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Abstract

Transcatheter aortic valve replacement (TAVR) has revolutionized the treatment landscape for severe symptomatic aortic stenosis among
all surgical risk groups. Thus, following the expansion of TAVR use and constant improvements in TAVR platforms and implantation
techniques, implementation has been extended to special population groups that were previously underrepresented in clinical trials. This
review evaluates the role of TAVR in patients with unique clinical considerations, including those with active malignancies, psychiatric
disorders, and advanced organ dysfunction. By examining current literature, we provide insights into the safety, efficacy, appropriateness,
and specific challenges associated with TAVR in these patient groups.
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1. Introduction
Severe aortic stenosis (AS) is a common valvular le-

sionwith a prevalence of 12% in the elderly above the age of
75, with severe aortic stenosis occurring in 2–4% of this pa-
tient population [1]. AS leads to significant morbidity and
mortality, particularly in elderly and comorbid patients. AS
is a disease of aging and frequently co-exists with other co-
morbid conditions that are prevalent in the elderly, includ-
ing dementia, organ dysfunction, and malignancies. Tran-
scatheter aortic valve replacement (TAVR) provides a min-
imally invasive alternative to surgical aortic valve replace-
ment (SAVR) in appropriately selected patients, offering
promising outcomes for patients who are otherwise ineligi-
ble for traditional surgery. As TAVR indications and oper-
ator experience expand, it becomes essential to evaluate its
implications in special populations that have traditionally
been either excluded or under-represented in clinical trials.
These groups are frequently encountered in clinical prac-
tice, complicating decision making and requiring a thor-
ough heart team approach discussion that may involve mul-
tiple specialties outside the traditional cardiovascular and
surgical services. This is reflected in the exclusion crite-
ria from key randomized trials of the most commonly used
TAVR platforms, including self-expandable and balloon-
expandable valves. These trials frequently excluded groups
such as those with cognitive dysfunction and advanced re-
nal insufficiency and under-represented other conditions
such as advanced lung or liver disease [2–7]. There have
been several reviews and registry data addressing TAVR
experience and outcomes, mostly addressing underrepre-
sented or excluded anatomic factors such as bicuspid aortic
valves, rheumatic aortic stenosis, mixed aortic lesions, etc.
[8].

In this review, we address several special populations
with severe AS based on commonly excluded or under-
represented patient populations from pivotal TAVR trials
that are frequently encountered in clinical practice. We
describe the challenges associated with patient selection,
pre-procedural work-up, intraprocedural management, and
post-operative considerations. We chose commonly en-
countered groups in clinical practice for which data has
been limited to small cohorts or series and provide a con-
cise summary of the available literature. These include on-
cologic patients, patients with neuro-psychiatric conditions
including dementia, and patients with commonly encoun-
tered advanced organ dysfunction.

2. TAVR in Patients With Active Oncologic
Conditions

Patients with active cancers or a history of malignancy
face unique challenges when undergoing TAVR. This group
includes patients with a history of malignancy currently in
remission, patients with active malignancy, and patients
who were found to have malignancy on pre-TAVR com-
puted tomography scan. In a meta-analysis of 38,695 pa-
tients involving 15 studies, the prevalence of current or
previous cancer in patients undergoing TAVR was 19.8%
[9]. Several studies evaluated the incidence of new malig-
nancies on pre-TAVR work-up, particularly with computed
tomography. Demirel et al. [10] reported in a cohort of
575 patients undergoing work-up for TAVR that incidental
findings occurred in 63% of patients, among which 4.5%
were confirmed malignancies. In an earlier cohort of 136
patients, Patel et al. [11] evaluated the prevalence of in-
cidental findings on pre-TAVR computed tomography and
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Fig. 1. Proposed pathways for workup of patients with active malignancy for TAVR. TAVR, transcatheter aortic valve replacement;
AS, aortic stenosis; ACC/AHA, American College of Cardiology and American Heart Association.

their impact on survival and found an incidence of around
3% of confirmed malignancies. Symptomatic severe aor-
tic stenosis has an average annual mortality of 15% to 25%
[12] which portends a worse prognosis compared to many
types and stages of cancer. This poses the clinical ques-
tion of whether treating aortic stenosis first in certain cancer
patients translates into improved outcomes. Several stud-
ies indicate that TAVR can be performed safely in selected
oncology patients, providing symptomatic relief and im-
proved quality of life [9,13]. There are several factors to
consider when evaluating this group for potential TAVR.

2.1 Preoperative Considerations
A comprehensive evaluation frequently starts with

obtaining a biopsy for malignancy confirmation and typ-
ing, followed by cancer staging, prognostication, and fi-
nally formulating a treatment plan. Current practice recom-
mendations from the American College of Cardiology and
American Heart Association (ACC/AHA) advise against
TAVR if patient’s expected survival is less than one year
[12] after TAVR. This is a common exclusion criterion in

most of the pivotal TAVR trials among all surgical risk
groups. Yet, prognostication may be very challenging to
determine, especially in newly diagnosed patients or in
those who were found to have a malignancy on pre-TAVR
workup. This usually requires close coordination between
the heart team and the oncological services. Fig. 1 sum-
marizes the proposed pathway for pre-procedural consid-
erations for patients with active malignancy undergoing
TAVR.

