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Abstract

Background: Prior studies have examined the mortality and cost implications of various
complications of TAVR. However, many of these complications may primarily impact patients’
quality of life after TAVR, which has not been previously studied.

Objective: To examine the independent association of short-term complications of TAVR with
survival and quality of life at 1 year.

Methods: Among patients at intermediate or high surgical risk who underwent TAVR as part of
the PARTNER 2 studies and survived 30 days, we examined the association between
complications within the 30 days after TAVR and mortality and quality of life at 1 year. Quality of
life was assessed with the Kansas City Cardiomyopathy Questionnaire (KCCQ) and the Short
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Form-12. Complications assessed included major and minor stroke, life-threatening and major
bleeding, vascular injury, stage 3 acute kidney injury [AKI], new pacemaker, and mild and
moderate/severe paravalvular leak (PVL). We used multivariable models that included all
complications as well as baseline clinical factors to examine the independent association of each
complication with outcomes.

Results: Among 3763 TAVR patients, we found that major stroke and stage 3 AKI were
associated with markedly increased risk of 1-year mortality (adjusted HRs 5.4 [95% CI 3.1-9.5]
and 4.9 [95% CI 2.7-8.8], respectively) as well as poorer quality of life among survivors
(reductions in 1-year KCCQ overall summary score of 15.1 [95% CI —24.8 to —5.3] and 14.7 [95%
Cl -25.6 to —3.8] points, respectively). Moderate or severe PVL, life-threatening bleeding, and
major bleeding were each associated with a more modest increase in mortality and decrement in
quality of life whereas mild PVL was associated with a small decrease in quality of life. After
adjusting for baseline characteristics and other complications, need for new pacemaker, minor
stroke, and vascular injury were not independently associated with poor outcomes.

Conclusions: Among patients undergoing TAVR, similar events are associated with increased
mortality and impaired quality of life at 1-year. These results suggest that despite considerable
progress, efforts to further reduce stroke, AKI, bleeding, and moderate/severe PVL are likely to
yield important clinical benefits and remain key targets for device iteration and procedural
improvement.

CONDENSED ABSTRACT

Among 3763 TAVR patients, major stroke and kidney injury were both independently associated
with a markedly increased risk of 1-year mortality and a large reduction in quality of life (among
survivors). Bleeding and paravalvular leak were associated with a smaller increase in the risk of
death and reduction in late quality of life. Pacemakers, minor stroke, and vascular complications,
on the other hand, had no significant impact on long-term outcomes (in the absence of other
complications). These data provide insights into the complications that have the greatest impact on
patients’ recovery after TAVR and should help focus future efforts to improve care.

Keywords
transcatheter aortic valve replacement; complications; quality of life

INTRODUCTION

Transcatheter aortic valve replacement (TAVR) has been shown to effectively improve both
survival and quality of life compared with medical therapy in patients with aortic stenosis
unsuitable for surgical valve replacement (1,2) and to have outcomes that are similar or
superior to those of surgical valve replacement in high-(3,4) and intermediate-risk patients
(5,6). However, these improvements in survival and quality of life represent average effects
over a population, and a substantial minority do not benefit significantly from the procedure
(7-9). While patient factors such as advanced age, comorbidities, and frailty contribute
substantially to poor long-term outcomes after TAVR (7,9), complications likely also impair
recovery. Prior studies of complications of TAVR have focused on their associations with
mortality (10-15); however, many of these complications may primarily impact patients’
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quality of life after TAVR. Furthermore, many of these complications also coexist, and their
independent contributions to long-term outcomes have not been fully explored. Therefore,
we sought to use data from the Placement of AoRTic TraNscathetER Valve (PARTNER) 2
studies, including the non-randomized registries, to estimate the impact of short-term
complications on 1-year mortality and quality of life after TAVR. By doing so, we hoped to
provide important insight as to which complications have the greatest impact on key
outcomes in order to help guide future efforts for procedural improvement.

