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Objective: Transcatheter aortic valve replacement (TAVR) is a successful treatment for aortic stenosis (AS) pa-
tients, and previous studies indicate favorable outcomes for those with concomitant aortic stenosis and
transthyretin-associated cardiac amyloidosis (TTRCA-AS). However, the impact of TAVR on more adverse out-
comes in TTRCA-AS patients compared to those with AS alone is still uncertain, with conflicting findings reported
in the literature.

Methods: PubMed and Scopus were extensively searched from inception till August 2021. Studies were included if
they reported data for prevalence and outcomes including mortality and cardiovascular-related hospitalization
events in TTRCA-AS patients referred for TAVR. The data for these outcomes were pooled using a random effects
model and forest plots were created.

Results: After initially screening 146 articles, 6 were shortlisted for inclusion in our analysis. Pooled analysis
demonstrated a 13.3% [95% CI: 10.9-16.5; p = 0.307] prevalence of TTRCA in patients with AS undergoing
TAVR. The incidence of mortality and cardiovascular (CV) hospitalization in patients with TTRCA-AS undergoing
TAVR were 28.3% [95% CI: 18.7-39.0, p = 0.478] and 21.1% [95% CI: 10.2-34.5, p = 0.211], respectively.
Conclusion: The overall pooled TTRCA-AS prevalence was reported to be 13.3% in AS patients who underwent
TAVR. Furthermore, transthyretin-associated CA was found to be associated with an increased risk of mortality
and hospitalization. Large patient population studies are required to assess the safety and efficacy of TAVR in
TTRCA-AS patients, as current research report data from small patient cohorts.

demonstrated the coexistence of these concomitant pathologies. [5,6,7]
In one study, 16% of patients with wild-type TTRCA were also identified

1. Introduction

Myocardium and other cardiac tissues can develop cardiac
amyloidosis (CA), which is characterized by extracellular deposition of
amyloid fibrils. [1,2] Transthyretin (TTR) amyloidosis and
immunoglobulin-derived light chain (AL) amyloidosis are the two most
prevalent forms of CA. [2] Age-related increases in the prevalence of
myocardial amyloid after endomyocardial biopsy or autopsy are
observed in the general population: 25% over 85 years, 32% over 95
years, and 63% over 100 years. [3,4] Patients with aortic stenosis (AS)
frequently develop CA, with transthyretin-associated cardiac amyloid-
osis (TTRCA) being the most common form. Previous research has

with AS. [8] Patients with these coexisting diseases show advanced
cardiac remodeling and poor heart function, suggesting an increased
likelihood of experiencing all-cause mortality, hospitalization, and
readmissions. [9,10]. Thus, the combination of AS and TTRCA compli-
cates the diagnosis and management of the patients.

Transcatheter aortic valve replacement (TAVR) is an effective
treatment option for AS patients [11]. Although several studies have
shown that TAVR is a safe option for patients with AS including those at
high risk for surgical complications [12,13], the impact of TTRCA on
outcomes in AS patients undergoing TAVR procedure is still unclear due
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to the conflicting results reported in the literature. According to studies,
patients with concomitant aortic stenosis and transthyretin-associated
cardiac amyloidosis (TTRCA-AS) may have worse mortality outcomes
and a similar risk of peri-procedural complications, such as hemorrhage
and cardiac arrhythmias as those with AS only. [7,14] Conversely, other
studies have shown a reduction in adverse outcomes after TAVR
compared to supportive medical therapy. [9,10] Challenges in studying
the safety of TAVR in this population may also stem from the small
sample sizes, differences in methodology, and varying patient pop-
ulations of these studies, which creates difficulty in concluding.
Consequently, this lack of agreement complicates the formulation of
universally acceptable guidelines for the use of this procedure, as careful
consideration of the risk-to-benefit ratio is required in TTRCA-AS pa-
tients. Therefore, this review aims to address this gap in the literature by
pooling the prevalence and severe outcomes such as mortality and
hospitalization, to provide a holistic assessment of the impact of TAVR
on patients with these concomitant pathologies, enabling us to under-
stand the safety of the procedure.

