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Abstract

Introduction: Subselection inner catheters (Inner-Cath) are used adjunctively with outer guiding catheters (Outer-Cath) during

cardiac resynchronization therapy (CRT) device implantation. This study aims to investigate the feasibility and efficacy of left

ventricular lead placement (LV-LP) guided by Inner-Cath alone. Methods: A total of 74 patients undergoing de novo CRT

implantation were investigated. LV-LP was initially guided by Inner-Cath in 42 patients (Inner-Cath group) and Outer-Cath

in 32 patients (Outer-Cath group). In the Inner-Cath group, a 7Fr Inner-Cath was advanced to the coronary sinus through a 7

Fr sheath inserted in a subclavian vein. In the Outer-Cath group , 9Fr or 10Fr Outer-Caths were used. Success rate of LV-LP,

additional use of inner or outer catheters and procedure-related complications were compared between groups. Results: LV-LP

was successful in all patients in the Inner-Cath group while LV-LP had to be abandoned in 2 patients of the Outer-Cath group

due to CS perforation caused by Outer-Cath manipulation. Procedure time was significantly shorter in the Inner-Cath group

(148 vs 168 min; P=0.024). Deployment of both an inner and outer cath became necessary less frequently for the Inner-Cath

group (4.8% vs 56.3%; P<0.001). Mechanical CS injuries due to guiding catheter manipulation were only observed in the

Outer-Cath group (0% vs 15.6%, P=0.013). Conclusion: LV-LP guided by Inner-Cath alone was feasible in over 95% of the

patients without severe complications. This methodology for LV-LP may be preferable in CRT candidates with severe LV

dysfunction in terms of shorter procedure time, smaller guiding sheath and less complications.

Introduction

Cardiac resynchronization therapy (CRT) has been shown to prevent hospitalizations for heart failure and
improve mortality in patients with severe left ventricular (LV) dysfunction and inter-ventricular or intra-
ventricular electromechanical dyssynchrony (1-8). However, LV lead placement (LV-LP) in the target branch
of the coronary sinus (CS) tributaries can be difficult due to variations in coronary venous anatomy (9) despite
the recent advances in delivery systems for LV-LP (10-14).This is one of the causes of non-response to CRT.
In general, 9Fr or 10Fr outer guiding catheters (Outer-Cath) with a variety of curves and shapes are initially
selected for CS cannulation to serve as backup force for LV lead delivery to a target vein. At other times, a
subselection inner catheter (Inner-Cath) may be used adjunctively to guide the Outer-Cath into the CS more
safely, especially in difficult cases of CS cannulations, which can lead to complications such as CS dissection
or perforation (15, 16). However, efficacy and safety of the LV-LP using only the smaller 7Fr Inner-Cath for
CRT implantation has never been investigated before. The aim of this study was to investigate the feasibility,
efficacy, and safety of LV-LP guided only by an Inner-Cath as a first-line approach to CRT implantation.

Methods

1
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. Study patients

This study consisted of 74 consecutive patients who underwent de novo CRT implantation between January
2015 and July 2019. In addition, 8 patients with CRT upgrades from pacemaker or implantable cardioverter
defibrillation (ICD) systems, which were guided by Inner-Cath only, were investigated. All patients received
de novo CRT implantation or upgrade to CRT systems according to guideline indications (17) that included
patients with NYHA classes II-III or IV despite optimal medical treatment, LV ejection fraction (LVEF)
[?] 35% and QRS duration [?]120ms, or LVEF <50% and expected high frequency right ventricular (RV)
pacing. The patients with de novo CRT implantation were divided into two groups based on the type of
guiding catheter used initially for LV lead placement (LV-LP), namely, 7Fr Inner-Cath (Inner-Cath group,
N=42) and 9 or 10Fr Outer-Cath (Outer-Cath group, N=32). Outer-cath was selected as a first-line method
in the first 32 patients. Inner-cath was selected as a first-line method in the latter 42 patients. This study
was a non-randomized retrospective observational study. The research protocol had been approved by the
local Research Ethics Committee. Informed consent was obtained in the form of opt-out.

CRT device implantation

Device leads of the CRT system were inserted through sheaths placed in the right or left subclavian vein
under fluoroscopy. Right ventricular and right atrial leads were fixed in the conventional positions inde-novo
CRT implantations. An LV lead was selectively positioned in one of the CS tributaries. A pulse generator
was implanted in the left or right precordial area. The CRT device implantation or upgrade procedures were
performed under mild or moderate sedation with local and intravenous anesthetics.