2.2 Interaction Between Aortic Stenosis and Cancer
Therapies

There is limited data available on the optimal tim-
ing of TAVR in patients who are deemed to be procedu-
ral candidates. Timing also depends on whether patients
need a surgical approach to cancer management, radiation,
chemotherapy, or combination therapy. Frequently, pa-
tients with active malignancy undergoing chemotherapy or
immunotherapies develop decompensations requiring hos-
pitalizations for non-cardiac or cardiac events. Patients
with severe symptomatic aortic stenosis may tolerate de-
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compensation events and hospitalization poorly. It remains
unclear whether performing TAVR in patients prior to initi-
ation of treatments, particularly those with potential cardiac
toxicity or patients with preexisting heart failure, would de-
crease morbidity of cancer treatments. Alternatively, delay-
ing urgent therapies to perform TAVR may lead to cancer
progression or worsening of patient prognosis. If patients
require surgical resection, performing TAVR prior to surgi-
cal intervention may be reasonable to reduce operative mor-
bidity. Fig. 1 provides an algorithm for workup of patients
with active malignancy for TAVR.

2.3 Outcomes

Several observational studies have evaluated short-
and long-term outcomes of cancer patients post-TAVR.
Landes et al. [14] compared outcomes of 222 cancer
patients who underwent TAVR to 2522 non-cancer pa-
tients. At the time of TAVR, 40% had stage 4 cancer, and
periprocedural complications were comparable between the
groups, including 30-day mortality. However, 1-year mor-
tality was higher in cancer patients, with one-half of the
deaths due to neoplasm. Progressive malignancy (stage III
to IV) was a strong mortality predictor, whereas stage I and
II cancer was not associatedwith highermortality compared
with no-cancer patients [14]. In an analysis of the Nation-
wide Readmissions Database for TAVR cases from 2012 to
2019, 122,573 patients undergoing TAVR were included in
the analysis, of whom 8013 (6.5%) had active cancer. The
authors found that the presence of active cancer was not as-
sociated with increased in-hospital mortality. There was,
however, an increased risk of readmission at 30, 90, and
180 days after TAVR and increased risk of bleeding requir-
ing transfusion at 30 days [13]. These findings have been
previously observed in other observational studies where
no significant difference in in-hospital mortality has been
observed post-TAVR in patients with or without active ma-
lignancy [15]. There is additional variability in outcomes
depending on the type of malignancy. Colon cancer has
been observed to be related to more bleeding events post-
TAVR, whereas breast cancer was associated with increased
risk of pacemaker implantation post-TAVR [13]. The sig-
nificance of the latter finding is unclear but may be re-
lated to the type of breast cancer chemotherapy and radi-
ation therapies. Given these findings, it may be reasonable
to perform close cardiac monitoring for breast cancer pa-
tients post-TAVR and minimize the use of antiplatelets or
antithrombotics in patients with colon cancer post-TAVR.
In a more recent meta-analysis of 9 studies including a to-
tal of 133,906 patients, of whom 9792 (7.3%) had active
malignancy, Felix et al. [16] observed higher short- and
long-term mortality rates in patients with active cancer un-
dergoing TAVR, which were not driven by cardiovascular
causes. Additionally, higher major bleeding was observed
among cancer patients. There was no significant difference
in cardiac, renal, and cerebral complications at follow-up

ranging from 180 days to 10 years in patients undergoing
TAVR with active cancer compared to no cancer [16]. Ta-
ble 1 (Ref. [9,13–18]) summarizes key studies evaluating
the outcomes of TAVR in patients with active cancer.

These studies highlight that TAVR should be offered
selectively to patients with severe symptomatic AS and ac-
tive oncological conditions after close coordination with
oncology teams. In appropriately selected patients, espe-
cially those with early-stage malignancies, TAVR is safe
and carries a favorable prognosis.

3. TAVR in Patients With Psychiatric and
Neuro-Psychiatric Disorders

Psychiatric conditions are highly prevalent in the
United States, affecting approximately 18% of the US adult
population annually [19]. These patients experience higher
all-cause mortality rates (around 2.2-fold increase) and are
less likely to receive guideline-directedmedical therapy and
have lower rates of undergoing invasive testing [20]. In a
recent analysis of over 1.5 million severe AS patients, pa-
tients with depression, anxiety, bipolar disorder, substance
use, and psychotic disorders had lower odds ratios for un-
dergoing TAVR compared to patients with no psychiatric
conditions. There was a significant link between psychi-
atric comorbidities and a lower likelihood of utilizing TAVR
[19]. Patients with dementia and associated mood disor-
ders represent another very challenging and prevalent pa-
tient population with severe AS and have been frequently
excluded from pivotal TAVR trials.

3.1 Preoperative Considerations
There are major aspects that come into play when

treating severe symptomatic aortic stenosis in this popula-
tion.