2. Methodology

This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
standards [15,16]. Since this study involves a review of data that is
readily available to the public, it was exempt from Institutional Board
Review approval.

2.1. Data sources and search strategy

The databases PubMed and Scopus were extensively searched from
inception till August 2021. The keywords and MeSH terms used for
performing the search were: “(transcatheter aortic valve replacement
OR TAVR OR aortic valve replacement) AND (aortic stenosis OR aortic
valve narrowing) AND (amyloidosis OR transthyretin amyloidosis OR
cardiac amyloidosis OR TTR-CA). Selected articles were transferred to
Endnote X7 (Clarivate Analytics, PA) to check and remove duplicates.
Two reviewers (M.A.K and Q.S-U) independently reviewed the relevant
articles. Any discrepancies were rectified by a senior author (S.S.J). The
initial search was completed by reading titles and abstracts, after which
the shortlisted articles were assessed for full text.

2.2. Study selection and eligibility criteria

Studies were considered for the meta-analysis if they met all of the
following inclusion criteria: (a) report patients with concomitant aortic
stenosis and transthyretin-associated cardiac amyloidosis (TTRCA-AS)
[confirmed by [99mTc]-3,3-Diphosphono-1,2-Propanodicarboxylic
Acid (DPD) bone scintigraphy] (b) report AS patients including those
with TTRCA-AS referred for TAVR. The studies were excluded if (a) they
only reported patients with lone AS (i.e. AS patients without TTRCA);
(b) if they only reported AS patients with concomitant immunoglobulin-
derived light chain-associated cardiac amyloidosis (AL-CA) (c) if they
did not include information regarding prevalence or mortality or car-
diovascular hospitalization (CV); (d) case reports or studies in which the
essential patient data were missing; and (e) the recruited amyloidosis
patients were not diagnosed with AS.

2.3. Data extraction, and quality assessment

The data for the included studies were extracted onto a spreadsheet
by the two investigators (Z. H. T. and P. K.), and the third investigator
double-checked the accuracy (M. S. B.). The following information was
extracted: baseline characteristics (patient demographics, clinical pa-
rameters, and follow-up data), outcomes of interest including (1) prev-
alence of TTRCA in AS patients who underwent TAVR and (2) incidence
of mortality and CV hospitalization in these patients after undergoing
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TAVR procedure. Due to the single-arm nature of all the included
studies, no quality assessment was performed.

2.4. Statistical analysis

The statistical analysis was performed using OpenMetaAnalyst. The
prevalence of TTRCA in aortic stenosis patients was calculated by
dividing the total number of patients with TTRCA by the total number of
patients with aortic stenosis undergoing TAVR. Then for all other out-
comes, the percentage was obtained by dividing the incidence of a
particular outcome by the total number of TTRCA-AS patients under-
going TAVR. A meta-analysis was conducted on the calculated fre-
quencies of the outcomes of interest and an average incidence was
obtained for each outcome, along with confidence intervals (CI). The P
test was performed to examine the heterogeneity in the study outcomes.
An P score of 50% was assumed to indicate a high amount of hetero-
geneity [17,18].

3. Results
3.1. Literature search results

Initial searches of the databases yielded 146 potential studies. Out of
these, 66 studies remained after duplicates were removed. 14 articles
remained for full-text assessment after the title and abstract screening. A
comprehensive search strategy and the search results obtained from the
databases used are provided in Supplementary Data. From these 14
articles, one was a case report, two did not report findings of interest for
the current analysis, two studies were not included as their patient pool
was utilized by Nitsche et al. [9], and three studies had fewer than 5
patients. The inclusion of studies with <5 patients would have intro-
duced selection bias or publication bias due to their low statistical
power, hence we were unable to include them so that our findings can be
more robust [10]. Finally, a total of six studies met the eligibility criteria
that were used in our analysis. [5,6,9,11,19,20]. The literature search
results have been summarized in a PRISMA flowchart (Fig. 1), and the
demographics, laboratory, and clinical findings of the included patients
are provided in Table 1.

