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ABSTRACT:

Background: The advent of transcatheter aortic valve
implantation (TAVI) represented a paradigm shift for treating patients
with severe symptomatic aortic stenosis (AS) who are at high or
prohibitive surgical risk. With the growing experience in this field, the
rate of periprocedural complications has decreased over time and
TAVI has been increasingly performed with a minimalist approach,
evolving into a safe procedure with predictable outcomes. However,
unlike other procedural complications, the incidence of conduction
disturbances which could be in the form of bundle branch blocks, or
atrioventricular blocks, has failed to decrease in recent times, with
reports suggesting an increased risk associated with the use of some
newer-generation transcatheter valves.

Aim of the work: To determine the predictors of cardiac
conduction disturbances after transcatheter aortic valve implantation.

Patients and Methods: From January 2017 to April 2019, we
included 38 consecutive patients with severe symptomatic AS
underwent TAVI using self-expandable valves (CoreValve or Evolut
R) or the balloon expandable Sapien XT valve at the Ain Shams
University — Hospitals.  All  patients were  subjected to
electrocardiographic evaluation pre- and post-TAVI and at 30 days.
Several parameters were studied including preprocedural parameters:
clinical, electrocardiographic, echocardiographic, and CT derived
parameters, and procedural parameters: type and size of the valve,
the use of balloon pre- and post- implantation dilatation, and depth of
implantation. All quantitative parameters were indexed to body
surface area (BSA).

Results: Conduction disturbances were seen in 16 patients
(42.1%), in which 10 patients (26.3%) experienced left bundle branch
block (LBBB), 6 patients (15.8%) experienced complete heart block
(CHB), with only one of them (2.6%) experienced permanent CHB
requiring permanent pacemaker implantation (PPI). Multivariate
logistic regression analysis for pre-procedural predictors showed that
the presence of basal septal calcification is the most powerful
independent predictor (OR: 98.73, 95% CI: 7.63 to 1278.23, p <
0.001). Multivariate logistic regression analysis for procedural
predictors showed that the relationship between depth of implantation
and membranous septum expressed in percentage (DIMS) with cut-off
>75.00% is the most powerful independent procedural predictor (OR:
16.00, 95% ClI: 2.12 to 120.65, p 0.007).

479



Mahmoud Mohamed Bara, et al.,

Conclusion: Conduction disturbances remain a common
complication of TAVI. Presence of basal septal calcification is a risk
factor that increase patient propensity for developing such
complication after TAVI. The relationship between depth of
implantation and membranous septum is a strong independent
procedural predictor and prospective validation of its cut-offs is

needed.

Key words: Transcatheter aortic valve implantation, conduction
disturbances, AV blocks, LBBB.

INTRODUCTION:

Aortic valvular disease is a common
disorder often affecting elderly patients with
multiple co-morbidities. The most common
type of aortic valvular disease today is senile
calcific aortic stenosis (AS)!. Despite
vigorous efforts for developing medical
treatment options for patients with calcific
AS, medical therapy has currently no role in
modifying the course of the disease,
especially once symptoms or left ventricular
dysfunction become manifest, and surgical
aortic valve replacement (SAVR) remains
the mainstay of definitive treatment'?.
However, and because AS is generally a
disease of the elderly, co-morbidities are a
frequent concern that may render patients
inoperable. A percutaneous approach to
aortic valve replacement is, therefore, an
attractive alternative for many patients.

Percutaneous balloon aortic valvu-
loplasty has only a limited role in the
treatment of calcific aortic stenosis, as the
results are not durable ). On the other hand,
transcatheter aortic valve implantation
(TAVI) has shown great promise in the
treatment of severe aortic stenosis in patients
regarded at high risk from or inoperable by
conventional surgery . Since the first in
man implantation by Alain Cribier in 2002
I TAVI has become a dynamic field of
research and development.

Despite these benefits, a growing
clinical experience with TAVI has revealed
several intra- and post-procedure complica-
tions. One of these complications is the

occurrence of post-operative conduction
disturbances, the most relevant and common
are His’ bundle branch blocks, atrio-
ventricular blocks, and need for permanent
pacemaker implantation. With the frequency
at 10% to even 50%, conduction abno-
rmalities are among the most important
TAVI-related adverse events'®.

AIM OF THE WORK:

To determine the predictors of cardiac
conduction  disturbances after TAVI,
propose a predictive model that might
modify the implantation technique to limit
such complication.

