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Background: High-grade AV block (HAVB) is the most frequent adverse event after
transcatheter aortic valve implantation (TAVI). In rare cases, HAVB is associated
with hemodynamic compromise (HC) followed by syncope or application of
cardiopulmonary resuscitation (CPR), but data on this severe complication are
scarce. The aim of the present study was to investigate the incidence
and predictors of HC due to HAVB in patients undergoing TAVI.
Methods: In this retrospective analysis of 4,602 TAVI cases between 2010 and
2022, 466 developed HAVB. Baseline characteristics and procedural and
postprocedural findings were compared for patients with HC versus those
without. Univariate and multivariable regression analyses were used to
investigate independent predictors of HC.
Results: Forty-nine of 466 patients (10.5%) had HC due to HAVB after TAVI. Patients
with HC had a longer hospital stay [10 (8–13) vs. 13 (9–18) days; p <0.001], more
frequent peripheral artery disease (PAD) (28.6% vs. 15.1%; p=0.016), and lower
hemoglobin levels [11.8 (±) vs. 12.5 (±) g/dl; p=0.006]. In the HC group, HAVB
onset post-TAVI was delayed compared with the non-HC group [2 (1–4) vs. 1 (0–3)
days; p <0.001]. Before HAVB onset, patients in the HC group more frequently
developed post-TAVI delirium [18 (4.6%) vs. 11 (25.0%); p <0.001]. In univariate
regression analysis, PAD, hemoglobin, procedural time, contrast agent volume, and
post-TAVI delirium were significant predictors of HC. After adjustment, only post-
TAVI delirium and contrast agent volume remained independent predictors [OR 3.22
(95% CI: 1.05–9.89); p=0.042 and OR: 1.01 (95% CI: 1.0–1.01); p=0.04, respectively].
Conclusion: HC due to HAVB after TAVI occurred in over 10% of cases. Development
of post-TAVI delirium and contrast agent volume are independent predictors of this
severe complication.
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Introduction

Transcatheter valve implantation (TAVI) has become the first-line treatment modality

for patients with symptomatic severe aortic stenosis and at least 75 years of age or

patients below 75 years who are unsuitable for surgical valve replacement (SAVR) but

suitable for transfemoral TAVI (1). Compared with SAVR, the rates of new permanent
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pacemaker implantation (PPI), most commonly due to high-grade

AV block (HAVB), are consistently higher in patients undergoing

TAVI, ranging from approximately 4% up to 10% for balloon-

expandable transcatheter heart valves (THV) (2–5), 12%–20% for

the self-expanding Evolut R/Pro (Medtronic, Minneapolis, MN,

USA) THV (6–8, 5), and up to 10% for the self-expanding

Acurate Neo THV (Boston Scientific, Marlborough, MA, USA) (9).

Right ventricular pacing after PPI leads to inter- and

intraventricular dyssynchrony, causing left ventricular (LV)

remodeling (10), mitral regurgitation (11), and impaired LV

ejection fraction (LVEF) (12). These adverse effects contribute to

the higher rates of heart failure, recurrent hospitalizations, and

poorer recovery of LV function described for TAVI patients with

new PPI (13). Conversely, cardiac death rates are lower in TAVI

patients with new PPI, most likely due to the protection from

high-grade conduction disturbances and subsequent sudden

cardiac death afforded by a pacemaker (14). Thus, advantages

and disadvantages of a planned PPI in TAVI patients should be

carefully considered, and knowledge of potential predictors of

adverse events due HAVB can be helpful in guiding decisions.

The aim of the current study was to investigate the incidence

of HAVB with and without hemodynamic compromise (HC)

followed by cardiopulmonary resuscitation (CPR) or syncope in

TAVI patients, identify predictors of HC, and analyze potential

differences in baseline, procedural, and postprocedural

characteristics between patients with and without HC due to

HAVB.
FIGURE 1

Flowchart of the overall cohort. PPI, permanent pacemaker implantation; HAV
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Methods

Patient population

Between January 2010 and February 2022, 4,602 consecutive

patients with symptomatic severe native aortic stenosis

underwent TAVI in our institution. Patients were found to be

eligible for TAVI based on the clinical consensus of a

multidisciplinary heart team consisting of interventional

cardiologists, cardiothoracic surgeons, and anesthesiologists.

