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Conclusion

Conduction abnormalities post-transcatheter aortic valve implantation (TAVI) are common. Post-TAVI PR prolongation
was mainly studied as an adjunct to new-onset bundle branch block. The net effect of isolated PR prolongation (IPRP) with-
out post-TAVI QRS changes is not well known. The aim of this study was to define the incidence and clinical significance of
post-TAVI IPRP.

A total of 1108 consecutive TAVI patients were reviewed. Patients with IPRP were compared with patients without post-
TAVI electrocardiogram (ECG) changes. Clinical outcomes included permanent pacemaker implantation (PPl) and overall
mortality. A total of 146 patients with IPRP were compared with 290 patients without post-TAVI ECG changes. At 1 year
follow-up, 4 (2.7%) and 7 (2.4%) patients underwent PPl (P = 0.838) and 10 (6.8%) and 25 (8.6%) died (P = 0.521), from the
study and control groups, respectively. No patient with IPRP and narrow QRS underwent PPl during 1 year post-TAVI, and
all death events were non-cardiac except one unknown cause. Permanent pacemaker implantation rates among patients
with IPRP and wide QRS were higher (n =4, 12.1%), compared with patients with wide QRS without post-TAVI ECG
change (n = 3, 4%) however not reaching statistical significance (P = 0.126). Multivariate Cox proportional hazards model
demonstrated that in patients with narrow QRS, neither PR prolongation nor baseline or maximal PR intervals was asso-
ciated with the combined endpoint of PPl and mortality. However, in patients with wide QRS, baseline PR intervals and QRS
width, but not PR prolongation were associated with the combined outcome.

Post-TAVI IPRP in patients with narrow QRS is not associated with adverse outcome. This finding may translate clinically
into a more permissive approach to these patients.
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Graphical Abstract

Study group

Patients with isolated post-TAVI PR prolongation
(n =146, 113 narrow QRS/33 wide QRS)

Control group

Patients without post-TAVI ECG changes
(n =290, 215 narrow QRS/75 wide QRS)

® The study group represents ~13% of all patients undergoing TAVI.
= Maximal PR prolongation occurred most commonly at the day of the procedure and in >90% of cases within 3 days.

Main find ing

Narrow QRS with isolated PR prolongation

PR =190 ms PR =240 ms
QRS =88 ms QRS =90ms
Pre-TAVI Post-TAVI

Transcatheter aortic valve implantation ® PR interval ® Conduction abnormality ® Pacemaker

Keywords

What’s new?

® Post-transcatheter aortic valve implantation (TAVI) PR prolongation
was mainly studied as an adjunct to new-onset bundle branch block.
The clinical significance of post-TAVI isolated PR prolongation with-
out a change in QRS is unknown.

® [solated PR prolongation of 40.2 + 22 ms may occur in ~13% of pa-
tients undergoing TAVI, with maximal prolongation occurring most
commonly at the day of the procedure and in >90% of cases within 3
days.

® Among patients with narrow QRS, isolated PR prolongation and
baseline or maximal PR intervals were not found to be associated
with increased risk for pacemaker implantation or mortality.

® |n patients with wide QRS, baseline PR interval but not PR prolonga-
tion was associated with increased risk for mortality or pacemaker
implantation.

Introduction

Conduction abnormalities (CA) after transcatheter aortic valve im-
plantation (TAVI) are common, occurring in 10-40% of patients.'™
New-onset left bundle branch block (LBBB) is the most studied CA,
and several reports suggested that the magnitude of QRS duration
and/or accompanied PR prolongation increase the risk of complete
heart1b2|(;c<l9< (CHB), permanent pacemaker implantation (PPI), and mor-
tality. """

PR prolongation as a risk factor for the development of post-TAVI
CHB was mainly studied as an adjunct to new-onset LBBB or baseline
right bundle branch block (RBBB), demonstrating higher atrio-ventricular
block (AVB) risk in both situations.”'®""> The few studies reporting on
patients with prolonged PR and narrow QRS included only a limited

Combined outcome (mortality + pacemaker implantation)

Patients with narrow QRS
10

Study group
- PR prolongation

P =0.505 _~ No PR prolongation

0.8

0.6

Cum survival

0.4

0.2

0 12 24 36 48 60

Months of follow-up
Number at risk

PR prolongation 113 108 80 53 41 28
No PR prolongation 215 196 142 102 68 54

patient cohort, and it was unknown whether there were any post-
procedural dynamic QRS duration changes that fell below 120 ms (i.e.
a patient with PR > 200 ms and dynamic changes in QRS from baseline
of 80 to110 ms or axis change would fit into this subgroup).”®

The latest European guidelines on cardiac pacing'® recommend that
patients with post-TAVI LBBB and QRS and/or PR intervals longer than
150 and 240 ms, respectively, undergo electrophysiological study (EPS)
or prolonged monitoring. Likewise, a Ilb recommendation exists for pa-
tients with baseline CA who prolong their PR or QRS by more than
20 ms. However, no recommendation on the approach to patients
with isolated PR prolongation without baseline CA exists in the guide-
lines and its significance is currently unknown.