4. Results of meta-analysis
4.1. Prevalence

Out of 6 selected studies, all reported patients with TTRCA-AS. A
combined total of 839 randomly selected patients with AS underwent
TAVR, of whom 112 were also diagnosed with concomitant
transthyretin-associated cardiac amyloidosis disease (TTRCA). The
overall pooled prevalence of TTRCA-AS was 13.3% (95% CI: 10.9-16.5;
p = 0.307, Fig. 2).

4.2. Mortality

Out of 6 selected studies, 2 reported mortality. The findings showed
that 28.3% of TTRCA-AS patients died after undergoing the TAVR
operation (95% CI: 18.7-39.0, p = 0.478, Fig. 3).
4.3. CV hospitalization

Out of 6 selected studies, 2 reported CV hospitalizations. About
21.1% of the patients with TTRCA-AS (95% CI: 10.2-34.5, p = 0.211;
Fig. 4) experienced hospitalizations due to cardiovascular causes after
undergoing TAVR. No heterogeneity was observed.

5. Discussion

To reduce the risk of numerous pre- and post-operative problems
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Fig. 1. PRISMA flow diagram.

such as progressive heart failure and myocardial infarction, a diagnosis
of TTRCA is required for patients with AS who are undergoing aortic
valve replacement. [5,21] Due to the diversity in the study sample and
diagnostic techniques, the prevalence of TTRCA in AS patients under-
going TAVR in the literature ranges from 8% to 16%. [5,11]. Our esti-
mated pooled prevalence of TTRCA-AS was reported to be 13%. A
slightly higher rate of 14.4% was observed by Ying Ho et al., while a
lower rate of 9% was observed by Ricci et al. [22,23]. In our analysis, we
exclusively considered patients diagnosed with TTRCA-AS who under-
went TAVR. This deliberate inclusion criterion was chosen to align with
the specific objectives of our study, focusing solely on the outcomes and
implications of TAVR in the context of concomitant TTRCA-AS. We
intentionally excluded patients opting for alternative therapeutic in-
terventions, such as surgical aortic valve replacement (SAVR) or medical
management, to maintain the clarity and relevance of our investigation.
This may account for the variation in prevalence rates observed in our
study when compared to those mentioned above. The low overall
prevalence may be attributed to the comparable clinical and patho-
physiological features between AS and TTRCA (such as left ventricular
hypertrophy, diastolic dysfunction, and increased risk of arrhythmias).
This is because the initiation and progression of the two pathologies are
interlinked resulting in similar downstream complications creating dif-
ficulty in diagnosis and allowing TTRCA to proceed unnoticed for many
years [24]. This could explain why extensive studies have revealed the
occurrence of dual pathology in the elderly, as evidenced by the findings
of Castano et al., Nitsche et al., and Calvacante et al. [5,9,11]. However,

Triebel et al. reported the presence of TTRCA in the younger population
and Myasoedova et al. also found that the younger population was more
vulnerable to the detrimental effects of cardiac amyloidosis [25,26].
This emphasizes the significance of standardizing TTRCA testing in
young AS patients and conducting extensive research to ascertain the
connection and cause of TTRCA in young AS patients.

One of the concerns shown by cardiologists is whether TAVR is safe
to perform in patients with dual pathology. Is it associated with adverse
effects in the presence of concomitant amyloidosis? Various pre- and
post-procedural problems, including myocardial injury, cardiac con-
duction defects, and left ventricular rupture, have been linked to a
higher risk for TAVR in certain studies. [19,27,28-29] We computed the
mortality and hospitalization rates in concomitant TTRCA-AS patients
undergoing TAVR. We observed a mortality rate of 28.3%, which con-
trasts with the 14.9% mortality rate observed in AS patients without
concomitant TTRCA who underwent TAVR [30]. Furthermore, Quintana
et al. observed a mortality rate of 15% in AS patients without CA. [31]
According to Ricci et al., people with concurrent TTRCA-AS had twice as
high risk of developing the condition. [23] This demonstrates that
amyloidosis heralds a higher mortality risk in AS patients undergoing
TAVR, perhaps by raising the possibility of post-procedural ventricular
instability brought on by extensive amyloid deposits. [29] However,
Nitsche et al. found that TAVR patients with TTRCA-AS had better
mortality results than those receiving conventional therapy.