METHODS

Study Design and Population.

Our analytic cohort was derived from the PARTNER 2 studies, which included patients
undergoing TAVR as part of the PARTNER 2A randomized trial and number of non-
randomized registries (ClinicalTrials.gov Identifier: NCT01314313). Included patients had
severe aortic stenosis (mean gradient >40 mmHg or jet velocity greater than 4.0 m/s and
aortic valve area <0.8 cm? or <0.5 cm%/m?) in addition to New York Heart Association
Functional Class Il or greater symptoms. The PARTNER 2A clinical trial and SAPIEN 3
intermediate-risk registry (6,16) enrolled patients who were felt to be at intermediate
surgical risk (predicted risk of 30-day mortality 4%-8%, based on either the Society of
Thoracic Surgeons [STS] mortality risk score or clinical assessment by a multidisciplinary
heart team). There were a number of nested registries within PARTNER 2 and SAPIEN 3
that also enrolled high risk (STS >8%) and inoperable patients (heart team estimation of
>50% risk of death or serious, irreversible morbidity with surgery). While the studies
generally followed similar protocols with respect to inclusion and exclusion criteria, baseline
data collection, and follow-up, the PARTNER 2A and 2B studies used the SAPIEN-XT
valve while the SAPIEN 3 studies used the SAPIEN 3 valve. Key exclusion criteria included
baseline creatinine >3 mg/dL or renal replacement therapy, mixed aortic valve disease with
predominant aortic regurgitation, congenital unicuspid or bicuspid aortic valve, and left
ventricular ejection fraction <20%. All studies were approved by the institutional review
board at each site, and written informed consent was obtained from all patients.

Short-term Complications.

Outcomes.

Complications within the 30-days after TAVR were adjudicated by a clinical events
committee according to the Valve Academic Research Consortium-2 definitions (17) and
included the following: death, major stroke, minor stroke, life-threatening bleeding, major
bleeding (distinct from life-threatening bleeding), major vascular complication, new
permanent pacemaker, and stage 3 acute kidney injury (AKI) (Supplemental Table 1). The
severity of paravalvular leak (PVL) on the 30-day follow-up echocardiogram was assessed
as none, trace, mild, moderate, or severe by an independent core laboratory.

As the assessment of PVL required an echocardiogram at 30 days after TAVR, only patients
who survived at least 30 days after TAVR were included in the analysis. Mortality was
assessed from 30 days to 1 year after TAVR. As a sensitivity analysis, to examine the
association of complications with early or late mortality, we examined time to death for all
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patients from the time of TAVR. Of note, PVL was excluded from this analysis since it was
first assessed by the core laboratory at the 30-day echocardiogram. Disease-specific quality
of life was assessed at baseline and 1 year using the Kansas City Cardiomyopathy
Questionnaire (KCCQ), a disease-specific health status measure that has been validated in
patients with aortic stenosis.(18) The KCCQ includes 5 key domains of health status
(physical function, social function, symptoms, self-efficacy, and quality of life) that are
combined into a single overall summary score (KCCQ-0S), which served as the primary
outcome of our study. Scores on the KCCQ-OS scale range from 0 to 100, with higher
scores indicating fewer symptoms and functional limitations. KCCQ-OS scores roughly
correlate with New York Heart Association Functional Class as follows: Class | * KCCQ-
OS 75-100; Class Il = 60-74; Class 11l ~ 45-59; and Class IV ~ 0-44 (19), and changes of
5, 10, and 20 points correspond with small, moderate, and large clinical improvements,
respectively.(20) Generic quality of life was assessed with the Medical Outcomes Study
Short-Form 12 (SF-12) questionnaire(21) physical (PCS) and mental (MCS) component
summary scores, which are scaled to overall US norms of 50 with standard deviations of 10.
Higher scores indicate better quality of life, and the minimum clinically important
differences for the PCS and MCS are ~2.5 points.

Statistical Analysis.