(1) Symptomatology: Depending on the spectrum of
severity, symptom assessment may be challenging, espe-
cially in patients with limited verbal skills who cannot
clearly verbalize their symptoms. In such cases, severe
AS may be diagnosed based on physical exam findings or
incidentally found on diagnostic testing. Functional sta-
tus assessment may also be challenging, especially in more
sedentary patients.

(2) Cognitive function: Obtaining informed con-
sent represents another difficulty in this population. The
premise of informed consent is the ability of the patient to
fully understand one’s condition, its implications on health,
and verbalize understanding of any invasive testing or ther-
apies that need to be implemented. Patients with dementia
or severe psychiatric disorders who may have long life ex-
pectancy are often not able to give informed consent, and
frequently power of attorney needs to become involved.
Balancing longevity with quality of life presents complex
decision-making challenges that place significant responsi-
bility on surrogate decision-makers.
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Table 1. Summary of studies evaluating outcomes of cancer patients undergoing TAVR.
Study (authors, year) Type of study Outcome/complication Active cancer vs. no cancer

(summary)
Key data/findings

Landes U et al., 2019 [14] Retrospective cohort study 30 days and 1 year mortality. Similar 30-day mortality. Higher 1
year mortality in active cancer.

Stage I and II cancer was not associated with mortality. Stage III to
IV was associated with higher mortality.

Lind A et al., 2020 [17] Retrospective cohort study Periprocedural complications.
30-day mortality.

No difference in periprocedural
complications or 30-day mortality.

HR 1.47 (95% CI: 1.16–1.87) for all-cause mortality at 10 years.

10-year survival. 10-year survival significantly
reduced in active cancer.

Jain V et al., 2020 [15] Retrospective cohort study
(National Readmission

Registry)

Post-procedural outcomes,
in-hospital mortality and 30 day

readmission.

Similar procedural and in-hospital
mortality. Higher 30 day

readmission.

No difference in all-cause in-hospital mortality (OR: 0.873 [95%
CI: 0.715 to 1.066]; p = 0.183). Higher likelihood of 30-day
readmission (OR: 1.21 [95% CI: 1.09 to 1.34]; p < 0.001).

Aikawa T et al., 2023 [13] Retrospective cohort study
(National Readmission

Registry)

In‐hospital mortality. Bleeding
requiring blood transfusion and
readmissions at 30, 90, and

180 days after TAVR.

Similar short-term outcomes; Higher
bleeding and readmission.

Active cancer was not associated with increased in‐hospital
mortality (adjusted odds ratio [aOR], 1.06 [95% CI, 0.89–1.27]; p

= 0.523).
Active cancer was associated with an increased risk of readmission
at 30, 90, and 180 days after TAVR and increased risk of bleeding

requiring transfusion at 30 days.

Osawa T et al., 2024 [9] Systematic
review/meta-analysis

Short-term (in-hospital or
30-day) and long-term (≥12

months) mortality.

Lower risk of short-term mortality. Patients with cancer had a lower risk of short-term mortality (odds
ratio [OR] 0.69, 95 % confidence interval [CI] 0.61–0.77, p <

0.001) but a higher risk of long-term mortality (OR 1.54, 95% CI
1.35–1.76, p < 0.001).

Higher risk of long-term mortality.

Patients with cancer had a lower incidence of postprocedural
stroke and acute kidney injury but a higher incidence of pacemaker

implantation than patients without cancer.

Felix N et al., 2024 [16] Meta-analysis Short term and long-term
mortality, cardiovascular

mortality and rates of bleeding.

Higher short and long-term
non-cardiac mortality in active

cancer.

Patients with active cancer had higher short- (OR 1.33; 95% CI
1.15–1.55; p < 0.001) and long-term mortality (OR 2.29; 95% CI

1.80–2.91; p < 0.001). Rates, not driven by cardiovascular
mortality (OR 1.30; 95% CI 0.70–2.40; p = 0.40), and higher
major bleeding rates (OR 1.66; 95% CI 1.15–2.42; p = 0.008).

Saberian P et al., 2025 [18] Meta-analysis In-hospital mortality, 30-day
mortality, 1-year mortality,
2-year mortality, Procedural

success.

No significant difference in
short-term outcomes; Significantly
higher long-term mortality in active

cancer.

OR 1.17 (95% CI: 0.83–1.65) for in-hospital mortality; OR 0.93
(95% CI: 0.72–1.19) for 30-day mortality; OR 1.93 (95% CI:

1.45–2.56) for 1-year mortality; OR 2.65 (95% CI: 1.79–3.93) for
2-year mortality; Comparable procedural success between groups.

TAVR, transcatheter aortic valve replacement; HR, hazard ratio; CI, confidence interval.
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(3) Adherence to Treatment: Patients with psychiatric
disorders may struggle with adherence to pre- and post-
procedural care. This includes completing necessary pre-
TAVRworkup, attending multispecialty outpatient appoint-
ments, and following through with treatments for incidental
findings that require attention prior to the index procedure.
Post-TAVR follow-up with post-procedural testing, thera-
pies, and outpatient appointments can also place time strain
on these patients, especially during flares of mental illness.

