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Background: Aortic stenosis is a prevalent valvular heart disease that is treated primarily by surgical
aortic valve replacement (SAVR) or transcatheter aortic valve replacement (TAVR), which are common
treatments for addressing symptoms secondary to valvular heart disease. This narrative review article
focuses on the existing literature comparing recovery and cost-effectiveness for SAVR and TAVR.
Methods: Major databases were searched for relevant literature discussing HRQOL and cost-effectiveness
of TAVR and SAVR. We also searched for studies analyzing the use of wearable devices to monitor post-
discharge recovery patterns.
Results: The literature focusing on quality-of-life following TAVR and SAVR has been limited primarily to
single-center observational studies and randomized controlled trials. Studies focused on TAVR report
consistent and rapid improvement relative to baseline status. Common HRQOL instruments (SF-36,
EQ-5D, KCCQ, MLHFQ) have been used to document that TF-TAVR is advantageous over SAVR at 1-
month follow-up, with the benefits leveling off following 1 year. TF-TAVR is economically favorable rel-
ative to SAVR, with estimated incremental cost-effectiveness ratio values ranging from $50,000 to
$63,000/QALY gained. TA-TAVR has not been reported to be advantageous from an HRQOL or cost-
effectiveness perspective.
Conclusions: While real-world experiences are less described, large-scale trials have advanced our under-
standing of recovery and cost-effectiveness of aortic valve replacement treatment strategies. Future work
should focus on scalable wearable device technology, such as smartwatches and heart-rate monitors, to
facilitate real-world evaluation of TAVR and SAVR to support clinical decision-making and outcomes
ascertainment.

� 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Aortic stenosis (AS) is the most widespread valvular heart con-
dition in the developed world, with moderate to severe symp-
tomatic AS impacting nearly 250,000 people in the U.S. alone
[1,2]. Although surgical aortic valve replacement (SAVR) had long
been the principal treatment for AS prior to 2011, transcatheter
aortic valve replacement (TAVR) has increasingly been adopted,
particularly for high or prohibitive surgical risk populations [3–
5]. TAVR has subsequently become an approved treatment option
for low- and moderate-surgical risk populations, as meta-
analyses have demonstrated reductions in early and midterm mor-
tality, stroke, atrial fibrillation, acute kidney injury and major
bleeding [6–8]. Based on high-quality randomized controlled trials,
TAVR is now approved for the treatment of severe symptomatic
aortic stenosis across the spectrum of surgical risk [9–12]. As a per-
centage of total aortic valve replacement (AVR) procedures in the
U.S., TAVR grew by 59% from 2012 to 2018 [13].
able 1
udies of SAVR HRQOL.

Author (year) Study design Sample size Risk c

Klomp et al. (2016) Prospective Observational 762 High o
Kurfirst et al. (2014) Prospective Observational 310 High
Grady et al. (2011) Prospective Observational 816 N/A
Sundt et al. (2000) Retrospective Observational 133 N/A
Oliveira et al. (2012) Retrospective Observational 114 N/A
Gavalski et al. (2020) Retrospective Observational 84 N/A
Tseng et al. (1997) Retrospective Observational 247 N/A

a SF-36 = 36-item Short Form Health Survey.
b EQ-5D = Euro-QoL 5-Dimension.

Fig. 1. Comparisons of Validated HRQOL Instrumen
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The primary outcomes for most TAVR and SAVR studies include
complications and death. Nonetheless, patients often present for
these procedures not only for extension of life, but also to alleviate
life-limiting symptoms. While survival trajectories after SAVR or
TAVR are well documented, less is known about the health-
related quality of life (HRQOL) benefits. Assessments of the latter
have often been conducted within the setting of trials, thus limit-
ing the generalizability of these findings to real-world settings.
Discrepancies in HRQOL data collection between SAVR and TAVR
prevent comparisons of their relative efficacies in relieving life-
limiting symptoms; reimbursement for TAVR is in part based on
HRQOL assessments, but this is not the case for SAVR. Furthermore,
most longitudinal HRQOL, functional status, and cost-effectiveness
data are limited to a few select studies. Real-world baseline and
longitudinal HRQOL and functional health assessments would
allow patients and physicians to make data-driven decisions
between TAVR and SAVR, as well as establish post-discharge mon-
itoring to optimize patients’ recovery and offer insights into the
ategory Validated HRQOL instrument(s) Follow-up timeframe

r prohibitive SF-36a 30 days, 1 year
SF-36 1 year
SF-36 3, 6, 12, 24, 36 months
SF-36 5 years
None (self-reported) Mean of 47.2 months
EQ-5Db Mean of 22.4 months
SF-36 Mean of 4.1 years

ts and Cost-Effectiveness for TAVR and SAVR.



