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Rhythm disturbances following rapid-deployment aortic
valve replacement
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ABSTRACT

Objectives: There have been reports of postoperative conduction disturbances af-
ter rapid-deployment aortic valve replacement. Our objective was to assess electro-
cardiogram changes in patients undergoing this procedure and review the
literature on this topic.

Methods: In this retrospective case series, clinical data were extracted from patient
records at St Vincent’s Hospital Melbourne and the Australia New Zealand Society
of Cardiac and Thoracic Surgeons database. Electrocardiogram data were obtained
at baseline and postoperatively on day 5 and at week 6 and reviewed for rhythm
disturbances and intracardiac conduction problems. Pacemaker status was also
recorded.

Results: From 2013 to 2017, 100 consecutive patients underwent rapid-deployment
aortic valve replacement with 1 valve type at our institution. Three patients were
excluded because of paced rhythm preoperatively, leaving 97 patients (mean age
74.7 � 8.12 years; 56.7% male) for analysis. Some 18.6% of patients developed
new left bundle branch block at 5 days postoperatively and only 4.1% of patients
found with persistent left bundle branch block at 6-week follow-up compared
with preoperatively. No significant changes were observed in the frequencies of
atrial fibrillation, first-degree heart block, and right bundle branch block. However,
there was evidence of increases in paced rhythm and subsequent need for a per-
manent pacemaker. A total of 14 patients (14.4%) had a permanent pacemaker im-
planted at an average of 11.1 � 2.9 days postoperatively.

Conclusions: Rhythm disturbances and conduction abnormalities are noted with
the rapid-deployment aortic valves used at our institution, but appear comparable
to other rapid-deployment aortic valve replacement bioprostheses. These abnor-
malities may be related to the effect of the sub-annular stent frame of the valve sys-
tem and implantation technique. (JTCVS Techniques 2021;10:219-26)
From the aDepartment of Cardiothoracic Surgery, and bUniversity of Melbourne

Department of Surgery, St Vincent’s Hospital Melbourne, Fitzroy, Australia.

The authors received no financial support for the research, authorship, or publication

of this article. The study had the approval of the SVHMEthics Committee (QA064/

17), and as a de-identified, retrospective chart review study, the need for informed

consent from patients was not deemed necessary.

Received for publication May 10, 2021; revisions received Sept 3, 2021; accepted for

publication Sept 14, 2021; available ahead of print Oct 18, 2021.

Address for reprints: Amalan Thuraisingam, MD, Department of Surgery, Barwon

Health - University Hospital Geelong, Bellerine St, Geelong 3220, Australia

(E-mail: dramalant@gmail.com).

2666-2507

Copyright � 2021 The Author(s). Published by Elsevier Inc. on behalf of The Amer-

ican Association for Thoracic Surgery. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.xjtc.2021.10.029

JTCVS Techn
Complete deployment of the EIV (view from inside
the left ventricle using the 5-mm 30-degree
telescope).
CENTRAL MESSAGE

Rhythm disturbances and con-
duction abnormalities are noted
with EIV RDAVR, but are compa-
rable to other rapid-deployment
aortic valve bioprostheses.
PERSPECTIVE
It appears that widened QRS complex may predis-
pose to PPM implantation in the setting of
RDAVR. Long-term follow-up is required to
further assess whether new LBBB and widened
QRS complex are transient or permanent beyond
6-week follow-up.

