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ABSTRACT
Background: It is not uncommon for patients who undergo
Article information TAVI to experience conduction abnormalities that require the
placement of a new permanent pacemaker [PPM]. However,
Received: | 13-06-2023 using a comprehensive multi-slice computed tomography

[MSCT] analysis can aid in predicting and planning the

Accepted: || 15-08-2023 procedure for optimal results.

Aim of the work: Our objective was to examine the MSCT

DOI: 10.21608/1JMA.2023.217334.1702. predictors of conduction disturbances that necessitate PPM
after TAVI.
*Corresponding author Patients and Methods: We enrolled patients who had undergone

TAVI with the Evolut platform. A comprehensive MSCT
analysis was conducted, which included measuring the length
Citation: Abdelshafy M, Mustafa MM, of the memk_)ranous septum [MS], semi—quantitgtive analysis
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SM. Computed Tomographic Predictors calcification.
of Conduction Disturbances Following | Results: Among 100 patients [age, 81.845.1 years; 32% female,
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Transcatheter Aortic Valve Implantation. median EuroSCORE 11 2.8[1.8, 4.4]], 10[10%)] required PPM

IIMA 2023 July; 5 [7]: 3465-3469. doi: at discharge. Compared with patients who did not require a

10.21608/1JIMA.2023.217334.1702. new PPM, those who did have shorter membranous septum
[MS] length and more frequent >moderate mitral annular
calcification.

Conclusion: The length of the membranous septum and the
severity of mitral annular calcification have been determined
to be important factors in predicting the need for a permanent
pacemaker implantation following transcatheter aortic valve
implantation.
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INTRODUCTION

Transcatheter aortic valve implantation
[TAVI] is a therapy that has been proven to be
reliable for elderly individuals with symptomatic
severe aortic stenosis. This applies to all patients,
regardless of their surgery risk level -2, Survival
after TAVI can be impacted by five major
complications. These complications include
moderate or greater paravalvular leakage, major
vascular complications, stroke, acute renal
injury, and conduction abnormalities that require
permanent pacemaker implantation [PPM] B, It
is important to prevent these five complications
during the procedure as they can significantly
impact mortality post-TAVI [,

The development of new conduction
abnormalities, especially left bundle branch
block [LBBB], and the implantation of a new
PPM have been linked to higher mortality rates
and increased hospitalizations due to heart failure
within one year B, Inserting a new TAVI device
can compress the conduction system, leading to
local ischemia, oedema, and haemorrhage. These
problems have the potential to damage the
calcific conductive system [61,

When comparing the first-generation self-
expanding CoreValve system to the balloon-
expandable counterparts, the frequency of new
PPM was five times higher [ 81,

By incorporating multislice computed
tomography [MSCT] in the standard
preoperative imaging and planning process
before TAVI, there is now greater precision in
valve sizing and predicting potential
complications. Additionally, the evaluation of
vascular access, such as the femoral artery and
the entire aorta, allows for the consideration of
alternative access routes if required ©1.

Previously identified predictors of new PPM
post-TAVI are older age, right bundle branch
block [RBBB] on baseline electrocardiogram
[ECG], higher mean aortic valve gradient,
calcification including left ventricular outflow
tract [LVOT] or mitral annulus, membranous

septum [MS] length and implantation depth [ID]
[10, 11]

The aim of this study was to investigate the
MSCT factors that cause conduction disturbance
resulting in the need for a new PPM after TAVI
upon discharge.
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PATIENTS AND METHODS

The study involved 100 patients who had
severe aortic stenosis and were deemed suitable
for TAVI wusing the Medtronic Evolut
R/PRO/PRO+ systems, as determined by the
heart team. The study was conducted at
University Hospital Galway in Ireland between
October 2019 and August 2022. Patients with a
prior PPM and those undergoing valve-in-valve
implantation were excluded. The study received
approval from the Ethical Research Board [ERB]
at the Faculty of Medicine, Al-Azhar University
in Cairo, Egypt and was adhered to the guidelines
of the Declaration of Helsinki.

Pre-TAVI Workup: Pre-procedure workup
included baseline ECG, echocardiography
[TTE], and multislice computed tomography
[MSCT]. The heart team determined eligibility
for TAVI in all cases. After undergoing TAVI,
patients received routine in-hospital care that
involved daily ECG monitoring until their
discharge. Additionally, all patients underwent
echocardiography as part of their post-TAVI
care.

The MSCT prior to TAVI was obtained and
evaluated in accordance with the SCCT
guidelines ™2, The reconstruction and analysis
were performed using 3mensio software [Pie
Medical Imaging, the Netherlands]. The degree
of calcification at the aortic cusps and left
ventricular outflow tract was assessed visually
and scored on a scale of 0 to 3, with 0 indicating
no calcification, 1 indicating mild calcification, 2
indicating moderate calcification, and 3
indicating severe calcification. Mitral annular
calcification [MAC] is classified into four
grades: grade O indicates the absence of MAC,
grade 1 indicates mild MAC affecting up to 25%
of the annulus, grade 2 indicates moderate MAC
affecting 25% to 50% of the annulus, and grade
3 indicates severe MAC affecting more than 50%
of the annulus 221,

To determine the MS length, the thinnest
portion of the interventricular septum between
the left ventricular outflow tract [LVOT] and the
right atrium was measured using a perpendicular
co-planar view. This measurement was taken
from the lowest point of the non-coronary cusp
to the tip of the muscular septum 24191,

Statistical  analysis:  Numbers  and
percentages were used to present categorical
variables, while mean * standard deviation [SD]
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or median and interquartile range [IQR] were
used to report continuous variables as
appropriate. To test the normality of the
continuous data, the Shapiro-Wilk test was
employed. The MSCT data was compared based
on the presence or absence of new PPM.
Significance was determined by a p-value lower
than 0.05. The analysis of statistics was
performed on SPSS Statistics for Windows
version 25.0 [SPSS, Inc., USA].

