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Abstract

Introduction

Cardiac conduction abnormalities and permanent pacemaker (PPM) implantation are
common complications of transcatheter aortic valve implantation (TAVI). Guidelines on
pacing for TAVI patients advocate a period of observation of up to 7 days before PPM
implantation. This has important implications for the patient and healthcare providers. This
study aimed to assess the safety and efficacy of early PPM implantation without an
observation period, among TAVI patients.

Methods

This is a retrospective, observational, single-centre study of 1398 TAVI patients between
January 2016 and September 2019. Clinical and pacing data was collected at baseline, 30
days and at a median of 15 (4-21) months post-TAVI. Safety and efficacy were evaluated by
examining PPM-related complications, pacing utilisation (defined as percentage pacing >1%

or pacing at the time of the pacing check) and hospital length of stay.

Results

105 patients (8.2%) required a PPM, of which 13 had pre and 92 had post-TAVI
implantation. 76% of patients had PPM implanted because of either second or third degree
heart block. Median time to implantation for post-TAVI PPM was 1 day (0-3) post-TAVI. 6
patients (5.7%) experienced a pacing-related complication- 3 had a lead displacement, 2
developed a haematoma and 1 developed a device infection. Pacing utilisation was 79% at 30
days and 81% at a median of 15 months. Multivariate analysis revealed complete heart block
was the only independent predictor of pacing utilisation. Hospital length of stay for the post-
TAVI pacing group was longer than the group without PPM (4 (2-8) vs 3 (2-4) days;
p<0.001).

Conclusion
Early PPM implantation in TAVI patients is safe with a low complication rate, with the
majority of patients requiring pacing in the short and mid-term. Additionally, it reduces

length of hospital stay compared to guideline recommendations.
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Introduction

Transcatheter aortic valve implantation (TAVI) is increasingly used as the predominant
treatment for aortic valve stenosis (AS) [1], [2]. Disturbances in cardiac conduction are a
well-recognised complication following TAVI and necessitate the implantation of a
permanent pacemaker (PPM) in 2-51% of patients [3]. Many conduction abnormalities tend
to evolve over time; some recovering and others deteriorating, with a minority experiencing
changes >48 hours post-TAVI or after discharge [4], [5]. This makes it challenging to decide
the optimal timing of permanent pacing. Additionally, a PPM has consequences for the
patient, with long-term risks of device and lead-related complications and the potential of
developing left ventricular dysfunction [6]-[8].

Current guidelines recommend PPM implantation for high degree and complete atria-
ventricular (AV) block, with a 7-day period of monitoring to assess whether a conduction
disturbance is transient. Guidance for other forms of conduction abnormalities are not
provided [9]. Consequently, there is a large degree of variability in the timing and indication
of PPM implantation between centres. Recently, expert consensus has provided proposals for
prolonged in-hospital and post-discharge electrocardiographic (ECG) monitoring, the use of
temporary pacing and performing electrophysiological (EP) studies [10]. Whilst these
additional proposals are useful, their exact role in predicting need for long term pacing
remain uncertain.

Implantation of a PPM is of paramount importance in TAVI for three reasons; TAVI rates are
set to expand as indications extend to low risk groups and the incidence of significant AS
increases [11], [12]. Secondly, as life expectancy increases [13] and TAVI is used in younger
patients, PPM related complications and device revisions will increase. Lastly, most
recognised complications of TAVI have reduced, with the exception of PPM implantation
rate, which has remained stable or in some cases has increased [3], [14]._A balance needs to
be struck between early PPM implantation to facilitate hospital discharge and conservative
monitoring with recovery of conduction abnormalities to avoid unnecessary PPM
implantation and its associated complications.

At our institution we have adopted a policy of early PPM implantation in patients where it is
deemed necessary. This study evaluates the safety and efficacy of early PPM implantation
post-TAVI by assessing the impact on complications, hospital length of stay and pacing

utilisation.

Methods



Study population

This is a retrospective observational study at a single, high-volume tertiary cardiac centre that
included all patients who had a TAVI for severe AS between January 2016 and September
2019. Local ethics approval was obtained for this study

Pre-procedural evaluation

All patients had a transthoracic echocardiogram, a gated cardiac computed tomography scan
and an ECG pre-TAVI. Patients were discussed at a multi-disciplinary team meeting to

review the diagnosis and consider the most appropriate management strategy.

