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Email: mark_m_gallagher @hotmail.com Results: A new implantation of a CRT device using exclusively cephalic venous access
was attempted in 1091 patients (73.6% male, aged 73 + 12 years). Implantation was
achieved using cephalic venous access alone in 801 cases (73.4%) and using a combina-
tion of cephalic and other access in a further 180 (16.5%). Cephalic access was used for
2468 of 3132 leads implanted (78.8%). Compared to a non-cephalic reference group,
complications occurred less frequently (69/1091 vs 12/105; P =.0468), and there were
no pneumothoraces with cephalic implants. Procedure and fluoroscopy duration were
shorter (procedure duration 118 + 45 vs 144 + 39 minutes, P < .0001; fluoroscopy
duration 15.7 + 12.9 vs 22.8 + 12.2 minutes, P < .0001).

Conclusions: CRT devices can be implanted using cephalic access alone in a substantial

majority of cases. This approach is safe and efficient.
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1 | INTRODUCTION

Cardiac resynchronisation therapy (CRT) is an effective adjunct in the
treatment of heart failure, widely indicated for prognostic and symp-
tomatic benefit in the setting of systolic impairment.! Implantation of
CRT devices is technically demanding, associated with a significant risk
of acute complications including a risk of pneumothorax of up to 5%.2->
Subclavian access is associated with subclavian crush phenomenon,
and the use of extra-thoracic axillary access is predictive of the devel-
opment of lead failure.®

The use of direct venous cut down to access the cephalic vein in
the deltopectoral groove eliminates the risk of pneumothorax, but it
requires additional surgical skills. Although it is the first choice for sim-
ple pacing device implants, it is not conventionally used for left ventric-
ular lead implantation.”~? Basic trigonometry dictates that the addi-
tional vein circumference needed to accommodate a third lead in the
cephalic is minimal, as illustrated in the central figure; triple cephalic
access for CRT is feasible in single centre case series of up to 200
patients.”"1! Following a previous single-operator pilot study, here we
report our experience rolling out the cephalic approach to include over

1000 CRT implants by physicians of varying experience.

2 | METHODS

Institutional ethical committee approval was obtained. From 1 Octo-
ber 2009, a group of 19 implanting cardiologists in three neighbour-
ing centres including operators of widely different levels of experi-
ence attempted to use exclusively cephalic access for all leads in all de
novo CRT defibrillator (CRT-D) or CRT pacemaker (CRT-P) implants.
Patient-related and procedural data were collected prospectively in
all patients. We evaluated the outcome of all CRT implantation proce-
dures by this group. All operators self-reported their prior experience
at CRT implant before starting the study.

2.1 | Implant technique

After incising the skin and constructing a pocket for the generator,
the cephalic vein was exposed in the deltopectoral groove. The dis-
tal end was tied off, and a transverse venotomy performed. A 150-cm
angled 0.97-mm hydrophilic guidewire (Radiofocus RF * GA35153M,
Terumo Corporation, Tokyo, Japan) and two standard 50-cm 0.97-mm
guidewires (St. Jude Medical, Minnetonka, MN) were introduced into
the cephalic vein and advanced toward the heart (Figure 1). A left ven-
tricular lead delivery system (Medtronic Attain LDS 6216A, Medtronic
Inc., Minneapolis, MN) was advanced over the hydrophilic wire and
used to perform contrast venography of the coronary sinus, then to
position a pacing lead in a suitable cardiac vein. Right atrial and ven-
tricular leads were then implanted using 7 Fr peel-away sheaths or 9
Fr for ICD leads, placed using a retained guidewire technique. Cephalic
access was preserved until the end of the procedure. Significant car-
diac pauses during CS lead placement were managed by unipolar pac-

ing using a long guidewire.

FIGURE 1 Photographs of a pacing procedure performed by our
cephalicimplant technique. The cephalic vein is isolated and ligated
distally and a short guidewire is placed through it to the right atrium
(A), followed by one other short guidewire and a 150 cm hydrophilic
guidewire. A delivery system is advanced over the hydrophilic wire (B).
After implantation of the left ventricular lead the delivery system is
split and removed, and a sheath is inserted over one of the short
guidewires for implantation of the right ventricular lead (C). A7 F
sheath is then advanced over the final guidewire and used to position
the atrial lead (D). In each case, the sheath is removed before the next
lead is advanced [Color figure can be viewed at wileyonlinelibrary.com]

If the cephalic vein could not be identified or if it was found to be too
small to accommodate all the leads required, a modified Seldinger tech-
nique was used to access the axillary or subclavian vein for one or more
leads. We aimed to place as many leads as possible via the cephalic vein
even if it was impossible to use it for all.