The aim of the current study was to evaluate the incidence and timing
of post-TAVl isolated PR prolongation and its association with adverse
outcome.

Methods

Study population

All patients who underwent TAVI between the years 2010 and 2021 in our
medical centre (Shaare Zedek Medical Center, Jerusalem) were candidates
for inclusion. The study protocol was approved by the local ethics commit-
tee, and the need for written informed consent was waived as the study was
a retrospective analysis of deidentified data. Clinical, laboratory, and echo-
cardiographic data were collected from patients’ medical records.

Exclusion criteria included age < 18 years, pre-TAVI PP|, evidence for at-
rial fibrillation (AF) on pre- or post-TAVI electrocardiogram (ECG) (pre-
cluding assessment of PR interval), patients who had post-TAVI QRS
widening of more than 20 ms (see below), no ECG or ECG of low quality
in patients’ records, and patients who died during the procedure or devel-
oped immediate post-TAVI AVB and had paced rhythm on their first
post-TAVI ECG.
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1108 TAVI patients

A 4

> 107 pre-TAVI PPI

1001 TAVI patients

76 AF
370 post-TAVI QRS widening >20 ms
50 post-TAVI CAVB

A

A4

11 expired before first post-TAVI ECG
58 ECG of bad quality/insufficient
data/other

436 TAVI patients

290 no post-TAVI ECG changes 1« >

146 isolated PR prolongation

N

N

215 narrow QRS/75 wide QRS

113 narrow QRS/33 wide QRS

Figure 1 Flowchart demonstrating reasons for exclusion and cohort selection.

Electrocardiogram analysis

All patients had routine ECG performed within a week before the TAVI
procedure (baseline ECG), immediately post-TAVI upon admission to the
intensive care unit or cardiology department, and daily thereafter until hos-
pital discharge. All ECGs were stored digitally in patients’ files.

Compared with baseline ECG, post-TAVI ECGs were evaluated for PR
and/or QRS prolongation defined as at least 20 ms prolongation, on any
of the pre-discharge post-TAVI ECGs. Patients with QRS interval prolonga-
tion were excluded. The baseline ECG was used for reporting QRS width
and morphology as well as baseline PR interval. In addition, in patients who
had isolated PR prolongation, maximal PR interval was reported based on
the pre-discharge ECG demonstrating the longest PR interval. Heart rate
at baseline ECG and ECG with maximal PR prolongation was compared,
and a difference > 20 b.p.m. was reported. In addition, for further defining
possible mechanisms of PR prolongation, in patients with isolated PR pro-
longation who had multiple ECGs performed before the TAVI procedure
(>2 ECG during the 1 year period preceding the procedure besides the
baseline ECG), we evaluated whether there was evidence for changes in
PR interval (of more than 20 ms) before the procedure.

Further defining QRS morphology into left anterior or posterior haemi-
blocks, intraventricular conduction delay (IVCD) and left or right BBB was
based on the American Heart Association/American College of Cardiology
Foundation/Heart Rhythm Society recommendations for the standardiza-
tion and interpretation of the ECG'™ and the 2021 European Society of
Cardiology (ESC) guidelines on cardiac pacing and cardiac resynchroniza-
tion therapy."?

Follow-up

Patients were followed for the occurrence of PPl and mortality within 1
year after the procedure as well as for the combined endpoint of total mor-
tality and PPI during follow-up. Follow-up was conducted using chart review
or phone call. End of follow-up was marked as the last day on which the pa-
tient was seen in any of the hospital clinics or departments as well as health
maintenance organization (HMO) clinics or the last phone contact

(whichever occurred later). In addition, mortality data were also retrieved
from governmental population registry.