Patients with conversions to open heart surgery (n = 70),

preexisting PPI (n = 598), and no new bradycardia or bradycardia

other than AV block grade II type 2 or grade III after TAVI (n =

3,468) were excluded from analysis. The final study cohort

comprised 466 patients (Figure 1). The medical charts were

reviewed to identify the onset of HAVB and HAVB-associated

cardiac adverse events (CPR and syncope), bradycardia-inducing

medication, the presence of a transvenous pacer at the time of

the onset of HAVB, and development of post-TAVI delirium

before the onset of HAVB. Patients with documented CPR or

syncope due to HAVB were assigned to the group HAVB with

HC; patients with documented HAVB but without the need for

CPR or syncope were assigned to the group HAVB without HC.

Procedural outcomes and complications were defined according

to the Valve Academic Research Consortium (VARC) III criteria

(15). The decision regarding PPI was made in consensus between

the TAVI operator and the electrophysiologist according to
B, high-grade atrio-ventricular block; CPR, cardiopulmonary resuscitation.
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guideline recommendations (16). Follow-up data were obtained via

outpatient visits, telephone interview, or medical reports from

referring hospitals/general practitioners. Follow-up data on

30-day outcome was available for all patients. The study was

conducted in adherence to the Declaration of Helsinki and was

approved by the Ethics Committee of the University of Giessen,

Giessen, Germany (AZ 180/20).
Statistical methods

Continuous variables are presented as mean with standard

deviation (SD) or as median with interquartile range (IQR), as

appropriate. Categorical variables are given as frequencies and

percentages. The presence of a normal distribution pattern was

tested using the Shapiro–Wilk test. The Mann–Whitney-U test

was used for comparison of continuous variables when not

normally distributed, and the unpaired t-test was applied when

normal distribution was present. For comparison of categorical

variables, the χ2 test was applied. Binary logistic univariate

regression analysis with “HC” as dependent variable was

performed for baseline variables including, age, sex, body mass

index (BMI), hemoglobin (Hb) levels, chronic renal insufficiency

(defined by eGFR <60 ml/min/1.73 m2), EuroScore II, baseline

conduction disturbances (first-degree AV block, left bundle

branch block (LBBB), right bundle branch block (RBBB)),

NYHA class >2, and history of syncope as well as for pre-TAVI

computed tomographic (CT) measures of the aortic root, the

presence of LV outflow tract (LVOT) calcification, the length of

membranous septum, and baseline echocardiographic parameters

and for clinical parameters including cardiovascular risk factors

and preexisting cardiovascular diseases. Furthermore, procedural/

postprocedural factors including transapical access, predilatation,

postdilatation, implantation depth, procedural time and contrast

volume, vascular complications, delirium, and postprocedural

echocardiographic findings were included. All variables with a

p-value <0.1 were included in the multivariable analysis.

Significance was assumed when a two-sided p-value <0.05 was

determined. SPSS Version 22.0 (IBM, Armonk, New York, USA)

was used for all statistical analyses.
Results

Patient characteristics

A total of 466 patients (50% female) with a median age of 82

(79–85) years were included in the analysis. After TAVI, 417

patients (89.5%) developed HAVB without HC whereas 49

patients (10.5%) had HC due to HAVB. In the HC group, 75%

had CPR and 25% experienced syncope due to HAVB. Table 1

depicts the baseline characteristics of the entire cohort and both

subgroups (HAVB without HC and HAVB with HC). There were

no differences in demographic parameters, cardiovascular risk

factors, or preexisting cardiac diseases between the groups.

Patients who had HAVB with HC had a longer hospital stay
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[13 (9–18) days vs. 10 (8–13) days; p < 0.001]. Hb was lower in

the HC group (12.5 ± 1.8 vs. 11.8 ± 1.6 g/dl; p = 0.006), and

peripheral artery disease (PAD) was more frequent in this group

(28.6% vs. 15.1%; p = 0.016). No differences in baseline

conduction abnormalities according to 12-lead electrocardiogram

(ECG) on admission and baseline echocardiography findings

were observed between the groups. Anatomic measures of the

aortic root according to pre-TAVI CT were comparable (Table 1).
Procedural and postprocedural findings

The transapical access route was more often used in the HC

group than in the group without HC (30.6% vs. 13.2%; p =

0.003). No significant differences were observed for the rate of

predilatation, postdilatation, THV type, fluoroscopy time,

procedural time, and implantation depth, although there was a

tendency for a longer procedural time in the group of patients

with HC [49 (28–64) vs. 40 (32–52); p = 0.215]. Postprocedural

echocardiographic findings did not differ between the groups.