See Commentaries on pages 227 and 229.
e, stented Edwards Intuity Elite (EIV)
1

Recent advancements in the technology of aortic valve
design have led to new bioprosthetic valve designs that
enable rapid deployment of aortic valve replacement
(RDAVR). One of the RDAVR devices available is the
balloon-expandabl
(Edwards Life Sciences LLC, Irvine, Calif). RDAVR
with the EIV is a safe procedure with shorter crossclamp
time and cardiopulmonary bypass (CPB) time compared
with conventional approaches and excellent early hemody-
namic performance.2

Despite many clinical benefits of RDAVR with the EIV,
there are some concerns over the effect of the subannular
stent frame of the system with some evidence of subsequent
postoperative conduction disturbances. The rate of perma-
nent pacemaker (PPM) implantation for postoperative
high-grade atrioventricular (AV) block ranges from 3.2%
to 11.9% with the EIV.3,4 The recent US clinical trial by
Barnhart and colleagues1 showed the overall rate of new
PPM implantation in patients with isolated aortic valve
replacement (AVR) was 11.9%, in contrast to the previ-
ously reported rate of approximately 5% in the European
EIV studies for isolated AVR.4 Because of the high
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Abbreviations and Acronyms
AV ¼ atrioventricular
AVR ¼ aortic valve replacement
CABG ¼ coronary artery bypass grafting
CHB ¼ complete heart block
CPB ¼ cardiopulmonary bypass
ECG ¼ electrocardiogram
EIV ¼ Edwards Intuity Elite
HB ¼ heart block
LBBB ¼ left bundle branch block
PPM ¼ permanent pacemaker
RBBB ¼ right bundle branch block
RDAVR ¼ rapid deployment of aortic valve

replacement
SR ¼ sinus rhythm
SVHM ¼ St Vincent’s Hospital Melbourne
TAVI ¼ transcatheter aortic valve implantation
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incidence of postoperative conduction disturbances and
subsequent implantation of a PPM with RDAVR, we aimed
to assess the electrocardiogram (ECG) changes in patients
with EIV RDAVR over the postoperative period in compar-
ison with their preoperative ECGs.
FIGURE 1. Complete deployment of the EIV (view from inside the left

ventricle using the 5-mm 30-degree telescope).
MATERIALS AND METHODS
This retrospective study included all consecutive patients who under-

went RDAVR with EIV, with or without other concomitant procedures,

from 2013 to 2017 at our institution by the same lead surgeon. Retrospec-

tive data collection, medical record review, and data analysis was under-

taken to examine ECG changes. Data were extracted from patient

records at the St Vincent’s Hospital Melbourne (SVHM), Australia, and

the Australia and New Zealand Society of Cardiac and Thoracic Surgeons

database. Clinical data including preoperative characteristics, operative de-

tails, and early postoperative outcomes were obtained from the database.

Patients’ medical records were also reviewed to obtain ECGs. The study

protocol was approved by the SVHM Human Research Ethics Committee

approval (QA064/17).

Evaluation of Electrocardiogram Changes
Associated With Rapid Deployment of Aortic Valve
Replacement

All patients’ 12-lead ECGs were analyzed at 3 time points: (1) baseline

(before surgery); (2) day 5 postsurgery; and (3) approximately 6 weeks af-

ter surgery. ECGs were reviewed for rhythm disturbances and the presence

of any conduction disturbances as per the standardized criteria by the

World Health Organization and the International Society and Federation

of Cardiology.5 Documentation of pacemaker status was also confirmed

as appropriate.

Surgical Techniques: Rapid-Deployment Aortic
Valve Replacement

Full sternotomy, normothermic CPB, and transesophageal echocardiog-

raphy was used for all cases. Venting cannulation was placed via the right

superior pulmonary vein. Blood cardioplegia was administered antegrade

and retrograde. After cardioplegic arrest, a transverse aortotomy was per-

formed above the sinotubular junction. The diseased aortic valve leaflets
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were cautiously excised and the annulus decalcified, ensuring the aortic

annulus was undamaged. The cleaned aortic annulus was sized to identify

the appropriate EIV valve. Implantation and deployment of the EIV valve

was performed as recommended (Figure 1 shows the view from inside the

left ventricle after complete deployment of the valve). We used a 5-mm, 30

degree telescope into the valve to inspect the ventricular aspect and assess

complete seating before deployment. The expandable balloon frame was

deployed with a 10-second balloon inflation after confirmation of the valve

position. Three guiding sutures were tied off, and the aortotomy was

closed.