RESULTS

The patients' mean age was 82 years, with 32
female patients included in the study. The mean
EuroSCORE Il was 2.8. All patients done via
femoral approach.

Conduction Disturbance: At the time of
discharge, the percentage of patients who
required new PPM was 10% [10 out of 100].
Four of these 10 patients [40%] had a pre-
existing RBBB. All PPMs were inserted due to
complete heart block except for one patient with

new LBBB [QRS duration =179 msec] and 1%
degree AV block [PR duration = 330 msec].

MSCT predictors of new PPM post TAVI:
We divided the study participants into two
groups based on whether they developed a
conduction disturbance that necessitated the
insertion of a new permanent pacemaker. The
MSCT analysis showed no significant statistical
difference between the two groups, except for the
length of MS and the frequency of mitral annular
calcification. The details shown in table [1].

Compared to patients who did not require a
new PPM, PPM-recipients were characterized by
a shorter MS length [1.8 [0.8, 2.6] vs 3 [2.2, 3.8],
p=0.002] and Increased frequency of > moderate
mitral annular calcification [80% vs 34%,
p=0.005].

Examples of clinical cases: An example of
CT analysis of patient who did not need a PPM
post-TAVI is shown in figure [1]. and another
example of patient who required PPM post-
TAVI is shown in figure [2].

Table [1]: Computed tomographic characteristics

All patients

n =100

n=10 n=90

Annulus minimum diameter [mm] 21724 21125 21.8+24 0.38
Annulus maximum diameter [mm] 29+28 29.7+33 28.9+28 0.37
Perimeter-derived annulus diameter [mm] 25.6 £2.3 25.7+£28 256+22 0.84
Area-derived annulus diameter [mm] 25+2.2 25+2.7 249+2.1 0.91
Annulus perimeter [mm] 805+7.2 80+8.2 80572 0.91
Annulus area [mm2] 494.5+90.3 496.7 £105.1 | 494.2+89.1 0.93
LCA height [mm] 16.3+£3.3 16.3+3.9 16.3+3.3 0.99
RCA height [mm] 18.9+3.5 17.7+34 19+35 0.23
Aortic root angulation > 49 1[10%] 35 [39%] 0.95
Aortic root angulation [°] 46.3+9.4 48.3+5.2 46 £9.7 0.27
Membranous septum length [mm] 2.8[2.1, 3.8] 1.8 [0.8, 2.6] 3[2.2,3.8] 0.002
AYV calcification > moderate 80 [80%)] 9 [90%] 71 [79%)] 0.41
LVOT calcification > moderate 24 [24%)] 3 [30%] 21 [23%)] 0.64
MAC > moderate 39 [39%] 8 [80%] 31 [34%)] 0.005

[2]

Figure [1]: Example of CT analysis of patient who did not need a PPM post-TAVI. The annular
dimension CT analysis [A] with long membranous septum length [B] and no mitral annular
calcification [C]
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[2]

Figure [2]: Example of CT analysis of patient who required PPM post-TAVI. The annular
dimension CT analysis [A] with short membranous septum length [B] and severe mitral annular
calcification [C]

DISCUSSION

This study explores predictors of PPM-
requirement post-TAVI with a contemporary
self-expandable platform. The main findings are:
1] At discharge, the rate of new PPM
implantation was 10%, 2] MS length, and
severity of MAC had found to be predictors of
conduction disturbances requiring new PPM
post-TAVI at discharge.

During or after TAVI, the conductive system
proximity to the aortic annulus makes them
vulnerable to conduction disturbances caused by
tissue inflammation, oedema, or ischemia [l

The rate of new PPM in our study was
comparable with new PPM rates reported in the
observational studies involving the newer
generation of Evolut platform [5 161,

Consistent with data from prior studies across
different TAVI platforms, anatomical factors
[such as MAC severity and MS length] have been
recognized as a major determinant of the risk of
new PPM implantation (% 1,

The INTERSECT registry analysed the effect
of MS length on pacemaker requirement post-
TAVI among 1811 patients utilizing various
TAVI devices. The study revealed that MS
length was a significant predictor of PPM for all
TAVI platforms except for the ACURATE neo

[

These above-mentioned predictors in our
study or other studies should guide the optimal
procedural planning of the procedure, discussion
of the risk of new PPM with the patients and
include this risk beside the surgical risk score
during the heart team discussion. When planning
a TAVI procedure, it's crucial to consider device
selection, implantation depth, the use of balloon
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dilation, ensuring the pacing lead is secure before
the procedure, and tele monitoring after the
procedure 1% 18 Additionally, it's important to
keep in mind that high implantation can increase
the risk of valve embolization, as well as
coronary obstruction or difficult coronary access
post TAVI ¢ The goal should be to achieve a
successful TAVI procedure while maintaining a
low rate of new PPM.

Limitations: Our study was carried out at a
singular location and involved a relatively
limited number of patients, which comes with the
inherent limitations of this type of study. The
volume of aortic valve, LVOT and mitral annular
calcification were not measured, and we did a
semi-quantitative assessment only. The Evolut
series were the only TAVI devices used in our
study and no comparison with other TAVI
devices e.g. Sapien series or ACURATE neo
platform.

Conclusion: Membranous septum length and
mitral annular calcification severity were
identified to be significant predictors of new
permanent pacemaker implantation after
transcatheter ~ aortic  valve  implantation.
Therefore, a comprehensive MSCT analysis
could help in the predication and risk
stratification of the new PPM rate post TAVI.
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