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cause postimplantation conduction disturbance.’
Balloon-expandable valves exert higher radial forces
than self-expanding (SE) transcatheter heart valves
(THVs)?2 but permanent pacemaker implantation (PPI)
rates are higher after SE TAVR, for example, 17.4% for
the Medtronic CoreValve.® The His bundle surfaces at the
base of the membranous septum. Implant depth greater
than the length of the membranous septum is an inde-
pendent predictor of PPI* CoreValve implantation 3 to
5 mm below the aortic annulus in a projection coaxial to
the device is recommended. This is rarely in the annu-
lar plane of the valve. In light of differential pacing rates
reported between balloon-expandable and SE TAVR
platforms, we retrospectively analyzed PPl outcomes fol-
lowing routine implantation of THVs in the annular plane.
The data that support the findings of this study are
available from the corresponding author upon reason-
able request. All successful TAVR implants from January
2013 to August 2019 were analyzed (n=527). The ret-
rospective analysis of routinely collected data in this ser-
vice evaluation did not require formal ethics approval. Al
patients were consented for the procedure and data col-
lection for use in an anonymized registry. The Edwards
balloon-expandable THV platform (n=434; Edwards
Lifesciences, Irvine, CA) and the Medtronic SEV plat-
forms (n=93; Medtronic LLC, Minneapolis, MN)—Evolut
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R (n=b0) and Evolut PRO (h=43)—were used exclu-
sively. Annular plane projection, routinely predicted
from multidetector computed tomography images using
3mensio software (Pie Medical Imaging, Maastricht, the
Netherlands), was used in all cases. For CoreValves, cor-
rection of parallax in the device was performed by add-
ing right anterior oblique caudal angulation, preserving
the anatomic annular plane of the native valve® and pro-
ducing a cusp overlap (right coronary cusp/left coronary
cusp) view. This contrasts to the manufacturer's recom-
mendation to use left anterior oblique angulation, which
produces a shallower apparent device depth of 1 to 2
mm (Figure). Thirty-day PPI rates were determined for
CoreValve and Sapien recipients after excluding those
with prior pacemaker implantation (37 Sapien and 6
CoreValve; this included preemptive PPI for the right
bundle branch block in 1 CoreValve patient) and valve-
in-valve cases (2 Sapien, 4 CoreValve). We hypothesized
that Evolut valves would have comparable pacing rates to
Sapien valves when implanted in a right anterior oblique
caudal annular plane projection. Statistical analysis was
performed using SPSS Statistics for Windows, version
25.0 (IBM Corp., Armonk, NY). Means were compared
using the unpaired t test for parametric data and other-
wise the Mann-Whitney U test. Comparisons in pacing
rates between valve types were adjusted for covariates
using ANCOVA. Significance was set at a=0.05.
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Figure. Correction for parallax in a Medtronic Evolut device.

A, The sheathed device across the native aortic valve in the 3-cusp view. The line indicates the bottom of the noncoronary cusp. B, Correction
of device parallax by adding right anterior oblique (RAO) caudal angulation maintains an annular plane projection and a true device depth of 3.0
mm. C, Correction for device parallax with left anterior oblique (LAO) angulation results in a perceived device depth of 2 mm.

The final cohorts were demographically similar. Two
hundred thirty-six of 400 (59.0%) Sapien recipients
and 45 of 87 CoreValve recipients (51.7%) were men.
The mean age (years) was 78.918.9 (SD) years for
Sapien and 79.6+8.5 years for CoreValve, respectively
(P=0.55 for the difference between groups). Baseline
electrocardiographic findings for the SE THV cohort
were as follows: Evolut R (n=50): 31 sinus rhythm
(SR) only, 2 SR with first-degree heart block, 2 SR
with left bundle branch block, 10 atrial fibrillation (AF)
only, 1 AF/left bundle branch block, and 4 paced; Evo-
lut PRO (n=43): 29 SR only, 2 paced, 2 SR/right bun-
dle branch block, 7 AF only, 2 AF/left bundle branch
block, and 1 AF/right bundle branch block. Post-pro-
cedure, 32 of 400 Sapien recipients (8.0%) and 4 of
87 CoreValve recipients (4.6%, 3 Evolut R, 1 Evolut
PRO) had PPI by 30 days following TAVR (P=0.13 for
difference, adjusted for age, sex, diabetes status, cre-
atinine, baseline conduction disturbances, and depth
of implantation). The indication for pacing was com-
plete heart block or slow AF during admission. In the
SE THV cohort, 10 developed new left bundle branch
block (11.5%).

To rationalize the biological plausibility of equivalent
pacing rates between the two platforms, which con-
flicts with differential PPl rates in published trial data,
depth of implantation was determined where possible
from archived aortography, measured as the distance
of the lowest part of the device in millimeters below
the noncoronary cusp in an annular plane projection
calibrated to the pigtail catheter. For 60 of 87 CoreV-
alve cases, the mean implant depth was 4.27+1.69
mm below the noncoronary cusp, confirming that the
mean implant depth was in the recommended range.
A penalty for higher implantation may be paravalvular
regurgitation or embolization. Two CoreValve recipi-
ents (2.3%) had moderate AR on echocardiography
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but otherwise no or mild AR. There were no cases of
valve embolization.

An annular plane projection is required to accurately
measure the depth of implantation below the aortic annu-
lus. A permanent pacemaker rate of <6% was achieved
in this single-center case series for the self-expanding
Medtronic CoreValve by implanting 3 to 5 mm below the
aortic annulus, using a radiographic projection chosen for
both the valve and the device. This implantation strategy
was not associated with valve embolization, although 2
CoreValve recipients had moderate AR post-procedure.
The extent to which these single-center, nonrandomized,
and unblinded findings made without core laboratory
adjudication are generalizable is uncertain. The effect
of this method of implantation for self-expanding THVs
could be evaluated in a multicenter registry and may be
particularly relevant in the low-risk TAVR population.
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