PATIENTS AND METHODS:

Study was conducted from January
2017 to April 2019 at the Ain Shams
University Hospitals. We included 39
consecutive patients with severe symptom-
matic AS defined as AVA <1 cm2 or < 0.6
cm2/m2, with or without aortic regurgitation
and have aortic valve annulus diameter >18
and <29 mm. Patients with previous
pacemaker insertion, pre-existing LBBB,
estimated life expectancy < 1 year, active
endocarditis, LV thrombus, excessive
femoral, iliac or aortic tortuosity or
calcification were excluded, one patient was
excluded due to intra-operative mortality
and postoperative ECG was not obtained,
thus 38 patients were considered eligible for
study.
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TAVI was done using self-expandable
valves (CoreValve or Evolut R) or the
balloon expandable Sapien XT valve
through femoral access using their
corresponding sheaths and delivery systems.
The procedure was performed with local
anaesthesia in combination with a mild
systemic  sedative/analgesic  treatment.
Vascular access was obtained percutane-
ously through the common femoral artery
(with or without pre-planned surgical
cutdown according to availability of
vascular closure devices at our center). At
the start of each procedure, a temporary
transvenous pacemaker was positioned in
the right ventricle through transjugular or
transfemoral access. This  pacemaker

remained in position for at least 24 hours
after TAVI and was removed when there
were no signs of AV block or bradycardia.
Electrocardiographic

outcomes

WEre

assessed continuously during the procedure.
After the procedure, the patients were
transferred to the intensive care unit for
continuous monitoring of heart thythm for
average of 3 days.

Studied parameters were classified into
pre-procedural and procedural parameters
(see tables). The Pre-procedural parameters
include clinical parameters, base line ECG
parameters, echocardiographic parameters
using GE Vivid machines, and CT-derived
parameters using OsiriX MD v.9.0 (figure).
Procedural parameters include type and size
of the valve, the use of pre or post-
implantation balloon dilatation, depth of
implantation (DI), and relationship between
depth of implantation and membranous
septum which was expressed as numerical
difference between them (MSID) or
percentage (DIMS).

[X1 Distance: 3.15 mm

Figure: (A) CT coronal view showing measurement of membranous septum length, (B and C)
Fluoroscopy views showing measurement of depth of implantation of Sapien XT and Evolut R valves

respectively.

RESULTS:

The collected data were coded,
tabulated, and statistically analyzed using
IBM SPSS statistics (Statistical Package for
Social Sciences) software version 18.0, IBM
Corp., Chicago, USA, 2009. Conduction
disturbances were seen in 16 patients
(42.1%), 10 patients (26.3%) experienced
LBBB, 6 patients (15.8%) experienced AV
block, with only one patient (2.6%)
experienced permanent CHB requiring
permanent pacemaker implantation (PPI).
Summary of the studied parameters,

distribution of results, univariate analysis
are seen in tables 1, 2, 3, and 4. Pre-
procedural  predictors  that  showed
significance on univariate analysis are: pre-
existing RBBB (p = 0.009), baseline QRS
duration (p = 0.03), moderately severe aortic
regurgitation (p = 0.049), and the presence
of basal septal calcification (p = 0.001). As
regards the procedural parameters, depth of
implantation (DI), and its indexed value
(DIi), as well as percentage of DI from the
MS (DIMS) showed highly significant
positive correlation (p < 0.001). On the
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other hand, the difference between MS and
DI (AMSID) showed highly significant

negative correlation (p <0.001).

Table 1: Distribution of results and univariate analysis of clinical parameters

Parameters Present Absent P Value
(N=16) (N=22)

Age (years) 74.6£7.1 76.3+7.3 10.463
Body mass index (kg/m°) 29.549.0 27.6+3.4 10.437
Body surface area (m°) 1.89+0.28 1.87+0.19 +0.817
EuroSCORE II 11.2+7.5 9.1+6.7 10.357
Creatinine clearance (ml/min) 52.8428.5 53.1+£23.2 10.964
Male 12 (75.0%) 16 (72.7%) ¢1.000
Smoking 3 (18.8%) 8 (36.4%) ¢ 0.296
Diabetes Mellitus 8 (50.0%) 12 (54.5%) ¢ 0.782
Hypertension 10 (62.5%) 16 (72.7%) ¢ 0.503
Ischemic heart disease 9 (56.3%) 12 (54.5%) ¢ 0.917
Previous cerebrovascular stroke 6 (37.5%) 9 (40.9%) ¢ 0.832
CABG 1 (6.3%) 3 (13.6%) ¢ 0.624
Chronic lung disease 5 (31.3%) 7 (31.8%) ¢ 0.970
Valve-in-Valve (ViV) 2 (12.5%) 0 (0.0%) ¢ 0.171

tIndependent t-test, ¢ Chi square test, ¢ Fisher's Exact test; CABG: coronary artery bypass

graft

Table 2: Distribution of results and univariate analysis of ECG and echocardiographic parameters