Patients in the HC group had more often type 2–4 bleeding and

they suffered more frequently from acute kidney injury (AKI)

stage 2 and more often experienced stroke events. Device success

was more often achieved in the group without HC. Table 2

displays the procedural and postprocedural findings for the entire

cohort and both subgroups.
HAVB-associated postprocedural findings
and differences between subgroups

HAVB occurred markedly later in the HC group compared

with patients without HC: 2 (1–4) vs. 1 (0–3) days; p < 0.001.

The intake of potential bradycardia-inducing medication up to

24 h before the HAVB event was not different between the

groups. The incidence of a new delirium episode after TAVI

before the onset of HAVB was more frequent in patients with

HC: 25% vs. 4.6%; p < 0.001. Patients with HAVB without the

need for CPR or the occurrence of syncope had more often a

transvenous pacer inserted. Table 3 shows the HAVB-associated

findings of the entire cohort and both subgroups.
30-day Outcome and predictors of HC
due to HAVB

Short-term all-cause mortality was higher in patients with HC

compared with those without HC (24.5% vs. 2.9%; p < 0.001)

(Table 2). In univariate regression analysis, PAD, preprocedural

Hb, procedural time, periprocedural contrast agent volume, and

delirium before the onset of HAVB were significant predictors of

HC. However, in multivariable analysis, only the presence of

delirium before the onset of HAVB and contrast agent volume

independently predicted HC: 3.22 (95% CI: 1.05–9.89); p = 0.042

and 1.01 (95% CI: 1.0–1.01); p = 0.04; respectively. Table 4 shows

the results of the univariate und multivariable regression analyses.
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TABLE 1 Baseline characteristics.

Total cohort (n = 466) HAVB without HC (n = 417) HAVB with HC (n = 49) p-value
Age, years 82 (79–85) 82 (79–85) 82 (78–87) 0.92

Sex, male 233 (50.0) 210 (50.4) 23 (46.9) 0.651

Body mass index, kg/m2 27.1 (24.3–31.0) 27.1 (24.2–31.1) 27.1 (24.7–30.8) 0.881

Hb, g/dl 12.5 (±) 12.5 (±) 11.8 (±) 0.006

NYHA class 3 or 4 366 (78.5) 327 (78.4) 39 (79.6) 0.85

Prior syncope 62 (13.3) 52 (12.5) 10 (20.4) 0.624

Prior cardiac decompensation 159 (34.1) 139 (33.3) 20 (40.8) 0.296

Hypertension 420 (90.1) 375 (89.9) 45 (91.8) 0.672

Diabetes mellitus 162 (34.8) 140 (33.6) 22 (44.9) 0.115

Hyperlipidemia 195 (41.8) 171 (41.0) 24 (49.0) 0.285

EuroScore II, % 3.1 (2.1–5.1) 3.1 (2.1–5.0) 3.4 (2.5–5.8) 0.096

Coronary artery disease 282 (60.5) 250 (60.0) 32 (65.3) 0.468

Previous MI 58 (12.4) 54 (12.9) 4 (8.2) 0.337

Peripheral artery disease 77 (16.5) 63 (15.1) 14 (28.6) 0.016

Chronic renal insufficiency (eGFR <60 ml/min/1.73 m2) 216 (46.8) 190 (46.0) 26 (53.1) 0.349

COPD 98 (21.0) 89 (21.3) 9 (18.4) 0.629

Prior stroke 59 (12.7) 51 (12.2) 8 (16.3) 0.415

Atrial fibrillation 172 (36.9) 154 (36.9) 18 (36.7) 0.979

First-degree AVB 138 (29.6) 125 (30.0) 13 (26.5) 0.617

RBBB 147 (31.5) 136 (32.6) 11 (22.4) 0.147

LBBB 38 (8.2) 32 (7.7) 6 (12.2) 0.269

Prior CABG 54 (11.6) 46 (11.0) 8 (16.3) 0.273

Ejection fraction, % 655 (55–65) 65 (55–65) 65 (60–65) 0.405

Pmean, mmHg 44 (36–54) 45 (36–55) 44 (36–51) 0.465

Aortic valve area, cm2 0.7 (0.6–0.8) 0.7 (0.5–0.8) 0.7 (0.6–0.8) 0.42

Length of hospital stay, days 10 (8–14) 10 (8–13) 13 (9–18) <0.001

Pre-TAVI CT findings
Area-derived annulus diameter, mm2 24.2 (2.2) 24.2 (2.2) 24.0 (2.2) 0.494