Statistical analysis

Characteristics were described by percentages, means + SD, and medians
with interquartile ranges (IQR). Categorical variables were compared using
x> test or Fisher exact test and continuous variables using unpaired
Student’s t-test or Mann—Whitney test. Multivariate Cox proportional ha-
zards model was used to assess the effect of isolated PR prolongation on
mortality or need for PPI. Factors included in the model were study group,
age, sex, diabetes mellitus (DM), hyperlipidaemia, ischaemic heart disease
(IHD), hypertension (HTN), QRS duration, baseline or maximal PR dur-
ation, ejection fraction (EF), and presence of RBBB morphology. The model
was adjusted for potential confounders that were introduced to the model
using backward stepwise method. Hazard ratios (HR) with 95% confidence
intervals (Cls) were reported. Adjusted survival curves were displayed.
Subgroup analyses were performed by applying all comparisons separately
on patients with baseline narrow (<120 ms) and wide QRS interval
(=120 ms). The statistical tests were two-sided and P < 0.05 was consid-
ered statistically significant. Analyses were carried out using SPSS
Statistics for Windows, version 29.0 (IBM Corp, Armonk, NY, USA).

Results

Study cohort

During the study period, 1108 patients underwent TAVI (Figure 1). Of
whom, 107 had pre-TAVI PP, 76 were in AF, 50 developed immediate
post-TAVI complete AVB (CAVB), 11 expired in the catheterization la-
boratory or in the operating room, and 54 had ECG of low quality or
insufficient information on their digital records. In three, the procedure
was aborted and one transapical procedure was also excluded. In add-
ition, 370 patients had QRS interval widening of more than 20 ms, of
whom in 14 (3.8%) the QRS widened to <120 ms (Figure 2).
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Figure 2 Representative ECG examples of (A) patients with narrow QRS and post-TAVI isolated PR prolongation, (B) patients with wide QRS of
LBBB morphology and post-TAVl isolated PR prolongation, and (C) patients with baseline narrow QRS with post-TAVI PR prolongation as well as QRS
widening >20 but <120 ms. This patient also had changes in QRS morphology as seen in leads Ill, aVL, and aVF. As described in the texts, patients with

these ECG changes were excluded.

Thus, 436 patients were studied (39.4% of the TAVI population), of
which 146 belonged to the study group that demonstrated isolated PR
prolongation (being 13.2% of the whole TAVI population evaluated in
this study) and 290 patients comprised the control group that did not
have post-TAVI change of their baseline ECG (Table 7). Most patients
from the study and control groups had baseline narrow QRS

(<120 ms), 77.4% and 74.1%, respectively. Median follow-up was 979
(680.5-1831) and 1010.5 (587.75-1929.25) days, P=0.61, for the study
and control groups, respectively. All patient who did not expire had a least
1 year of follow-up except for one and five patients who were lost to
follow-up before 1 year post-TAVI (at Days 191 and 242, 296, 22, 35,
and 257 post-TAVI, for the study and control group patients, respectively).
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Figure 2 Continued

PR prolongation

Of the 146 patients with isolated PR prolongation, 136 (93%) demon-
strated similar heart rates (difference of <20 b.p.m.) at baseline and
maximal PR ECGs, while in 10, the heart rate was different by more
than 20 b.p.m. (in 8, it was faster, while in 2, it was slower compared
with the baseline ECG). Figure 3A provides mean daily PR changes as
well as day of maximal PR interval. The day post-TAVI with maximal
PR prolongation was 1.1+ 1.7 (median 0, IQR 0-2). Most patients
(55.5%) reached maximal PR on the day of the TAVI procedure and
85% within 2 days post-TAVI. PR interval returned to 20 ms or less
from baseline in 82 (56.2%) patients and was still prolonged on pre-
discharge ECG compared with baseline in 64 (43.8%) patients [the dif-
ference between baseline and pre-discharge PR intervals as well as
maximal and pre-discharge PR intervals was significant, P < 000.1 for
all comparisons (Figure 3B)]. PR interval returned to 20 ms or less
from baseline in 74 (50.7%) patients within 3 days post the procedure.

In addition, 115 (79%) out of the 146 patients with PR prolongation
had 2 or more ECG during the 1 year period prior to the TAVI proced-
ure. A change in PR interval of more than 20 ms, prior to the TAVI pro-
cedure, could be demonstrate in only 2 (1.7%) patients, while in 113,
there was no change in PR.

Comparison between patients with and

without PR prolongation

Patients with isolated PR prolongation had higher rates of DM and low-
er rates of IHD (Table 7). In addition, rate of regular access through the
femoral artery compared with alternative accesses was higher. On
echocardiographic examination, their EF was more often >50% and
their calculated aortic valve area was slightly larger. Their baseline PR
interval was shorter with a mean delta PR prolongation of 40.2 +
22 ms (median 32, IQR 26—44 ms). Other parameters, as well as rates
of PPl or mortality, were not different between the groups.