Table 2
Comparisons of TAVR & SAVR.

Author (year) Group Study design Sample size Risk category Validated HRQOL instrument(s) Follow-up timeframe

Reynolds et al. (2012) PARTNER Cohort A RCT 628 High KCCQa, SF-12, EQ-5D 1, 6, 12 months
Gada et al. (2015) PARTNER Cohort A RCT 875 High KCCQ, SF-12, EQ-5D 1, 6, 12 months
Baron et al. (2017) PARTNER 2 Cohort A RCT 1,833 Intermediate KCCQ, SF-12, EQ-5D 1, 12, 24 months
Makkar et al. (2020) PARTNER 2 Cohort A RCT 2,032 Intermediate KCCQ 5 years
Baron et al. (2019) PARTNER 3 RCT 943 Low KCCQ, SF-12, EQ-5D 1, 6, 12 months
Arnold et al. (2015) CoreValve US Pivotal Trial RCT 795 High KCCQ, SF-12, EQ-5D 1, 6, 12 months
Straiton et al. (2018) N/A Meta-analysis 2,775 High KCCQ, SF-12, EQ-5D, MLHFQb 1–12 months
Ando et al. (2018) N/A Meta-analysis 4,125 N/A KCCQ, SF-12, EQ-5D 30 days, 1 year
Arnold et al. (2017) N/A Observational 7,014 High KCCQ 30 days, 1 year

a KCCQ = Kansas City Cardiomyopathy Questionnaire.
b Minnesota Living with Heart Failure Questionnaire.
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mechanism of functional health trajectories. Modern wearable
device technology presents a unique opportunity to predict objec-
tive post-discharge recovery patterns for AS patients by collecting
physiological parameters and patient-reported data in real time
(see Table 1).

Fig. 1 the purpose of this narrative review is to describe the
existing literature underpinning the recovery and comparative
cost-effectiveness of TAVR and SAVR. We also examine the poten-
tial for wearable device technology to help researchers predict
recovery trajectories more accurately by transmitting real-time,
real-world physiologic and activity data. Importantly, patients
may undergo procedures that may not align with their expecta-
tions for long-term success due in part to inadequate information
concerning real-world, treatment-specific functional recovery tra-
jectories. Findings related to these treatment options are impera-
tive to support treatment decision-making for the nearly 90,000
U.S. patients undergoing TAVR or SAVR annually [13].
2. Methods

The databases PubMed, Google Scholar, UpToDate, and Web of
Science were searched for studies in which HRQOL and/or func-
tional status for TAVR and SAVR patients were the primary out-
comes of interest. Observational studies and randomized
controlled trials were included. Literature (observational studies,
randomized controlled trials, meta-analyses) spanning all surgical
risk categories were included. Other criteria included those lever-
aging validated HRQOL instruments and/or cost-effectiveness
comparisons between TAVR and SAVR. Studies that focused only
on outcomes as endpoints and/or did not include AVR as a proce-
dure type were excluded. With respect to TAVR/SAVR HRQOL and
cost-effectiveness comparisons, most studies were found based
on their relation to the pivotal Placement of Aortic Transcatheter
Valves (PARTNER) and CoreValve randomized controlled trials
[9–12] (see Table 2).
3. Results

3.1. SAVR

While HRQOL is a component of data elements reported
through the TVT registry, consistent, longitudinal use of HRQOL
metrics is not the standard of care for SAVR outside of select retro-
spective and prospective analyses [14]. Nonetheless, these studies
offer some insights into the recovery trajectories of SAVR patients’
functional recovery and HRQOL. The Medical Outcomes Survey
Short-Form 36 (SF-36) is among the most widely used HRQOL
instruments to assess many different patient populations [15–
19]. Other instruments used were the Barthel Index (to measure
3

functional status), self-reported perception of quality of life
(QoL), and the EuroQoL (EQ-5D) [20,21]. With few exceptions,
these studies focused on longitudinal recovery of at least one year
after measuring baseline. Additionally, most studies placed more
emphasis on patient age, rather than on surgical risk category
(i.e., low, moderate, high/prohibitive), as a predictor of QoL
outcomes.

