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1 | INTRODUCTION

Transcatheter aortic valve replacement (TAVR) is a therapeutic option for

| Dean H. Decter | Perwaiz Meraj

Abstract

Background: This study sought to analyze in-hospital outcomes associated with preexisting and
newly implanted permanent pacemaker (PPM) in patients who underwent transcatheter aortic
valve replacement (TAVR). PPM implantation following the development of conduction abnor-
malities is a common adverse event following TAVR. Furthermore, PPM implantation rates are
higher in TAVR hospitalizations compared with the surgical alternative, thus we have analyzed
the predictors of pacing post-TAVR.

Hypothesis: We hypothesize that incidence of arrhythmias are high post-TAVR and have worse
adverse outcomes after receiving PPM.

Methods: The study population was identified from the National Inpatient Sample database
between 2012 and 2014. TAVR population was identified using ICD-9-CM procedure codes
35.05 and 35.06. Hospitalizations were divided into 3 group: (1) with preexisting PPM, (2) with
newly implanted PPM, and (3) without any PPM.

Results: Overall, 0.8% of hospitalizations presented with preexisting PPM and 23.7% of hospi-
talizations received new PPM. The overall incidence of atrial fibrillation was 44.5%, left bundle
branch block 8.9%, complete atrioventricular block 9.5%, and right bundle branch block 2.7%.
In-hospital mortality was higher in hospitalizations receiving PPM compared with those without
(4.9% vs 4.0%; P = 0.05). Length of stay and cost were higher in the group receiving new PPM.
Female sex, atrial fibrillation, left bundle branch block, and second-degree and complete atrio-
ventricular block were significant predictors for receiving PPM after TAVR.

Conclusions: A risk stratification for hospitalizations with conduction disorders is necessary to
avoid longer hospital stays, added costs, and mortality. Further research is warranted to investi-
gate additional predictors for PPM after TAVR.
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popularity of TAVR, the need for a permanent pacemaker (PPM) following
the procedure represents a frequently encountered complication and

often occurs following the development of atrioventricular

patients with severe aortic stenosis and high surgical risk. Many TAVR
patients are octogenarians and nonagenarians with significant comorbid-

ities, including some with preexisting pacemakers.! Despite the growing
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(AV) conduction abnormalities.? Rates of PPM implantation post-TAVR

range from 2% to 51%3% however, the bulk of patients receive a PPM

either during or within the acute period following the valve replacement.®
PPM implantation is significantly higher in patients undergoing

TAVR compared with the surgical replacement method.® Previous
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studies have reported that one of the most commonly encountered
complication types is a conduction abnormality, such as left bundle
branch block (LBBB), right bundle branch block (RBBB), and atrioven-
tricular block (AVB).”® These abnormalities often require subsequent
PPM implantation to prevent further adverse events. Most conduc-
tion abnormalities generally arise within the first week following
TAVR and require a PPM; however, it remains unclear what variables
can predict PPM implantation in real-world patients.?? Therefore, it is
necessary to assess the predictors of PPM insertion to stratify the
post-TAVR risk for unfavorable outcomes.'® Identification of these
high-risk patients would be of great clinical importance.

Much of the clinical evidence regarding various predictors of
PPM implantation is based on studies with small patient populations
or from clinical trials; therefore, this large, real-world study cohort
may expose predictors that would help identify certain high-risk
patients post-TAVR. Operative mortality can be significant; therefore,
the main goal of this study was to evaluate the incidence, predictors,

and clinical effects of PPM implantation following TAVR.

2 | METHODS

Data were obtained from the National Inpatient Sample (NIS) files
from January 2012 to December 2014.1* The NIS database is spon-
sored by Healthcare Cost and Utilization Project (HCUP). The descrip-
tion of this database has been published in previous studies.*?*3
Briefly, NIS includes >1000 hospitals across the United States, repre-
senting >95% of the US population. NIS is a 20% stratified sample,
which excludes rehabilitation admissions and long-term acute-care
hospitals. The institutional review board deemed this study exempt
from its approval requirements because of the use of de-identified
observational data from the NIS database. The principles underlying
the Declaration of Helsinki were adhered to in this study.

