advanced chronic heart failure. The MIRACLE ICD
trial. JAMA 2003;289:2685–94.

4. Steinberg J, DeRose J. The rationale for nontransvenous
leads and cardiac resynchronization devices. PACE 2003;26:
2211–2.

5. Samady H. Electromechanical mapping identifies improve-
ment in function and retention of contractile reserve after
revascularization in ischemic cardiomyopathy. Circulation
2004;110:2410–6.

6. Sogaard P. Tissue Doppler imaging predicts improved sys-
tolic performance and reversed left ventricular remodeling
during long term cardiac resynchronization therapy. J Am

Coll Cardiol 2002;40:723–30.

onfirm that impression.

D
f
p
t
a
d
t
a
d
g
i

ats.ctsnetjournalsDownloaded from 
7. Auricchio A, Ding J, Kramer AP, et al. Cardiac resynchroni-
zation therapy restores optimal atrioventricular mechanical
timing in heart failure patients with ventricular conduction
delay. J Am Coll Cardiol 2002;39:1163–9.

8. Angel AR, Abraham WT, Brozena S, et al. Cardiac resyn-
chronization with sequential biventricular pacing for the
treatment of moderate-to-severe heart failure. J Am Coll
Cardiol 2005;46:2298–304.

9. Sun JP, Wilkoff BL, Thomas JD, et al. Acute optimization of
cardiac resynchronization therapy using novel echocardio-
graphic indices: optimization of A-V and V-V intervals.
Circulation 2003;108(Suppl 17):IV7.

0. Byrd C. Resynchronization left ventricle epicardial lead
placement. Heart Society Grand Rounds. Available at:
http://naspe.box21.com/GR/BYR/start.html.

1. Koos R, Sinha AM, Marjus K, et al. Comparison of left ventric-
ular lead placement via the coronary venous approach versus
lateral thoracotomy in patients receiving cardiac resynchroni-
zation therapy. Am J Cardiol 2004;94:59–63.

2. Abraham WT, Fisher WG, Smith AL, et al. Cardiac resyn-
chronization in chronic heart failure. N Engl J Med 2002;356:
1845–53.

3. Linde C, Braunschweig F, Gadler F, Bailleul C, Daubert JC.
Long-term improvements in quality of life by biventricular
pacing in patient chronic heart failure: results from the
Multisite Stimulation in Cardiomyopathy study (MUSTIC).
Am J Cardiol 2003;91:1090–5.

4. Bristow MR, Saxon LA, Boehmer J, et al. Cardiac resynchro-
nization therapy with or without an implantable debrillator
in advanced chronic heart failure. N Engl J Med 2004;350:
2140–50.

5. Schilling RJ. Noncontact mapping of the left ventricle and
new insights into the mechanisms for success in biventricu-
lar pacing. Heart 2004;90:3–4.

6. Dekker AL, Phelps B, Kijkman B, van der Nagel T, Geskes
GG, Maessen JG. Epicardial left ventricular lead placement
for cardiac resynchronization therapy: optimal pace site
selection with pressure volume loops. J Thorac Cardiovasc
Surg 2004;127:1641–7.

7. Maessen JG, Phelps B, Dekker AL, Dijkman B. Minimal
invasive epicardial lead implantation: optimizing cardiac
resynchronization with a new mapping device for epicardial
lead placement. Eur J Cardiothorac Surg 2004;25:894–6.

8. Ansalone G, Giannantoni P, Ricci R, Trambaiolo P, Fedele F,
Santini M. Doppler myocardial imaging to evaluate the
effectiveness of pacing sites in patients receiving biventricu-

lar pacing. J Am Coll Cardiol 2002:39:489–99.
ISCUSSION
R CLIFFORD H. VAN METER, JR (New Orleans, LA): It is my
nderstanding that the criteria upon which confirmation of this
s a legitimate procedure by electrophysiologists was the dem-
nstration of an additional 50 feet on a 6-minute walk test. I am
urious in your quality of life studies whether you performed
hat. But moreover, I want to congratulate you on pointing out
hat this is a procedure that is more properly performed by us
han by electrophysiologists, because historically they have
lamed their failures on leads dislodging as opposed to misap-
lication of the leads, and I would wonder whether you could
R EDGERTON: Thank you, Cliff, for those kind comments and
or that question. You say I do suggest in our conclusions that
erhaps we may be able to attain more effective resynchroniza-

ion, but of course this requires further study. And a retrospective
nalysis asking patients to report quality of life is not the best way to
o this. Yes, the best way to do this is a 6-minute hall walk, and would

hat I had brought all these patients in preoperatively and performed
6-minute hall walk and brought them back at prescribed intervals to
o that postoperatively. And our plans going forward in our research
roup are to discuss exactly that approach, perhaps in a multi-
nstitutional registry. Thank you for those comments.
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