LV lead placement

In the Inner-Cath group, a 7Fr Inner-Cath with 90 degree-angled tip was advanced to the CS trunk using a
5Fr EP-catheter (EP star, Japan Lifeline, JAPAN) or 3.5-inch guide wire through a 7 Fr short sheath placed
in the left or right subclavian vein (Figure 1). A 5Fr EP catheter or 3.5-inch guide wire was inserted into
the CS as deeply as possible to strengthen backup force for an Inner-Cath insertion into the CS without
additional use of an Outer-Cath. Then a CS venogram was performed by injecting contrast medium through
the Inner-Cath or a catheter with a balloon on its tip for occlusive venography if necessary. In cases where
the Inner-Cath was directly cannulated into a CS tributary, selective venography through the Inner-Cath
was possible (Figure 1). A 0.014-inch guide wire inserted within an LV lead was initially advanced to the
target CS tributary under fluoroscopy. Then, an LV lead was advanced to the target vein along with the
guide-wire alone. After confirming the LV lead had been steered into appropriate position, the Inner-Cath
and 7Fr sheath were peeled off for removal. In cases of difficult CS cannulation with an Inner-Cath alone or
difficult LV lead placement in a target vein, an Outer-Cath was additionally used. In the Outer-Cath group,
a 9Fr or 10Fr Outer-Cath with different angles was advanced to the CS trunk through 9Fr or 10Fr sheaths
placed in the subclavian vein using conventional methods. A CS venogram was performed using a balloon
catheter and the LV lead was advanced to the target CS tributary. In cases of difficult CS cannulation with
an Outer-Cath or difficult LV lead placement in the target CS tributary, an Inner-Cath was additionally
used.

Statistical data analysis

The data are presented as mean ± standard deviation or median [1st–3rd quartile] for continuous variables
as appropriate, and as frequency (%) for categorical variables. Variables were compared with Student’s t-test
or Mann-Whitney test. Categorical data were compared with the χ2 test or Fisher’s exact test. All statistical
analyses were performed with JMP® 14 (SAS Institute Inc., Cary, NC, USA). In all analyses, a two-tailed
p-value < 0.05 was considered to indicate statistical significance.

Results

Patient characteristics

Characteristics of Inner-Cath group (N=42) and Outer-Cath group (N=32) patients with de novo CRT

2
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. implantation are shown in Table 1. The patients of the Inner-Cath group were significantly younger (63±12
vs. 72±11 years, P=0.015) and received a greater number of CRT defibrillators (CRTD) (95% vs. 66%,
p<0.001) compared with the Outer-Cath group. Gender, comorbidities, and indicators of heart failure did
not differ significantly between the two groups.

LV lead placement Procedure Outcomes

All 42 patients of the Inner-Cath group received successful LV-LPs. Forty of them (95.2%) were guided by an
Inner-Cath alone while the remaining 2 patients (4.8%) required an additional use of an Outer-Cath (Table
2). Meanwhile, 30 of 32 patients (93.8%) of the Outer-Cath group successfully received LV-LPs. In 2 patients
(6.2%) of the Outer-Cath group, the LV-LP had to be abandoned due to CS perforation during repeated
cannulations of the Outer-Cath to the CS trunk. Total procedure time and time to LV-LP were shorter in
the Inner-Cath group (148±38 vs. 168±42 min, P=0.024; 77±35 vs. 96±36 min, P=0.011, respectively).
No significant differences were observed in fluoroscopic time and dose, contrast dose, or incidence of LV
lead dislodgements due to peeling-off of the guiding catheters. The additional use of an Outer-Cath or
Inner-Cath was required less frequently in the Inner-Cath group than in the Outer-Cath group (4.8% vs.
56.3%, P<0.001). LV lead threshold was significantly lower in the Inner-Cath group (0.9±0.5 vs. 1.2±0.5
V, P=0.0498). All LV leads were placed in the anterolateral, lateral and posterolateral LV areas without a
significant difference in distribution of location between the 2 groups.

Representative Cases

Three representative cases of LV-LP guided by Inner-Cath alone are shown in Figure 2. LV leads were
successfully placed in different CS tributaries (posterolateral, lateral, anterolateral veins). Case 1 was a 74-
year-old male with dilated cardiomyopathy (DCM). It was possible to advance an Inner-Cath deeply inside a
thick posterolateral vein, that strengthened the backup force for LV lead delivery into the target vein. Case
2 was a 75-year-old male with ischemic cardiomyopathy (ICM). Although an Inner-Cath was only advanced
to a proximal bend of the lateral vein, the LV lead was smoothly delivered to an adequate position. Case 3
was a 43-year-old male with ICM. The targeted anterolateral vein diverged from the CS trunk with a curve
of greater than 90 degrees. Despite the Inner-Cath not being expected to provide enough backup force for
LV lead delivery, the LV lead was successfully inserted into the targeted anterolateral vein without effort.