Tseng et al. and Sundt et al. conducted two of the earliest stud-
ies related to functional outcomes and QoL following SAVR [18,22].
These sought to evaluate whether SAVR was appropriate for
elderly patients (patients aged > 70 and > 80, respectively), assess-
ing operative and late mortality as well as QoL using the SF-36.
Tseng et al. found that compared with age-matched population
norms, SAVR patients scored as well or better in all SF-36 cate-
gories except mental health [22]. Sundt et al. reported similar find-
ings; five of the eight SF-36 categories showed higher scores for
AVR than age-matched cohorts [18]. This study also reported that
among 5-year survivors, the median New York Heart Association
(NYHA) functional class fell from 3 to 1, revealing a marked
improvement in functional status. Because these studies examined
quality of life at a single time point postoperatively, they did not
measure longitudinal change in HRQOL from baseline; however,
both observed SF-36 scores higher than their age-matched com-
parison group in at least 5 of the 8 categories.

More recent SAVR-HRQOL studies show improvements at mul-
tiple time points in postoperative HRQOL across different study
populations. Using an aggregated physical component summary
(PCS) and mental component summary (MCS), Grady and col-
leagues measured HRQOL using the SF-36 in a population of
patients undergoing isolated cardiac operations [17]. PCS and
MCS measurements were taken at baseline and after 3 and
6 months, then every 6 months thereafter through 3 years postop-
eratively. In the context of the general US population, baseline PCS
was lower; postoperative PCS improved to approximately the gen-
eral population level through 6 months but declined moderately
through 36 months. Baseline MCS was higher than the general
population and improved through 3 months, remaining steady
thereafter [17]. This study’s main finding was that improvement
in HRQOL after cardiac surgery occurs mostly within the first 3–
6 months, then remains constant for up to 3 years. Higher BMI
and older age were the greatest predictors of PCS decline after
6 months.

Kurfirst et al. conducted a similar study but stratified outcomes
by two age (in years) groups: patients 70 or younger and patients
older than 70 [16]. Consistent with the findings in Grady’s study,
improvement in HRQOL was observed early after surgery and
remained relatively constant after 1 year. The greatest predictor
was preoperative HRQOL; higher preoperative HRQOL was strongly
associated with a lack of postoperative improvement. Importantly,
baseline HRQOL was found to be higher in the younger group, but
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greater improvements from baseline were observed in the older
group, suggesting that older patients could obtain greater relative
benefits from SAVR than younger patients [16]. Klomp et al. also
sought to examine the effect of patient age on HRQOL recovery
after SAVR but found that age was not associated with PCS or
MCS 1 year after surgery [15]. Although PCS and MCS were
observed to be lower after 30 days, after 1 year both categories
had significantly improved to a level expected for the age-
matched reference population. Higher preoperative HRQOL was
again predictive of postoperative non-improvement.
3.2. TAVR

The three landmark PARTNER trials led to substudies analyzing
the comparative HRQOL benefits of SAVR and TAVR. Major PART-
NER substudies of HRQOL have used the disease-specific Kansas
City Cardiomyopathy Questionnaire (KCCQ) and its short-form,
KCCQ-12 [9–11]. These reliable and commonly used tools measure
quality of life in patients with heart failure (HF) [23]. The KCCQ-12
is a 12-item, 4-domain validated instrument that assesses symp-
tom frequency, social and physical limitations, and quality of life
impairment due to HF symptoms [23]. The four domains describe
patients’ health status on a scale of 0–100 in 25-point ranges
[24]. Although there is no exact association between KCCQ and
NYHA classification, the most common functional status tool used
in clinical practice and trials, patients with higher KCCQ scores
generally have lower associated NYHA classes [24].