Perimeter-derived annulus diameter, mm 24.8 (2.2) 24.8 (2.2) 24.6 (2.2) 0.511

Cover index, perimeter, % 5.2 (2.3–8.0) 5.1 (2.3–7.9) 6.0 (2.3–8.4) 0.46

Cover index, area, % 7.4 (4.3–10.4) 7.3 (4.1–10.4) 7.5 (4.5–10.9) 0.46

LVOT diameter, mm 23.3 (2.8) 23.4 (2.8) 22.8 (2.8) 0.191

SOV diameter, mm 32.2 (3.5) 32.2 (3.5) 32.0 (3.4) 0.653

STJ diameter, mm 28.5 (26.6–30.5) 28.5 (26.6–30.5) 28.0 (26.6–31.0) 0.75

Aorto-annular angle,° 51.2 (8.9) 51.3 (9.0) 50.4 (8.0) 0.67

Bicuspid valve 45 (9.7) 38 (9.1) 7 (14.3) 0.246

Aortic valve calcium score, AU 2,843 (1,900–3,920) 2,862 (1,900–3,934) 2,492 (1,891–4,189) 0.698

Membranous septum length, mm 4.0 (2.5–6.0) 4.0 (2.5–6.0) 4.0 (∼3.0–5.0) 0.66

LVOT calcification 92 (24.2) 80 (23.2) 12 (34.3) 0.144

Baseline demographic, clinical, electrocardiographic, echocardiographic, and CT characteristics of the total cohort and the subgroups HAVB without HC and HAVB with

HC. Continuous variables are depicted as median with interquartile range or as mean with standard deviation (SD) as appropriate. Categorical parameters are presented as

numbers with percentages.

HR, hemodynamic compromise; HAVB, high-grade atrioventricular block; NYHA, New York heart association; MI, myocardial infarction; eGFR, estimated glomerular

filtration rate; COPD, chronic obstructive pulmonary disease; RBBB, right bundle branch block; LBBB, left bundle branch block; CABG, coronary artery bypass graft;

Pmean, mean transvalvular aortic gradient; LVOT, left ventricular outflow tract, SOV, sinus of valsalva; STJ, sinotubular junction; AU, agatston unit.
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Discussion

The main results of our study are that (1) HC due to HAVB

post-TAVI occurred in 1% (49 of 4,606 patients) of the entire

TAVI cohort and in 10.5% of all patients developing HAVB after

TAVI; (2) patients with HC due to HAVB had more frequently a

delayed onset of HAVB compared with HAVB patients without

HC; (3) the development of delirium after TAVI and contrast

agent volume were the sole independent predictors of HC due to

HAVB.

To the best of our knowledge this is the first study to

investigate the incidence and potential predictors of HC due
Frontiers in Cardiovascular Medicine 04
to HAVB in TAVI patients. While baseline characteristics such

as RBBB and first-degree AV block have been clearly identified

as predictors of the development of HAVB and the subsequent

need for PPI after TAVI (17, 18), little is known about the risk

of HC when HAVB occurs. Many studies have investigated the

incidence and onset of conduction disturbances post-TAVI,

but data on the incidence of CPR or syncope associated with

HAVB are lacking (19–21). Importantly, this subset of patients

may be highly vulnerable and have much worse prognosis, as

shown by our finding that the 30-day mortality rate was more

than eight times higher in this group than in HAVB patients

without HC.
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TABLE 2 Procedural and postprocedural outcomes.

Total cohort (n = 466) HAVB without HC (n = 417) HAVB with HC (n = 49) p-value

Access 0.003
Transfemoral 392 (84.1) 359 (86.1) 33 (67.3)

Transapical 70 (15) 55 (13.2) 15 (30.6)

Other (transaortal/transsubclavian) 4 (0.9) 3 (0.7) 1 (2)

Prosthesis type 0.765
Balloon-expandablea 179 (38.5) 159 (38.2) 20 (40.8)

Self-expanding, CoreValve typeb 108 (23.2) 98 (23.6) 10 (20.4)

Self-expanding, ACURATE typec 171 (36.8) 152 (36.5) 19 (38.8.0)

Otherd 7 (1.5) 7 (1.7) 0 (0)