Procedure-related Complications

The incidence of procedure-related complications was observed more frequently in the Outer-Cath group
(4.7 vs 31.3%; P=0.002, Table 3). A major cause of procedure-related complications was mechanical injury
of the CS due to the repeat cannulations of the Outer-Cath into the CS, which was observed in 5 patients
(15.6%) of the Outer-Cath group. As a result of CS perforation, 2 patients required abandonment of the
LV-LP. Figure 3 demonstrates a case with CS perforation due to repeated cannulations of an Outer-Cath
into the CS trunk. However, LV-LP was finally achieved by using an Inner-Cath alone without any problems.
In addition, LV lead dislodgement was observed in one patient (2.4%) from the Outer-Cath group a month
after the procedure.

CRT Upgrade Procedures

Eight patients successfully underwent CRT upgrade procedures guided by an Inner-Cath alone without any
complications. Of all 8 patients receiving CRT upgrade, 5 patients (62.5%) showed stenosis of the subclavian
vein (4 patients) or both subclavian and brachiocephalic veins (1 patient) due to adhesions of pacemaker leads
to the venous wall. Consequently, one of the 5 patients only required a dilation of the left subclavian vein for
insertion of a 7Fr sheath into the stenotic vein. In another patient with left subclavian and brachiocephalic
vein occlusions, a 7Fr sheath was successfully inserted through the occluded veins with angioplasty (Figure
4).

Discussion

Major findings

3



P
os

te
d

on
A

u
th

or
ea

16
D

ec
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

81
16

39
.9

27
42

14
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. To the best of our knowledge, this is the first study to investigate the feasibility and efficacy of LV-LP
guided by Inner-Cath without Outer-Cath as a first-line methodology in CRT implantation. The study
results demonstrated that LV-LP guided by Inner-Cath alone was successful in over 95% of the patients
undergoing de novo or upgrade CRT implantation without severe complications. The Inner-Cath group
had shorter total procedure time and less procedure-related complications. In particular, mechanical CS
injury during CS cannulation caused by the guiding catheters was only observed in the Outer-Cath group.
Consequently, we consider LV-LP guided by Inner-Cath alone to be safer and more effective compared with
conventional methods that use Outer-Cath.

Success rate of LV lead placement guided by Inner-Cath

Recent progress in CRT implantation procedures including LV-LP has been made possible based on the
improved design of guiding catheters and LV leads , and advanced techniques. In spite of these improvements,
one still encounters difficult cases of LV-LP during CRT implantation due to reasons as described in previous
reports (9, 18-20). Those reports showed that about 10% of patients with CRT implantation had unsuccessful
LV-LP, which we believe is comparable to the 6.2% failure rate of the Outer-Cath group in the current study.
Meanwhile, LV-LP guided by Inner-Cath alone or Inner-Cath with Outer-Cath was successful in all patients
(100%) in the present study. Surprisingly, 40 (95.2%) of 42 patients had successful LV-LP guided by Inner-
Cath alone, justifying the use of Inner-Cath as a first line methodology for LV-LP.

Advantages of LV-LP guided by Inner-Cath

LV-LP guided by Inner-Cath alone has some advantages leading to the high success rate of LV-LP. First,
an Inner-Cath can be easily and safely cannulated into the CS regardless of various CS anatomies or size of
right atrium (9), especially when using a 5Fr steerable EP catheter (11) as electrophysiologists are familiar
with its manipulation. In fact, mechanical injuries of the CS such as dissection and perforation were more
frequently observed in the Outer-Cath group. In addition, it is not difficult to advance an Inner-Cath deep
inside the target CS tributaries, that may result in shortened procedure time and reduce radiation exposure
compared with the Outer-Cath group. Our method makes it unnecessary to select from a variety of Outer-
Cath with different shapes and curves. Given the excellent success rate of LV-LP guided by Inner-Cath
alone, it appears that an Inner-Cath provides sufficient backup force to deliver LV leads to the target veins
in spite of the varied anatomy of CS tributaries. Our results suggest that it is a misconception that use
of an Outer-Cath is always necessary to get adequate backup force for LV lead delivery. Our study results
also showed that LV threshold was significantly lower in the Inner-Cath group than that of the Outer-Cath
group. We surmise that this was due to Inner-Cath superiority to Outer-Cath in terms of enabling selection
of optimal CS tributary and LV lead placement site, especially in patients with ICM in whom the LV pacing
may be affected by scar location (21). Second, peel-off of the Inner-Cath for removal from the CS may be
easier than that of the Outer-Cath. We often experience LV lead dislodgement when peeling off the Outer-
Cath, which is caused by a mismatch between the position of the CS ostium or CS trunk and shape of
the selected Outer-Cath with different curves. Meanwhile, the LV lead is very unlikely to become dislodged
during peel-off of an Inner-Cath because it has a simple shape without complex curves. Third, an Inner-Cath
can be repeatedly inserted through a smaller 7 Fr sheath in the subclavian vein unlike the Outer-Cath that
requires an 9Fr or 10Fr sheath. The use of a smaller sheath has substantial advantages in terms of avoiding
the risk of unnecessary bleeding from the insertion site of the sheath and interference from other sheaths in
manipulating a guiding catheter, especially in patients undergoing a CRT upgrade who may have subclavian
vein stenosis due to the adhesion of previously inserted leads to a venous wall as shown in Figure 4.