Separate comparison between patients
with and without PR prolongation and

narrow or wide QRS

Among patients with narrow QRS, those with post-procedural PR pro-
longation showed lower rates of IHD and EF less often below 50%
compared with those without. Their baseline PR interval was shorter
and their maximal PR was longer. In addition, no difference in rates
of 1 year PPl and overall mortality or the combined rates of 1 year mor-
tality and PPl was noted (Table 2). Similar comparison among patients
with QRS width > 120 demonstrated that patients with PR prolonga-
tion had higher rates of hyperlipidaemia as well as larger calculated aor-
tic valve area and a tendency for shorter baseline PR interval. Other
parameters and clinical outcomes (rates of PPl or mortality) were com-
parable (see Supplementary material online, Table 52). Mean delta PR
prolongation was 39.2 + 22 ms (median 32, IQR 26—44 ms) and 43.7
+24 ms (median 36, IQR 24-58 ms) among patients with narrow
and wide QRS, respectively.

Comparison of patients with PR > 240 ms

vs. shorter duration

As PR interval > 240 is considered higher risk,”1® we compared pa-
tients who showed these values (either at baseline or on maximal PR
interval ECG) with patients who exhibited shorter PR interval duration.
Patients with narrow QRS and PR interval > 240 ms were more often
males, and their QRS was wider. Their 1 year mortality rate was higher
with no difference in pacemaker rates (see Supplementary material
online, Table $3). Adding PR interval > 240 to all multivariate analyses
described below showed that it did not change the models nor re-
mained statistically significant. No difference in mortality was observed
among patients with wide QRS and PR interval > 240 compared with
those with PR interval < 240 ms nor with rates of PPl at 1 year follow-
up (see Supplementary material online, Table $4).
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Table 1 Baseline characteristics of TAVI patients with and without isolated PR prolongation

Isolated PR prolongation

n=146

No PR prolongation
n=290

P value

Age
Sex, female
Hyperlipidaemia
DM
HTN
IHD
Echocardiography
LVEF?
LVEF > 50%
AVA
Peak gradient
Mean gradient
Medications
Beta-blockers
Ca blockers
Amiodarone
ECG
PR interval baseline
PR interval > 200 ms®
PR interval > 240 ms®
Maximal PR
Heart rate baseline
Baseline QRS interval
QRS interval > 120 ms
QRS interval > 150 ms
RBBB
LBBB
IVCD
Valve type

Sapien/Sapien XT/Sapien 3
CoreValve/Evolut R/Evolut Pro/Evolut Pro Plus

Portico/Navitor

Acurate Neo I/Acurate Neo |l

Hospitalization duration
Femoral approach
In-hospital PPI

1 year PPl

Overall PPI

1 year mortality
Overall mortality

1 year mortality or PPI
FU time, days

792+9
69 (47.3)
85 (58.2)
66 (45.2)
123 (84.2)
58 (39.7)

123 (84.2)
065+0.16
80.5 +24.7
474+166

57 (39)
2 (14)
7 (48)

1792 +322
94 (64.4)
37 (25.3)

219.4 + 40,1

693+ 119

1024 +24.2
33 (22.6)
15 (10.3)
16 (48.5)
12 (36.4)

5 (15.2)

71 (48.6)
44 (30.1)
0(0)
31 (212)
4 (3-6)
144 (98.6)
2(14)
427)
6 (4.1)
10 (6.8)
39 (26.7)
13 (89)

979 (680.5-1831)

80.8+8
141 (48.6)
149 (51.4)
97 (334)
229 (79)
161 (55.5)

220 (75.9)
06+0.15
791 +249
459 +157

130 (44.8)
8 (28)
24 (83)

188 +36.9
83 (28.6)
31 (107)

188 + 36.9

714+127

1034+ 256
75 (25.9)
19 (6.6)
34 (453)
36 (48)
5(6.7)

151 (52.1)
67 (23.1)
1(03)
71 (24.5)
4 (3-6)
272 (93.8)
4(14)
7 (24)
12 (4.1)
25 (8.6)
87 (30)
31 (107)
1010.5 (587.75-1929.25)

0.044
0.002
0.569
0.599

0.249
0.361
0.182

0.029
<0.001
<0.001
<0.001

0.111

0.809

0.457

0171

0.282

0.383

0.567
0.023
0.994
0.838
0.989
0.521

0475
0.559
0.61

AVA, aortic valve area; DM, diabetes mellitus; FU, follow-up; HTN, hypertension; IHD, ischaemic heart disease; [IVCD, intraventricular conduction disturbance; LBBB, left bundle branch

block; LVEF, left ventricular ejection fraction; PPl, permanent pacemaker implantation; RBBB, right bundle branch block; TAVI, transcatheter aortic valve implantation.
The bold means that it is statistically significant.

