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BACKGROUND Interventional cardiac resynchronization therapy
(I-CRT) for left ventricular lead (LVL) placement works as a supple-
ment to traditional (over-the-wire) cardiac resynchronization ther-
apy (T-CRT). It has been argued that I-CRT is a time-consuming and
complicated procedure.

OBJECTIVE The purpose of this study was to investigate differ-
ences in procedure-related, perioperative, postoperative, and clin-
ical endpoints between I-CRT and T-CRT.

METHODS This single-center, retrospective, cohort study included
all consecutive patients receiving a CRT-pacemaker/defibrillator be-
tween January 1, 2012, and August 31, 2018. Patients underwent T-
CRT from January 1, 2012, to June 1, 2015, and I-CRT from January
1, 2016, to August 31, 2018. We obtained data from patient record
files, fluoroscopic images, and the Danish Pacemaker and ICD Reg-
ister. Data were analyzed using Wilcoxon rank-sum/linear regres-
sion for continuous variables and the Pearson c2/Fisher exact for
categorical variables.

RESULTS Optimal LVL placement was achieved in 82.7% of the I-CRT
group and 76.8% of the T-CRT group (P5 .015). In the I-CRT group,
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99.0% of LVLs were quadripolar vs 55.3% in the T-CRT group (P
,.001). Two or more leads were used during the procedure in
0.7% and 10.5% of all cases in the I-CRT and T-CRT groups, respec-
tively (P ,.001). Total implantation time was 81.0 minutes in the
I-CRT group and 83.0 minutes in the T-CRT group (P 5 .41). Time
with catheters in the coronary sinus was 45.0 minutes for the I-CRT
group vs 37.0 minutes in the T-CRT group, respectively (P ,.001).

CONCLUSION I-CRT did not prolong total implantation time
despite longer time with catheters in the coronary sinus. I-CRT al-
lowed more optimal LVL placement, wider use of quadripolar leads,
and use of fewer leads during the procedure.

KEYWORDS Cardiac resynchronization therapy; Interventional car-
diac resynchronization therapy; Traditional cardiac resynchroniza-
tion therapy; Left ventricular pacemaker lead placement; Optimal
left ventricular lead placement
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Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
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Introduction
Cardiac resynchronization therapy (CRT) is an important treat-
ment for patients with advanced heart failure, reduced ejection
fraction, and left bundle branch block.1 CRT is based on the
principles of biventricular pacing, which aims to correct elec-
tromechanical dyssynchrony of the ventricles by endocardial
pacing of the right ventricle and epicardial pacing of the left
ventricle (LV).2 Epicardial pacing of the LV relies on place-
ment of a pacing lead in one of the tributaries of the coronary
sinus (CS).2,3 Previous studies have shown that CRT improves
heart failure symptoms, cardiac function, and reduces mortal-
ity.1,4,5 Despite these findings, an estimated 30%–40% of pa-
tients receiving CRT do not respond to the treatment or even
experience a clinical deterioration.6–8 These patients are
considered nonresponders. Nonresponse is multifactorial,
partly caused by insufficient biventricular pacing and
suboptimal left ventricular lead (LVL) placement.8,9

Achieving a successful CRT response is mainly deter-
mined by the location of the LVL.10 Earlier observational
studies have suggested LVL placement in the midportion
or basal segment of a posterior or lateral wall of the LV im-
proves clinical outcome compared to LVL placement in an
apical or anterior region.6,10,11 Most patients eligible for
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KEY FINDINGS

- Interventional cardiac resynchronization therapy (I-
CRT) works as an add-on technique to the traditional
cardiac resynchronization therapy (T-CRT) approach
and offers more options for left ventricular lead
placement, including better overview of the coronary
sinus anatomy, flexible inner catheters, and multiple
guidewires.

- I-CRT allows placement of more left ventricular leads in
an optimal region of the left ventricle for biventricular
pacing.

- The vast majority of the left ventricular leads placed
with the I-CRT approach were quadripolar leads, and in
only a few cases was .1 ventricular lead used during
implantation.