Post-procedure care was at physician discretion but included as a
minimum a chest radiograph and a device interrogation performed at

2-24 hours after implantation.

2.2 | Reference group

Five experienced operators in one of the participating centres declined
to trial the fully cephalic technique, preferring to use either hybrid or
fully subclavian access. Data from consecutive de novo CRT implant
procedures undertaken by these operators were collected in the same
way as for the operators using cephalic access and used as a non-
cephalic CRT comparator group. Procedure reports, catheter lab elec-
tronic records and post-procedure chest radiographs were used to
determine procedure parameters and complications.

2.3 | Follow-up

All patients were followed at intervals of not more than 12 months to
check for pacing lead performance and the occurrence of complica-
tions. Any need for revision of any of the leads within the lifespan of
the generator implanted on the index procedure was considered as a

complication of that procedure.
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TABLE 1 Baseline characteristics
Reference
Cephalicgroup group

N 1091 105 P value

Patient characteristics

Age (years) 73+12 72 +12 .3035

Male sex 803 (73.6%) 79 (79.1%) 2451

Prior cardiac surgery 262 (24.0%) 16 (15.2%) .0420

Prior system or lead 21(1.9%) 0 1515
extraction

Prior failed implant 3(0.3%) 0 >.9999
attempt

type = “other” procedure
characteristics

CRT-D implants 616 (56.5%) 67 (63.8%) 1462

Two lead systems (no 133(12.2%) 13(12.4%) 9546
atrial lead)

Procedure duration 118 +45 144 + 39 <.0001
(minutes)

Fluoroscopy duration 157 +12.9 22.8+12.2 <.0001
(minutes)

Experienced operator 904 (82.3%) 105 (100%) <.0001

Baseline characteristics of the study cohort and reference group. Patients
are well matched between the groups except for prior cardiac surgery. The
study group procedures were shorter in duration and fluoroscopy use and
had a lesser proportion of experienced operators. Continuous variables are
presented as mean + SD, discrete variables as number (percentage).

2.4 | Statistics

Statistical analysis was performed in Prism (GraphPad Software Inc.,
CA). Means of continuous data were compared using Student’s t-test,
and categorical data were compared using Fisher’s exact test or Pear-
son’s chi-squared test where the expected count exceeded five. Bilat-

eral P values less than .05 were considered significant.

3 | RESULTS

After exclusion of cases with insufficient data, the study group com-
prised 1091 consecutive CRT implantation procedures performed
between 1 October 2009 and 30 June 2017 by a group of 19 opera-
tors including 11 trainees who attempted to use cephalic access exclu-
sively for all procedures (Table 1, Figure 2). The non-cephalic compara-
tor group comprised 105 implants by five operators collected over the
same time period.

3.1 | Procedural success

Implantation of all attempted leads was achieved at the index proce-
dureinalmost all patients (1083/1091; 99.3%); in a majority of patients
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(801/1091, 73.4%), this was done using cephalic venous access only.
In a further 180 of 1091 (16.5%) cases, one or more of the leads were
implanted by the cephalic route, so that in total 2468 of 3132 (78.8%)
of the leads implanted in this cohort were implanted via the cephalic
route. The most successful (and most active) operator achieved full
cephalicimplantsin 411 of 448 (91.7%) cases.

3.2 | Two- versus three-lead systems

The achievement of exclusively cephalic access was greater for systems
that included an atrial lead (75.8% for three-lead systems vs 66.9% for
two-lead systems; P = .0330). Patients undergoing two-lead implants
were older (76.4 + 13.9 years vs 72.7 + 12.4 years; P = .0017), and
two-lead procedures tended to be done more frequently by trainees
(39/113 vs 148/958; P =.0002).

3.3 | Predictors of cephalic success

The proportion of implants accomplished by exclusively cephalic access
was greater among accredited independent operators than trainees
(75.5% vs 65.6%; P = .0038) but no different in patients implanted
with CRT-P compared to CRT-D (76.5% vs 72.0%; P = ns). Success
at achieving a full cephalic implant varied highly between operators,
from 12.5% to 88.3% but as shown in Figure 3, success rate for indi-
vidual operators did not correlate with procedural volume (R? = 0.04;
P = ns) when trainees were included in the analysis. When trainees
were excluded from the analysis, however, a trend to higher success
with more volume was seen (R% = 0.47) but the analysis was underpow-
ered to reach statistical significance (P = ns). Operators’ CRT implant
volume prior to the study period was, in general, far lower than their
implant volume during the study period (range 0-200); implant volume
prior to the study period was not predictive of volume during the study
period (RZ= 0.17; P = ns) or of full cephalic success rate (R = 0.03;
P=ns).