It is crucial to note that the prevalence rates we noted among patients
with TTRCA-AS who underwent TAVR were distinct from those reported
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Table 1
Study Characteristics: The baseline characteristics are given as follows:
Study Participants Age, Sex, n (%) BMI in kg/ BP, mmHg (SD) Atrial LVEF, % AVA, n AV mean QRS Interval, Average 1V septal Follow up
(n) years Male Female m2 (SD) Systole Diastole fibrillation, n (SD) (SD) gradient, n (SD) n (SD) thickness (cm) (months)
(SD) (%)
Nietlispach 17 77.5 10 7(41.2) N/A N/A N/A N/A N/A N/A N/A N/A N/A 14
(2012) (10.5) (58.8)
Longhi (2017)
AS* 43 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
TTRCA-AS 5 84(3.5) 4(80) 1(20) N/A N/A N/A N/A N/A 0.6 N/A N/A 18
Castano (2017)
TTRCA-AS 24 86.3(5.7) 22 2(8.3) 25.5(2.7) 125.3 61.1 10(41.7) 47.6 0.8 35.2(13.9) 127.4(29.8) 1.3 24
(91.7) (21.5) (10.6) (17.6) (0.16)
AS 127 83.3(6.3) 80 47(37) 27(5.3) 143.6 65.1 54(42.5) 56.1 0.77 41.1(13.8) 110.7(30.7) 11
(60.3) (25.1) (14.3) (14.1) (0.19)
Cavalcante (2017)
AS 104 70(14) 58(56) 46(44) N/A N/A N/A 21(20.2) 52(18) 0.5(0.2) 31(15) N/A 1.3 36
TTRCA-AS 9 88(6) 8(89) 1(11) N/A N/A N/A 6(67) 43(17) 0.4(0.2) 30(14) N/A 1.8
Rosenblum (2020)
AS 27 86(5) 26(93) 1(7) 98(18) 126(18) 69(10) 10(37) 48(17) 0.8 35(13) 125(30) 1.4 24
(0.15)
TTRCA-AS 177 82(10) 107 70(40) 108(25) 128(18) 69(12) 73(41) 55(15) 0.76 41(14) 113(31) 1.2
(60.4) (0.23)
Nitsche (2021)
DPD+ 0 359 84(3.8) 173 186 26.4(1.5) 134(7) 69(4.8) 130(36.3) 58(5) 0.7 44(4.5) 96(8) 1.4 23
(48.2) (51.8) (0.05)
DPD1 16 85.4(2.2) 8(50) 8(50) 27.6(1.4) 138(11) 80(8.2) 8(50) 55(6.5) 0.7 39(5.5) 128(8.75) 1.3
(0.05)
DPD2/3 32 86.6(4) 21 11 25.7(1.5) 126(10) 68(3.5) 16(50) 51(11) 0.7(0.1) 36(5.8) 107(11.2) 1.6
(65.6) (34.49)

AS: aortic stenosis only, TTRCA: Transthyretin-Associated Cardiac Amyloidosis, DPD: *"technetium-labeled 3,3-diphosphono-1,2-propanodicarboxylic acid bone scintigraphy, BMI: Body Mass Index, BP Blood pressure,

LVEF: left ventricular ejection fraction, AVA: aortic valve area (in em?/m?), IV: interventricular AV: Aortic valve.
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Fig. 2. Forest plot for prevalence of TTRCA-AS patients undergoing TAVR.
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Fig. 3. Forest plot for mortality for TTRCA-AS patients undergoing TAVR.
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Fig. 4. Forest plot for CV hospitalizations in TTRCA-AS patients undergoing TAVR.

in studies that involved patients undergoing SAVR instead (TAVR: 13%
vs SAVR: 6%) [25]. This disparity can be attributed to the higher mor-
tality rates, delayed hospital discharge, and increased risk of compli-
cations like acute renal injury and permanent pacemaker placement
associated with the latter [32]. This is also corroborated by Treibel
et al.'s finding of a 50% mortality rate among TTRCA-AS patients who
underwent SAVR, in contrast to our own rate of 28.3% [25]. However,
contradictory evidence exists regarding the likelihood of mortality in
TTRCA-AS patients undergoing TAVR or SAVR. [26]. Future research
with large sample sizes is needed to compare the postoperative problems
of the two procedures and gain a better understanding of their efficacy.