- Althoughmore time was used in the coronary sinus with
the I-CRT approach, the total implantation time was
not prolonged, suggesting that implanting physicians
have become more experienced at identifying and ac-
cessing the ostium of the coronary sinus.
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CRT have left bundle branch block (LBBB), in which the site
of latest activation typically is in the posterior or lateral wall
of the LV. Therefore, targeting these regions results in resto-
ration of coordinated myocardial contraction and thus
increasing cardiac output and improving cardiac function.3

Several steps must be completed to achieve successful
LVL placement, including localization and cannulation of
the CS, creation of access to the target branch, and introduc-
tion of the LVL into the target branch.2,12,13 Delivery and
placement of the LVL represents the most challenging step
in CRT and may cause several obstacles for the implanting
physician, especially in cases with anatomic abnormalities
or variations.12–14 In 7.5%–10% of cases, LVL placement
through the CS fails, possibly due to lack of operator
experience in using traditional tools.2

A new approach, interventional cardiac resynchronization
therapy (I-CRT), integrates new methods for CS cannulation
and LVL placement.2,6,13,14 The I-CRT approach relies on a
catheter-based system. This technique originally was invented
by interventional cardiologists and radiologists. The tradi-
tional cardiac resynchronization therapy (T-CRT) approach
is restricted to the conventional over-the-wire technique. A
mainstay of I-CRT is the ability to render better support in
the CS when placing the LVL by using dedicated inner cath-
eters with a far longer and deeper reach in the target branch
compared to the inner catheters providedwith the delivery sys-
tems from the lead manufacturers.2,6,12 It is important to
emphasize that the I-CRT approach is not a new CRTmethod.
I-CRT works as an add-on-approach to T-CRT and provides
new tools and techniques to the over-the-wire technique.

To date, the use of I-CRT has been only sparsely exam-
ined. Therefore, evidence supporting I-CRT as the standard
of care method for implanting LVL in CRT is limited.
Knowledge of interventional tools and techniques have
been described in the literature,2,12–14 but only one study
investigated differences between I-CRT and T-CRT.6 There-
fore, this study aimed to assess differences in procedure-
related endpoints, perioperative and postoperative endpoints,
and clinical endpoints between the I-CRT approach and the
T-CRT approach.
Materials and methods
Study design
This retrospective cohort study included all consecutive pa-
tients who received a CRT-pacemaker/defibrillator (CRT-P/
D) between January 1, 2012, and August 31, 2018, at Odense
University Hospital (Odense, Denmark). Between January 1,
2012, and June 1, 2015, all patients had the LVL implanted
using the T-CRT approach. In June 2015, I-CRT was intro-
duced. From June 2015 to January 1, 2016, the implanting
physicians were trained in I-CRT tools and techniques, so pa-
tients receiving CRT during this period were excluded. From
January 1, 2016, to August 31, 2018, all patients had the LVL
implanted using the I-CRT approach. All I-CRT systems
were from Merit Medical. A total of 1142 patients were
included in the study. The study was approved by the
DPIR Steering Committee, the Regional Council of Southern
Denmark, and the Region of Southern Denmark Register of
Research Projects. Approval from the Ethics Committee
was not required for registry-based studies according to
Danish law.

Patient population
Patients were considered eligible if they were �18 years of
age and were in New York Heart Association (NYHA) func-
tional class II–IV despite receiving optimal medical therapy,
and had LV ejection fraction �35% and LBBB with QRS
�130 ms. Some patients had QRS .150 ms (irrespective
of the bundle branch configuration) or chronic right ventric-
ular pacing. These inclusion criteria were considered as the
classic inclusion criteria, and patients who met these criteria
were considered classic CRT patients. Patients also were
considered eligible if they already had a pacing indication,
heart failure, and an expected high burden of right ventricular
pacing. These patients were considered nonclassic CRT pa-
tients. Both de novo implants and upgrades from previous de-
vices were included. Patients on the waiting list for a heart
transplant or LV assist device were excluded.