In unadjusted analyses, we first constructed Kaplan Meier mortality curves for patients with
versus without each short-term complication and compared groups using the log-rank
statistic. Of note, for bleeding, stroke, and PVL, these were 3-level comparisons (e.g., none
vs. mild vs. moderate/severe PVL). Among patients who survived to 1 year, we then
examined the mean change in KCCQ-0OS, SF-12 PCS, and SF-12 MCS from baseline to 1
year among patients with no short-term complications and those with each of the 8
complications. As these were not mutually exclusive groups, no statistical comparisons were
made.

We used multivariable models in order to examine the independent association between each
of the various short-term complications and both mortality and quality of life. For the
mortality analysis, we used a Cox proportional hazards model, whereas for quality of life,
we used linear regression models. Models included all complications along with patient
factors that have previously been associated with risk of TAVR complications (22): age, seX,
prior coronary artery bypass graft surgery, peripheral vascular disease, diabetes, STS
mortality risk score, nontransfemoral access, and baseline KCCQ score (or SF-12 PCS or
MCS for their respective models). As complications do not always occur in isolation (e.g.,
one patient may have both a major bleed and AKI), all complications were included
simultaneously in the models, which allowed us to examine the survival and quality of life
decrement associated with each complication, independent of other complications that may
also have occurred in the same patient. All analyses were performed with SAS version 9.4
(SAS institute, Cary, North Carolina).
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Study Cohort and 30-day Complications.

Mortality.

Among 3897 patients with severe symptomatic aortic stenosis who were enrolled in one of
the PARTNER 2 studies and underwent TAVR, 3763 survived to 30 days and formed our
primary analytic cohort. The mean age of the cohort was 82 years, 42% were women, mean
STS mortality risk score was 7.4%, and 80% of patients had transfemoral access for their
TAVR. Mean KCCQ-OS prior to TAVR was 49.6 points, mean SF-12 PCS was 35.1 points
(1.5 SD below US population mean), and mean SF-12 MCS was 48.5 points. The frequency
of short-term complications is shown in Table 2. Mild PVL was the most common
complication at 34.7%. Bleeding was also fairly common, with 16.8% of patients having a
major bleed and 6.9% having a life-threatening bleed. Major strokes, minor strokes, and
stage 3 AKI were rare, occurring in 1.5%, 1.4%, and 1.0% of patient, respectively.

Between 30 days and 1 year, 360 patients died (9.6% mortality rate from 30 days to 1 year),
which occurred more commonly in patients who had a short-term complication than those
who did not (12.1% vs. 6.8%, p<0.0001). The unadjusted Kaplan-Meier survival curves for
patients with versus without each of the complications are shown in Supplemental Figure 1.
In terms of individual complications, patients with major strokes and stage 3 AKI had the
highest unadjusted 1-year mortality rates at 49.3% and 51.7%, respectively (Table 3). In
unadjusted analyses, major and life-threatening bleeds, new pacemaker, and moderate/severe
PVL were also associated with increased mortality.

In the multivariable model that accounted for concomitant complications and patient factors,
major stroke and stage 3 AKI continued to be associated with a markedly increased risk of
mortality (major stroke: adjusted hazard ratio [HR] 5.4, 95% CI 3.1-9.5; AKI: adjusted HR
4.9, 95% CI 2.7-8.8; Table 4). Life-threatening bleeding, major bleeding, and moderate/
severe PVL were also independently associated with increased mortality, but to a lesser
extent (life-threatening bleed: adjusted HR 1.6, 95% CI 1.0-2.5; major bleed: adjusted HR
1.5, 95% CI 1.1-2.0; moderate/severe PVVL: adjusted HR 1.9, 95% CI 1.3-2.7). On the other
hand, after adjusting for other complications and patient factors, minor strokes, major
vascular complications, new pacemakers, and mild PVL were not independently associated
with increased risk of 1-year death. In a sensitivity analysis examining the association of
complications with mortality (including in-hospital deaths), results were similar, although
the association of life-threatening bleeding with mortality was stronger (HR 3.2, 95% ClI
2.5-4.3; Supplemental Table 2)

Quality of Life.