PARTNER substudies comparing SAVR and balloon-expandable
TAVR have assessed HRQOL at consistently similar postoperative
time horizons (e.g. 1- , 6- and 12-month time frames) [25,26]. An
early study by Reynolds et al. that measured HRQOL among
high-risk patients compared both TAVR with a transapical
approach (TA-TAVR) and with a transfemoral approach (TF-TAVR)
with SAVR and found that improvements in HRQOL after one year
were similar [26]. TF-TAVR patients showed clinically relevant
improvements in HRQOL after 1-month follow-up compared with
SAVR, but TA-TAVR did not result in any advantage over SAVR
[26]. A later study by Gada et al. sought to understand whether
improvements in the TA-TAVR method had led to better HRQOL
outcomes [25]. Comparing TA-TAVR PARTNER patients in the non-
randomized continued access registry with patients from the
PARTNER RCT, at 1-, 6- and 12-month follow-up, there was still
no advantage over SAVR [25]. While it is important to note that
TA-TAVR utilization has since decreased dramatically, these results
confirm that among patients who are still candidates SAVR candi-
dates, TA-TAVR may not provide significant HRQOL benefits
[27,28].

Quality-of-life studies of the PARTNER 2 cohort A clinical trials
(intermediate surgical risk) showed similar longitudinal results to
the high-risk patients: short-term (i.e. 1-month) HRQOL benefits
were significantly better for TF-TAVR than for SAVR patients, but
1- and 2-year health status benefits were no different [10]. Addi-
tionally, the short-term advantage did not apply to TA-TAVR
patients [29]. A landmark follow-up study published in 2020
reported no difference in functional status or HRQOL between
TAVR and SAVR after 5 years [30]. Results from the PARTNER 3 tri-
als (low surgical risk) reported similar results but with some vari-
ation from high- and intermediate-risk patients. Baron and
colleagues reported that TAVR resulted in greater generic and
disease-specific QoL improvements in the short term, but in con-
trast to previous studies, TAVR also resulted in a modest yet still
significant advantage over SAVR at 6 and 12 months [8]. The Cor-
eValve US Pivotal Trial established higher survival rates in high-
risk patients receiving self-expanding TAVR compared with SAVR
and much like the PARTNER results, CoreValve substudies also
4

revealed that improvements in generic and disease-specific HRQOL
among TAVR patients were vascular access specific [12,31].

Several studies outside of the PARTNER and CoreValve cohorts
have further established that TAVR patients experience significant
gains in QoL and functional recovery, with older patients and those
needing a permanent pacemaker seeing smaller improvements
[32,33]. Recent meta-analyses have documented that HRQOL and
functional capacity improve after TAVR, despite better baseline
functioning in recent studies and that non-TF TAVR patients’ tra-
jectories are similar to those of SAVR patients [34,35]. Two studies
found that predictive models of poor outcome after TAVR devel-
oped in clinical trials perform well in real-world settings; however,
poor outcomes are still observed frequently [14,36]. This finding
highlights the need for more consistent, real-world assessments
of functional recovery and HRQOL to more accurately predict
patients’ for experiencing improved QoL.

3.3. Cost-effectiveness

As is the case with HRQOL, TAVR/SAVR cost-effectiveness data
are mostly limited to a few select studies. In the PARTNER Cohort
B trial, patients at prohibitive surgical risk were randomized to
either TAVR or medical therapy [37]. Reynolds et. al found that
TAVR led to a gain of 1.3 more quality-adjusted life years (QALYs)
than the control, resulting in an estimated incremental cost-
effectiveness ratio (ICER) of $62,889 per QALY gained. Although
1-year follow-up costs were lower for TAVR than for medical ther-
apy, TAVR costs more than standard medical therapy due to
increased life expectancy. The relative cost of TAVR was compara-
ble to that of other medical interventions, such as hemodialysis,
which is estimated at about $71,000 per QALY [38]. The finding
of $62,889 per QALY gained was very close to the $61,889 figure
generally considered to be an acceptable ICER value within the
US healthcare system [37].