Parameters | Present (N=16) | Absent (N=22) | p value
ECG parameters
Atrial fibrillation (AF) 4 (25.0%) 1 (4.5%) ¢ 0.141
RBBB 5(31.3%) 0 (0.0%) ¢ 0.009*
PR interval duration (msec) 198.3£21.2 177.1£394 1 0.096
QRS duration (msec) 105.6+27.8 88.6+8.3 1 0.030*
Echocardiographic Parameters

Ejection Fraction (%) 57.6+£14.4 60.0+13.4 1 0.595
SWT (mm) 13.942.2 13.64+2.3 10.674
SWTi (mm/m2) 7.4+1.0 7.3£1.3 10.793
PWT (mm) 13.1+£2.0 12.7+1.7 10.528
LVEDD (mm) 52.346.1 53.1+£6.5 10.695
LVEDDi (mm/m2) 28.1+£3.9 27.7+7.6 10.851
LVESD (mm) 34.1£7.2 35.0+£7.8 1 0.694
LVESDi (mm/m2) 18.344.5 19.0+£5.2 10.705
Mean pressure gradient (mmHg) 49.4+6.9 51.9+£14.0 10.510
Aortic valve area (cm) 0.80+0.17 0.78+0.14 10.662
AR grade 111 6 (37.5%) 2 (9.1%) ¢ 0.049*

tIndependent t-test, ¢ Fisher's Exact test, * significant
SWT and SWTi: septal wall thickness and indexed; PWT: posterior wall thickness; LVEDD, LVEDDi, LVESD
and LVESDi: left ventricular end diastolic and systolic diameters and indexed values.
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Table 3: Distribution of results and univariate analysis of CT-derived parameters

Findings Present (N=16) Absent (N=22) p value
Annulus mean diameter 23.14+3.1 24.1+1.9 +0.274
Annulus mean diameter indexed (mm/m?) 12.442.0 13.0+1.4 T 0.340
Annulus perimeter 7.3+£0.9 7.7£0.6 +0.085
Annulus perimeter indexed (mm/m?) 3.9+0.6 4.1£0.5 10.201
Annulus area 4.0£1.0 4.5+0.7 10.124
Annulus area I (mm/m?) 2.2+0.5 2.4+0.4 10.123
LMCA 12.5+1.2 13.442.2 +0.081
LMCAi (mm/m?) 6.7+1.1 7.2+1.2 +0.206
RCA 13.742.0 13.742.9 +0.981
RCAi (mm/m?) 7.4+1.2 7.4+1.6 +0.982
MS 7.1£1.9 8.1£2.9 +0.211
MSi (mm/m?) 3.8+1.1 4.4+1.7 +0.228
Basal septal calcification 14 (87.5%) 2 (9.1%) ¢ <0.001*
Aortic valve calcification grade IV 11 (68.8%) 12 (54.5%) ¢ 0.376

ndependent t-test, 1 square test, *significan
Independent t-test, ¢ Chi sq test, *significant

LMCA: left main coronary artery; RCA: right coronary artery; MS and MSi: length of membranous septum and

indexed value.

Table 4: Distribution of results and univariate analysis of procedural parameters

Characteristics Present Absent p
(N=16) (N=22)

Valve type | CoreValve 2 (12.5%) 1 (4.5%) ¢ 0.287

Evolut R 12 (75.0%) 13 (59.1%)

Sapien XT 2 (12.5%) 8 (36.4%)

Self-expandable valves 14 (87.5%) 14 (63.6%) ¢ 0.143

Balloon-expandable valves 2 (12.5%) 8 (36.4%)
Balloon predilatation 2 (12.5%) 10 (45.5%) ¢ 0.131
Balloon Postdilatation 5 (31.3%) 2 (9.1%) &0.108
Valve size > 29 mm 9 (56.3%) 13 (59.1%) ¢ 0.861
Depth of implantation (mm) 7.1+1.8 3.7+1.6 +<0.001*
Depth of implantation indexed (mm/m”) 3.841.1 2.0+0.8 1<0.001*
DIMS 101.5+17.9 49.2+17.2 +<0.001*
AMSID 0.1£1.1 44425 +<0.001*
tIndependent t-test, ¢ Chi square test, ¢ Fisher's Exact test, *significant
DIMS: percentage of depth of implantation from membranous septum; AMSID: difference between
membranous septum and implantation depth