Postoperative Period and Follow-up
All patients were followed up at 6 weeks after surgery. The primary end

point was ECG changes in RDAVR with EIV patients over the postopera-

tive period. The development of intraventricular conduction delays was

also evaluated. There were no postoperative complications such as endo-

carditis, tamponade, or perioperative myocardial infarction.

Statistical Analysis
Statistical analysis was performed using SPSS version 25.0 (IBM Corp,

Armonk, NY). Preoperative and intraoperative characteristics were

compared using chi-square (for categorical variables) and independent

sample t tests (for continuous variables). Categories of ECG rhythms of pa-

tients were compared using McNemar’s test. Intraventricular conduction

delays were tested using repeated-measures analysis of variance. Sphe-

ricity was checked usingMauchly’s test. If the data violated the assumption

of sphericity, then the Huynh-Feldt correction was applied. Logistic regres-

sion analysis was performed to assess whether any baseline variables or in-

traoperative variables were associated with postoperative ECG changes/

PPM implantation.
RESULTS
Patient Characteristics

A total of 100 patients underwent RDAVR with EIV.
Three patients were excluded because of paced rhythm pre-
operatively, leaving 97 patients for analysis. Preoperative
characteristics and valve pathologies are shown in Table
1. There were no significant differences in preoperative var-
iables between patients who subsequently needed PPM im-
plantation and those who did not (Table 1). Prevalent
comorbidities, including coronary artery disease, hyperten-
sion, diabetes, respiratory disease, and arrhythmias diag-
nosed before the valve replacement, were comparable in



TABLE 1. Preoperative characteristics (n ¼ 97)

All patients (n ¼ 97) No PPM (n ¼ 83) PPM (n ¼ 14) P value

Age, y 74.7 � 8.12 74.6 � 8.20 75.4 � 7.93 .750

Male sex 55 48 7 .584

Height (cm) 164.61 � 9.50 165.02 � 9.73 162.14 � 7.89 .296

Weight (kg) 77.46 � 16.89 76.58 � 16.67 82.71 � 17.88 .210

Aortic valve stenosis 89 75 14 .225

Aortic valve regurgitation

None 8 7 1 .312

Trivial 34 27 7

Mild 26 24 2

Moderate 18 14 4

Severe 11 11 0

Aortic valve pathology

Idiopathic calcification 79 69 10 .078

Rheumatic 1 1 0

Myxomatous degeneration 1 0 1

Other degenerative disease 4 4 0

Active infection 1 1 0

Congenital bicuspid valve 6 3 3

Prosthetic valve failure 3 3 0

Trauma 1 1 0

Other 1 1 0

Preoperative ECG rhythm .096

SR 58 52 6

SR and LBBB 6 4 2

AF 14 14 0

SR and first-degree HB 6 6 0

SR and RBBB 4 1 3

SR and LAFB 1 1 0

AF and RBBB 2 1 1

AF and LBBB 6 4 2

Previous CABG surgery 7 5 2 .269

Previous valve surgery 6 6 0 .299

Previous PCI stent 15 12 3 .505

Previous valvuloplasty 2 0 2 .001

Diabetes 35 29 6 .568

Hypertension 81 69 12 .810

Values are given as mean � standard deviation and percentage. PPM, Permanent pacemaker; ECG, electrocardiogram; SR, sinus rhythm; LBBB, left bundle branch block; AF,

atrial fibrillation;HB, heart block; RBBB, right bundle branch block; LAFB, left anterior fascicular block;CABG, coronary artery bypass grafting; PCI, percutaneous intervention.
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patients with and without PPM. The study had the approval
of the SVHM Ethics Committee (QA064/17), and as a de-
identified, retrospective chart review study, the need for
informed consent from patients was not deemed necessary.