?Full distribution is presented in Supplementary material online, Table S1.

®Any PR either at baseline or maximal PR.
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A
Baseline Day 0 Day 1 Day 2 Day 3/4 Maximal Pre-discharge
n =146 n=142 n =137 n=95 n =65 n =146 n =146
PR interval ms 179.2 +32.2 204.5+34.3 192.2 +32.7 203.7 £45.2 209.2 £ 40.7 219.4 +40.1 198.4 +34.9
Maximal PR day* 55.5% 13.7% 15.8% 15.1%**

*% of patients who exhibited maximal PR on the above post-TAVI day.
**Day 3, 6.2%; Day 4, 4.1%; Days 5-10, 4.8%.

400 _

w
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o
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o
|

PR interval (ms)

100

T T T
Baseline Maximal Pre-discharge

Figure 3 Mean PRinterval (ms) by day post-TAVI. (A) Displaced are the mean daily PR intervals as well as the percentage of patients with maximal PR
interval per day. (B) Baseline, maximal, and pre-discharge PR intervals, P < 000.1 for all comparisons.

Cardiac implantable electronic device
implantation and mortality during the first
year post-transcatheter aortic valve

implantation

Overall, 11 patients underwent cardiac implantable electronic device
(CIED) implantation during the first year post-TAVI, 4 (2.7%) from
the study group and 7 (2.4%) from the control group (Table 3). Most
(6/11) occurred before discharge from the index hospitalization for
the TAVI procedure. Of note, among the study group, no patient
with baseline narrow QRS underwent CIED implantation during 1
year follow-up post-TAVI. Data on EPS results, which was conducted
in four and three patients from the study and control groups, respect-
ively, all with baseline wide QRS are provided in Supplementary
material online, Table S5. Supplementary material online, Table S6 de-
scribes 1 year mortality events and its cause. As AVB may present clin-
ically as sudden cardiac death and as the cause of death was unknown in
a sizeable number of patients, we further analysed in the next sections
the combined outcome of CIED implantation and total mortality. Of
note, only one patient from the study group with narrow QRS expired
60 days post-TAVI from unknown cause; all others had non-cardiac
mode of death.

Multivariate analysis for the combined
endpoint of permanent pacemaker

implantation and mortality

A multivariate backward stepwise Cox regression analysis demon-
strated that age, baseline QRS width, and EF < 50% were significantly
associated with the occurrence of the combined endpoint of death
and/or PPl during follow-up (Table 4). Having isolated PR prolongation
(study group) did not affect the combined clinical outcome. Separate

multivariate analysis for patients with narrow QRS showed similar re-
sults. Both age and EF < 50% affected the combined outcome, while
isolated PR prolongation did not. Analysing only patients with wide
QRS demonstrated that male sex, baseline PR interval, as well as base-
line QRS width were significantly associated with the combined end-
point, while DM was protective.

A separate multivariate Cox regression analysis using maximal PR
interval instead of baseline PR interval showed identical results for
the whole group as well as for patients with narrow QRS (see
Supplementary material online, Table $7). PR prolongation was not as-
sociated with clinical outcome. Among patients with wide QRS, QRS
width was associated with the combined outcome, while DM was pro-
tective. The presence of RBBB showed a trend towards association
with the combined outcome.

Adjusted survival curves demonstrating no difference in the occur-
rence of the combined outcome in patients with and without PR pro-
longation in all patients and separately in patients with narrow and wide
QRS are presented in Figure 4.

Multivariate analysis for mortality

A multivariate backward stepwise Cox regression analysis demon-
strated that age and EF < 50% were significantly associated with mor-
tality among the whole group and patients with narrow QRS, while
age and male sex were associated with mortality among patients with
wide QRS (see Supplementary material online, Table S8). Again, having
isolated PR prolongation (study group) did not affect the mortality out-
come. Also, using maximal PR instead of baseline PR in the multivariate
Cox regression analysis did not change the results in any of the analyses.