Additional use of Outer-Cath for LV-LP guided by Inner-Cath

In the Inner-Cath group, most of the LV-LPs were successfully guided by Inner-Cath alone except for 2
patients, who required additional use of an Outer-Cath for CS cannulation of the guiding sheath due to
marked enlargement of the right atrium. Preprocedural CT or MRI images may be useful to assess not only
the anatomy of the CS trunk and tributaries but also those of both atria, predicting difficult cases of LV-LP
guided by Inner-Cath alone.

4
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. Procedure-related Complication

In general, procedure-related complications in CRT implantations are more frequently observed in female
patients with CRT-D, mostly attributable to pneumothorax, pericardial tamponade, and CS dissection (15).
The incidence rate of CS dissection has been reported as ranging from 1.4 to 6.8% (15,16), which may
be caused by inadequate cannulation to a CS branch, presence of intravascular obstructions, aggressive
manipulation of a guiding sheath, tortuous vessels, or unusual anatomy (16). In the current study, procedure-
related complications, especially mechanical injuries of the CS were significantly less in the Inner-Cath
group. The use of Inner-Cath for CS cannulation, especially guided by an EP catheter, may prevent risk of
mechanical injuries of the CS trunk and tributaries due to the manipulation of guiding catheters.

Advantages of LV-LP guided by Inner-Cath in CRT upgrade

In upgrading a pacemaker to a CRT device, severe stenosis or occlusion of the subclavian vein has been
a critical problem, identified in from 13 to 35% of patients undergoing CRT upgrade (22). Venoplasty of
the subclavian and/or brachiocephalic veins is one of the options for achieving LV-LP through the occluded
or stenotic subclavian vein, but remains challenging (23). The smaller Inner-Cath is clearly superior to the
larger Outer-Cath in terms of inserting a sheath through the occluded or stenotic subclavian veins.

Limitations

This study was a non-randomized retrospective observational study. Small sample size and inter-operator
variability due to the skill of each operator may have affected the reliability of the study results. The
measurement of RA size was not quantitatively assessed with CT or MRI images in all patients. All patients
were Asian and differences in physique between races may affect applicability of our results to other races.
There were differences in age and implanted devices between the 2 groups. However, we don’t believe they
contributed to the study results. Further prospective multicenter studies will be required to elucidate the
safety and efficacy of LV-LP guided by Inner-Cath alone.

Conclusion

LV lead placement guided by Inner-Cath alone was successfully and safely performed in over 95% of the
patients undergoing de-novo or CRT implantation upgrade. This methodology for LV lead placement with
Inner-Cath alone may be preferable, especially in CRT candidates with severe LV dysfunction in terms of
its shorter procedure time, smaller size of guiding sheath and fewer procedure-related complications.

Figure 1: LV lead placement guided by Inner-Cath alone

Figure 2: Representative cases with LV-LP guided by Inner-Cath alone

5
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.

Figure 3. A case with CS perforation due to repeated CS cannulations with an Outer-Cath
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. Figure 4. LV-LP guided by Inner-Cath alone after venoplasty in a case with occluded left brachiocephalic
vein.