Among the studied parameters, it has
been found that basal septal calcification
was the best preprocedural predictor of
development of conduction disturbances
after TAVI with sensitivity 87.5%, and

specificity 90.9%. And that DIMS with cut
off >75.00%, and AMSID with cut off <1.75
mm are the best postprocedural predictors
with sensitivity 100%, and specificity 95.5%
as shown in table 5.
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Table 5: Diagnostic performance of the significant parameters in predicting conduction abnormalities

Factors AUC SE P 95% CI Cut off
QRS width 0.658 0.100 0.101 0.462-0.854 --
DI 0.909 0.047 <0.001* 0.814-1.000 >4.87
DIi 0.909 0.047 <0.001* 0.817-1.000 >2.30
DIMS 0.996 0.006 <0.001* 0.000-1.000 >75.00
AMSID 0.994 0.008 <0.001* 0.000-1.000 <1.75
AUC: Area under curve, SE: Standard error, CI: Confidence interval, *significant
DI: depth of implantation; Dli: depth of implantation indexed; DIMS: percentage of DI of membranous
septum (MS); AMSID: difference between MS and DI

Variables with p values <0.1 on
univariate analysis were entered into 2
multivariate logistic regression models:
Preprocedural  prediction model and
procedural prediction model. Basal septal
calcification emerged as the most powerful

independent preprocedural predictor of
conduction  disturbances,  while the
procedural prediction model revealed DIMS
>75.00% as the most powerful independent
procedural predictor (table 6).

Table (6): Multivariate logistic regression analysis models

Parameters ‘ B ‘ SE | P ‘ OR (95% CI)
Preprocedural model
Basal septal calcification | 459 | 131 [ <0.001*% | 98.73 (7.63-1278.23)
Procedural model
DIMS >75.00% ‘ 277 ‘ 1.03 | 0.007* ‘ 16.00 (2.12-120.65)
B: Regression coefficient; SE: Standard error; OR: Odds ratio; CI: Confidence interval; *significant; DIMS:
percentage of DI of membranous septum

DISCUSSION

Whilst efforts to reduce the incidence of
complications after TAVI have generated
improvements in valve technology with a
substantial reduction of their severity and
their clinical impact "), the development of
conduction disturbances after TAVI has
failed to decrease significantly in recent
times with reports suggesting an increased
risk associated with the use of some newer-

. 10-15
generation valves!' "],

Previous studies have showed that the
most encountered conduction disturbances
after TAVI are the new onset LBBB which
occurs in up to 50-70% (with a wide range
of 25% to 85% after implantation of the
CoreValve system and from 8% to 30% after
the implantation of a Edwards Sapien
valves), and third-degree AV block with a

subsequent need for PPI ranging from 5.7 %
to 42.5 % (with a median of 28% for the
Medtronic CoreValve System and 6% for

the Edwards Sapien valves) (2% .

Incidence of conduction disturbances in
our study was 26.3% for new onset LBBB
(28.6% for the CoreValve system, and 20%
for Sapien XT), and the incidence of
complete heart block was 15.8% (21.4% for
the CoreValve system, and absent with
Sapien XT). These results match the
international rates, putting in consideration
the relatively small study population
especially with Sapien XT.

As regards the procedural —modifiable-
risk factors and depth of implantation, a
Spanish study (n = 65; CoreValve only)
reported a frame depth in the LVOT of 11.1
mm as an independent predictor of PPI with
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81% sensitivity and 84.6% specificity®).

Similarly, another study revealed that if the
proximal end of the valve frame was
positioned < 6.7 mm from the lower edge of
the noncoronary cusp, no prosthesis-related
left bundle branch block would occur*.

The new repositionable Evolut R offers
potential benefits compared to the preceding
CoreValve. A study by Giannini, C., et al.
(23] comparing the performance of the Evolut
R with the CoreValve showed that the
recapture and reposition maneuvers allowed
a less implantation depth for the Evolut R,
and as a consequence, the rate of PPI was
lower in patients receiving the Evolut R. The
manufacturer recommends optimal DI
between 4 - 6 mm for the CoreValve and 3 -
5 mm for the Evolut R.