The International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) procedure codes 35.06 (nontransfemoral
implantation) and 35.05 (transfemoral implantation) were used to
identify hospitalizations undergoing TAVR. The study population was
divided into 3 groups: (1) preexisting PPM, (2) new implantation of
PPM, and (3) no need for PPM (Figure 1). The Elixhauser method was
used to define comorbidities in this study.'* Baseline characteristics
not provided by NIS were identified using appropriate ICD-9-CM

codes (see Supporting Information, Table 1, in the online version of

National In-Patient Sample (NIS) Database 2012-
2014

<

8210 (Weighted 41050) hospitalizations
selected using International Classification of
Diseases, 9th Revision, Clinical Modification

(ICD-9-CM) procedure code 35.05 and 35.06 for
TAVR

U 4 4

62 hospitalizations 1949 hospitalizations 6199 hospitalizations
admitted with a received Without any history
pre-existing a new pacemaker of pacemaker
pacemaker
FIGURE 1 Flowchart for the selection of study cohorts.

Abbreviations: TAVR, transcatheter aortic valve replacement

this article. Additionally, ICD-9-CM codes for conduction disorders
are included in this table). In-hospital mortality, length of stay, and
median cost of hospitalization for each group were measured. Cost
was calculated using cost-to-charge ratio files provided by the spon-
sors and was merged with the original NIS files. The final cost was cal-

culated by multiplying the total cost by the cost-to-charge ratio.

2.1 | Statistical analysis

The entire statistical analysis was performed using SAS software, ver-
sion 9.4 (SAS Institute Inc., Cary, NC). Continuous variables were ana-
lyzed using the Student t test or Wilcoxon rank-sum test and are
represented as mean +SD. Categorical variables were analyzed using
the X2 test or Fisher exact test and were represented as frequencies
and percentages. All P values were 2-sided, and a value of <0.05 was
considered statistically significant. A multivariate logistic regression
model was generated to identify the predictors for receiving a new
PPM implantation following TAVR. Those hospitalizations with preex-
isting PPM were excluded from the model. This model included age,

sex, race, Elixhauser, other comorbidities, and procedural details.

3 | RESULTS

This study included 0.8% hospitalizations with a preexisting PPM,
23.7% of hospitalizations with newly implanted PPM, and 75.5% of
hospitalizations with no need for PPM post-TAVR. Baseline differences
existed and are shown in Table 1. Hospitalizations who received newly
implanted PPM after TAVR presented with higher age as compared
with those without a pacemaker (81.7 vs 80.8 years, respectively;
P < 0.001). Also, hospitalizations who presented with preexisting pace-
makers had a higher age than hospitalizations who did not (85.1 vs
80.8 years, respectively; P < 0.001). Distribution of sex and race was
equal in all 3 groups. There was no difference in the Elixhauser comor-
bidities between the 3 groups, except for chronic lung disease, which
was highest in the group that received a new PPM. A greater number
of hospitalizations receiving PPM were treated at urban teaching hospi-
tals compared with rural and nonteaching urban hospitals.

The overall incidence of atrial fibrillation (AF) was 44.5%, with no dif-
ference between the groups. The overall incidence of LBBB was 8.9%,
with the highest being in the hospitalizations that received a new PPM.
Additionally, 11.3% of hospitalizations with a previously implanted PPM
and new-onset LBBB underwent TAVR. The overall incidence of RBBB
was 2.7%, with the highest being in the hospitalizations group that
received a new PPM (4.9%). The overall incidence of complete AVB was
9.5%; however, 38.7% of these hospitalizations presented with a preex-
isting PPM, and 30.7% of these hospitalizations without a preexisting
pacemaker received a new PPM following TAVR. No differences existed
in any of the procedural details except for the transfemoral approach,
which was highest in those hospitalizations receiving new PPM. A total
of 3.5% of hospitalizations were treated with percutaneous coronary
intervention in the same admission as TAVR with no significant differ-
ences between the 3 groups. No differences in the in-hospital mortality
rates existed between the 3 groups; however, the in-hospital mortality

was significantly higher in those hospitalizations receiving a new PPM
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TABLE1 Baseline and procedural characteristics of preprocedural pacing, new pacing, and nonpacing groups