Materials
All patients who received a CRT-P/D during the study period
were registered in the Danish Pacemaker and ICD Register
(DPIR). DPIR holds detailed clinical and technical informa-
tion on all cardiac implantable electronic device procedures
in Denmark.15 Supplementary data from DPIR were cross-
linked with data obtained from patient record files and fluo-
roscopic images using the unique personal identifier (CPR)
assigned to all Danish citizens.16



Figure 1 Flowchart showing inclusion and exclusion of patients eligible for the study. CRT5 cardiac resynchronization therapy; HTX5 heart transplant; ICD
5 implantable cardioverter-defibrillator; PM 5 pacemaker.
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Endpoints
Our primary endpoint was procedural durations: time used in
the CS and total implantation time. Time used in the CS was
calculated from the first fluoroscopy identifying the CS
ostium to the last fluoroscopy with the LVL in place. LVL
placement were assessed clockwise in the left anterior obli-
que view and categorized as anterior (�2 o’clock), lateral
(3–4 o’clock), or posterior (.4 o’clock). Correspondingly,
LVL placement was assessed as apical, midventricular, or
basal in the right anterior oblique view.10 Optimal LVL
placement was defined as posterior/lateral and basal/midven-
tricular.6

Secondary endpoints are perioperative and postoperative
endpoints and clinical endpoints. At 3-month follow-up, a
CRT responder was defined as a patient who experienced a
clinical improvement in functional capacity and heart failure
symptoms as assessed by an overall evaluation. In some
cases, echocardiography was performed and included in the
evaluation. Clinical endpoints were only assessed for classic
CRT patients (Figure 1).
Statistical analysis
Categorical variables are given as percentage or frequency.
Continuous variables are given as median [interquartile
range]. Differences were assessed using Wilcoxon rank-
sum and linear regression for continuous variables. Linear
regression was only used to estimate relative procedure dura-
tions. The Pearson c2 and Fisher exact tests were used to
assess differences in categorical variables. Two-sided
P ,.05 was considered significant. All analyses were per-
formed using Stata Statistical Software Release 17 (Stata-
Corp, College Station, TX)
Results
Patient and baseline characteristics
Of the 1142 patients included in the study, 1132 were eligible
for analysis; 588 patients underwent I-CRT and 544 patients
underwent T-CRT (Figure 1). Patients in the I-CRT group
were older (median 72.0 years; P,.001) and were in a lower
NYHA class compared to patients in the T-CRT group (P
,.001). More patients in the I-CRT group received a CRT-
P device than patients in the T-CRT group (51.7% vs
41.7%, respectively; P ,.001). Most procedures were de
novo implantations (I-CRT 74.1% vs T-CRT 75.9%). The re-
maining procedures were upgrades. Baseline characteristics
are given in Table 1.
Procedural durations
Time used in the CS was longer in the I-CRT group
compared to the T-CRT group (45.0 vs 37.0 minutes; P
,.001) despite no overall difference in total implantation
time (I-CRT 81.0 vs T-CRT 83.0 minutes; P 5 .41).
Similar results were found after stratifying for procedure
type (de novo vs upgrades) with longer time duration in
the CS in the I-CRT group despite no difference in total
implantation time. Stratified results are shown in
Figures 2 and 3.



Table 1 Patient characteristics

Factor Level T-CRT I-CRT P value

No. 544 588
Sex Female 111 (20.4) 144 (24.5) .10

Male 433 (79.6) 444 (75.5)
Age (y) 69.0 [62.0–76.0] (n 5 544) 72.0 [64.0–78.0] (n 5 588) ,.001
QRS morphology Narrow QRS 54 (10.0) 85 (14.5) .049

Paced QRS 102 (18.9) 129 (22.0)
LBBB 284 (52.5) 270 (46.0)
RBBB 41 (7.6) 35 (6.0)
Wide QRS other than LBBB/

RBBB
60 (11.1) 68 (11.6)

QRS width (ms) 160.0 [142.0–176.0] (n 5 515) 158.0 [138.0–174.0] (n 5 585) .27
NYHA functional class I 9 (2.4) 6 (1.4) ,.001