3.4 | Performance versus the non-cephalic access
reference group

One hundred five de novo CRT implants performed by operators who
declined to use the cephalic approach were identified over the study
period. Patient characteristics were similar to the non-cephalic refer-
ence group. Accredited independent operators were over-represented
in this group compared to the study group (Table 1). Despite the more
experienced operators in the reference group, procedure duration and
fluoroscopy duration were significantly longer for non-cephalic proce-
dures (procedure duration 118 + 45 vs 144 + 39 minutes, P < .0001;
fluoroscopy duration 15.7 + 12.9 vs 22.8 + 12.2 minutes, P < .0001),
and a greater proportion of procedures in the cephalic group were
completed successfully within 2 hours (57% vs 21%, P < .01,
Figure 4).
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Cephalic Group
(n=1099)

Reference Group
(n=105)

8 patients
excluded due to
insufficient data

Cephalic Group
(n=1091)

Subclavian or
Axillary Access
(n=105)

Y

All leads successfully
implanted via
Cephalic (801)

Y

Other form of access
required for one or
more lead(s) (290)

FIGURE 2 Venous access techniques used in the cephalic access study and reference groups. Two hundred ninety of 1099 (26%) of cephalic
access study group procedures had one or more leads implanted via a non-cephalic route versus 105 of 105 (100%) of reference group procedures

1009 o ° °

2 ° o
.g °

- ° °
S %
= ® e

2] °
2 E 504 o,
23 .
4 E ¢
8 ® Accredited specialist
] ° i
@ ® Trainee

0 T T 1
1 10 100 1000

No. of implants over study period

FIGURE 3 Relationship between success at full cephalic implant
technique and procedural volume by first operator implanters in the
study group. No correlation is demonstrated with Spearman'’s test for
all operators but when analysis is restricted to accredited specialists
alone there is a correlation (R2 = 0.47) albeit this does not reach
statistical significance due to under-powering [Color figure can be
viewed at wileyonlinelibrary.com]

3.5 | Complications

The overall incidence of complications was lower in the cephalic group
compared to the non-cephalic access reference group (Table 2); there
were no pneumothoraces in the cephalic access group. Despite the

well-documented risk of symptomatic venous occlusion on the ipsilat-
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FIGURE 4 Distribution of procedure duration in the cephalic
access study and reference groups. Procedures were significantly
shorter in the study group than the reference group (P <.0001) [Color
figure can be viewed at wileyonlinelibrary.com]

eral upper limb, particularly with 3-lead systems, this complication was

not reported following any implant.

4 | DISCUSSION

This study shows that CRT can be delivered safely and efficiently using
exclusively cephalic access in a majority of patients by a range of opera-
tors, and in a large proportion of patients by operators of varying levels
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TABLE 2 Procedural complications
Reference

Complications Cephalicgroup  group P value

N 1091 105

Need for CS lead 37 (3.4%) 3(2.9%) >.9999
replacement or
reposition

Replacement or 13(1.2%) 3(2.9%) .1595
reposition of other lead

Failed CS lead implant 8(0.7%) 4 (3.8%) .0160

Pocket or wound 4(0.4%) 0 >.9999
complication

Infection requiring 6(0.6%) 1(1.0%) 4753
removal or extraction

Pneumothorax requiring 0 1(1.0%) .0878
drainage

Pericardial effusion 1(0.1%) 1(1.0%) 1679
requiring drainage

Symptomatic venous 0 0 >.9999
occlusion of upper limb

Any complication 69 (6.3%) 12 (11.4%) 0468

Procedural complications in the study cohort and a reference group.
A higher proportion of the reference group experienced complications,
though this was not statistically significant except for failure to place the
CS lead. One procedure in the reference group led to two complications,
counted as a single complicated procedure for the ’any complication’ total.

of experience. Our series is the largest to date to address CRT implan-
tation using solely cephalic access.