Procedural characteristics
Predilatation 277 (59.4) 244 (58.5) 33 (67.3) 0.234

Postdilatation 121 (26.0) 108 (25.9) 13 (26.5) 0.924

Implantation depth (NCC), mm 5 (3–7) 5 (3–7) 6 (4–7) 0.208

Procedural time, min 40 (32–52) 40 (32–52) 49 (28–64) 0.215

Contrast agent volume, ml 80 (50–110) 80 (50–110) 70 (45–140) 0.943

Procedural and postprocedural complications
Bleeding, type 2–4 129 (27.9) 97 (23.4) 32 (65.3) <0.001

Major vascular complications 38 (8.2) 32 (7.7) 6 (12.2) 0.269

Device success 349 (74.9) 323 (77.5) 26 (53.1) <0.001

Stroke (NeurARC 1a-d) 23 (4.9) 16 (3.8) 7 (14.3) 0.001

AKI stage 2 58 (12.4) 47 (11.3) 11 (22.4) 0.025

Postprocedural echocardiographic findings
Left ventricular ejection fraction, % 65 (60–65) 65 (60–65) 65 (60–65) 0.855

Pmean, mmHg 10 (7–13) 10 (7–13) 9 (6–13) 0.299

Aortic valve area, cm2 1.6 (1.4–1.8) 1.6 (1.4–1.8) 1.5 (1.4–1.9) 0.567

Paravalvular leakage≥moderate 25 (5.4) 20 (4.8) 5 (10.2) 0.112

Follow-up
30-day all-cause mortality 24 (5.2) 12 (2.9) 12 (24.5) <0.001

Comparison of procedural and postprocedural findings of the subgroups “no-HC” and “HC”. Significant values are depicted in italics and bold.

HAVB, high-degree AV block; HC, hemodynamic compromise; NCC, non-coronary cusp; AKI, acute kidney injury, Pmean, mean transvalvular aortic gradient.
aSapien XT, Sapien 3, Sapien Ultra, Myval.
bCoreValve, EvolutR/Pro, Portico, Portico FN, Hydra, Navitor.
cSymetis TA, Symetis TF, ACURATE Neo TA, ACURATE neo2.
dJenaValve, Engager, Directflow, Lotus.

TABLE 3 HAVB-associated clinical differences between patients with HC and without HC.

HAVB without HC (n = 417) HAVB with HC (n = 49) p-value
Onset of HAVB after TAVI, days 1 (0–3) 2 (1–4) <0.001

Transvenous pacera 277 (70.8) 20 (44.4) <0.001

Bradycardia-inducing medicationb,c 244 (62.4) 33 (76.7) 0.063

Post-TAVI delirium before onset of HAVBd 18 (4.6) 11 (25.0) <0.001

PPI after TAVI, days 3 (1–6) 4 (2–6) 0.068

Continuous variables are depicted as median with interquartile range, categorical parameters are presented as numbers with percentages. Significant values are depicted

in bold and italics.

HAVB, high-degree AV block; HR, hemodynamic compromise; PPI, permanent pacemaker implantation.
aInformation available in 391 pts without HC and 45 pts with HC.
bBradycardia-inducing medication defined as beta-blockers, non-dihydropyridine calcium-channel blocker (verapamil, diltiazem), digitalis, amiodarone and other anti-

arrhythmic medication within the last 24 h before onset of HAVB.
cInformation available in 391 pts without HC and 43 pts with HC.
dInformation available in 406 pts without HC and 29 pts with HC.

Weferling et al. 10.3389/fcvm.2023.1161871
Since its first description in 2002 (22), TAVI has become a

routine procedure performed on a daily basis worldwide. During

these two decades, alongside procedure-related and THV-related

optimizations, vast efforts were undertaken to shorten the index

hospital length of stay (23). So called “fast-track pathway”

discharges for TAVI patients have become common and have led

to a further decrease in the length of hospital stays (24, 25). Just
Frontiers in Cardiovascular Medicine 05
recently, partly due to the coronavirus disease (COVID)-19

pandemic, the feasibility of “same-day” discharge of TAVI

patients was demonstrated in several studies (26–28). In all of

the abovementioned studies, early discharges had no negative

effect on 30-day outcome measures such as cardiovascular

mortality or the rate of hospital readmissions. However, as

cardiac arrest due to HAVB is a very rare event and most studies
frontiersin.org
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TABLE 4 Unadjusted and adjusted predictors of HC due to HAVB.

