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ARTICLE INFO ABSTRACT

Keywords: Introduction: Difficult coronary sinus (CS) anatomy may lead to difficulty in optimal left ventricular (LV) lead
Coronary sinus stenting placement and lead displacements leading to nonresponse to cardiac resynchronization therapy (CRT).
CRT

Methods: In this retrospective study, we studied the CRT parameters of devices implanted by single operator
during the time period from January 2014 till December 2021, where different off-label techniques were used to
place/stabilize LV lead. The technique used to stabilize LV lead, CRT parameters at baseline and follow up were
noted for each patient.

Results: Out of 133 CRTs implanted during the study period, 23 patients (17.29 %) required off-label techniques.
Stylet and guidewire retaining techniques were used in 11/23 (47.82 %) and 7/23 (30.43 %) patients respec-
tively. In two patients, LV lead was jailed using coronary stent to prevent displacement. Two patients had CS
stenosis and required balloon dilation while one patient had tortuous posterolateral vein which was straightened
using a coronary stent. There was technical failure of 6/23 LV leads (26.08 %) with loss of capture, at a median
follow up of 44 months (Range: 06-114 months). Out of these 6 patients, stylet and guidewire retaining tech-
niques were used in 4 and 2 patients respectively.

Conclusion: Despite having acceptable parameters at implantation, these techniques particularly stylet and
guidewire retention, may lead to non-capture of LV lead on long term follow ups. Better LV leads like active
fixation leads and conduction system pacing (His Bundle/left bundle branch pacing) should be preferred in
difficult CS anatomy.

Difficult coronary sinus anatomy
Guidewire retaining technique
Stylet retaining technique

is to place the LV lead surgically, but it places the patient under addi-
tional general anaesthesia risk, makes the procedure lengthy and is

1. Introduction

Cardiac resynchronization therapy (CRT) is a class 1 recommenda-
tion for symptomatic patients of heart failure with reduced ejection
fraction (HFrEF) and ventricular dyssynchrony.l’2 By improving the
inter and intra ventricular dyssynchrony, CRT improves the functional
status, exercise capacity, quality of life and reduces the heart failure
related hospitalizations and mortality in selected patients of HFrEF.!
However even in this subgroup, 30 % of patients fail to respond to
CRT.>° Out of all factors responsible for non-response to CRT, optimal
left ventricular (LV) lead placement and stability remain critical tech-
nical factor,”*® so that the myocardial areas with delayed activation are
recruited, synchrony is restored and mechanical function of heart im-
proves. Due to varied coronary sinus (CS) anatomy, the endovascular
placement and optimal positioning of LV lead through epicardial veins
may not always be possible using traditional technique. The alternative
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associated with higher rates of infections and acute kidney injury.” For
these reasons, various lead stabilizing methods like “retained guide-
wire/stylet” techniques and using coronary hardware, have been
described to get optimal endovascular LV lead positioning.'® '’ Though
acute outcomes have been encouraging, the long-term results of such
techniques are under-reported.

In this retrospective study, we studied CRT parameters of the pa-
tients done by single operator during the time period from January 2014
till December 2021, where variety of techniques to stabilize the LV lead
were used in complex CS anatomy.

2. Material and methods

We assessed the records of patients who underwent CRT during the
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Fig. 1. A - Unstable position of Left ventricular (LV) lead; Decapolar catheter being used to negotiate guiding catheter into the coronary sinus; 1B - stent placed to jail
the already placed LV lead (between the stent and venous wall) to stabilize its position.

Fig. 2. A-shows a S shaped bend in the proximal region of lateral vein; 2B -shows the bend being stented with a bare metal stent; 2C - shows successful placement of

Left ventricular lead through the stent.

time period January 2014 till December 2021 under single operator at a
tertiary care centre. All patients in whom LV lead were placed using
standard technique and any other off-label techniques were included in
the analysis. The technique used to stabilize the LV lead and their

Table 1
Baseline characteristics of the patients requiring alternative technique to stabi-
lize LV lead (n = 23).