II 210 (56.5) 316 (75.2)
III 150 (40.3) 96 (22.9)
IV 3 (0.8) 2 (0.5)

Device type CRT-P 227 (41.7) 304 (51.7) ,.001
CRT-D 317 (58.3) 284 (48.3)

Procedure type De novo 413 (75.9) 436 (74.1) .49
Upgrades 131 (24.1) 152 (25.9)

Values are n (%) or median [interquartile range] unless otherwise indicated.
CRT-D 5 cardiac resynchronization therapy–defibrilator; CRT-P 5 cardiac resynchronization therapy–pacemaker; I-CRT 5 interventional cardiac resynchro-

nization therapy; LBBB5 left bundle branch block; NYHA5 New York Heart Association; RBBB5 right bundle branch block; T-CRT5 traditional cardiac resynch-
ronization therapy.
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LVL placement and type
The LVL was primarily placed laterally or midventricular
for both the I-CRT and T-CRT groups. In the I-CRT
group, 85.8% of all LVLs were placed laterally vs
82.8% in the T-CRT group (P 5 .11). Moreover, in the
Figure 2 Total implantation time and time used in the coronary sinus (CS) for t
cardiac resynchronization therapy (T-CRT) groups for de novo implantations (n5
131).
I-CRT group LVLs were more often placed mid-
ventricularly compared to the T-CRT group (69.9% vs
58.6%; P ,.001). In total, 82.7% of all LVLs were placed
optimally in the I-CRT group compared to 76.8% in the T-
CRT group (P 5 .015). The remaining LVLs were placed
he interventional cardiac resynchronization therapy (I-CRT) and traditional
849; I-CRT 436, T-CRT 413) and upgrades (n5 283; I-CRT 152, T-CRT



Figure 3 Forest plot of relative procedural durations for the interventional cardiac resynchronization therapy and traditional cardiac resynchronization therapy (T-
CRT) groups for all implantations (n 5 1132), de novo implantations (n 5 841), and upgrades (n 5 278). Time difference represents the difference between total
implantation time and time used in the coronary sinus (CS). Thirteen patients were excluded from the analysis due to unavailable data. CI 5 confidence interval

Nørregaard Jakobsen et al Interventional Left Ventricular Lead Placement 285
suboptimally. Quadripolar leads were almost exclusively
used in the I-CRT group (99.0%) compared to only
55.3% in the T-CRT group (P ,.001). Furthermore, the
Table 2 Procedure-related endpoints

Factor Level T-CRT

No. 544
LVL placement (LAO) Anterior 64 (12

Lateral 434 (82
Posterior 26 (5.

LVL placement (RAO)n (%) Apical 42 (7.
Basal 182 (33
Mid 317 (58

Optimal LVL placement Optimal 418 (76
LVL type Bipolar 243 (44

Quadripolar 301 (55
LVLs used 1 487 (89

�2 57 (10
Snare technique used Yes 1 (0.
Inner catheter used Yes 91 (16
Inner catheter in target branch Yes 18 (3.
Venoplasty of the subclavian vein/
superior vena cava

Yes 1 (0.

Venoplasty in the CS Yes 0 (0.
X-ray duration (min) 15.0 [9.

Values are given as n (%) or median [interquartile range] unless otherwise ind
CS 5 coronary sinus; LAO 5 left anterior oblique; LVL 5 left ventricular lead;
total number of LVLs used during the procedure were
lower in the I-CRT group (�2 LVLs: 0.7% vs 10.5%;
P ,.001). LVL placements are listed in Table 2.
I-CRT P value

588
.2) 49 (8.5) .11
.8) 497 (85.8)
0) 33 (5.7)
8) 42 (7.2) ,.001
.6) 133 (22.9)
.6) 406 (69.9)
.8) 486 (82.7) .015
.7) 6 (1.0) ,.001
.3) 582 (99.0)
.5) 584 (99.3) ,.001
.5) 4 (0.7)
2) 89 (15.1) ,.001
.7) 410 (69.7) ,.001
3) 398 (67.7) ,.001
2) 10 (1.7) .012

0) 13 (2.2) ,.001
0–24.0] (n 5 543) 16.0 [10.0–26.0] (n 5 588) .032

icated.
RAO 5 right anterior oblique; other abbreviations as in Table 1.