Overall, our success at cephalic implantation was 73.4%, lower than
other smaller series, including our own single operator pilot study.”~12
This probably represents the mixed experience levels in our group of
implanters and different levels of enthusiasm for the technique, com-
pared to other reports including only experienced operators with a high
level of commitment. The largest previously published series of three-
lead CRT implants included 171 de novo implants achieving triple
cephalic access in 87.7%, reflecting the extensive experience of a single
operator at the McGill University Health Centre, QC, Canada.? By com-
parison, our largest volume operator achieved triple cephalic access in
91.7% in the current case series. The main differences in implant tech-
nique between the McGill series and ours are the order of lead place-
ment, McGill’s use of three short peel-away sheaths in the cephalic and
that McGill leave the right atrium (RA) sheath and CS delivery system
in situ until all leads are in place. An extra short sheath is presumably
made necessary to maintain manoeuverability of the CS delivery sys-
tem when implanting the CS lead after the right ventricular lead. We
avoid the need for a third short sheath by implanting the CS lead first
via adelivery system without a short sheath, and we slit the CS delivery
system before implanting right ventricle (RV) then RA leads. We do not
use an over-sized sheath (11 Fr) for RV defibrillator lead placement as
per the McGill method.

Employing advanced methods such as venodilatation and use of spe-

cialized equipment can increase cephalic success rates to 96%.13-1°
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Counterintuitively, our full cephalic success rate was lower for 2-lead
versus 3-lead CRT systems; this may be explained by the older popula-
tion undergoing 2-lead system implants related to the increased preva-
lence of permanent atrial fibrillation with age, and also these implants
tended to be undertaken more frequently by trainees.

Previously, the largest single study comparing access methods for
non-CRT implants found longer procedure times associated with the
cephalic implant route than with a subclavian approach.’® We found
the opposite, with shorter procedure and fluoroscopy times using the
cephalicroute,and amore reliable achievement of success within area-
sonable procedure duration.

The incidence of complications related to direct access to the sub-
clavian or axillary vein is reduced when guided by ultrasound or by
venography,!” but individual studies show risks of up to 5%.31216 |n
contrast, a recent meta-analysis of pacing trials estimated the risk of
pneumothorax with the cephalic approach 0.19%, related in most cases
to use of a higher risk access method once cephalic access has failed.”
By implanting the coronary sinus (CS) lead first, in theory we risked
higher rates of intraprocedural CS lead displacements, however the
retention of guidewires for RA and RV lead placement meant that we
were able to retain cephalic access even after CS lead displacement and
reduce conversion to higher risk access. The avoidance of pneumoth-
orax is particularly vital in elderly patients, who are more than twice
as prone to pneumothorax during pacing procedures’® and be more
severely affected by their occurrence. Our study confirms that using
the cephalic route minimises the risk of this complication.

Although cephalic access is the preferred route of access for 61% of
device implanting physicians in arecent European Heart Rhythm Asso-
ciation (EHRA) survey, it was also reported that sole cephalic access is
not commonly pursued for CRT implants.® This appears to be due to
concerns that the cephalic vein is unable to accommodate three leads
that lead manoeuverability might be compromised, or that the pro-
cess of cephalic cut down could prolong procedures unnecessarily. Our
experience suggests that these concerns are unfounded.

5 | LIMITATIONS

This was a non-randomised series, with procedures performed by
operators with substantial prior experience of CRT and of the use of
cephalic venous cut down, or by trainees supervised by experienced
operators. Operator activity varied significantly, with the most active
performing over 500 implants and the least active under 10. Varying
operator experience may have contributed to differences in success
rates in the cephalic implants versus the non-cephalic reference group.
However, very high success rates were achieved across a range of oper-

ators with the cephalic approach.

6 | CONCLUSION

CRT devices can be implanted using cephalic access alone in a majority

of cases. This approach is safe and efficient.
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CENTRAL ILLUSTRATION

The calculation of the perimeter of a vein tightly wrapped around two
close packed leads can be solved using trigonometric methods. Cir-
cles ®A and ©B with radii R_A and R_B; there will be two external
bitangent lines, and the point of intersect of these lines with the cir-
cle radii will define a major and minor arc for both circles. The total
vein perimeter (blue) is equal to the sum of the lengths of the exter-
nal tangent line segments and exterior circular arcs. With the addi-
tion of a third lead, or circle, the exterior arcs of interest are no longer
divided equally by a simple reflection through a line connecting the
circle centres so that the angles of the exterior arcs are derived from
additional input values that can be acquired in a stepwise manner.
Solving these equations for two or three leads reveals the additional
vein perimeter required to accommodate the third lead is equivalent
to a 0.7 Fr upsize in the vein - not, we would suggest, a material

Dual chamber defibrillator
9F and 7F via same vein:

outer circumference = 13.7mm

CRT-D system
9F, 7F and 4.7F via same vein:

outer circumference = 14.5mm

consideration. = -
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