Among 3403 patients eligible for the 1-year quality of life analysis, 2875 and 2147
completed the 1-year KCCQ (84.5%) and SF-12 (63.1%), respectively. Patients who
survived but were missing KCCQ data were similar to those in the analytic cohort but were
more likely to be older with higher STS risk scores (Supplemental Table 3); moreover,
completion rates for the KCCQ and SF-12 were slightly higher among patients with versus
without a complication (KCCQ: 85.9% vs. 82.6%, p=0.008; SF-12: 65.4% vs. 60.1%,
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p=0.002). The unadjusted mean changes in KCCQ-OS, SF-12 PCS, and SF-12 MCS from
baseline to 1 year among surviving patients are shown in Table 3. Surviving patients who
had no short-term complications had an average increase in KCCQ-OS of 26.6 points with
improvements of 5.0 points and 3.8 points for the SF-12 PCS and SF-12 MCS, respectively.
Patients who had a major stroke or stage 3 AKI and survived to 1 year had, on average,
small improvements in KCCQ-OS of 5.4 and 2.7 points, respectively, and worse SF-12 PCS
and MCS scores (PCS: —1.7 and —3.6; MCS: —0.7 and 1.5, respectively). Patients with the
other complications had mean improvements that were slightly less than those without
complications (KCCQ-0S: 20-23 points, PCS: 2—4 points, MCS: 1-3 points).

In the multivariable analysis that accounted for concomitant complications and patient
factors, major stroke and stage 3 AKI were associated with a marked attenuation of the
extent of improvement in the KCCQ-OS at 1 year (major stroke: —15.1 points, 95% CI —24.8
to -5.3; AKI: =14.7 points, 95% CI —25.6 to —3.8; Table 4). Life-threatening bleeding and
mild PVL were associated with small but statistically significant reductions in recovery of
the KCCQ-OS at 1 year, whereas minor strokes, major bleeding, major vascular
complications, moderate/severe PVL, and new pacemakers were not associated with
significant reductions in the KCCQ-OS at 1 year after TAVR. Similar trends were seen in the
SF-12 PCS and MCS, although only major stroke (PCS: -5.1, 95% CI -10.18 to —0.03),
life-threatening bleeding (PCS -2.5, 95% CI —4.4 to - 0.7), major bleeding (PCS: -1.2, 95%
Cl -2.3t0 0.0), AKI (PCS -6.4, 95% CI —12.3 to —-0.5) and moderate/severe PVL (MCS:
-2.1, 95% CI -3.9 to —-0.3) reached statistical significance (Supplemental Table 3).

DISCUSSION

In a large cohort of patients who underwent TAVR and survived 30 days, we found that
major stroke and stage 3 AKI, while uncommon, were associated with a markedly increased
risk of 1-year mortality as well as a large reduction in quality of life (among surviving
patients). Bleeding (both life-threatening and major) and moderate/severe PVL all occurred
more commonly and were associated with a small but significantly increased risk of death
and a small reduction in late quality of life. On the other hand, complications such as minor
strokes, new pacemakers, and vascular complications (in the absence of life threatening or
major bleeding) had no significant impact on long-term mortality or quality of life recovery.
These data provide important insights into the complications that have the greatest impact on
patients’ recovery after TAVR and could be used to help guide future device iterations and
peri-procedural management.

Clinical Implications.