As regard the Sapien prosthesis, Urena,
M., et al (26 demonstrated that new-onset
LBBB correlated with DI and each 1-mm
increase in the DI corresponded to a 1.37
increase in the odds ratio for developing new
LBBB.

Our study has reached a cut-off of DI >
487 mm to be a strong predictor of
conduction disturbances after TAVI with
sensitivity 93.8%, and specificity 81.8%.
Moreover, indexed DI (DIi) was shown to
have a strong predictive ability and that a
cut-off of DIi >2.30 mm/m” had sensitivity
0f 93.8% and specificity 72.7% in predicting
conduction disturbances after TAVI. To the
best of our knowledge, DIi has not been
studied before and further studies are needed
for verification.

Studying the relationship between depth
of implantation (DI) and membranous
septum length (MS) was the core of our
study. This relationship was previously
studied and expressed as the numerical
difference between them (AMSID) in a
study (N= 73) by Hamdan, A., et al.*"! using
self expandable valves, AMSID was shown
to be the strongest independent procedural
predictor of high degree AV block (OR: 1.4,

95% CI: 1.2 to 1.7, p < 0.001). Furthermore,
he reached a cut—off of AMSID of 0.4 mm to
be able to predict high degree AV block with
sensitivity 92.3%, specificity 76.7% and
negative predictive value (NPV) close to
97.8%.

Our study has shown that AMSID is a
strong predictor of conduction disturbances
after TAVI (p <0.001) and we reached a cut-
off of <1.75 mm to be a strong procedural
predictor of conduction disturbances with
sensitivity  reaching 100%, specificity
95.5%, and NPV 100%. The difference
between cut-offs may be attributed to
different study populations.

However, this was opposed in a study
(n=61; Sapien 3 only) by Oestreich, B., et al.
(8] showing that neither the MS nor
AMSID, predicts conduction disturbance (p=
0.09, and 0.64 respectively) and that only DI
and basal septal calcification are the
strongest ~ predictors of  conduction
disturbances (p= 0.02, and 0.04
respectively). In concordance with this
study, we also concluded that MS is not a
predictor (p=0.211) but we found that
AMSID is a strong procedural predictor.
This difference in results could be attributed
to different valves used.

Moreover, we expressed the relationship
between DI and MS in the form of
percentage (DIMS) which also turned out to
be a strong predictor (p <0.001), and that a
cut-off >75.00% is a strong procedural
predictor with the same predictive power as
AMSID. On applying multivariate
regression analysis for procedural predictors,
DIMS emerged as the most powerful
independent procedural predictor (OR:
16.00, 95% CI: 2.12 to 120.65, p 0.007). We
are  proposing that expressing this
relationship in the form of percentage rather
than numerical difference in millimetres
might be more practical and easier for use
especially in situations in which the
membranous septum length is short, at that
point estimating and foreword planning the
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DI in percentage will be more convenient
and feasible.

As regards preprocedural predictors, our
study concluded that basal septal
calcification is a strong predictor of
conduction disturbances (p= 0.001), and
when applying multivariable logistic
regression for the pre-procedural predictors,
the basal septal calcification emerged as the
most powerful independent preprocedural
predictor of conduction disturbances (OR:
98.73, 95% CI: 7.63 to 1278.23, p < 0.001).
These results are in concordance with
Hamdan, A., et al. 271 who also concluded
that basal septal calcification is a strong
independent predictor (OR: 4.9, 95% CI: 1.2
to 20.5, p = 0.031). Similarly, A study
(N=81; CoreValve) by Latsios, G., et al.l?”!
has found basal septal calcification as the
most powerful independent predictor of
conduction disturbances (OR: 1.06, 95% CI:
1.02-1.11, p 0.004). This could be attributed
to the fact that the presence of calcium at the
basal interventricular septum could result in
direct injury to the conduction system when
it is sandwiched between the valve frame
and the septum.

Conclusion:

Conduction disturbances remain a
common complication of TAVI. Presence of
basal septal calcification is a risk factor that
increase patient propensity of development
such complication after TAVI. The
relationship between depth of implantation
and membranous septum is a strong
independent procedural predictor and
prospective validation of its cut-offs is
needed.

Limitation:

This study was a single-center
observational non randomized study with all
its inherent limitations, most importantly the
relatively small study population. Larger
size valves (CoreValve 31/34) were rarely
used due to availability at the time of our
study. Presence of basal septal calcification

486

was included qualitatively rather than graded
or quantified.
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