3.2 Outcomes and Prognosis

Data on TAVR outcomes in patients with psychiatric
and neuropsychiatric disease is limited. In a retrospec-
tive study using national inpatient sample data, the preva-
lence of mental illness among patients undergoing TAVR
was 14.2%, including bipolar disorder, schizophrenia, other
psychotic disorders, anxiety, or depression. Patients with
mental illness had a higher risk of procedural complica-
tions, including myocardial infarction, pneumonia, major
bleeding, blood transfusion, and acute renal failure com-
pared to patients without mental illness [21]. In another
study of nearly 22,000 patients undergoing TAVR, 13.5%
met the definition of having serious mental illness, includ-
ing schizophrenia, mood disorder, and anxiety disorders
causing significant functional limitations. Patients under-
going TAVR with serious mental illness had longer length
of stay and were less likely to be discharged to home [22].

Approximately one-third of patients with symp-
tomatic severe aortic valve stenosis have some degree of
cognitive impairment [23]. In a study of 57,805 patients un-
dergoing TAVR, 5.0% had a diagnosis of dementia, and the
authors found that TAVR was associated with an increased
risk of bleeding requiring transfusion, discharge to a reha-
bilitation facility, in-hospital delirium, increased length of
stay, but comparable in-hospital mortality in patients with
dementia compared with patients without dementia [24].

Delirium is a serious complication affecting elderly
patients undergoing TAVR and can frequently be under
recognized. A meta-analysis has reported the post-TAVR
prevalence of delirium of up to 24.9% among elderly pa-
tients over 60 years of age [25]. Delirium usually lasts for
a few days to weeks but can last months in up to 20% of
patients. There are multiple risk factors for delirium, in-
cluding patient and procedural-related factors. Patient fac-
tors include advanced age, comorbid conditions, and base-
line cognitive decline. Procedural factors include duration
of the procedure, anesthetic burden used, and procedural
complications. Additionally, hospitalization factors includ-
ing immobilization, intensive care unit admission, constipa-
tion, and associated infections also play a detrimental role
in post-procedural delirium [26]. Patients with delirium fol-
lowing TAVR have twice the length of hospital stay and ap-
proximately 3 times the risk of increased hospital readmis-
sions and mortality within 180 days of the procedure. They
are twice as likely to be admitted to a rehabilitation facil-

ity compared with their non-delirious counterparts [25,27].
In a meta-analysis of 9 studies, acute renal injury, baseline
carotid artery disease, and transapical transcatheter aortic
valve implantation (TAVI) had the highest effect size on
post-procedural delirium after TAVR. The impact of base-
line cognitive impairment on post-operative delirium has
been documented with an estimated odds ratio of 2.2 [25].

The impact of TAVR on baseline cognitive function
and mood disorders has also been described. In an analysis
of nearly 1300 patients who underwent TAVR in an Aus-
tralian registry, 28% of patients reported symptoms of at
least moderate anxiety or depression. After TAVR, 74% of
these patients reported resolution of their symptoms, with
around 8% of patients developing new-onset anxiety or de-
pression. Predictors of new-onset anxiety or depression
were non-home discharge, post-procedural stroke, myocar-
dial infarction, or heart failure hospitalization [28]. The
complex interaction between TAVR and cognitive func-
tion has been evaluated in several small-scale studies. In
a cohort of 229 patients above the age of 70 undergoing
TAVI, 37% of patients demonstrated improvement in cog-
nitive function as measured by mini-mental status exami-
nation, with patients demonstrating largest benefit showing
the smallest valve area before TAVR. Notably, 12.7% of pa-
tients showed cognitive decline after TAVR [29]. This find-
ing was also observed in an earlier cohort by Ghanem et al.
[30], who reported that 9% of patients experience cognitive
decline after TAVR. There are no clear predictors of cog-
nitive decline after TAVR that were identified in both stud-
ies other than advanced age and possibly post-procedural
delirium, which was observed in a quarter of patients un-
dergoing TAVR in the former study [29]. Although post-
procedural strokes, which occur in about 2.3% of TAVR
patients [31], could provide an explanation, they were not
found to be a predictive factor in either study. Another po-
tential mechanism could potentially involve periprocedu-
ral microembolization phenomena, which have been thor-
oughly described post-TAVR yet have not yet been clearly
associated with neurologic events [32,33]. On the other
hand, one of the basic proposed hypotheses for post-TAVR
improvement in cognitive function is linked to improving
cerebral blood flow. In a study of 148 patients who under-
went TAVR, authors demonstrated significant improvement
of cardiac output and cerebral blood flow at 3 months post-
procedure. Global cognitive functioning also significantly
increased, with the most prominent increase in patients ex-
hibiting worst baseline cognitive functioning. Interestingly,
improvement in cerebral blood flow had no impact on im-
provement of global cognitive function, and around 22%
of patients had cognitive decline [23]. Larger-scale stud-
ies would be needed to better elucidate the relationship be-
tween TAVR and change in cognitive function and define
the major predictors of both improvement and decline in
cognition post-TAVR.
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Fig. 2. Proposed pathway and summary of TAVR considerations and outcomes in patients with neuropsychiatric conditions
undergoing TAVR. TAVR, transcatheter aortic valve replacement; AS, aortic stenosis.