Variable Pacing on Admission, n = 62 New Pacing, n = 1949 No Pacing, n = 6199 P Value
Weighted frequency 310 9745 30 995 N/A
Age,y 85.1 +5.9 817 +79 80.8 + 8.9 <0.001
>85y 66.1 45 421 <0.001
Female sex 43.5 49.6 47.1 0.14
Race 0.24
White 86.7 87.1 87.5
Black 1.7 3.3 4.1
Elixhauser comorbidities
DM 35.5 28.8 284 0.45
HTN 80.6 79.4 79.4 0.97
Liver disease 1.6 23 25 0.76
Chronic lung disease 17.7 34.1 33 0.024
CKD 38.7 38.9 37 0.31
Obesity 14.5 15.1 13.8 0.37
Dialysis 6.4 5.3 4.4 0.18
Other comorbidities <0.001
Ischemic cardiomyopathy 1.6 6.8 7.2 0.21
Mitral stenosis 0 1.6 12 0.31
Mitral insufficiency 11.3 16.7 16.9 0.49
Hospital characteristics <0.001
Rural 0 0.4 0.9
Urban (nonteaching) 11.3 8.1 111
Urban (teaching) 88.7 91.6 88
Conduction abnormality
AF 54.8 45.7 44 0.11
LBBB 11.3 13 7.6 <0.001
RBBB 1.6 4.9 2 <0.001
Complete AVB 38.7 30.7 25 <0.001
First-degree AVB 4.8 6.5 3.5 <0.001
Second-degree AVB (Mobitz type I) 1.6 0.7 0.1 <0.001
Second-degree AVB (Mobitz type Il) 4.8 2.3 0.6 <0.001
Other conduction disorders 22.6 23.1 11.6 <0.001
Procedural detail
Transfemoral approach 774 82.9 79.4 0.003
Use of MCS 0 0.6 0.6 0.83
Concomitant PCI 32 3.8 3.3 0.54
Concomitant CABG 0 0.3 0.7 0.08
Concomitant TMVR 0 0 0.1 0.52
Conversion to SAVR 0 0.3 0.4 0.78
In-hospital parameters
In-hospital mortality 3.2 49 4 0.21
Length of stay, d 6(4-9) 7 (4-10) 6(4-9) <0.001
Cost, $ 62 353 (22524) 56 493 (31474) 49 873 (30989) <0.001

Abbreviations: AF, atrial fibrillation; AVB, atrioventricular block; CABG, coronary artery bypass grafting; CKD, chronic kidney disease; DM, diabetes melli-
tus; HTN, hypertension; IQR, interquartile range; LBBB, left bundle branch block; MCS, mechanical circulatory support; N/A, not applicable; PCI, percuta-
neous coronary intervention; RBBB, right bundle branch block; SAVR, surgical aortic valve replacement; SD, standard deviation; TMVR, transcatheter
mitral valve repair. Data are presented as %, mean & SD, or median (IQR).

compared with those who did not (4.9% vs 4.0%, respectively; P = 0.05]. receiving new PPM and an added $12 480 for hospitalizations present-
The length of hospitalization stay was longer in the group receiving new ing with preexisting PPM (Table 1).
PPM compared with those who did not (7 vs 6 days, respectively; Multivariate predictors for receiving new PPM in hospitalizations