Mean Age in years (£SD) 57.3 (8.36)
Males/females (n) 15/8

Mean LVEDD in mm (4+SD) 59.21 (2.43)
Mean LVESD in mm (+SD) 43.56 (2.69)
Mean LVEF % (+SD) 26.35 (4.70)
Mean QRS (+SD) 160.82 (4.37)
Mean threshold in Volts @0.5 ms (+SD) 1.67 (0.37)
Mean Impedance in Q (+SD) 761.78 (82.70)
Mean R wave in millivolts (+SD) 7.47 (1.45)

Technique used to stabilize/place the LV lead (n = 23)
Stylet retaining technique
Guidewire retaining technique

11 (47.82 %)
7 (30.43 %)

Stent outside the LV lead 2 (8.69 %)
POBA to CS 2(8.69 %)
Stent to straighten the tortuous CS vein 1 (4.34 %)

CS, Coronary sinus; LV, Left Ventricle; LVEDD, Left ventricular end diastolic
diameter; LVEF, Left ventricular ejection fraction; LVESD, Left ventricular end
systolic diameter; POBA, Plain old balloon angioplasty.
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baseline parameters were noted. All these patients were followed up and
their current LV lead parameters were recorded.

3. Results

A total of 133 CRT procedures were performed between January
2014 till December 2021 under single operator (author PB). All patients
in whom CRT was implanted were in New York Heart Association
(NYHA) class II-III. The mean LV ejection fraction (LVEF) was 29.5 %
(£4.5 %). Mean QRS was 154 ms (+24 ms) and 120/133 (90.22 %)
patients had left bundle branch block (LBBB). Ten patients had atrial
fibrillation. Out of 133 CRT patients, 23 patients (17.29 %) required off-
label techniques for placement of LV lead due to difficult CS anatomy.
All these 23 patients had LBBB at baseline with a mean QRS duration of
160 + 4 ms and had a mean LVEF of 26.3 % + 4.7 % at time of CRT
implantation.

3.1. Procedural details

Following CS cannulation using subclavian vein puncture, CS veno-
gram was performed with occlusion balloon. In 20/23 patients (86.95
%) posterolateral branch was used to place the LV lead, in rest a mid-
lateral vein was chosen. In all patients, a coronary guidewire 0.014
inch wire was introduced into the selected branch as far as possible and
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Table 2
Details of all patients in whom alternative technique was used to stabilize LV lead.

Patient Technique used for Lead parameter at Lead status (preserved Total duration of follow up (months) Lead parameter at last

Number stabilization of LV lead implantation or failed) follow up visit

1 Stylet Retaining T: 2.1 Preserved 30 months (Patient died of RTA) T: 1.9
1:645 1:567
R: 9.0 R: 8.0

2 Wire Retaining T: 1.90 Preserved 114 months T: 2.1
1.760 1:687
R:10.0 R:8.0

3 Wire Retaining T: 1.8 Failed at 41 months 41 months No capture
1:780 I:> 2000
R:7.0

4 Stent outside the LV lead T: 1.2 Preserved 98 months T: 1.8
1:848 1:689
R:6.0 R:8.5

5 Wire Retaining T: 0.9 Preserved 90 months T: 1.2
1:765 I: 840
R:7.0 R:6.0

6 Stylet Retaining T: 1.9 Failed at 36 months 36 months No capture
1:730
R:6.0

7 POBA to CS T: 1.5 Preserved 10 months T: 1.8
1:590 Sudden cardiac death at home (CRT-P) 1:670
R:7 R:8

8 Stylet Retaining T: 1.7 Failed at 12 months 12 months No capture
1:846 Variable impedance
R:5.5

9 Wire Retaining T:1.1 Preserved 78 months T:1.5
1:809 1:689
R:9 R:8.5

10 Stent to straighten the tortuous  T:1.4 Preserved 76 months T:1.8

CS vein 1:734 1:541

R:5.5 R:6.0

11 Stylet Retaining T: 1.6 Preserved 72 months T: 2.0
1.798 1:840
R:7.5 R:8

12 Stylet Retaining T:1.9 Failed at 15 months 15 months No capture
1:874 1> 2000
R:6.5

13 Wire Retaining T: 2.3 Preserved 6 months (Died because of progressive T: 2.5
1:678 heart failure) 70 months 1:560
R: 8.5 R:7