Adjusted survival curves demonstrating no difference in the occur-
rence of the mortality in patients with and without PR prolongation
in all patients and separately in patients with narrow and wide QRS
are presented in Supplementary material online, Figure S7.
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Table 2 Comparison of patients with narrow QRS with and without PR prolongation

Isolated PR prolongation No PR prolongation P value
n=113 n=215
Age 79+89 80.3+8.1 0.32
Sex, female 59 (52.2) 105 (48.8) 0.561
Hyperlipidaemia 63 (55.8) 111 (54.4) 0.818
DM 49 (43.4) 77 (35.8) 0.182
HTN 97 (85.8) 167 (77.7) 0.076
IHD 44 (38.9) 118 (54.9) 0.006
Echocardiography
LVEF®
LVEF > 50% 102 (90.3) 172 (80) 0.017
AVA 0.63+0.14 059 +£0.14 0.018
Peak gradient 81.3+253 815+235 0.937
Mean gradient 484 +17 473+ 149 0.911
Medications
Beta-blockers 48 (42.5) 102 (474) 0.391
Ca blockers 2 (1.8) 7 (3.3) 0.347
Amiodarone 3(2.7) 14 (6.5) 0.105
ECG
PR interval baseline 1773 +327 184.5 + 36.2 <0.001
PR interval > 200 ms® 70 (61.9) 54 (25.1) <0.001
PR interval > 240 ms® 23 (20.4) 21(9.8) 0.008
Maximal PR 216.6 +40 184.5 + 36.2 <0.001
Heart rate baseline 69.1+108 714127 0.607
Baseline QRS interval 915+ 118 90.6 +12.5 0.602
Valve type
Sapien/Sapien XT/Sapien 3 51 (45.1) 110 (51.2) 0.110
CoreValve/Evolut R/Evolut Pro/Evolut Pro Plus 37 (327) 45 (20.9)
Portico/Navitor 0 (0) 1(0.5)
Acurate Neo I/Acurate Neo I 25 (22.1) 59 (27.4)
Hospitalization duration 4 (3-6) 4 (3-6) 0.344
Femoral approach 112 (99.1) 200 (93) 0.015
In-hospital PPI 0(0) 2 (0.9) 0.304
1 year PPI 0 (0) 4(1.8) 0.183
Overall PPI 2(1.8) 7 (3.3) 0434
1 year mortality 4 (3.5) 12 (5.6) 0415
Overall mortality 28 (24.8) 58 (27) 0.667
1 year mortality or PPI 4 (3.5) 16 (7.4) 0.160
FU time, days 1045 (713.25-1849) 1067 (616—1900) 0.485

AVA, aortic valve area; DM, diabetes mellitus; FU, follow-up; HTN, hypertension; IHD, ischaemic heart disease; IVCD, intraventricular conduction disturbance; LBBB, left bundle branch
block; LVEF, left ventricular ejection fraction; PPl, permanent pacemaker implantation; RBBB, right bundle branch block.

The bold means that it is statistically significant.

?Full distribution is presented in Supplementary material online, Table S1.

®Any PR either at baseline or maximal PR.

Due to low events, a multivariate analysis for the occurrence of PPI DiSCU SSion
was not conducted; however, survival curves demonstrating no differ-

ence in the occurrence of PPl between patients with and without iso- Main findings

lated PR prolongation are presented in Supplementary material online, Our study included 436 patients who underwent TAVI, had a clear
Figure S2. ECG before and after the procedure, and had no QRS prolongation
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Table 3 Implanted CIED during the first year post-TAVI

Baseline QRS  Timing of CIED®  Before/after discharge Indication CIED type

Study group

#1 RBBB right axis 4 Before discharge AVB PM

#2 RBBB right axis 5 After discharge Syncope PM

#3 RBBB + LAHB 344 After discharge LV dysfunction CRTD

#4 LBBB 6 Before discharge HV 80 ms on EPS and LV dysfunction CRTD
Control group

#1 Narrow QRS® 347 After discharge Syncope and change in QRS to RBBB + LAHB PM

#2 Narrow QRS 127 After discharge Sick sinus syndrome PM

#3 Narrow QRS 10 Before discharge AVB PM

#4 LBBB 139 After discharge AVB MICRA AV

#5 RBBB + LAHB 1 Before discharge AVB PM

#6 Narrow QRS 2 Before discharge AVB PM

#7 RBBB + LAHB 6 Before discharge HV 85 ms on EPS PM

AVB, atrio-ventricular block; CIED, cardiac implantable electronic device; CRTD, cardiac resynchronization therapy with defibrillator; EPS, electrophysiological study; LAHB, left anterior
haemiblock; LBBB, left bundle branch block; LV, left ventricle; PM, dual-chamber pacemaker implantation; RBBB, right bundle branch block; TAVI, transcatheter aortic valve implantation.