Intraoperative Characteristics
Intraoperative characteristics are shown in Table 2. In all,

56 of 97 patients (57.7%) underwent isolated RDAVR. Cor-
onary artery bypass grafting (CABG) surgery (42.3%) was
the most common concomitant procedure performed with
RDAVR. The most prevalent reason for AVR was isolated
severe aortic valve stenosis (91.8%) or combined with a
variable degree of regurgitation. The most prevalent aortic
valve pathology was idiopathic calcification (81.4%). The
mean bioprosthetic aortic valve size did not differ between
patients who needed PPM implantation postoperatively and
those who did not (23.2 � 2.6 vs 22.9 � 2.1, respectively,
P ¼ .087). There was no statistically significant difference
in total crossclamp time (P ¼ .462) and CPB time
(P¼ .195) between patients who needed PPM implantation
and those who did not (Table 2). Hospital mortality was
1.03%, and 30-day mortality was 4.12%.
JTCVS Techniques c Volume 10, Number C 221



TABLE 2. Intraoperative characteristics (n ¼ 97)

All patients (n ¼ 97) No PPM (n ¼ 83) PPM (n ¼ 14) P value

Isolated RDAVR 56 49 7 .527

Other concomitant cardiac surgery

CABG 41 34 7 .527

Mitral valve replacement 4 4 0 .402

Tricuspid valve repair 3 2 1 .344

LV rupture repair 1 1 0

Cardiac tumor 1 1 0

Permanent epicardial lead placement 1 1 0

Atrial arrhythmia surgery 2 2 0

ASD closure 1 0 1

Trauma 1 1 0

Mean bioprosthesis aortic valve size (mm) 23.0 � 2.2 22.9 � 2.1 23.2 � 2.6 .087

Total crossclamp time (min) 81.1 � 33.50 81.0 � 34.5 81.2 � 28.3 .462

Total CPB time (min) 112.7 � 44.40 112.0 � 46.3 117.1 � 31.8 .195

Values are given as mean � standard deviation and percentage. PPM, Permanent pacemaker; RDAVR, rapid deployment of aortic valve replacement; CABG, coronary artery

bypass grafting; LV, left ventricular; ASD, atrial septal defect; CPB, cardiopulmonary bypass.
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Electrocardiogram Rhythm Analysis
Mean heart rate did not vary significantly between the

preoperative and the follow-up measures (P ¼ .481).
Table 3 shows ECG rhythms between the 97 patients across
the 3 repeated measures (preoperative, day 5 postopera-
tively, and at follow-up). No significant changes in the fre-
quencies of atrial fibrillation were noted over time.

Descriptive statistics for the PR interval, QRS interval,
and cQT interval are shown in Tables 4-6, respectively.
The mean PR interval did not vary significantly across the
3 repeated measures. The mean QRS interval and mean
cQT interval increased between the preoperative and
postoperative measures and then decreased at follow-up
TABLE 3. Frequencies of repeated measures of electrocardiogram rhythm

ECG rhythm (1) Preoperative

SR 58

SR and LBBB 6

AF 14

SR and first-degree HB 6

SR and RBBB 4

SR, first-degree HB, and LBBB 1

SR and LAFB 1

SR, first-degree HB, and RBBB 3

AF and RBBB 2

Paced rhythm 0

AF and LBBB 6

PPM 0

SR, second-degree HB (Mobitz type 2), and RBBB 0

Values are given as percentages. ECG, Electrocardiogram; SR, sinus rhythm; LBBB, left bu

block; LAFB, left anterior fascicular block; PPM, permanent pacemaker.
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and varied significantly between the preoperative, 5-day
postoperative, and 6-week follow-up.