Available literature highlights the challenges psychi-
atric and neuropsychiatric conditions can have on patients
with severe AS, including both pre-operatively and during
recovery periods. Yet, procedural outcomes in general do
not appear to differ significantly compared to the general
population undergoing TAVR. Fig. 2 summarizes pre- and
post-procedural considerations for patients with neuropsy-
chiatric disorders undergoing TAVR.

4. TAVR in Patients With Advanced Organ
Dysfunction

Advanced organ dysfunction represents another sub-
group of patients that is routinely encountered in clini-
cal practice yet has been generally underrepresented in
clinical trials. Advanced chronic kidney disease, dialy-
sis patients, severe pulmonary hypertension patients, and
Child C cirrhosis patients have been excluded from the
pivotal CoreValve and PARTNER trials [2–7]. Although
there are other groups that have also been excluded, in-
cluding GI bleeding, thrombocytopenia, leukopenia, etc.,
in this review we chose the most commonly encoun-
tered advanced organ dysfunction groups and discuss pre-

procedural, procedural, and post-operative considerations
based on the available literature. Fig. 3 summarizes pre-,
intra-, and post-procedural considerations of patients within
these groups undergoing TAVR.

4.1 TAVR in Patients With Advanced Lung Disease

Advanced lung disease incorporates various lung con-
ditions, including chronic obstructive pulmonary disease
(COPD) and interstitial lung disease (ILD). Frequently,
these groups have associated pulmonary hypertension, the
severity and cardiovascular consequences of which could
vary depending on the severity of the pulmonary condition.
These patients often present with compounded risks due to
the coexistence of compromised pulmonary function along-
side cardiovascular pathology with frequently overlapping
symptomatology. Lung disease prevalence increases with
age and is frequently encountered in aortic stenosis patients.
It is estimated that 16% to 43% of patients with AS un-
dergoing TAVR have comorbid COPD [34]. TAVR has
even been described in patients undergoing workup for lung
transplant and in lung transplant patients with favorable out-
comes [35]. As such, their management requires meticu-
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Fig. 3. Preprocedural, intraprocedural and post procedural assessment of patients with chronic lung disease, chronic liver disease,
and chronic kidney disease undergoing TAVR. TAVR, transcatheter aortic valve replacement; KCCQ, Kansas city cardiomyopathy
questionnaire; STS, Society of Thoracic Surgeons; PFT, pulmonary function testing; ABG, arterial blood gas; MELD, Model for End-
Stage Liver Disease; eGFR, estimated glomerular filtration rate; GA, general anesthesia; ICU, intensive care unit; LFT, liver function test;
PT/INR, prothrombin time/international normalized ratio; PEEP, positive end-expiratory pressure; RRT, registered respiratory therapist.

lous preoperative evaluation, carefully devised periopera-
tive strategies, and vigilant postoperative care to ensure op-
timal outcomes.

4.2 Perioperative Considerations

The perioperative assessment of patients with ad-
vanced lung disease undergoing TAVR frequently necessi-
tates input from pulmonologists or anesthesiologists during
heart team discussions. Comprehensive pulmonary func-
tion testing (PFT), including spirometry, diffusion capacity
assessment, and arterial blood gas (ABG) analysis, helps
determine the severity and functional implications of lung
disease. Frequently, lung disease is discovered on pre-
TAVR computed tomography (CT) scans, with the most fre-
quent incidental finding being pulmonary nodules [11,36].
Alternatively, other conditions including emphysema or
pulmonary fibrosis are occasionally encountered and fre-
quently require additional imaging modalities such as high-
resolution computed tomography (HRCT) scans, which can
offer valuable insights into the anatomical and pathologi-
cal intricacies influencing patient selection and procedural
planning. In a cohort of 373 patients with a median age