Table 1. Patient Characteristics

Inner-Cath N=42 Outer-Cath N=32 P

Age 63±12 72±11 0.015
male / female 34 / 8 23 / 9 0.36
BMI [kg/m2] 21.9±4.2 22.5±2.9 0.48
Ischemic /nonischemic
CM

13 / 29 12 / 20 0.35

CRTD / CRTP 40 / 2 21 / 11 <0.001
Non-paroxysmal AF 9 9 0.51
QRS duration [ms] 141±4 147±5 0.31
BNP [pg/ml] 517±479 665±668 0.27
Creatinine [mg/dl] 1.6±1.7 1.3±0.5 0.32
eGFR
[ml/min/1.73m2]

48.7±15.1 46.3±18.9 0.55

LVEF[%] 28±7 33±12 0.17
LVDd [mm] 64±7 63±9 0.59
LVDs [mm] 56±7 53±11 0.21

CM; cardiomyopathy, CRTD; cardiac resynchronization therapy defibrillator, CRTP; cardiac resynchroniza-
tion therapy pacemaker, AF; atrial fibrillation, LVEF; left ventricular ejection fraction, LVDd; left ventricular
diastolic diameter

Table 2. Procedure outcomes

Inner-Cath N=42 Outer-Cath N=32 P

Success rate of LV lead
placement, (%)

42 (100) 30 (93.8) 0.10

7



P
os

te
d

on
A

u
th

or
ea

16
D

ec
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

81
16

39
.9

27
42

14
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Inner-Cath N=42 Outer-Cath N=32 P

Use of additional
catheter, (%) +

2 (4.8) 18 (56.3) <0.001

Total procedure time
[min]

148±38 168±42 0.024

Time to LV lead
placement [min]

77±35 96±36 0.011

Fluoroscopic time [min] 39±20 47±26 0.10
Fluoroscopic dose
[mGy]

343±290 321±180 0.71

Contrast dose [ml] 43±27 31±15 0.12
LV lead threshold [V,
0.4msec ]

0.9±0.5 1.2±0.5 0.049

LV lead impedance
[ohm]

597±195 584±182 0.79

LV lead dislodgement
during peeling-off of
guiding sheaths, (%)

5 (11.9) 6 (18.6) 0.42

Location of LV lead
placement, (%)
Antero-lateral 14 (33.3) 4 (12.9) 0.11
Mid-lateral 15 (35.7) 17 (54.8)
Postero-lateral 13 (31.5) 10 (32.3)

LV; left ventricular

+The additional use of an Outer-Cath in the Inner-Cath group or the additional use of an Inner-Cath in
the Outer-Cath group.

Table 3. Procedure-related complications

Inner-Cath group N=42 Outer-Cath group N=32 P

All complications, (%) 2 (4.8) 10 (31.3) 0.002
Mechanical CS injuries,
(%) (Dissection /
perforation)

0 (0 / 0) 5 (15.6) (3 / 2) 0.013

Lead dislodgement after
procedure LV leads / RV
leads / Atrial leads

0 / 0 / 2 1 / 1 / 2 0.23

Hematoma 0 1 0.43

CS; coronary sinus, LV left ventricular, RV; right ventricular
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Figure Legends

Figure 1. LV lead placement guided by Inner-Cath alone

A: A 5Fr deflectable EP catheter was advanced to the CS to guide the Inner-Cath. B: Once the Inner-Cath
was inserted in the CS trunk, CS venography was performed. In this and other figures, the white arrow
indicates where the Inner-Cath ends. C: Finally, an LV lead was advanced to the target vein along an
0.014-inch guidewire. D: Example of occlusive CS venography performed with a balloon catheter placed via
an Inner-Cath followed by LV lead placement.

CS; coronary sinus, LV; left ventricular.

Figure 2. Representative cases with LV-LP guided by Inner-Cath alone

LV leads placed in the posterolateral, lateral, and anterolateral branches of the coronary sinus. After Inner-
Cath placement, venography was performed (upper panels) followed by LV lead placement (bottom panels).
All LV lead placements were successfully guided by Inner-Cath alone in these patients. (white arrows indicate
where the Inner-Cath ends)

Figure 3. A case with CS perforation due to repeated CS cannulations with an Outer-Cath

A: Although an LV lead was successfully placed with an Outer-Cath, it was repeatedly dislodged when
peeling off the Outer-Cath. B: Leakage of contrast medium was observed in the pericardial space due to CS
perforation caused by the repeated cannulations of the Outer-Cath into the CS. C,D: An LV lead placement
was successfully guided by use of an Inner-Cath alone. (white arrows indicate where the Inner-Cath ends)

Figure 4. LV-LP guided by Inner-Cath alone after venoplasty in a case with occluded left
brachiocephalic vein .

A: This patient’s left brachiocephalic vein (LBCV) was completely occluded. B: An 0.014-inch guidewire
was passed thorough the occluded LBCV with a retrograde approach using a microcatheter. C: Another
0.014-inch wire was passed through the LBCV with an anterograde approach after dilation of the occluded
LBCV. D: A 7Fr sheath was inserted through the occluded LBCV. E: An Inner-Cath was advanced into the
CS using a 5Fr EP catheter. F: LV lead placement was successfully guided by an Inner-Cath alone.
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