Analysis of variance results are shown in the bottom of
Tables 4-6. The within-subject effect was significant for
QRS interval and cQT interval. Logistic regression analysis
showed that there were no recorded variables that were
significantly associated with subsequent PPM implantation.
Incidence of Permanent Pacemaker Implantation
A total of 14 patients (14.4%) had PPM implanted post-

operatively. Only 7 of these patients had isolated RDAVR,
and the remaining 7 patients had other concomitant proced-
ures, most commonly CABG. The mean time of PPM
s (n ¼ 97)

(2) Five d postoperative (3) Follow-up

McNemar’s test

Z P

24 26 12.19 <.001

25 16 11.65 .006

12 10 0.67 1.00

4 6 0.40 1.00

7 2 0.82 1.00

5 1 2.67 1.00

0 0

0 0

1 0

11 0

1 0

0 14

1 0

ndle branch block; AF, atrial fibrillation; HB, heart block; RBBB, right bundle branch



TABLE 4. Descriptive statistics for PR interval classified for 97 patients

Repeated measures Mean (ms)

95% CI

Lower bound Upper bound

1 Preoperative 176.59 163.21 188.77

2 5 d postoperative 180.69 168.08 193.32

3 6-wk follow-up 177.35 164.17 190.53

Repeated-measures analysis of variance for PR interval classified by patient group

Effect Factor df F P

Within-subject Time 2 .231 .795

CI, Confidence interval.

Thuraisingam and Newcomb Adult: Aortic Valve: Evolving Technology
implantation was 11.1� 2.9 days postoperatively. The main
indication for needing PPM was complete heart block
(CHB). Nine of these patients were in CHB, 2 patients
were in bradyarrhythmia, 1 patient was in transient asystole,
and 2 patients were pacing dependent.

We analyzed heart rate, PR, QRS, and cQT conduction
intervals for PPM recipients (n¼ 14) compared with nonre-
cipients (n ¼ 83). Baseline PR, QRS, and cQT intervals
were slightly increased for PPM recipients compared with
nonrecipients. At day 5 postsurgery, QRS and cQT intervals
were significantly prolonged in PPM recipients compared
with nonrecipients (P ¼ .001 and P ¼ .027, respectively).
At day 5 and 6 weeks postsurgery, PR intervals were slightly
longer in PPM recipients compared with nonrecipients;
however, this difference was not statistically significant
(P ¼ .303 and P ¼ .632, respectively). At 6 weeks
follow-up, QRS and cQT intervals were significantly pro-
longed in PPM recipients compared with nonrecipients
(P ¼ .014 and P ¼ .023, respectively).
DISCUSSION
Electrocardiogram Changes After Rapid
Deployment of Aortic Valve Replacement

In this study, we have compared frequencies of ECG
rhythms in 97 patients with RDAVR with EIV across 3
repeated measures (preoperative, 5 days postoperatively,
and follow-up at 6 weeks). We found that sinus rhythm
(SR) decreased in frequency over time (P<.001) and left
bundle branch block (LBBB) increased in frequency over
TABLE 5. Descriptive statistics for QRS interval classified for 97 patients

Repeated measures Mean (ms)

1 Preoperative 106.38

2 5 d postoperatively 129.51

3 6-wk follow-up 112.81

Repeated measures analysis of varian

Effect Factor

Within-subject Time

CI, Confidence interval.
time (P ¼ .006). A study by Herry and colleagues6 had
similar findings from a single-center experience where
they compared EIV with conventional aortic valve bio-
prosthesis. No significant changes in the frequencies of
atrial fibrillation, first-degree heart block (HB), and right
bundle branch block (RBBB) were noted over time. Howev-
er, there was evidence to indicate a likely increase in paced
rhythm and subsequent implantation of PPM between the
preoperative and follow-up measures. Only 59.8% of pa-
tients were in SR and without any conduction disturbance
on ECGs preoperatively.
In terms of rhythm disturbances, only 24.7% of patients

remained in SR, and 18.6% of patients developed new
LBBB at 5 days postoperatively. However, at 6-week
follow-up, only 4.1% of patients were found with persistent
LBBB compared with preoperatively. Therefore, new onset
of LBBB at 5 days postoperative was transient, with some
completely resolved at 6-week follow-up. Previous studies
have reported up to 20% incidence of new LBBB after Ed-
wards Intuity valves.7 One recent large study by Coti and
colleagues8 reported 31.1% of patients developed LBBB
and 25.6% remained in LBBB at discharge. Likewise, a
small sample size study (n¼ 58) reported 28% of new onset
of LBBB in patients who had isolated RDAVR with the Ed-
wards Intuity valve.9 Regeer and colleagues10 found 23%
new-onset of LBBB with other RDAVR prostheses
(Perceval S valve and 3f Enable valve) and 25% with trans-
catheter aortic valve implantation (TAVI) at hospital
discharge.10 Persistent LBBB with TAVI was reported
95% CI