Procedures

Both TAVI and PPM implantation were performed by experienced structural interventionists
and electrophysiologists respectively, following standard implant techniques. All TAVIs
were performed with full heparinisation, which was reversed at the end of the procedure
using protamine. Patients received dual antiplatelet agents post-TAVI. The choice of valve
technology and PPM were at the discretion of the operator. The decision to implant a PPM
was based on a case-by-case basis and was decided either within a multi-disciplinary team
meeting, pre-TAVI or between the clinicians and the patient, post-TAVI. It is our

departmental policy for early PPM implantation post-TAVI.

Device programming and follow-up

Devices were programmed DDD 50-60bpm with algorithms to minimise ventricular pacing
(MVP), or VVI pacing if patients were bradycardic with slow AF. Patients had an initial
pacing check at 1 month, 6 months then 12 months and then every subsequent year post-PPM
implant. Some patients had follow-up elsewhere for geographical convenience and
consequently the follow up period may have varied. Data for these patients was obtained by
calling the respective pacing centres and requesting data of the pacing checks. The amount of
pacing utilisation was obtained at 1 month and at the patient’s latest follow-up.

Data collection

Demographic, clinical, imaging and pacing data was prospectively collected for all patients

onto a local database. Where pacing checks were conducted at a different centre, pacing data



was obtained via telephone. We defined pacemaker utilisation as ventricular or atrial pacing

time pacing time >1% or pacing at the time of the pacing check.

Statistical analysis

Data are presented as frequency (percentages), or medians (interquartile range) as
appropriate. Inter-group comparisons were made using ¥ test or Fisher’s exact test for
categorical data, and Mann Whitney U-tests for continuous data. A binary logistic regression
analysis was carried out to assess independent predictors of pacing utilisation. Parameters
thought to influence pacing utilisation were decided a priori and included indication for PPM
implantation, type of TAVI valve, procedural balloon aortic valvuloplasty and post-dilatation
of the TAVI valve. Data were analysed using SPSS (version 13.0, V26, IBM, Chicago, IL)
and a two-sided p value < 0.05 was considered statistically significant.

Results

Study population

All TAVI
January 2016-September 2019
n=1398
I I I
No permanent Pacing pre-TAVI Prophylactic Permanent
pacemaker (unrelated to pacing pre-TAVI pacemaker
n=1181 TAVI) n=13 post-TAVI
n=112 n=92

Figure 1: Study population. Patients with pacing unrelated to TAVI were not used in this
study (n=112).

For this study we examined the two groups who had a permanent pacemaker implanted either
prophylactically pre-TAVI or post-TAVI (n=105) and compared them to patients without any
pacemakers (n=1181) (figurel).



Baseline characteristics

Patient characteristics at baseline are shown in table 1. The median age of the study

population was 83 (78-87) years, 47.8% male with severe AS. Patients who needed a PPM
had more males (61 vs 50%; p=0.025), had a lower mean aortic valve gradient (40 (35-46) vs
43 (35-51); p=0.036) and had a higher Logistic Euroscore (15.2 (9.1-21.8) vs 12.5 (8.0-20.6);

p=0.046). Overall PPM implantation rate was 8.2% in our study.

No pacemaker Pacemaker
Variable (n=1181) implanted (n=105) | P value
Demographics
Age (years) 83 (78-87) 84 (81-88) 0.104
Sex (% male) 50 61 0.025
AS severity
Mean aortic valve gradient
(mmHg) 43 (35-51) 40 (35-46) 0.036
Aortic valve area (cm2) 0.7 (0.6- 0.8) 0.7 (0.6- 0.8) 0.420
Comorbidities
Logistic Euroscore 12.5 (8.0-20.6) 15.2 (9.1- 21.8) 0.046
eGFR (mg/dL) 57 (43- 69) 57 (41-75) 0.940
Hypertension (%) 824 (76.9) 84 (81.6) 0.278
Diabetes (%) 272 (23.3) 33 (30.3) 0.102
Previous MI (%) 159 (15.0) 16 (15.5) 0.876
Pulmonary disease (%) 234 (22.1) 20 (19.4) 0.527
LVEF>50% (%) 763 (75.1) 71 (72.4) 0.488




Table 1: Baseline characteristics of patients comparing those without a pacemaker to those
with a pacemaker. eGFR- estimated glomerular filtration rate, M1, myocardial infarction,

LVEF- left ventricular ejection fraction

TAVI procedure

There were differences in the types of valves used between patients with PPM implanted and

those without PPM. Procedural balloon valvuloplasty and post-dilatation were similar
between both groups (Table 2).