14 Stylet Retaining T:2.1 Preserved 70 months T:2.2
1:857 1:789
R: 8.0 R: 7.0

15 Wire Retaining T:1.8 Preserved 62 months T:1.6
I: 844 1: 920
R:9.0 R:8.0

16 Stylet Retaining T:1.9 Preserved 60 months T:2.0
1:698 1.760
R:7.5 R:7

17 Stent outside the LV lead T:1.0 Preserved 52 months T:1.0
1:587 1:690
R:8.5 R:8

18 Stylet Retaining T:1.8 Failed at 08 months 8 months Non capture
1:760
R:8.0

19 POBA to CS T:1.3 Preserved 48 months T:1.5
1:845 1:740
R:10.0 R:8.0

20 Stylet Retaining T:1.9 Preserved 44 months T:2.0
1745 1:807
R:5.5 R:5.0

21 Wire Retaining T: 2.1 Failed at 26 months 26 months Non capture
1:807 1> 2000
R:6.0

22 Stylet Retaining T:1.8 Preserved 36months T:2.0
1:698 1:567
R:6.0 R:5.5

23 Stylet Retaining T: 1.5 Preserved 30 months T: 1.8
I: 823 1: 956
R:9.0 R:8.5

CS, Coronary Sinus; I, Impedance in Q; LV, Left ventricle; POBA, Percutaneous Old Balloon Angioplasty; R, R wave in millivolts; T, threshold in Volts @0.5 ms.
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Fig. 4. A- LV lead fracture in the pocket (acute bend). 4B — A new left bundle lead is implanted.

the LV lead was introduced over wire into selected branch. In patients
who had an unstable LV lead position or who had intra-procedural
dislodgements, we used stylet/wire retaining technique or a stent to
stabilize the LV lead. In guidewire retaining technique, the wire over

which the LV lead was advanced was left in situ; while in stylet retaining
technique, a stiff stylet was introduced into the LV lead and the end of
stylet was cut. The stylet and guidewire retaining techniques were used
in 11/23 (47.82 %) and 7/23 (30.43 %) patients respectively. In two

Table 3
Details of patients with LV lead failure.

S. Technique used for Time after CRT implantation Deranged parameters on Fluoroscopy finding Measures taken to address the situation
No lead stabilization when LV lead failure was interrogation (LV lead)
detected
1 Stylet retaining 8 months Non capture @ maximum output Lead displaced Lead re-implantation attempted but not
(retracted to main stem  successful
of CS)
2 Stylet retaining 12 months 9 months: Alarm for variable LV lead = No abnormality Re-implantation of self-retaining screwing
impedance and non-capture @ detected lead
maximum output
3 Stylet retaining 15 months Abrupt rise of impedance to > 2000 Q  No abnormality Patient not willing for redo procedure and
and non- capture @ maximum output  detected placed on medical management
4 Wire retaining 26 months Abrupt rise of impedance >2000 Q Acute bend in the lead Implantation of Left Bundle lead and LVEF
and non-capture @ maximum output  suggesting lead fracture =~ improved to >50 % in 3 months after Left
bundle branch pacing.
5 Stylet retaining 36 months Non-capture @ maximum output No abnormality Re-implantation of another LV lead in
detected different vein with suboptimal results
6 Wire retaining 41 months Abrupt rise of impedance to >2000 Q@  Acute bend in the lead Escalation of medical therapy

and non- capture @ maximum output

suggesting fracture.

CRT, Cardiac Resynchronization therapy; LV, Left Ventricle.
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patients, a coronary stent was inflated in the CS to stabilize the LV lead
(Fig. 1A and B). Two patients had stenosis of CS, which was balloon
dilated while one patient had tortuous postero-lateral vein which was
straightened with stent (Fig. 2A, B, C). In all three patients LV lead could
be placed in desired branch. The mean LV lead threshold, impedance
and R wave at installation in these 23 patients was 1.67 + 0.37 V@ 0.5
ms, 761.78 + 82.70 Q and 7.47 + 1.45 V respectively. None of these
patients had any peri-procedural pericardial effusion or any other
complication. The baseline characteristics, parameters of these patients
at time of LV lead implantation and individual follow up duration are
documented in Tables 1 and 2.

3.2. Long term follow-up

There was technical failure of LV leads in 6/23 patients (26.08 %) at
a median follow up of 44 months (Range: 06 months-114 months). Out
of these 6 patients, stylet and guidewire retaining techniques were used
in 4 and 2 patients respectively. The patients in whom coronary
guidewire was used had a lead fracture at 26 and 41 months of CRT
implantation (Fig. 3A and B). One of the patients who had lead fracture
at 26 months of implantation was managed with left bundle branch
pacing and the LVEF improved to 50 % in 3 months (Fig. 4A and B). Out
of four stylet stabilized leads, one lead was displaced within 6 months
and in rest three there was rise in lead impedance with failure to capture
over duration of 8-36 months (median: 13.5 months). However no
obvious mechanical deformity could be seen on fluoroscopy. Table 3
provides the details of patients with LV lead failure. At a median follow
up of 44 months, 03 patients died: 01 in a road traffic accident, 01 had a
sudden cardiac arrest and 01 patient died of progressive LV failure as
illustrated in Table 2. The mean LV lead threshold, impedance and R
wave for 17/23 leads at median follow up of 44 months were 1.80 +
0.36 V@ 0.5 ms, 724.23 + 124.85 Q and 7.35 + 1.11 V respectively.
The mean LVEF and QRS of at follow up were 44.02 % (+5.54 %) and
116.66 ms (+11.16 ms).