Lower bound Upper bound

98.64 114.12

121.33 137.68

102.72 122.92

ce for QRS interval in 97 patients

df F P

2 12.29 <.001

JTCVS Techniques c Volume 10, Number C 223



TABLE 6. Descriptive statistics for cQT interval classified for 97 patients

Repeated measures Mean (ms)

95% CI

Lower bound Upper bound

1 Preoperative 407.22 387.57 425.86

2 5 d postoperative 439.93 430.98 448.87

3 6-wk follow-up 402.66 378.23 427.08

Repeated measures analysis of variance for cQT interval in 97 patients

Effect Factor df F P

Within-subject Time 2 4.86 .015

CI, Confidence interval.
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approximately 9% at long term follow-up11 and only 2%
with conventional AVR, which had been the gold standard
treatment for AVR.7 In comparison with other studies, the
new incidence of LBBB after EIV RDAVR in our study
was good.10 We had 18.6% of new LBBB at 5 days postop-
eratively and only 4.1% of patients remained in LBBB at
6 weeks follow-up.

Changes in Conduction Intervals
We analyzed changes in conduction intervals across the 3

repeated measures (preoperative, 5 days postoperative, and
6-week follow-up) for each patient. Our study found that the
mean PR interval did not vary across the 3 repeated mea-
sures (P ¼ .795). This was consistent with no changes in
the frequencies of AV conduction rhythm disturbances:
first-degree HB and second-degree HB (Mobitz type 2).
D’Onofrio and colleagues9 reported approximately one-
third of new onset of conduction disturbance and significant
increase of QRS duration. It should be noted that this study
had a small population (n ¼ 58) and only included patients
who had isolated RDAVR. A study by Coti and colleagues8

associated a higher incidence of new-onset LBBB in pa-
tients with widened QRS complex after RDAVR in
follow-up periods. We have observed significant transient
reduction in frequencies of new LBBB, widened QRS com-
plex, and prolonged cQT conduction interval at 6-week
follow-up compared with 5 days postoperatively. This could
be related to the resolution of local inflammation, edema,
and ischemia of the surrounding tissue after the valve
replacement. However, there were patients with persistent
new LBBB, widened QRS complex, and prolonged cQT in-
terval at 6-week follow-up and remained asymptomatic. It
seems that persistent new LBBB, widened QRS complex,
and prolonged cQT interval are related to RDAVR itself.
Previous studies have shown 2% of patients remained in
new LBBB with conventional AVR and 9% of patients re-
mained in new LBBB with TAVI.8,12 Our study showed
only 4.1% of patients remained in new LBBB. Therefore,
it appears that risk of developing new LBBB, wide QRS
complex, and prolonged cQT interval is directly associated
with complications with AVR regardless of valve choice.
Conventional aortic valves are placed supra-annularly,
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whereas the RDAVR and TAVI prosthesis are placed
intra-annularly, close to the left bundle branch.10 Size of
the bioprosthesis and annulus is paramount to avoid any dis-
turbances to the conduction system.10 It should be noted
that conventional prosthesis is sutured to the annulus; there-
fore, the prosthesis does not generate a radial force that
compresses the conduction system. On the other hand,
RDAVR prosthesis and TAVI prosthesis are placed intra-
annularly and generate a radial force with expandable prop-
erty, increasing the risk of compressing the conduction
system compared with the conventional prosthesis. This
would lead to permanent new LBBB, widened QRS com-
plex, prolonged cQT interval, and perhaps the need for
PPM implantation with RDAVR bioprosthesis.