?Days post-TAVI.

®This patient had narrow QRS on all ECGs during hospitalization and wide QRS on ECG performed ~1 year post-discharge.

after the procedure. Isolated PR prolongation of 40.2 +22 ms
may occur in ~13% of patients undergoing TAVI, with maximal pro-
longation occurring most commonly at the day of the procedure and
in >90% of cases within 3 days. Among patients with narrow QRS,
post-TAVI isolated PR prolongation and baseline or maximal PR
interval values were not found to be associated with an increased
risk for PPl or mortality. However, among patients with baseline
wide QRS, a signal for an association between baseline PR interval
and the combined clinical outcome (PPl and/or mortality) was found
and should be further studied.

Isolated PR prolongation

Most cases of PR prolongation were seen at similar heart rates as the
baseline ECG suggesting it was related to the procedure rather than
autonomic effect on the AV node. Moreover, most patients did not ex-
hibit PR prolongation in multiple ECGs prior to TAVI, further support-
ing this notion. PR prolongation without a change in QRS may occur at
either the AV node or the His bundle levels. The benign clinical effect of
this phenomenon especially in patients with narrow QRS suggests that
the effect occurs mainly at the AV node level. Regardless of the mech-
anism, our main purpose was to study the extent of the phenomenon
and its clinical implication as will be further discussed in the next
sections.

Previous studies

Several studies demonstrated that TAVI may be associated with PR and
QRS prolongation, and on EPS post-TAVI prolongation of either, AH,
HV, and even intra-His intervals were shown.>">'® In addition, PR pro-
longation and/or prolonged PR interval were suggested as a risk factor
for PPL."® De Carlo et al.*® studied 275 consecutive post-TAVI patients.
Permanent pacemaker implantation was associated with baseline RBBB,
LAHB, and prolonged PR interval. Likewise, Mangieri et al.>' demon-
strated that delta PR and baseline RBBB were independent predictors
of advance heart block late (>48 h) after TAVI. A meta-analysis includ-
ing 11210 TAVI patients from 41 studies suggested increased
post-TAVI pacemaker risk in patients with baseline first-degree AVB,

Table 4 Multivariate backward stepwise Cox regression analysis
for the combined endpoint of PPl and mortality

HR 95 CI P value
All
Study group 0.920 0.640-1.324 0.653
Age 1.042 1.017-1.068 <0.001
Baseline QRS width, ms 1.007 1.001-1.014 0.034
EF > 50% 0.595 0.403-0.879 0.009
Narrow QRS
Study group 0.857 0.545-1.348 0.505
Age 1.047 1.014-1.080 0.005
EF>50 0.454 0.278-0.743 0.002
Wide QRS
Study group 1.562 0.786-3.106 0.203
Age 1.043 0.998-1.900 0.062
Sex, female 0.488 0.250-0.952 0.035
DM 0.387 0.185-0.808 0.011
Baseline PR, ms 1.008 1.001-1.016 0.044
Baseline QRS width, ms 1.016 1.000-1.033 0.032

Cl, confidence interval; DM, diabetes mellitus; EP, ejection fraction; HR, hazard ratio;
PPI, permanent pacemaker implantation.
The bold means that it is statistically significant.

LAHB, RBBB, and intraprocedural AVB.2 Finally, Castro-Mejia et al'°
and Jorgensen et al.” who studied 344 and 467 TAVI patients, respect-
ively, found that PR > 240 ms and QRS > 150 ms were associated with
increased post-TAVI pacemaker risk. It should be emphasized that in all
up-to-date studies, the effect of PR prolongation was studied in patients
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Figure 4 Adjusted survival curves demonstrating no difference in the occurrence of the combined outcome of mortality or pacemaker implantation
in patients with and without PR prolongation. (A) All patients, (B) patients with narrow QRS, and (C) patients with wide QRS.

who had or might have had simultaneous QRS widening as well.
Therefore, the additive risk of isolated PR prolongation on future PPI
was unknown.