In the early TAVR experience, complications such as vascular injury, stroke, paravalvular
regurgitation, and the need for pacemaker implantation were common (1,23). Over the past
decade, however, device modifications (e.g. larger range in valve sizes, reduced valve
profile, external sealing skirts) along with use of routine CT sizing and 3-D imaging for
procedural planning and increased operator experience have led to substantial reductions in
most complications (24). Nonetheless, serious complications have not been eliminated and
certain complications such as pacemaker and major bleeding continue to occur in >10% of
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patients (24). Pacemakers have been a key area of interest given their relative frequency and
the fact that rates appear to differ across TAVR devices (14,25). While reducing the need for
pacemakers after TAVR should reduce length of stay and costs (22), our analysis shows that
this complication has little effect on either survival or quality of life. In contrast, our findings
suggest that bleeding events remain an area of concern, since they are both common and
prognostically important, and often occur in the absence of vascular complications.
Importantly, bleeding occurred both with and without vascular complications, with only
32% of bleeding complications occurring during the TAVR procedure (61% post-procedure
but before discharge and 7% after discharge). With increasing concern about valve
thrombosis (26,27), there may be increasing use of oral anticoagulants after TAVR, thus
exposing patients to further risk of post-procedural bleeding. Our results suggest that we
must use caution with this approach, as decreasing the risk of these ischemic events may be
counterbalanced by an increased risk of bleeding, both of which have potential to impact
patients’ recovery.

Prior Studies.

Limitations.

Our results support and extend prior studies of the association between short-term
complications of TAVR and outcomes, which have demonstrated increased mortality in
patients who experience major bleeding, major strokes, renal failure, and moderate/severe
PVL (10-15). Although at least one prior study has shown increased risk of mortality after
major vascular complications, this study failed to evaluate other complications as potential
confounders of this association. Since multiple complications often occur in the same
patients, understanding the true impact of any particular complication requires adjustment
for all other complications. For example, in unadjusted analyses, we found that vascular
complications were associated with higher rates of 1-year mortality and worse 1-year quality
of life. However, after adjustment for major bleeding (as well as other complications),
neither of these associations remained statistically significant. These findings do not mean
that vascular complications are benign but rather indicate that if a vascular complication can
be corrected quickly and does not result in a major or life-threatening bleed, then it has little
impact on long-term outcomes after TAVR.

Few studies have examined the impact of short-term complications on quality of life after
TAVR. A study of 169 German TAVR patients using the Eurogol-5D (a generic health status
measure) found quality of life impairment in patients who had strokes, bleeding, or AKI
after TAVR (28). A second study of 2,288 patients who underwent TAVR as part of the
German Aortic Valve Registry found that stroke and bleeding were both independently
associated with worse quality of life (as assessed by the Euroqol-5D) but that renal failure
and pacemakers were not (29). To our knowledge, our study is the first to use a disease-
specific health status measure (which is more sensitive to change), to evaluate quality of life
alongside mortality, and to examine a broad range of complications (including core-lab
determined PVL) using standardized Valve Academic Research Consortium-2 definitions.

There are a number of potential limitations that should be considered when interpreting our
findings. First, since patients had to survive 30 days in order to assess for PVL, early deaths
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were excluded from our primary analysis. However, in a sensitivity analysis that included
early deaths (but did not examine PVL), we found similar associations of complications with
risk of mortality, although the association between bleeding and mortality was strengthened.
Along that same line, quality of life can only be assessed among survivors, so if patients
who had serious complications had survived, the quality of life impairments observed with
these complications would likely have been even greater. As the associations of the specific
complications with mortality and quality of life associations all tracked together, this is
likely not a major concern but does highlight the importance of examining these outcomes in
combination. Third, the cohort for these analyses included a range of inoperable, high-risk,
and intermediate risk patients from a series of nested studies. As such, the frequencies of
particular complications should not be generalized to the overall TAVR population, as this
question would be best answered in an unselected real-world TAVR cohort. Fourth, although
the goal of this study was to examine the association between complications and long-term
TAVR outcomes, it is possible that some complications have only a transient effect on
quality of life recovery that resolves by 1 year. Finally, the association between
complications with outcomes beyond 1 year was not examined. However, inspection of the
Kaplan-Meier survival curves showed the association of complications with mortality to be
fairly consistent over time, and prior studies have demonstrated that the quality of life
benefits of TAVR remain relatively stable beyond 1 year (30,31). As such, it seems unlikely
that the associations between complications and 1-year quality of life that we observed
would change dramatically beyond 1 year.