Table 3 Perioperative and postoperative endpoints

Factor Level T-CRT I-CRT P value

No. 544 588
Dissection of vein(s) Yes 9 (1.7) 24 (4.1) .015
LVL displacement Yes 6 (1.1) 8 (1.4) .70
Infection Yes 15 (2.8) 12 (2.0) .43
Phrenic nerve
stimulation

Yes 38 (7.0) 40 (6.8) .90

Values are given as n (%) unless otherwise indicated.
I-CRT 5 interventional cardiac resynchronization therapy; LVL 5 left

ventricular lead; T-CRT 5 traditional cardiac resynchronization therapy.

Table 4 Clinical endpoints

Factor Level T-CRT I-CRT
P
value

No. 436 431
CRT responder Responder 277 (71.0) 271 (68.3) .40
Hospitalizations
(24 mo after
implant)

None 378 (88.9) 357 (85.0) .13

Once 31 (7.3) 35 (8.3)
Twice or
more

16 (3.8) 28 (6.7)

Values are given as n (%) unless otherwise indicated.
CRT5 cardiac resynchronization therapy; I-CRT5 interventional cardiac

resynchronization therapy; T-CRT 5 traditional cardiac resynchronization
therapy.
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Procedure-related endpoints
Snare technique was used more often in the I-CRT group than
the T-CRT group (15.1% vs 0.2%, respectively; P ,.001).
Inner catheters were used more often in the I-CRT group
than the T-CRT group (69.7% vs 16.7%; P,.001). In partic-
ular, inner catheters in a target branch were used often in the
I-CRT group and in only a few cases in the T-CRT group
(67.7% vs 3.3%, respectively; P ,.001). Venoplasty of the
superior vena cava or the subclavian vein was used more
often in the I-CRT group than the T-CRT group (1.7% vs
0.2%, respectively; P ,.001). Similarly, venoplasty in the
CS was used only in the I-CRT group compared to the T-
CRT group (2.2% vs 0.0%, respectively; P ,.001). X-ray
duration was slightly longer in the I-CRT group than the T-
CRT group (16.0 vs 15.0 minutes; P 5 .032). Procedure-
related endpoints are listed in Table 2.

Perioperative and postoperative complications
Dissections in the CS were rare but occurred more frequently
in the I-CRT group compared to the T-CRT group (4.1% vs
1.7%, respectively; p,0.05). There were no differences in
LVL displacement (1.4% vs 1.1%; P 5 .70) and infection
rate (2.0% vs 2.8%; P 5 .43) between the I-CRT and T-
CRT groups, respectively. Similarly, phrenic nerve stimula-
tion occurred equally in the I-CRT and T-CRT groups
(6.8% vs 7.0%, respectively; P 5 .90). Perioperative and
postoperative complications are listed in Table 3.

Clinical endpoints
Only classic CRT patients were eligible for analysis of clin-
ical endpoints. In the I-CRT group, 68.3% of subjects were
responders, whereas 71.0% of subjects were responders in
the T-CRT group (P 5 .40). Statistically, the number of pa-
tients hospitalized due to heart failure�2 times did not differ
between the groups (I-CRT 6.7% vs T-CRT 3.8%; P5 .13).
Clinical endpoints are listed in Table 4.
Discussion
We investigated differences between the I-CRT and T-CRT
approaches for implantation of LVL in CRT. We found
that use of I-CRT did not prolong the total implantation
time despite more time used in the CS. Moreover, I-CRT al-
lowed for wider usage of different techniques (snare tech-
nique, venoplasty, and inner catheters), resulting in greater
use of quadripolar leads with better LVL placement despite
use of fewer leads during the procedure. Only limited differ-
ences in perioperative, postoperative, and clinical endpoints
were observed.