No Pacemaker
Variable pacemaker | implanted | P value
(n=1181) (n=105)

Balloon expandable valve 956 (81%) | 61 (58%)

Mechanical expandible/other
| 112 (9%) 20 (19%) <0.005
valve

Self-expanding valve 113 (10%) | 24 (23%)

Procedural balloon valvuloplasty | 232 (20%) | 26 (25%) 0.407

Post-dilatation 45 (4%) 5 (5%) 0.847

Table 2: TAVI procedural details

Permanent pacemaker implantation

Median time from TAVI to PPM implantation in the post-TAVI pacing group was 1 (0, 3)
day. Median procedural duration was 63 (45-85) minutes. Table 3 shows the type of devices

implanted.

Number

Percentage
Type of PPM (n=105)




Cardiac resynchronisation therapy 7 7%
Dual chamber device 67 64%
Leadless pacemaker (MicraTM) 1 1%
Single chamber device 30 28%

Table 3: Type of PPM implanted

Hospital length of stay

Patients who required a PPM post-TAVI had a significantly longer hospital length of stay

compared to those who required prophylactic pacing or no pacing (table 4). All patients in

this cohort had a PPM implant during the same admission as their TAVI.

) Prophylactic pre-TAVI _ P
No pacing ] Post-TAVI pacing
pacing value
Hospital length of
3(2-4)* 2(2-4)* 4 (2-8) <0.001
stay

Table 4: Hospital length of stay was significantly longer in the post-TAVI pacing group

compared to both prophylactic pacing and no pacemaker group.

# P=0.013 between post-TAVI pacing group and no prophylactic pre-TAVI pacing group

* P<0.001 between post-TAVI pacing group and no pacing group

Complications

6 patients (5.6%) developed device-related complications; 3 right ventricular lead

displacements that required replacement, 2 haematomas treated conservatively and 1 device

infection, which required removal of the infected device, surgical wound debridement,

antibiotics and replacement of a new PPM.




Pacemaker utilisation

The majority of PPM were implanted for high degree heart block (76%), of which complete
heart block (CHB) was the most common indication. At 30 days pacing data was available
for (n=81) 77% of patients and revealed pacemaker utilisation in (n=64) 79% of these
patients. At a median of 15 (4-23) months, pacing data was available in (n=78) 74% of
patients and revealed pacemaker utilisation in (n=63) 81% of these patients. Overall pacing
utilisation at any time point was (n=89) 88% amongst 102 patients, where pacing checks
were available (table 5). In a multivariate model, only CHB was identified as an independent
predictor of pacing utilisation (supplementary table 1).

For patients with a prophylactic PPM (n=13), pacing data was available in 7 patients at 30
days of which 5 were utilising their PPM. At a median of 15 months, pacing data was
available in 10 patients of which 8 were utilising their PPM. Overall, 11 patients utilised their

PPM at some point.

Prophylactic pre- |pacing |pacing at

Indications | Number of | TAVI PPM atl median 15 Pacing at
for pacing patients insertion month | months some point
Complete

heart block 75 1 51/60 48/54 68/73
Second

degree heart
block 5 0 2/4 2/5 3/5

Trifascicular

block 10 6 a/7 a/7 5/9
Sinus node

disease 7 1 5/6 3/5 6/7
Alternating

LBBB and

RBBB 2 0 1/1 1/2 2/2




Other 6 5 1/3 5/5 5/5

64/81 63/78 89/101
Totals 105 13 (79%) (81%) (88%)

Table 5: Pacing indications. This table shows the number of patients with pacing checks at
various time points post-PPM implantation (denominator) and of those, the number of
patients who were pacing >1% of the time or pacing dependant at the time of a pacing check
(numerator). LBBB- left bundle branch block, RBBB- right bundle branch block.

Underlying rhythm in patients with high deqgree heart block

Among 80 patients with an initial PPM indication for either complete or second-degree heart
block, pacing data was available in 59 patients at a median of 15 (4-23) months. The
underlying rhythm in 31 patients (53%) at the time of the pacing check, was not complete or
second-degree heart block.

Discussion

This study has demonstrated 3 key findings; firstly, early PPM implantation is safe with few
complications. Secondly, it is effective as 88% of patients required pacing post implant.
Lastly, although it increases hospital length of stay marginally compared to those who do not
need a PPM, it would still reduce overall hospital stay when compared to guideline

recommendations [9].