Narrow QRS

Only a minority of patients from the above quoted studies had pro-
longed PR or PR prolongation and narrow QRS. Jgrgensen et al. re-
ported on 30 patients (6.3% of total cohort) with first-degree AVB
and narrow QRS of whom 3 developed CAVB (only 1 of them had
PR > 240 ms, while in 2, it was > 200 ms). Moreover, it is unknown
whether the PR interval was dynamically changing and whether these
patients had, in addition, QRS widening that did not go above 120 ms.”
Castro-Mejia et al.'® reported on 12 patients with new first-degree
AVB > 240 ms and narrow QRS. The clinical outcome of these pa-
tients was not specifically reported, and again, whether changes in
QRS width also occurred is unknown. It should be noted that in
both studies, only a limited number of ECGs were analysed: at base-
line, immediately post-TAVI, and in one of them also at pre-discharge.
Moreover, patients’ numbers were too small to draw any meaningful
conclusion. The European guidelines on cardiac pacing recommended

that patients with new LBBB and either PR > 240 or QRS > 150 QRS
should undergo EPS or prolonged monitoring (lla recommenda-
tion)."® The same management was recommended to patients with
wide QRS and PR prolongation > 20 ms but with IIb strength of the
recommendation due to limited data. In the absence of reported litera-
ture data, recommendations for patients with narrow QRS and PR pro-
longation were not given. Thus, the current study adds to the current
literature by showing that in patients with narrow QRS, isolated PR
prolongation is not associated with higher PPI risk. Of note, in the cur-
rent study, patients with narrow QRS and PR > 240 did have increased
mortality risk, but this was not related to PR prolongation nor re-
mained significant in a multivariate analysis. Nevertheless, despite being
the largest literature report on this patient subgroup, the absolute
number of patients with narrow QRS and PR > 240 is relatively small
(n =44) and further validation is needed.

Wide QRS
The current study involves a limited number of patients with baseline
wide QRS and isolated PR prolongation (i.e. without QRS prolonga-
tion). QRS morphology distributed almost evenly between RBBB and
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LBBB with a minority having IVCD. Multivariate analysis suggested that
baseline prolonged PR interval and baseline QRS width, rather than PR
prolongation, are associated with the combined endpoint of mortality
and PPI. It should be emphasized that the current study is not powered
to give any strong recommendation regarding patients with baseline
wide QRS but rather implies a potential higher risk among patients
with wide QRS and prolonged baseline PR interval. In the current study,
10% (n = 5/50) of patients with baseline RBBB underwent PPI, two of
them did not have PR prolongation, compared with 4.2% (n = 2/48)
of patients with baseline LBBB. In addition, in the multivariate model
using maximal PR, RBBB morphology tended to affect the combined
outcome (P=0.07). It seems that undergoing TAVI with baseline
LBBB without changes in QRS width is associated with a good progno-
sis, while undergoing TAVI with baseline RBBB is associated with higher
risk for AVB within 1 year, with and without QRS/PR prolongation.
Current guidelines recommend that patients with baseline LBBB or
IVCD and PR prolongation be managed with EPS or prolonged moni-
toring, while a PM implantation is recommended in patients with base-
line RBBB and PR prolongation.”"~"> However, a newer study among
patients with RBBB did not demonstrate an association between PR
changes and risk of delayed AVB, suggesting that better risk stratifica-
tion tools are needed in this patient population.”

Clinical implications

Currently, both QRS widening and PR prolongation are perceived as
significant risk factors for the development of post-TAVI CAVB with
no clear distinction regarding the risk in cases with isolated PR pro-
longation.'® The current study is the first to show that PR prolongation
in patients with narrow QRS is associated with benign prognosis and
may offer early patient mobilization from intensive to less strict in-
hospital supervision or even earlier patient discharge.

Limitations

An inherent limitation is the study design: a single centre observational
retrospective data collection that spans over many years including older
and newer valve designs. Nevertheless, the inclusion of all available pa-
tients prevented selection bias and our aim was to study the effect of
the end result (i.e. isolated PR prolongation) on clinical outcome. In
addition, despite being, to our knowledge, the largest reported cohort
on patients with isolated PR prolongation and narrow QRS, the num-
ber of patients with narrow QRS and PR > 240 is not extensive and
should be further validated. The mode of death was not known in
many patients, and therefore, we used the combined endpoint of mor-
tality and PPl to demonstrate comparable outcome between patients
with and without PR prolongation. It should be noted that only one pa-
tient from the study group with narrow QRS expired from unknown
cause; all others had non-cardiac death, further supporting the benign
effect of isolated PR prolongation among this patient group. In addition,
the main study conclusion is related to patients with baseline narrow
QRS and the effect of isolated PR prolongation in different subgroups
of patients with wide QRS deserves further study.

Conclusions

Post-TAVI patients with isolated PR prolongation and baseline narrow
QRS demonstrate a benign clinical course that is similar to patients who
do not exhibit post-TAVI ECG conduction disturbances.

Supplementary material

Supplementary material is available at Europace online.
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