Permanent Pacemaker Rates After Rapid
Deployment of Aortic Valve Replacement

At 5 days postoperatively, 11 patients (11.3%) were
found in paced rhythm (ie, complete AV block) and subse-
quently required implantation of PPM before hospital
discharge. Three patients re-presented to hospital with
symptomatic CHB and had PPM implanted postoperatively
on days 23, 40, and 54, respectively, resulting in a total of 14
patients (14.4%) with a PPM implanted postoperatively. At
5 days postoperatively, these patients were in SR with
LBBB, first-degree HB with LBBB, and atrial fibrillation
with LBBB, respectively.
Literature review. A 2011 literature review reported a
PPM implantation rate after RDAVR with EIV in patients
who had isolated AVR of 3.0% to 11.8%.12 We updated
this literature review with 17 more recent studies, and
PPM ranged from 4.5% to 14.5%. At 14.4%, the overall
rate of PPM implantation in our study is at the higher end
of the range reported in the literature. This can largely be
explained by the fact that our patients had a higher rate of
other concomitant procedures. Only 7 of our patients who
required PPM had isolated RDAVR (57.7%), and the
remainder had other concomitant procedures, most
commonly CABG (42.3%). Other authors have also identi-
fied that postoperative pacemaker rates vary depending on
these variables, for example, Rahmanian and colleagues13

reported rates of 3.5% for isolated RDAVR compared
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with 12.5% for RDAVR/CABG. Evidence suggests that the
EIV valve has slightly lower rates of PPM compared with
the Perceval prosthesis with rates of 5% to 30%.14 The re-
ported PPM rate in those undergoing TAVI is significantly
higher with values up to 36%.15

Predictors of Permanent Pacemaker
Matthews and colleagues12 concluded that first-degree

AV block, left anterior hemiblock, RBBB, and LBBB are
the most powerful independent predictors of PPM after
AVR. The TRANSFORM trial study1 associated preopera-
tive rhythm disturbances with the occurrence of PPM im-
plantation. Rahmanian and colleagues13 reported that
preoperative RBBB was a strong independent predictor
for PPM.

In contrast, no significant association between preopera-
tive rhythm disturbance and postoperative risk of PPM im-
plantation was observed in our study (P ¼ .096). We
analyzed whether preoperative conduction abnormalities,
including prolonged PR interval (PR >200 ms), pre-
excitation short PR interval, widened QRS complex (QRS
interval >100 ms) and prolonged cQT interval (cQT
>440 ms), increased the risk of PPM implantation. We
did not find any significant differences in preoperative con-
duction between patients with and without PPM implanted
postoperatively (P¼ .494). Other studies have also reported
no association.13 In contrast, at 5 days postoperatively, there
was a significant increase in the number of widened QRS
complexes found in patients with PPM compared with pa-
tients without PPM implanted postoperatively (P ¼ .047).
There were no significant changes in prolonged PR interval
or cQT interval between the 2 groups. Previous studies have
reported widened QRS complex as a predictive marker for
PPM implantation in TAVI patients.16,17 Therefore, one
could argue that postoperative widened QRS complex
may predispose patients to PPM implantation. We also
compared baseline preoperative characteristics (Table 1)
and intraoperative characteristics (Table 2) of the patients
who did and did not have PPM postoperatively. We
observed that patients who had previous aortic valvulo-
plasty had permanent PPM implanted postoperatively.
Aortic valvuloplasty is a known risk factor for developing
rhythm disturbances and subsequent need for PPM, which
had been evidenced in previous trials. No other significant
differences were seen in preoperative characteristics be-
tween the 2 patient groups. Rahmanian and colleagues13 re-
ported a high rate of PPM implantation in patients who had
combined AVR and CABG surgery. However, we did not
observe any concomitant procedures, including CABG,
that increased PPM implantation rates. Aortic valve pathol-
ogy, including bicuspid aortic valve, was not identified as a
risk factor.