P < 0.001). This translated into an added $6620 for hospitalizations undergoing TAVR were analyzed. Hospitalizations with a preexisting
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PPM on admission were excluded. Female sex (odds ratio [OR]: 1.15,
95% confidence interval [Cl]: 1.02-1.30, P = 0.016) was a significant
predictor for receiving new PPM. Additionally, AF (OR: 1.20, 95% Cl:
1.07-1.35, P=0.001), LBBB (OR: 1.67, 95% Cl: 1.38-2.01,
P < 0.001), and complete AVB (OR: 17.6, 95% Cl: 14.5-21.3,
P < 0.001) significantly predicted new PPM implantation post-TAVR.
Type | second-degree AVB (Mobitz type I; OR: 6.12, 95% CI:
1.60-23.37, P = 0.008) and type Il second-degree AVB (Mobitz type
II; OR: 1.80, 95% Cl: 1.07-3.05, P = 0.026) were significant predictors
for receiving new PPM as well. RBBB was not found to predict new
PPM implantation in this study. Finally, treatment at an urban teaching
hospital (OR: 2.60, 95% CI: 1.07-6.29, P = 0.033), compared with
rural hospitals, was found to be a significant predictor (Table 2).

4 | DISCUSSION

This study highlighted numerous key points in patients receiving a
new PPM following TAVR. A small percentage (0.80%) of patients pre-
sented with preexisting pacemakers and 23.7% received a new PPM
after their TAVR procedure. Patients receiving a new PPM had a
higher incidence of conduction defects such as LBBB, RBBB, AVB,
and other conduction disorders; however, only AVB (complete and
second degree), LBBB, and other conduction disorders were signifi-
cant predictors for pacing. Furthermore, compared with patients with-
out any history of a pacemaker, patients who received a new PPM or
had a preexisting PPM had higher in-hospital mortality rates, longer
hospitalization stays, and higher associated cost. Other predictors of
PPM implantation included AF, female sex, and treatment at an urban
teaching hospital. This discussion aims to analyze the significant pre-
dictors and possible indicators for pacing after TAVR in this patient
population.

The incidence of new-onset LBBB post-TAVR ranges from 5% to
65% and has resulted in the insertion of a PPM in 15% to 20% of
patients in the acute period; however, the incidence of late appear-
ance, from discharge to 1 year, ranges between a mere 0% and
2.9%.15718 |n this study, 8.9% of the entire patient cohort developed
new-onset LBBB, 13% of whom received a new PPM. Pacemakers are
implanted relatively quickly to reduce the possibility of the LBBB
evolving into a complete AVB; however, a short waiting period may
eliminate the need for a PPM because of possible regression of the
LBBB due to acute edema.?® It is suggested that a proximal lesion of
the left bundle branch at the immediate exit of the bundle of His is an
indicator for LBBB.2¢ The close anatomical location of the aortic annu-
lus to the AV nodal-Hisian system may explain why the valve may dis-
rupt the intra- and infra-Hisian conduction system, leading to the
development of a new LBBB. The progression of the LBBB into a
complete AVB may help explain the association with adverse events.”

Complete AVB is a significant independent predictor of pacing
following TAVR, which is consistent with previous studies.?® The
development of AVB occurred in 9.5% of this patient population;
however, it has been reported as high as 30%.” The mechanical pres-
sure generated on the conduction system by native valve calcium and
the prosthesis may induce injury to the tissue and yield AVB.Y? It has

been suggested that a higher burden of comorbidities may play a role

TABLE 2 Multivariate logistic regression analysis of factors
influencing new pacing in patients undergoing TAVR?