I-CRT works as an add-on approach to T-CRT and allows
new options for LVL placement. However, techniques for
LVL placement are poorly described in the literature and
have not been studied systematically. This creates a paradox
with an increasing usage of I-CRT despite the lack of evi-
dence supporting its beneficial value. Most of the publica-
tions on I-CRT are reviews describing how to perform the
I-CRT approach. Only one study assessed differences in
the use of I-CRT and T-CRT.6 I-CRT has been criticized
for being a more time-consuming procedure despite limited
knowledge on differences in time consumption between I-
CRT and T-CRT. However, I-CRT has been implemented
as part of the invasive treatment in patients with heart failure,
so usage of I-CRT should be examined.

Time used in the CS was significantly longer using I-CRT
compared to T-CRT in our study. Sperzel et al17 found a
similar result for time used in the CS of 33 6 47 minutes
with the over-the-wire technique. Despite more time spent
in the CS with I-CRT, we observed no differences in total
implantation time. Therefore, we assume that the tools for
identifying and introducing catheters into the CS are better
with I-CRT.

Conduction system pacing in terms of His-bundle pacing
(HBP) or left bundle branch area pacing (LBBAP) has been
advocated as a new and safe alternative to CRT.18 The largest
randomized trial comparing HBP and CRT performed by
Vinther et al19 showed procedural times of 1376 46 minutes
using HBP compared to 102 6 34 minutes using CRT.
Furthermore, a retrospective study investigating LBBAP in
patients eligible for CRT performed by Vijayaraman et al20

found procedural times of 105 6 54 minutes using LBBAP.
Moreover, fluoroscopy times for HBP (22.06 14.0 minutes)
and LBBAP (19.0 6 15.0 minutes) are considerably longer
compared to our findings but still shorter than the fluoroscopy
times reported in the study by Jackson et al6 (I-CRT 29.6 mi-
nutes vs T-CRT 41.9 minutes). It could be argued that proce-
dural and fluoroscopy times are longer using HBP and
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LBBAP due to less experience with the procedure. However,
in our study we observed remarkably shorter CRT implanta-
tion times and fluoroscopy times compared to Vinther et al19

and Vijayaraman et al.20

We found that 82.7% of LVLs were placed optimally in
the I-CRT group compared to 76.8% in the T-CRT group.
It is important that the LVL is placed in an optimal region
of the LV to achieve the best resynchronization.Most eligible
CRT patients have LBBB in which the site of latest activation
usually is in the mid/basal ventricular segment of a lateral/
posterior wall of the LV. A randomized controlled trial found
that LVL placement in the latest activated sites (mainly the
lateral/posterior wall) was associated with better CRT re-
sponses.11 Jackson et al6 defined optimal LVL placement
as placement in the mid/basal segment of the lateral/posterior
wall of the LV. Using this definition, Jackson et al6 found that
87.0% LVLs were placed optimally using I-CRT vs 75.0%
using T-CRT. We used the same definition as Jackson
et al6 to assess optimal LVL placement. Despite more
LVLs being placed optimally in the I-CRT group, we found
no differences in clinical endpoints. The majority of I-CRT
patients were in NYHA functional class II, and more T-
CRT patients were in NYHA functional class III. Therefore,
improving the clinical outcome for I-CRT patients was diffi-
cult to prove because the patients already were in a lower
NYHA functional class.

In some cases the implanting physician must change the
LVL during the procedure because of difficult anatomy or
circumstances relating to the LVL design, such as the shape
of the distal part of the lead. Therefore, the types and numbers
of LVLs used during the procedure are of great interest. Sper-
zel et al17 found that 78.0% of all LVLs were placed in the
first-choice target vein using the over-the-wire technique.
Compared to our study, �2 leads were used in 0.7% and
10.5% of all cases in the I-CRT and T-CRT groups, respec-
tively. Only 1 lead was used in 99.3% and 89.5% of all cases
in the I-CRT and T-CRT groups, respectively. It is not an
ideal comparison between our study and that of Sperzel
et al17 because the implanting physicians in our study did
not always switch the target vein but continued in the first-
choice target vein with a new LVL.