Univariate OR (95% CI) p-value Multivariable OR (95% CI) p-value

Baseline characteristics
Age, years 1.00 (0.95–1.06) 0.919 – –

Sex, male 0.87 (0.48–1.58) 0.651 – –

Body mass index, kg/m2 1.00 (0.95–1.06) 0.987 – –

EuroScore II, % 1.03 (0.97–1.10) 0.317 – –

NYHA class 3 or 4 1.07 (0.52–2.23) 0.85 – –

Cardiac decompensation 1.38 (0.75–2.53) 0.297 – –

Syncope 1.80 (0.85–3.82) 0.126 – –

Arterial hypertension 1.26 (0.43–3.68) 0.672 – –

Diabetes mellitus 1.62 (0.89–2.93) 0.118 – –

Coronary artery disease 1.26 (0.68–2.34) 0.469 – –

Prior MI 0.59 (0.21–1.73) 0.342 – –

Peripheral artery disease 2.25 (1.14–4.42) 0.019 1.16 (0.42–3.19) 0.779

CABG 1.57 (0.70–3.56) 0.277 – –

Chronic renal insufficiency, eGFR < 60 ml/min/1.73 m2 0.99 (0.54–1.83) 0.979 – –

Hb, g/dl 0.80 (0.68–0.94) 0.007 0.85 (0.70–1.05) 0.135

Baseline ECG parameters – –

Atrial fibrillation 0.99 (0.54–1.83) 0.979 – –

First-degree AV block 0.84 (0.43–1.65) 0.618 – –

RBBB 0.60 (0.30–1.21) 0.151 – –

LBBB 1.8 (0.71–4.57) 0.216 – –

Baseline echocardiographic parameters
Left ventricular ejection fraction, % 1.01 (0.98–1.04) 0.462 – –

Pmean, mmHg 0.99 (0.98–1.02) 0.726 – –

Aortic valve area, mm2 2.01 (0.32–12.53) 0.453 – –

Pre-TAVI CT findings
Aortic valve calcium score, AU 1.00 (1.00–1.00) 0.93 – –

Aortic annulus area, mm2 0.95 (0.82–1.10) 0.494 – –

Cover index area, mm2 1.03 (0.97–1.09) 0.403 – –

STJ, mm 1.0 (0.9–1.10) 0.954 – –

LVOT, mm 0.93 (0.83–1.04) 0.192 – –

Aorto-annular angle,° 0.99 (0.94–1.04) 0.669 – –

Membranous septum, mm 0.97 (0.8–1.17) 0.73 – –

LVOT calcification 1.73 (0.82–3.63) 0.148 – –

Procedural/post-procedural characteristics
Transapical access 3.0 (1.55–5.8) 0.001 0.53 (0.15–1.80) 0.307

Predilatation 1.46 (0.78–2.74) 0.236 – –

Postdilatation 1.03 (0.53–2.02) 0.924 – –

Procedural time, min 1.01 (1.00–1.02) 0.035 1.0 (0.99–1.02) 0.757

Contrast agent volume, ml 1.00 (1.00–1.01) 0.076 1.01 (1.0–1.01) 0.040

Implant depth (NCC), mm 1.06 (0.96–1.16) 0.262 – –

Major vascular complications 1.68 (0.66–4.24) 0.273 – –

Paravalvular leakage≥moderate 2.26 (0.81–6.31) 0.121 – –

Delirium before onset of HAVB 6.91 (3.01–15.85) <0.001 3.22 (1.05–9.89) 0.042

Postprocedural echocardiographic findings
Left ventricular ejection fraction, % 1.02 (0.98–1.05) 0.389 – –

Pmean, mmHg 0.97 (0.91–1.05) 0.475 – –

Aortic valve area, mm2 0.9 (0.28–2.88) 0.859 – –

Univariate and multivariable regression analysis of baseline clinical factors, procedural and postprocedural variables for analysis of potential predictors of HC due to HAVB.

All variables with a p-value <0.1 were included in the multivariable regression analysis. Significant values are depicted in bold and italics.

Weferling et al. 10.3389/fcvm.2023.1161871
investigating the feasibility of early discharge had rather small

sample sizes, this specific event may not have been captured.