CONCLUSIONS

We found that major stroke and AKI within 30 days after TAVR were associated with a
marked increase in the risk of 1-year death and substantial impairment in recovery in quality
of life, whereas bleeding and moderate/severe PVL were associated with a more modest
increase in long-term mortality and a small but significant quality of life decrement. While
continued efforts to reduce the incidence of all TAVR-related complications remain
important, these findings suggest that efforts to reduce stroke, AKI, post-procedural
bleeding, and PVL should remain key targets for procedural improvement. Conversely,
minor stroke, pacemaker implantation, and vascular complications (in the absence of major
bleeding) appear to have little long-term impact on patients’ recovery after TAVR.
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ABBREVIATIONS AND ACRONYMS
AKI acute kidney injury
KCCQ-0S Kansas City Cardiomyopathy Questionnaire overall summary score
MCS mental component summary
PARTNER Placement of AoRTic TraNscathetER Valve
PCS physical component summary
PVL paravalvular leak
SF-12 Medical Outcomes Study Short-Form 12 questionnaire
TAVR Transcatheter aortic valve replacement
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PERSPECTIVES
WHAT IS KNOWN?

Due to the age and comorbidities of patients who undergo TAVR, complications are not
infrequent, and many of these complications have, in isolation, been shown to be
associated with increased mortality.

WHAT IS NEW?

We found that major stroke and stage 3 kidney injury, while occurring infrequently, have
a marked impact on survival and quality of life (even after taking into account patient
factors and concomitant complications); whereas bleeding and paravalvular regurgitation,
which occur more commonly, have a more modest negative impact on outcomes.

WHAT IS NEXT?

Further studies are needed to understand both the frequency of complications and their
impact on outcomes in patients in routine clinical practice and to monitor how these
change over time, with innovations in devices and periprocedural care.
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Baseline Patient Characteristics

n=3763

Age (y) 820+7.8
Female 1573 (41.8%)
Coronary artery disease 2663 (70.8%)
Prior coronary bypass surgery 1176 (31.0%)
Prior coronary stenting 1168 (31.3%)
Prior stroke or TIA 697 (18.5%)
Peripheral vascular disease 1151 (30.6%)
Atrial fibrillation/flutter 1448 (38.5%)
Diabetes mellitus 1322 (35.1%)
Oxygen-dependent lung disease 289 (7.7%)
Estimated GFR (mL/min/1.73 m?) 61.9 +243.2
Renal insufficiency (Cr 22) 335 (8.9%)
Ejection fraction (%) 55.2+ 135
Body mass index (kg/m?) 28.4+6.4
Dementia 117 (3.1%)
Hematocrit (%) 36.6 £7.6
Mean aortic valve gradient (mmHg) 442 +13.9
Aortic valve area (cm?) 0.71+0.22
STS Mortality Risk Score (%) 74+40
Transfemoral approach 3009 (80.0%)
KCCQ-OS score 49.6 +22.6
SF-12 Physical Summary score 35.1+9.2
SF-12 Mental Summary score 485+ 117

TIA, transient ischemic attack; GFR, glomerular filtration rate; Cr, creatinine; STS, Society of Thoracic Surgery; KCCQ-OS, Kansas City
Cardiomyopathy Questionnaire-Overall Summary; SF-12, 12-item Medical Outcomes Short Form
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Table 2.

Frequency of Short-Term Complications

n=3763
Major stroke 58 (1.5%)
Minor stroke 54 (1.4%)
Life-threatening bleed 259 (6.9%)
Major bleed 631 (16.8%)
Major vascular event 243 (6.5%)
New pacemaker 326 (8.7%)
Acute kidney injury stage 3 39 (1.0%)

Moderate/severe paravalvular leak 269 (8.1%)

Mild paravalvular leak 1155 (34.7%)
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