One could argue that increased risk of permanent con-
duction disturbances and inevitably AV block and
subsequent need for PPM implantation with RDAVR bio-
prosthesis would be related to excessive oversizing in addi-
tion to intra-annular placement and expandable property
with radial force. In addition, anatomy of the cardiac con-
duction system should be kept in mind. The bundle of His
penetrates the interventricular septum between the right
and noncoronary aortic leaflets, giving rise to the left bundle
branch; this is where the skirt frame of EIV is anchored.
Certainly, surgical trauma associated with excising the
native valve and debriding the annulus may also increase
the risk of developing conduction abnormalities and subse-
quent need for PPM implantation.18 It is important to note
that patients with new conduction abnormalities, mainly
LBBB postsurgical AVR, have a high risk of developing
syncope or cardiac death compared with patients who did
not have any new conduction abnormalities postsurgical
AVR within 1-year follow-up.19 PPM implantation has its
complications, such as lead or device infection, risk of
HB after treatment of infection or replacement of the gener-
ator or leads, and malfunction of the device.18 Therefore, it
is vital to take extra precautions intraoperatively to reduce
the incidence of postoperative conduction disturbances
and subsequent need for PPM implantation with EIV valve
system.

Timing of Permanent Pacemaker Implantation
In our study, on average PPM implantation was per-

formed 11.1 � 2.9 days postoperatively and 3 of 14
(21.4%) were implanted in patients after hospital
discharge. There are limited data on the timing of PPM
implantation, if required, after RDAVR. The current Eu-
ropean Society of Cardiology guidelines recommend a
period of 7 days of persistent first-degree AV block after
valve replacement before PPM implantation. Romano
and colleagues20 reported that the median time to pace-
maker implantation was 6 days, 22% were required
within the first 48 hours after surgery, and 20 of 107
(18.7%) underwent implantation after the initial hospital-
ization. Matthews and colleagues12 reviewed 4 studies
and reported that the mean time to PPM was 6 to
13 days after AVR. In comparison, after TAVI, one study
reported that 25% of patients required PPM implantation
within the first 72 hours.16 We have observed transient
reduction in conduction abnormalities mainly in new
LBBB and widened QRS complexes at 6 weeks follow-
up compared with 5 days postoperatively. Thus, there ap-
pears to be a causal relationship between RDAVR and
conduction abnormalities. In addition, after discharge, 3
patients presented with symptomatic CHB and had
PPM implanted postoperatively on days 23, 40, and 54,
respectively. This warrants further studies to establish a
possible time limit before PPM implantation in some pa-
tients because of the transient nature of some conduction
abnormalities.
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Study Limitations
Limitations of this study include the retrospective design

and only a small cohort of patients from a single center were
included. Our analysis focused on ECG changes, and we did
not provide information on echocardiography results at
6-week follow-up or on quality of life parameters. In addi-
tion, only short-term follow-up was included and longer-
term follow-up would be required to investigate whether
transient nature of observed ECG changes resolves over
time. However, longer-term follow-up was not possible
because many patients were from rural or regional areas
and follow-up was not at our institution. In addition, the
small study size may have resulted in a lack of power to
detect differences between groups, such as the comparison
between patients who did and did not need subsequent PM
implantation.
CONCLUSIONS
In our case series, rhythm disturbances and conduction

abnormalities comparable to other RDAVR bioprostheses
are noted with EIV RDAVR. The most frequently observed
abnormalities were new LBBB and widened QRS complex.
Our study also found that there was a reduction in the num-
ber of new LBBB and widened QRS complex at 6-week
follow-up compared with postoperative day 5. However, it
appears that widened QRS complex may predispose to
PPM implantation in the setting of RDAVR. Long-term
follow-up is required to further assess whether new LBBB
and widened QRS complex are transient or permanent
beyond 6-week follow-up.
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