of 84 years, fibrosis and emphysema were present in 66
(17.7%) and 95 (25.5%) patients, respectively. Fibrosis as
a dichotomous variable was independently associated with
the composite of death and readmission hazard ratio [HR],
1.54; p = 0.030, and CT evidence of fibrosis was a power-
ful predictor of adverse events [37]. Optimizing pulmonary
status preoperatively is critical for mitigating perioperative
risks. Strategies may include smoking cessation interven-
tions, initiation of bronchodilators, inhaled corticosteroids,
and targeted pulmonary rehabilitation programs. These in-
terventions aim to enhance respiratory mechanics, reduce
airway hyperreactivity, and optimize oxygenation before
TAVR, thereby potentially reducing the incidence of peri-
operative respiratory complications. Procedural techniques
and anesthetic management during TAVR also significantly
influence outcomes. Traditionally, general anesthesia (GA)
was frequently the preferred choice of anesthesia in early
TAVR experience [38]. However, over the last 10 years, as
the TAVR experience grew with more shift towards lower-
risk patients, femoral and smaller bore access, safer valve
platforms, shorter duration of procedures, and less reliance
on transesophageal echocardiography, the mode of anesthe-
sia has shifted towards monitored anesthesia care (MAC)
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[39]. In a meta-analysis of 7 observational studies includ-
ing 1542 patients compared to GA, MAC was associated
with a shorter hospital stay (–3.0 days (–5.0 to –1.0); p =
0.004) and a shorter procedure time (MD –36.3 minutes (–
58.0 to –15.0 minutes); p < 0.001). Overall 30-day mor-
tality, cardiac and procedure-related mortality was not dif-
ferent [40]. These findings were replicated in a more re-
cent retrospective cohort study where 154 GA patients and
154 MAC patients underwent propensity matching. There
were no differences in the safety outcomes of in-hospital or
30-day mortality, in-hospital or 30-day stroke, cardiac ar-
rest, and need for permanent pacemaker between GA and
MAC groups. There was a significant reduction in com-
posite bleeding/vascular events in the MAC group (8.4%
vs 19.5%, p < 0.01), reduced length of hospitalization and
intensive care unit (ICU) stay, and higher likelihood of dis-
charge to home [41]. In patients with severe lung disease
undergoing TAVR, however, mode of anesthesia cannot al-
ways be generalized and is highly dependent on the pres-
ence of significant restriction or obstruction and is cho-
sen on an individualized basis. In a more recent small co-
hort of 72 patients with severe COPD undergoing TAVR,
the use of GA compared with MAC was associated with
higher incidences of respiratory-related complications and
longer intensive care unit length of stay [42]. Finally, care-
ful attention to fluid management is essential to prevent
volume overload and pulmonary edema, a critical consid-
eration given the limited respiratory reserve in this patient
population.

4.3 Outcomes and Prognosis

Multiple studies have demonstrated various outcomes
in patients with chronic lung disease (CLD) undergoing
TAVR. In an analysis from the PARTNER trial, patients
with CLD who underwent TAVR demonstrated higher 1-
year all-cause mortality compared to those without CLD
(23.4% vs. 19.6%, p = 0.02). However, among patients
with CLD, those treated with TAVR had significantly lower
2-year all-cause mortality than those who received standard
therapy (52.0% vs. 69.6%, p = 0.04). Furthermore, within
the CLD cohort, poor mobility—defined by a 6-minute
walk distance of <50 m—and oxygen dependency were
identified as independent predictors of worse outcomes
[43]. In a study byMok et al. [44], patients with COPDwho
underwent TAVR had significantly lower 1-year survival
compared to those without COPD (70.6% vs. 84.5%, p =
0.008), and COPD was identified as an independent predic-
tor of mortality. Despite this, COPD patients still demon-
strated improvements in functional status following TAVR,
as measured by NYHA functional class, Duke Activity Sta-
tus Index, and the 6-minute walk test (6MWT). The study
also found that reduced 6MWTdistance and poorer baseline
spirometry were associated with higher post-TAVR mortal-
ity. Crestanello et al. [45] reported similar findings from
the CoreValve US Pivotal trial. The authors reported no

difference in mortality at 30 days, but higher mortality in
those with moderate to severe CLD at both 1 year (28.1%
moderate, 26.9% severe vs. 19.2% non-CLD; p = 0.030)
and 3 years (53.0% moderate, 51.9% severe vs. 37.7%
non-CLD; p< 0.001) following TAVR. While over 80% of
CLD patients experienced improvements in NYHA func-
tional class and Kansas City Cardiomyopathy Question-
naire overall summary score (KCCQ-OS) scores at both
1 and 3 years, only a subset achieved a favorable overall
health benefit—43.3% at 1 year and just 22.5% at 3 years.
Similar findings were reported by Doldi et al. [34], who
evaluated a retrospective cohort of 3408 patients who un-
derwent TAVR, with 553 patients (16.2%) having comorbid
COPD. Estimated 2-year survival rates were 69.2% (95%
CI: 65%–74%) for COPD vs. 79.7% (95% CI: 76%–84%)
for no-COPD patients. The presence of COPD was asso-
ciated with a significantly increased mortality after TAVR
(HR: 1.74; 95% CI: 1.36–2.22; p < 0.001). Authors also
demonstrated that GOLD severity stagewas associatedwith
increased mortality (p < 0.001 by log-rank test). Hence,
COPD is an independent predictor for mortality in TAVR
patients. The authors observed that TAVR reduced symp-
toms in COPD patients, with more reduction in GOLD1/2
compared to GOLD 3/4 [34]. Table 2 (Ref. [34,43–47])
summarizes studies evaluating TAVR outcomes in patients
with CLD.