Reynolds and colleagues also conducted the first study to exam-
ine the comparative cost-effectiveness of TAVR and SAVR [39]. In
the PARTNER Cohort A (high surgical risk) population, it was found
that cost-effectiveness varied by TAVR access site: TF-TAVR was
economically favorable, with an ICER < $50,000 per QALY gained,
but TA-TAVR was associated with higher costs and lower QALYS,
making it economically inferior to SAVR. Thus, the TF-TAVR finding
is within the cost range considered high economic value for cardio-
vascular therapy in the U.S [40]. In the CoreValve U.S. High Risk
Pivotal Trial, TAVR was associated with an ICER of about $55,000/
QALY and $43,000/life-year (LY), reflecting TAVR’s high economic
value with respect to SAVR [41]. Baron et al. compared the eco-
nomic impact of both the second-generation SAPIEN XT (XT-
TAVR) Valve and the third-generation SAPIEN 3 (S3-TAVR) valves
with SAVR [42]. Although procedural costs were higher for both
XT-TAVR and S3-TAVR, index hospitalization non-procedural costs,
physician fees and follow-up medical care costs were lower, while
quality-adjusted life expectancy was higher, making both types of
TAVR valves economically favorable over SAVR [42].

Measures used to derive cost effectiveness estimates are dis-
played in Table 3. The cost estimates, using payments from Medi-
care to institutions or physicians, of TAVR and SAVR were
determined based on unit prices of procedure devices and other
ancillary costs, while follow-up hospital care and index hospital
costs were determined using Medicare cost-to-charge ratios.
Physician fees and outpatient costs were calculated using the
Medicare fee schedule [37,39,41,42].

One important limitation of TAVR cost-effectiveness studies is
the implicit assumption that TAVR substitutes for SAVR on a one-
for-one basis among low- to moderate-surgical risk patients. This
assumption may have been true during the early diffusion of TAVR,
but the rapid growth in TAVR utilization among low- to moderate-
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risk patients suggests that TAVR is expanding the number of
patients receiving AVR treatments. Thus, the real-world cost-
effectiveness of TAVR may be overestimated in low- to
moderate-risk populations.
3.4. Wearable-device technology

To properly inform patient-physician treatment decision-
making, further comparisons of HRQOL and cost-effectiveness in
real-world settings are needed. To that end, wearable electronic
accessories (e.g. smartwatches, pedometers, heart rate monitors)
that leverage biosensors to obtain activity, movement, and physio-
logic data constitute a promising way to apply the lessons learned
from trials and observational studies to real-life scenarios. By
obtaining accurate, longitudinal HRQOL data, wearable devices
also have the potential to increase the accuracy of comparative
cost-effectiveness data between TAVR and SAVR. Joshi and col-
leagues reviewed the functions of different available sensors that
were used to measure vital signs [43]. Common measurements
included heart rate, respiratory rate, temperature, body posture
and activity levels. Most sensors were unobtrusive and contained
EHR integration. However, common pitfalls included short battery
life, false positives, and an inability to measure all vital signs. Still,
the results of this review were encouraging and indicate that wear-
able technology presents a practical method of detecting early
signs of patient deterioration and monitoring functional recovery.

In the context of TAVR and SAVR specifically, wearable device
technology has been used for remote monitoring, measuring phys-
ical activity, and evaluating rates of atrial fibrillation following car-
diac surgery [44–46]. Hermans et al. identified the need for
managing the increasing strain on healthcare resource and devel-
oped a framework for remote postprocedural ECG observation
[44]. Their proposal differs from usual telemetry systems by allow-
ing for out-of-hospital monitoring through leveraging automatic
detection algorithms and continuous home-to-hospital data. This
level of healthcare decentralization is still largely hypothetical;
however, a recent pilot study evaluated the effects of wearable
activity trackers on physical activity amongst elderly patients at
higher risk of CVD [47]. An ongoing prospective study by Lorenzoni
et al. is currently in the process of using a commercial smartwatch
to address the lack of recovery trajectory data for TAVR/SAVR
patients [48]. This study will track a variety of physical activity
measurements and assess HRQOL using the SF-36 for follow-up
periods of 1, 3, 6 and 12 months with the aim of demonstrating
the efficacy of wearable devices in assessing longitudinal func-
tional recovery [48].