Variable OR (95% Cl) P Value
Age > 85y 1.12(0.99-1.26) 0.06
Female vs male sex 1.15(1.02-1.30) 0.016°
Black vs white race 0.92 (0.66-1.27) 0.61
Comorbidities
DM 1.00(0.87-1.13) 0.99
HTN 0.99 (0.86-1.14) 0.93
Liver disease 1.04 (0.72-1.51) 0.81
Chronic lung disease 1.09 (0.96-1.23) 0.14
CKD 1.08 (0.96-1.22) 0.19
Obesity 1.11 (0.93-1.31) 0.22
Ischemic cardiomyopathy 1.03(0.82-1.30) 0.74
Mitral stenosis 1.14 (0.70-1.84) 0.58
Mitral insufficiency 0.90 (0.77-1.05) 0.21
Conduction abnormalities
AF 1.20 (1.07-1.35) 0.001°
LBBB 1.67 (1.38-2.01) <0.001°
RBBB 1.37(0.98-1.93) 0.06
Complete AVB 17.58 (14.52-21.28)  <0.001°
First-degree AVB 0.57 (0.39-0.85) 0.005
Sec)ond-degree AVB (Mobitz type 6.12 (1.60-23.37) 0.008°
|
Sec;)nd-degree AVB (Mobitz type 1.80(1.07-3.05) 0.026°
]
Other conduction disorders 3.05 (2.22-4.20) <0.001°
Procedural details
Transfemoral vs other approach 1.12 (0.96-1.30) 0.13
Use of MCS 0.97 (0.69-1.36) 0.85
Concomitant PCI 1.29 (0.96-1.74) 0.08
Concomitant CABG 0.50(0.18-1.35) 0.17
Concomitant TMVR 0.91 (0.80-1.87) 0.95
Conversion to SAVR 0.73 (0.26-2.03) 0.55
Hospital characteristics
Rural Ref
Urban (nonteaching) 1.79 (0.72-4.42) 0.20
Urban (teaching) 2.60 (1.07-6.29) 0.033°

Abbreviations: AF, atrial fibrillation; AVB, atrioventricular block; CABG,
coronary artery bypass grafting; Cl, confidence interval; CKD, chronic kid-
ney disease; DM, diabetes mellitus; HTN, hypertension; LBBB, left bundle
branch block; MCS, mechanical circulatory support; OR, odds ratio; PCI,
percutaneous coronary intervention; PPM, permanent pacemaker; RBBB,
right bundle branch block; Ref, referent; SAVR, surgical aortic valve
replacement; TAVR, transcatheter aortic valve replacement; TMVR, trans-
catheter mitral valve repair. C-statistic = 0.7.

2 This multivariate model included age > 85y, sex, race, Elixhauser comor-
bidities, other comorbidities, conduction abnormality, and procedural
details.

b Significant predictor for receiving new PPM in patients undergo-
ing TAVR.

in causing higher postprocedural complications and subsequent PPM
implantation. Treatment for a complete block usually involves implan-
tation of a pacemaker, and Steinberg et al showed that 39% of
patients with a newly developed or worsening AVB required PPM
implantation post-TAVR.” Of the patients in this study with an AVB,

30.7% received a new pacemaker and 38.7% had preexisting
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pacemakers. In a study by Guetta et al, 96% of patients who devel-
oped high-degree AVB required a PPM within 5 days of TAVRZ [t
should be noted, however, that the block is often transient and does
not always require a long-term pacemaker.?° Studies have shown
complete recovery of the block within 1 month following implantation
in up to 65% of patients.2>2° Therefore, caution should be taken
when considering PPM implantation for patients with a complete AVB
because of the possibility that recovery will reduce the need for long-
term pacing. Future studies should investigate the timeline of PPM
implantation following the development of AVB.

Many TAVR patients are diagnosed with AF before their valve
replacement procedure or during the postoperative period. Studies
have indicated the incidence of AF in 22% to 39% of patients.* In this
study, a slightly higher rate of 44.5% was observed. AF is a major pre-
dictor of death, stroke, PPM implantation, and congestive heart fail-
ure; therefore, it represents an important comorbidity to consider.?!
The development of AF can extend the patient's hospital visit by 6 to
9 days, thus increasing the cost of the visit.2! Motloch et al. found
that all episodes of AF occurred within 24 hours post-TAVR, and
patients with preexisting AF revealed a stabilized sinus rhythm
72 hours post-TAVR.?? It was suggested that this stabilization may be
due to the subsequent reduction of intracardiac pressure. This study
indicates that preexisting AF is a significant predictor of pacing post-
TAVR; however, adequate recovery time may reduce the need for
PPM implantation.??