Barker et al. recently demonstrated in the multicenter

PROTECT-TAVR study comprising 124 TAVI patients that the

same-day discharge concept is feasible with a low cardiovascular

hospital readmission rate of 2.8% during the first 30 days; no
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patient died or required PPI during that period (26). Of note,

patients with preexisting RBBB or baseline second-degree type 2

or third-degree AV block were excluded, whereas inclusion of

patients with preexisting first-degree or second-degree type I AV

block was possible and left to the discretion of the individual

sites (26). In our study, the rate of baseline complete RBBB and
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first-degree AV block was rather high, with an incidence of 31.5%

and 29.6%, respectively, without a significant difference between

patients with HC and without HC. In our cohort, 50.6% of

patients had either first-degree AV block or RBBB. Since both

conduction abnormalities are known predictors of HAVB, this is

not surprising as only patients with HAVB after TAVI were

included in the analysis. On the other hand, approximately 50%

of patients had no relevant baseline conduction abnormalities

before TAVI and nonetheless developed HAVB afterwards.

Naturally, when HAVB is recognized, early discharge is unlikely

and results in prolonged monitoring with eventual PPI in most

of the cases. However, HAVB might only be transient after

TAVI, so that the benefits of PPI must be carefully weighed

against potential risks. In a large meta-analysis by Zito et al.

comprising over 50,000 TAVI patients, long-term all-cause

mortality and rehospitalization rates for heart failure were

significantly higher in patients receiving PPI after TAVI during a

mean follow-up time of 22 months (29).

In the present study, the vast majority of HAVB episodes

(approximately 90%) occurred within a median time of 1 day

without HC, which basically supports the early discharge

concept. However, although CPR/syncope occurred rarely (1% of

all TAVI procedures from 2010 to 2022), HAVB with HC arose

with a delay of a median time of 2 days in our study, possibly

occurring out of hospital in accordance with the early discharge

concept as mentioned above. Of course, early discharge harbors

certain advantages, such as the patient’s convenience, cost

savings, and sparing of hospital inpatient capacities, which was

especially a factor in the time of the COVID-19 pandemic. The

evaluation of potential predictors of adverse events such as CPR

due to HAVB is thus of utmost importance to guide the decision

on early discharge, and the present study is the first to address

this issue.

HC due to HAVB is the most serious complication that can

occur in the setting of a conduction disturbance. In this

situation, either no ventricular escape rhythm or an insufficient

rhythm is present, leading to the need for cardiac resuscitation

or at least resulting in syncope. In our study, however, nearly

90% of HAVB incidents occurred without the need for CPR or

in the absence of significant HC, most likely because in these

cases the AV block was only transient, or, if persistent, the

patient had sufficient cardiac output despite ventricular escape

rhythm. Another reason for the absence of HC could be the

higher rate of transvenous pacer inserted in these HAVB patients

compared with patients with HC: 70.8% vs. 40.8%; p < 0.001.

However, in both groups, transvenous pacing did not always

work properly since patients in the HC group also developed HC

due to HAVB despite an inserted transvenous pacer.

Post-TAVI delirium was found to be an independent predictor

of HC due to HAVB. This finding is interesting, since it has never

been directly described in the context of HAVB. Nevertheless, it is

is known that delirium in TAVI patients is associated with a higher

mortality (30–32). In a recently published meta-analysis, Tilley

et al. found an incidence of post-TAVI delirium of nearly one

quarter of patients examined (33). Transapical access was one of

the strongest predictors of delirium [OR 4.0 (95% CI: 2.3–9.9);
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p < 0.001], a finding that is consistent with several other studies

investigating delirium in post-TAVI patients (34, 31). The

transapical access route was also more frequently used in our HC

subgroup. The reasons for this association are diverse: patients

undergoing TAVI via the transapical access route require general

anesthesia, which is generally associated with a higher

postprocedural rate of delirious states compared with rates for

local anesthesia (35), which can usually be applied during a

transfemoral TAVI approach. Also, transapical access is only

used when transfemoral access is not feasible, most likely due to

more severe peripheral artery disease, which also might reflect a

higher comorbidity burden that in turn is associated with a

higher incidence of delirium. The EuroScore II was numerically

higher in the HC group compared with the no-HC group [3.4

(2.5–5.8) vs. 3.1 (2.1–5.0); p = 0.096], possibly reflecting a higher

disease burden in the former group, although the difference was

not statistically significant (possibly due to the low sample size of

the HC group).

Another factor that might contribute to a higher incidence of

post-TAVI delirium that was not addressed in our analysis is the

presence of low cardiac output syndrome. Study data showed

that potentially due to lower cerebral perfusion, low cardiac

syndrome is a contributor to the development of a delirious state

after cardiac surgery (36). However, although low cardiac output

syndrome as a parameter was not specifically addressed in our

study, post-procedural LVEF was not different between HC and

no-HC-groups and also was not statistically significant in the

univariate logistic regression analysis.