Although guidelines on pacing exist for TAVI patients [9], there remains a large degree of
variability in practice between centres [10]. This study evaluated the safety and effectiveness
of early PPM implantation in a high volume tertiary centre. In keeping with a recent expert
consensus for procedural/persistent CHB [10], we implant PPM early (median: 1 day) post-
TAVI in most patients, rather than maintain temporary pacing and prolonged monitoring as
per guidelines [9]. During follow up 89% of this group continued to utilise their pacemaker in
the mid-term and 93% required pacing at some point. This high degree of pacing utilisation is
in keeping with a small study evaluating pacing percentage among patients without
conduction abnormalities pre-TAVI, who develop persistent complete or second-degree



mobitz type 2 AV block. PPM implantation was at a similar time to our study: median 1 (0-1)
day post-TAVI. 85% of patients had a ventricular pacing rate >40% at 1 year post-PPM. The
study also demonstrated that patients with transient complete or second degree AV block
have lower pacing utilisation; 33% of patients had a ventricular pacing rate >40% at 1 year
[15].

However, 7% of patients in our study with CHB, did not require pacing, suggesting that even
CHB can resolve over time. Supporting this finding is our data on the underlying rhythm
among patients with an initial PPM indication of either complete or second degree heart
block. In half of these patients, the underlying rhythm at the mid-term pacing check was not
complete or second degree heart block. Similar findings have been noted by other studies
[16], [17]. Early PPM implantation was also performed for other indications, with variable
effectiveness (table 4). Although our understanding of conduction abnormalities that develop
after valve interventions has improved, predicting who and when pacing will need remains a
challenge, as conduction abnormalities can change over time [18], consequently questioning
the concept of early or late pacing intervention. Multivariate analysis revealed only CHB, as
an indication for PPM implantation as best practice. Further studies are required to confirm
our findings and identify other predictors that influence pacing utilisation. Overall pacing
utilisation remained high in our entire cohort (88% at some point required pacing). Among
the cohort with prophylactic PPM implantation, pacing utilisation at some point was similar
(85%).

Several studies have addressed pacing dependency post-TAVI. This is often defined by the
intrinsic underlying rhythm during a pacing check when the pacing threshold is lowered.
However, this provides data at a single time point, whereas among TAVI patients, it is well
known that conduction abnormalities evolve [18] and a broader assessment of pacing use
over time provides more clinically meaningful data. Our rates of pacing utilisation differ to
reported rates of pacing dependency; 32-44% at 30 days [17]-[19] and 50% at 1 year post-
TAVI [19].

Our study demonstrates low procedural complication rates among patients who underwent
early PPM implantation. The use of anticoagulation during a TAVI and dual antiplatelet
agents post-TAVI can increase the risk of bleeding. However, only 2 patients developed

PPM-related haematomas, and both were managed conservatively. Our routine practice is to



use protamine to reverse heparinisation post-TAVI and use diathermy during PPM
implantation. In addition, at day 1 post-TAVI when majority of PPM were implanted, the
maximum inhibition of dual antiplatelet agents may not have been reached [20]. These
aspects are likely to have reduced the risk of bleeding.

Our findings have important implications for patients and healthcare providers. Although
patients with PPM had marginally longer hospital length of stays compared to those without
PPM, it was still considerably shorter than guideline recommendations. By implanting PPM
early post-TAVI, early discharge can be facilitated, whilst optimising procedural safety and
efficacy. This has benefits for patients and considerable cost savings for healthcare providers
[21].

Conclusions

Early PPM implantation post-TAVI is safe and effective with low complication and high
pacing utilisation rates. Future studies need to identify other predictors of pacing utilisation,
in order to facilitate early PPM implantation in those who need it and discharge in those who

do not.

Limitations

This was a single centre, retrospective, observational study therefore certain biases will exist.
Apart from CHB, there were few patients with other indications for a PPM, thus limiting our
ability to assess pacing utilisation for other indications. A limited number of parameters were
available for identifying predictors of pacing utilisation. Therefore, future prospective studies
are required to confirm our findings. Pacing utilisation is dependent on the particular
programming of the device. Whilst all devices are programmed to promote intrinsic rhythm

as much as possible, this can lead to differing pacing utilisation rates between studies.

Supplementary index
A binary logistic regression analysis was performed to determine predictors of pacing
utilisation among 94% of patients with pacemakers, where a complete dataset existed.

Procedural variables considered important were included in the model.

Variable 95% Confidence interval P value




Odds
) Lower Upper

ratio
Complete heart block 17.6 2.7 1145 0.003
Second degree heart block 1.4 0.1 13.9 0.817
Sinus node dysfunction 55 0.4 70.1 0.222
Mechanical 1.0 0.1 8.2 0.884
Self-expanding valve 0.7 0.1 4.5 0.652
Procedural BAV 0.4 0.1 2.5 0.808
Post dilatation 0.7 0.0 11.3 0.366

Supplementary table 1: Binary logistic regression of patients with a PPM to determine

predictors of pacing utilisation.
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