Quadripolar leads were available during the entire study
period. Overall, fewer quadripolar leads were used in the
T-CRT group, probably because of difficulties in placing
the lead sufficiently deep into the target vein to accommodate
all 4 poles of the lead. Previous studies by Sperzel et al17 and
Tomassoni et al21 indicate that use of quadripolar leads may
reduce the number of patients experiencing phrenic nerve
stimulation (PNS) due to more programming options of the
pacing vector. Therefore, we expected fewer cases with
PNS in the I-CRT group due to extensive use of quadripolar
leads. However, we did not find fewer cases of PNS in the I-
CRT group. Sperzel et al17 found that 11% suffered from
PNS 1 month post CRT implantation. Compared to our find-
ings, 6.8% and 7.0% suffered from PNS in the I-CRT and
T-CRT groups, respectively. An advantage of our study is
that we evaluated PNS 3–6 months post CRT implantation,
which allowed us to evaluate the effect from the LVL after
longer follow-up.

Displacement of the LVL is another postoperative risk.
Behar et al22 showed that 1.7% of quadripolar leads vs
4.6% of bipolar leads displaced. With our wide use of quad-
ripolar leads during the I-CRT period, we expected that fewer
LVLs would displace compared to leads placed during the T-
CRT period. However, we found that almost no leads dis-
placed regardless of implantation technique. Even though
more CS dissections occurred in the I-CRT group, all CRT
implantations succeeded due to the ability to use inner cath-
eters and multiple guidewires. None of the CS dissections
caused any clinical complications, such as CS perforations,
cardiac tamponade, or need for pericardial drainage.

In our study, fluoroscopy times were 16.0 minutes and
15.0 minutes for the I-CRT and T-CRT groups, respectively.
Comparing our results to those of Jackson et al,6 we found
remarkably shorter fluoroscopy times. Jackson et al6 were
the first to assess differences between I-CRT and T-CRT.
They reported fluoroscopy times of 29.6 minutes for the I-
CRT group compared to 41.9 minutes for the T-CRT group.
A possible explanation is that the study by Jackson et al6 was
performed in an earlier period when the implanting physi-
cians were less experienced. Jackson et al6 did not report total
implantation times; rather, they used their fluoroscopy times
as a surrogate for their procedural times.

Finally, we did not find any differences in clinical end-
points between patients receiving I-CRT and T-CRT.
Considerable differences in NYHA functional class and age
were observed at baseline, which minimized our ability to
compare clinical endpoints. This could explain why we did
not observe any differences in clinical endpoints between
the 2 groups. Therefore, our clinical endpoints should be in-
terpreted with caution. The definition of a CRT responder is
not optimal but due to the retrospective study design the pos-
sibilities of assessing a clinical outcome was limited.
Study limitations
We present nonrandomized, retrospective, observational data
from a single-center study. This allows us only to draw asso-
ciations between our findings but no definite conclusions. In
particular, conclusions on clinical outcomes should be inter-
preted with caution because patients were not comparable at
baseline. Information on comorbidities may explain some of
this, but no data on comorbidity or information on LV ejec-
tion fraction were included due to nonsystematic perfor-
mances of echocardiography at follow-up. Our main focus
were procedure-related endpoints; however, we did include
clinical endpoints because evidence on clinical endpoints in
I-CRT are just as limited as evidence on procedure-related
endpoints. Therefore, LV ejection fraction and supplemen-
tary echocardiographic measures would be preferred as clin-
ical outcomes in future studies. Additionally, it was only
possible to assess time used in the CS in a subset of cases
included in the T-CRT group due to missing fluoroscopic im-
ages. Only a few fluoroscopic images were missing during
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the I-CRT period. No data on the amount of contrast was
included, only information on X-ray duration. Finally, we
included consecutive patients who were registered in the
DPIR, which minimized the risk of selection bias.
Conclusion
We found that use of I-CRT did not prolong total implanta-
tion time despite more time used in the CS. Furthermore, I-
CRT resulted in more optimal LVL placement, wider use
of quadripolar leads, and use of fewer LVLs during the pro-
cedure. More studies are needed to assess differences in peri-
operative, postoperative, and clinical endpoints.
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