Several studies have evaluated the predictive value of
pulmonary function testing and the presence of CLD on
outcomes post-TAVR. Objective assessments of PFT can
provide valuable insight into prognosis and guide clinical
decision-making in this population. In a study by Pino et
al. [48], increased alveolar-arterial (A-a) gradient, elevated
PCO2, and reduced PO2 were associated with a higher risk
of 30-day mortality. Interestingly, neither a diagnosis of
COPD or CLD nor PFT parameters were significantly asso-
ciated with 30-day or 1-year mortality. Conversely, Henn et
al. [49] found that even patients without a known preoper-
ative diagnosis of COPD or CLD often had abnormal PFTs,
and moderate to severe lung disease—predominantly iden-
tified through PFTs—was an independent predictor of mor-
tality following TAVR. Similarly, Lin et al. [37] demon-
strated that CT evidence of pulmonary fibrosis was inde-
pendently associated with increased mortality and readmis-
sion rates, particularly in patients without a prior diagnosis
of CLD, while emphysema did not emerge as a significant
predictor of outcomes.

Collectively, these studies highlight that patients with
advanced lung disease undergoing TAVR represent a high-
risk group with generally poorer postoperative outcomes.
Nonetheless, when appropriately selected, many of these
patients experience meaningful improvement in functional
capacity and survival compared to those receiving standard
medical therapy. These findings emphasize the importance
of thorough preoperative evaluation, incorporating a multi-
disciplinary team approach and aligning decisions with pa-
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Table 2. Summary of studies evaluating outcomes of Patients with CLD undergoing TAVR.
Study (authors, year) Study design/population Main outcomes Lung disease vs. no lung disease Key findings

Mok M et al., 2013 [44] Single-center
retrospective cohort

1-year survival;
functional status;

predictors of mortality

1-year survival: 70.6% (COPD) vs. 84.5% (no COPD), p =
0.008

COPD was an independent predictor of mortality. COPD
patients had significant improvement in NYHA class,
DASI, and 6MWT post-TAVR. Lower 6MWT and poor

spirometry predicted higher mortality.

Dvir D et al., 2014 [43] Analysis from
PARTNER trial; patients
with severe AS and CLD

1-year and 2-year
all-cause mortality;
predictors of outcome

1-year mortality: 23.4% (CLD) vs. 19.6% (no CLD), p = 0.02,
2-year mortality (CLD, TAVR vs. standard therapy): 52.0% vs

69.6%, p = 0.04

CLD is associated with higher 1-year mortality after
TAVR. TAVR improved 2-year survival vs. standard

therapy in CLD. Poor mobility and oxygen dependency
predicted worse outcomes.

Suri RM et al., 2015 [46] STS/ACC TVT Registry
analysis

1-year mortality 1-year mortality: 32.3% (severe CLD) vs. 21% (no severe
CLD), vs. 25.5% (moderate CLD)

Moderate or severe CLD is associated with an increased
risk of death to 1-year after TAVR. In patients with severe
CLD, the risk of death appears to be similar with either
transapical or transaortic alternate-access approaches.

Liao YB et al., 2016 [47] Systematic review and
meta-analysis; 28 studies

Short- and long-term
mortality; complications

COPD negatively impacted both short-term and long-term
all-cause survival (30 days: odds ratio [OR] 1.43, 95% CI,
1.14–1.79; >2 years: hazard ratio [HR], 1.34, 95% CI,

1.12–1.61)

COPD is common among patients undergoing TAVI, and
COPD impacts both short- and long-term survival.

Crestanello JA et al., 2017 [45] CoreValve US Pivotal
Trial Analysis

1-year, and 3-year
mortality; functional
status assessment

All-cause mortality was higher in patients with moderate and
severe CLD at 1 year (19.6% mild, 28.1% moderate, 26.9%
severe CLD vs. 19.2% non-CLD; p = 0.030) and 3 years
(44.8% mild, 53.0% moderate, 51.9% severe vs. 37.7%

non-CLD; p < 0.001)

CLD is associated with higher 1- and 3-year mortality.
>80% of CLD patients improved in NYHA and

KCCQ-OS.

Doldi P et al., 2022 [34] Retrospective single
center cohort

2-year survival;
mortality predictors

2-year survival: 69.2% (COPD) vs. 79.7% (no COPD), p <

0.001 HR for mortality: 1.74 (95% CI: 1.36–2.22), p < 0.001
COPD independently associated with increased mortality
after TAVR. Higher GOLD stage = higher mortality.

TAVR reduced symptoms in COPD, especially GOLD 1/2.
COPD, chronic obstructive lung disease; NYHA, New York heart association; DASI, duke activity status index; 6MWT, 6 minute walk test; AS, aortic stenosis; CLD, chronic lung disease; STS/ACC TVT,
Society of Thoracic Surgeons/American College of Cardiology Transcatheter Valve Therapy; TAVI, transcatheter aortic valve implantation; CI, confidence interval; KCCQ-OS, Kansas city cardiomyopathy
questionnaire overall summary score; GOLD, global initiative for chronic obstructive lung disease.
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tient preferences, to optimize candidate selection for TAVR
in the setting of advanced pulmonary disease. Objective
assessments—such as PFTs, HRCT, ABG analysis, and
6MWT distance—are instrumental in guiding this decision-
making process.