4. Discussion

LV lead placement into appropriate CS branch and its stability
remain important determinants of optimal response to CRT. Due to
anatomical limitations, LV lead cannot be placed in ideal CS branch in
one third of the cases.'? Even after initial success in ideal placement of
LV lead in difficult CS anatomy, the rate of subsequent lead dislodge-
ment remains as high as 5 %-9 %."''® This happens, most often, due to
unstable position of LV lead.'*'® CS stenting to stabilize the LV lead
after it has been introduced into ideal venous branch has been well
described.'® ' While Cesario et al'” and Kowalski et al'® have reported
a maximum follow up of 2 and 5 months respectively, Szilagyi et al®
have shown acceptable LV lead threshold and impedance at a follow up
of 12 months (11.5 £ 5.5, 2-23 months). The risks involved with this
procedure are CS dissection, perforation, stenosis and lead insulation
failure. Further the concerns about anticipated difficulty in removing LV
lead endovascularly if it fails or gets infected remain valid.”**! Fortu-
nately, two of our patients, where we have used stents for stabilization of
LV lead have remained stable and the LV lead parameters have been
acceptable at a follow up of 98 and 52 months respectively.

The use of coronary guidewire to stabilize the LV lead was first
described by De Cock et al.>” The coronary guidewires are not designed
to be permanently placed in the vessels; so the concern remains that they
may get fatigued and eventually get fractured,”>** as was reported by
Nagele et al.° In a study by Arbelo et al, there was increase in imped-
ance of all 3 leads at 6 months to 01 year follow up which were stabilized
using retained guidewire technique.?® There was insulation failure along
with deformation and fracture of electrode coils.”° In the index study,
two patients (out of 7, 28.57 %) in whom guidewire was used to stabilize
the LV lead had mechanical failure in form of lead fracture at a follow up
of 26 and 41 months. Sharifkazemi et al reported promising data on
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stylet retaining technique at a mean follow up of 12.5 + 2.5 months.?’
However in our study, 4/11 patients (36.36 %) where stylet was used for
LV lead stabilization had loss of capture. Though stylet is stiffer than
guidewire, it lacks the flexibility and is not designed to bear the torque
permanently. Apart from insulation failure, as reported by Osztheimer,
the stiff stylet may also fracture the lead and can result in serious
complication like lung penetration by retained stylet.?® For stenosed CS,
balloon dilatation and venous stenting have been used earlier also.”**°
In one patient, we used CS stenting to straighten the tortuous branch.

Though stylet and guidewire retention technique can give acceptable
short-term results, neither stylet nor guidewire has been developed to
bear the permanent torque and can get fatigued on long term use. When
stent is used to stabilize the LV lead, not only can it damage the lead & its
insulation but, would also make it impossible to remove the lead in case
of mechanical failure or infection. With the availability of newer active
fixation leads like Attain Stability Quad MRI SureScan™, using such
innovative techniques should be the last resort. Though, long term data
on CRT is more robust, the available evidence on other physiological
methods of pacing to decrease the ventricular dyssynchrony like His
bundle pacing and left bundle branch pacing is promising.®’ > Hence in
the absence of ideal CS anatomy, His bundle/left bundle pacing may be
used as an alternative or may be used upfront and CRT can be considered
as back-up if anatomy is not suitable for conduction system pacing.

Limitations: The study reports data predominantly of the cases per-
formed in the past where in the advances of LV lead (active fixation) and
physiological pacing was not prevalent. It is also a single centre and sigle
operator study and may be subjected to bias related to it. The use of
surgical implanatation of LV lead was not considered as all cases could
be performed percutaneously albiet by using alternative techniques.

5. Conclusion

Amongst different techniques used to stabilize LV lead in difficult CS
anatomy, guidewire or stylet retaining technique were the commonest.
Despite having acceptable parameters at implantation, these techniques
may lead to non-capture of LV lead on long term follow ups. The
retained stylet may be associated with potentially life threatening
complications like heart chamber/lung penetration. Use of stents to
stabilize the LV lead may lead to difficulty in future extraction of lead in
case of infection or non-capture. Better LV leads like active fixation
leads, conduction system pacing like His Bundle/left bundle branch
pacing and epicardial pacing should be preferred in difficult CS
anatomy.
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