A small proportion of the patient population experienced CV hospi-
talizations. In the pooled population, 21.1% of TTRCA-AS patients
required hospitalization, which contrasts with the study by Elmariah
et al., which reported a hospitalization rate of 12.8% in AS patients. [33]
These findings indicate that amyloidosis may contribute to complica-
tions during TAVR, as it poses a risk of senile calcific deposits being
dislodged during valve fracture and post-procedural balloon dilatation.
[34,35] According to preliminary findings of The Transthyretin
Amyloidosis Cardiomyopathy Clinical Trial (ATTR-ACT), the combined
risk of mortality and hospitalization is decreased with tafamidis post-
TAVR treatment compared to a placebo. [36] Although being a mini-
mally invasive procedure, our findings suggest that the presence of

TTRCA may complicate the procedure making its effectiveness ques-
tionable in such cases. As the prevalence of TAVR-related problems,
including vascular injuries and stroke, rises with age, they may exceed
the surgical advantages of the procedure in a considerable portion of
these cases, which primarily involve the elderly. [37,20] Thus, future
studies are needed to assess the possible relevance and timing of inter-
ventional and pharmacologic management techniques for AS patients
with concomitant TTRCA to reduce mortality and morbidity associated
with concurrent illness. Moreover, future research with a large sample
size is warranted to further examine the mortality and hospitalization
rate in TTRCA-AS patients undergoing TAVR.

Studying adverse outcomes in patients with both TTRCA and AS
undergoing TAVR is crucial. Patients with TTRCA-AS present a complex
clinical profile due to underlying systemic amyloidosis, increasing their
vulnerability. Understanding the specific risks and outcomes associated
with TAVR in this cohort is essential for informed decision-making in
clinical practice. Additionally, comparing outcomes in TTRCA-AS pa-
tients to those with AS alone undergoing TAVR serves as a benchmark to
evaluate the procedure's efficacy and safety. This has been previously
done in a meta-analysis by Cannata et al. which addressed the safety of
TAVR in CA-AS patients (TTR and AL type combined) by comparing
clinical outcomes and complications with those undergoing TAVR for AS
alone [38]. In contrast, our study focused specifically on severe
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outcomes like mortality and cardiovascular-related hospitalization in
patients with TTRCA-AS. While procedural complications are vital to
assess, adverse events like mortality and hospitalization provide much
clearer ground for the treatment's overall safety and efficacy, which are
deemed more important for healthcare providers and policymakers.

5.1. Limitations

It is important to consider the study's limitations when evaluating its
strengths. A certain amount of bias may have been incorporated into the
study due to the prevalence of retrospective research and the limited
sample size in some studies. Only TTRCA patients who were referred for
TAVR rather than SAVR or conservative treatment were taken into
consideration. Nitsche et al. did not specify the precise number of pa-
tients who crossed over to SAVR or medicinal therapy, which may have
led to an overestimation of the pooled population. The stage of
amyloidosis diagnosis may have influenced the results of the mortality
analysis in AS patients. Subsequent investigations into the mortality and
hospitalization rates among TTRCA-AS patients undergoing TAVR
should encompass additional trials with larger sample sizes.

6. Conclusion

The overall pooled prevalence of TTRCA-AS was reported to be
13.3%. Furthermore, TTRCA was found to be associated with an
increased risk of mortality and hospitalization in patients with AS un-
dergoing TAVR. Large patient population studies are needed to deter-
mine the efficacy of TAVR in TTRCA-AS patients, as current studies
report data based on small patient cohorts. In addition, comparative
studies are required that compare the adverse outcome rates with other
treatment options such as SAVR or medical therapy to yield the true
dominance of the efficacy of TAVR in TTRCA-AS patients.
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