Contrast agent volume was also found to be an independent

predictor of HC in our study. Higher amounts of contrast media

might also be a triggering factor for post-procedural delirium;

however, this assumption remains speculative as no clear

evidence exists in this regard. It is also possible that this

parameter reflects a higher rate of AKI after TAVI. The latter is

described as a strong risk factor for post-TAVI delirium in a

recently published meta-analysis: patients who developed AKI

had a 5-fold higher risk for the development of delirium after

TAVI (33). AKI as a parameter was not included in our

regression analysis, since from the data it was not clear in

which chronological context this parameter stood with regard to

HAVB and HC (see also the discussion of limitations, below),

meaning we could not distinguish whether AKI developed before

or after HC.

In our study, patients with HC had more frequently a delayed

onset of HAVB. This explains why fewer patients still had a

transvenous pacer inserted, which is usually withdrawn 24 h after

TAVI in cases with no high-grade conduction disturbances in

accordance with our in-hospital standard operating procedure.

The higher rate of delirium post-TAVI could be the reason why

the transvenous pacer (still inserted in 40% of cases) did not

work properly, most likely due to dislocation of the lead by an

agitated, delirious patient. Although this remains speculative,

since from the patients’ charts the reasons for a dislocated pacing

lead usually could not be recapitulated, this course of events

would be the most likely explanation for the higher incidence of

HC in patients with delirium. In addition, the delirious state
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itself might play a role in making patients more vulnerable and

potentially lead to a lack of sufficient ventricular rhythm during

HAVB via pathways still not fully understood. In that context, it

is a matter of fact that mortality rates are remarkably higher in

delirious patients (30–32); however, the reasons for this have

thus far never been elucidated, and to our knowledge, no study

exists that investigates the actual causes of higher mortality rates

in this special patient subset.

Nevertheless, although delirium was evidently more frequent in

HC patients, 75% of patients in that group had no delirious state

post-TAVI and still had HC. Again, the higher disease burden as

reflected by EuroScore II might have also played a role here, as

these patients might have fewer resources to hemodynamically

compensate during HAVB. As procedural factors such as pre-

and postdilatation were not different between the groups with

and without HC, it seems unlikely that these factors contributed

to HC due to HAVB. Also, the length of the membranous

septum, a recently discovered predictor of conduction

disturbances after TAVI (37), was not significantly different

between the two groups. Device success was markedly lower in

the HC group than in the no-HC group. Also, although not

significantly different, procedural time was numerically longer in

the HC group, possibly reflecting a more complex procedure

with eventually lower device success rates. This could also be a

contributing factor for post-TAVI delirium, but this remains

speculative. It is also conceivable that the lower device success

rate was associated with more intraprocedural manipulation at

the valve level, potentially leading to a more prolonged HAVB

with subsequent cardiac arrest/syncope.

Our study has several limitations. It is a single-center analysis,

so the results cannot be simply transferred to other centers, and as

it is also retrospective, potential unknown confounders cannot be

ruled out. The sample size of the HC group, although

comprising a long timeframe of over 12 years in a high-volume

TAVI center, is quite low, weakening the statistical power of our

analysis. Furthermore, the diagnosis of delirium was taken from

the patients’ charts and was mainly based on the individual

physician’s evaluation of the orientation of the patient and not

on objective scores, for example, the Confusion Assessment

Method (CAM)-ICU score. Valid chart review regarding HAVB-

associated clinical conditions was not possible in about 30

patients due to insufficient documentation or the chart not being

available. Because an older version of TAVI CT scans were used

from 2010 to 2013, the parameters LVOT calcification and

membranous septum length were not available for all patients.

Finally, postprocedural stroke, bleeding type 2–4, and AKI stage

2 were not included in the regression analysis, since it was not

always clear in which chronological context these parameters

stood in relation to the HAVB and HC.
Conclusion

HC due to HAVB after TAVI is a rare event that occurred in

1% of all patients in our cohort and in 10.5% of patients with
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HAVB. Post-TAVI delirium and contrast agent volume were

found to be the sole independent predictors of this adverse event.

Further studies are needed to validate this finding and to

elucidate its pathophysiological role in the context of HC due to

HAVB in TAVI patients.
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