Wearable sensors may serve as a promising tool to support
home-based cardiac rehabilitation (HBCR), as it has the potential
to increase participation by reducing barriers to access.
Pedometers have been used to track TAVR patients’ steps during
a 12-week rehabilitation program that contributed to improved
functional status and SF-36 physical functioning scores [49]. Trials
have also demonstrated that the use of wearable heart rate moni-
tors, in conjunction with remote telemetry monitoring, phone
applications, and text messaging can lead to equivalent (or better)
results relative to center-based rehabilitation [50].
4. Discussion

The overview of current literature on TAVR/SAVR HRQOL and
functional recovery presented in this review reveals a growing
need to evaluate post-discharge recovery trajectories in real-
world settings. Several studies have shown promising results
within large trials, but real-world HRQOL assessments are not col-
lected reliably enough to inform treatment-specific decision-



M.A. Fliegner, D. Sukul, M.P. Thompson et al. IJC Heart & Vasculature 36 (2021) 100864
making [14]. Dae Hyun Kim identifies ‘‘time lag between practice
and QoL prediction research” as one of the key barriers to incorpo-
rating QoL into treatment decision-making [51]. Given the rapid
growth of consumer wearable devices and the increasing need
for longitudinal data within TAVR and SAVR, wearable devices pre-
sent an opportunity to address this time lag by collecting patient
information in real time. Comparing baseline with post-
procedural HRQOL and functional status in a real-world setting
would allow physicians and patients to make more informed deci-
sions between TAVR and SAVR and identify opportunities to
improve post-procedural care through real-time monitoring and
notifications. To that end, future studies should evaluate opportu-
nities to engage patients longitudinally through patient-reported
outcomes ascertainment. This approach could involve transmitting
patient data from validated wearable instruments to a centralized
database via Smartphone apps. Possible data could include heart
rate, blood pressure, step count, patient-perceived level of effort
and HRQOL (using the KCCQ-12 and SF-12 at pre-specified inter-
vals). Tracking these data over the course of a year or longer would
allow researchers to predict recovery trajectories more accurately,
thus giving future TAVR/SAVR candidates and their clinical care
providers with information necessary to make better-informed
decisions.

The studies included in this review should be considered in
light of their limitations. First, current validated HRQOL instru-
ments are subject to bias towards patients who are physically/-
mentally capable to complete these surveys [18]. Second, given
this study was a narrative review, comparisons across studies did
account for variation in sample size that would otherwise be
addressed through a meta-analysis. Third, this study did not
address all important outcomes that may impact procedural
HRQOL, such as infectious endocarditis [52]. Fourth, while tradi-
tional cost-effectiveness comparisons have assumed that TAVR
serves as a one-to-one replacement for SAVR in all but prohibitive
risk patients, the recent expansion of TAVR into low- and
moderate-risk individuals means that TAVR populations now
include patients who would not have previously been referred
for or treated with SAVR [53]. Future analyses should account for
the diffusion of TAVR into these patient populations and evaluate
relative cost-effectiveness accordingly.
5. Conclusion

The current state of AVR HRQOL literature demonstrates that
further investigation is needed to properly inform shared
decision-making between SAVR and TAVR. Quality-of-life analyses
specific to SAVR are mostly observational and are generally not
standardized in their approach to measuring patients’ recovery tra-
jectories. While more recent studies comparing TAVR and SAVR are
more standardized in their methods, comparisons are mostly lim-
ited to RCTs and call into question the generalizability of these
findings, as HRQOL data in real-world settings are largely incom-
plete. Cost-effectiveness analyses are likewise limited to trials
and are not necessarily indicative of the long-term comparative
costs between the two procedures in real-world practice. Although
not yet studied extensively in this setting, wearable device tech-
nology holds great promise for measuring physical activity and
allowing physicians to track patients’ recovery trajectories in real
time. The ability to collect longitudinal HRQOL data and compare
to pre-interventional baseline data would allow providers to (a)
quickly identify those patients who require further interventions
and (b) supply real-world data to inform future decisions between
SAVR and TAVR. Future studies comparing functional outcomes
between TAVR and SAVR should make use of wearable devices
and measure patients’ recovery trajectories in a real-world setting.
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