The prevalence of RBBB ranges from 0.5% to 1.5% and is known
to increase to 2.2% in patients age > 55 years?>?%; however, Siontis
et al. reported a prevalence as high as 10% in patients with a mean
age of 81 years undergoing TAVR.2 This study indicated a 2.7% preva-
lence with a mean age of 83 years. The development of a RBBB may
be associated with procedural injury and fibrosis of the right intraven-
tricular conduction systemzs; however, the exact mechanism is still in
question. Previous studies have indicated preexisting RBBB to be a
significant predictor of pacing post-TAVR, but the database used for
this analysis lacks information on preexisting conduction abnormali-
ties.® The absence of data indicating patients with preexisting RBBB,
more commonly observed than new-onset RBBB, may help explain
the low prevalence and why it was not found to be an independent
predictor of pacing following TAVR.

Patients receiving a new PPM and those with in-situ PPM on
admission experience a greater healthcare cost and longer length of
hospitalization, as demonstrated in this study.? It should be noted that
a PPM implantation can raise the hospitalization cost by 36%.2¢ How-
ever, PPM implantation has shown to improve mortality rates as well.
A meta-analysis concluded that there was a reduced mortality rate
from sudden death 30 days post-TAVR in patients receiving PPM.2” A
complete AVB or new-onset LBBB may often increase mortality rates;
therefore, a reduction due to pacing would be expected. Urena
et al. also reported a reduced 30-day unexpected mortality rate in the
PPM patients.?® However, several other studies have indicated no sta-
tistical difference between pacing and no-pacing groups in terms of
all-cause mortality, cardiovascular mortality, stroke, or myocardial
infarction at 30 days or 1 year follow-ups.2”? Recognizing the com-
mon predictors of PPM implantation following TAVR and understand-

ing their mechanisms of development may alter the time period for

pacing and could potentially reduce the financial burden the implanta-
tion has on a patient's visit. As indications for TAVR continue to grow
in low- to intermediate-risk subset, we must keep in mind risk impor-

tant predictors for PPM to avoid excess mortality associated with it.??

4.1 | Study limitations

This study has several limitations inherent to any retrospective obser-
vational analysis, such as coding errors and under- or over-reporting
of comorbidities. Additionally, this study lacked information on the
valve type, defect, size used, and echocardiographic parameters. It has
been noted that the valve type significantly affects the risk of PPM
implantation and thus would affect the incidence of PPM post-TAVR
between the groups.3°3! Moreover, echocardiographic parameters
such as intraventricular septum >17 mm and noncoronary aortic cusp
thickness > 8 mm predicted PPM in earlier studies.3? The NIS data-
base does not provide information on preexisting conduction disor-
ders; therefore, this study did not account for them. Finally, this study
does not have relevant follow-up data, which prevents the analysis of
long-term clinical outcomes. Most commonly, patients are likely to
receive PPM 7 days following the TAVR procedure, which suggests
that this data may under-represent the PPM implantation rates. How-
ever, this study had the opportunity to analyze the biggest “all-comer”
database of patients undergoing TAVR and receiving pacemakers,

representing a real-world patient population.

5 | CONCLUSION

This study indicated that incidence of LBBB, AVB and new-onset AF
is very high post-TAVR. This study also indicated that the major pre-
dictors of new PPM implantation include female sex, AF, AVB (com-
plete and second degree), LBBB, and treatment at an urban teaching
hospital. A risk stratification for such patients is necessary to avoid

longer hospital stays, added costs, and, ultimately, mortality.
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