5. TAVR in Patients With Advanced Liver
Disease

Patients with chronic liver disease represent a high-
risk cohort for surgical intervention. The 30-day mortality
risk following cardiac surgery is 9% in patients with liver
cirrhosis Child-Pugh class A, 37.7% in patients with class
B, and 52% in patients with class C [50]. In treatment of
patients with severe symptomatic AS, TAVR has emerged
as a lower-risk alternative for patients with liver cirrhosis as
a bridge to facilitate liver transplant [51,52] and as a ther-
apy to help mitigate morbidity and mortality. Patients with
chronic liver dysfunction, particularly those with cirrhosis,
present with a unique risk profile that influences procedu-
ral planning, perioperativemanagement, and long-term out-
comes following TAVR. Although some patients with liver
disease have been included in clinical trials of TAVR plat-
forms (2–4% liver disease prevalence in PARTNER 1 trial
[53]), most studies excluded patients with Child C cirrhosis.

5.1 Perioperative Considerations
A critical step in evaluating patients with coexist-

ing aortic stenosis and liver disease is the accurate assess-
ment of hepatic function. The Child-Pugh classification
and Model for End-Stage Liver Disease (MELD) scores
are widely used tools to stratify liver disease severity and
predict perioperative risk. Prognostic utility of combina-
tion scores has not been validated in patients with liver
disease undergoing TAVR. Patients with Child-Pugh Class
C or MELD scores greater than 15 are generally consid-
ered to have significantly increased operative risk due to
poor hepatic reserve, coagulopathy, and hemodynamic in-
stability [54,55]. Additionally, these patients often have
comorbidities such as hepatorenal syndrome, hepatic en-
cephalopathy, and malnutrition that further compound their
procedural risk. As a result, multidisciplinary heart team in-
volvement incorporating hepatology services is essential in
weighing the risks and benefits of TAVR in this population.

5.2 Procedural Considerations
Patients with cirrhosis are at increased risk of com-

plications from both anesthesia and procedural perspec-
tives. In general, conscious sedation (CS) is increasingly
favored over GA due to its association with improved out-
comes, including lower all-cause mortality, reduced proce-
dural complications, shorter hospital stays, and decreased
need for postoperative ventilation [38]. This can be espe-
cially beneficial in this cohort of liver disease patients to
reduce hemodynamic instability and hence further hepatic
insult from GA. However, certain anatomical or procedu-

ral constraints—such as the need for alternative access with
surgical cutdown due to hostile iliofemoral artery disease—
can necessitate general anesthesia [56] and thereby increase
perioperative risk in this cohort. Moreover, patients with
advanced liver disease often have fragile vascular structures
and higher bleeding tendency secondary to coagulopathy
and platelet dysfunction. This can have a significant impact
on access site choice and closure, intraprocedural anticoag-
ulation management, and post-procedural antiplatelet man-
agement. Access site choice is one of the most important
considerations in this patient group due to significant co-
agulopathy. Percutaneous transfemoral access remains the
favorable access site with the least complication risk. With
the advent of lithotripsy as a tool to navigate iliofemoral
disease, it is feasible to perform in up to 95% of cases in
contemporary practice [57]. Alternative access, however,
is required in select patients with hostile iliofemoral disease
or when the femoral sizing is prohibitive. Although studies
specifically comparing alternative access sites in patients
with chronic liver disease are lacking, for patients with co-
agulopathy, choosing percutaneous alternative access may
mitigate bleeding risk and may facilitate conscious sedation
compared to higher-risk GA. Percutaneous axillary access
could be performed by experienced operators and may re-
duce bleeding risk and vascular complications typically as-
sociated with surgical subclavian cutdown [57,58]. More
recently, transcaval access has emerged as another percuta-
neous option with favorable outcomes, including lower risk
of acute renal injury, shorter duration of hospital stays, and
more favorable neurovascular outcomes compared to other
alternative access sites [57].

5.3 Outcomes and Prognosis
Several studies have reported comparable outcomes

for patients with advanced liver disease undergoing TAVR.
In a multicenter study involving Europe and Canada by
Tirado-Conte et al. [59], the authors reported similar car-
diovascular mortality between those with and without liver
disease at 2-year follow-up and higher non-cardiac mortal-
ity in the liver disease group, with Child-Pugh class B or C
and renal impairment being independent predictors of mor-
tality. In another study by Lee et al. [60] utilizing the Na-
tional Inpatient Sample (NIS), the authors reported no dif-
ference in mortality for those with and without chronic liver
disease (cirrhosis, hepatitis B/C, alcoholic/fatty/nonspecific
liver disease). In a study by Yassin et al. [61] utilizing
the NIS, the authors reported that patients with advanced
liver disease undergoing TAVR had no significant increase
in the risk of in-hospital mortality or post-procedural com-
plications. Additionally, Annie et al. [62], in their analysis
using the TriNetX database, reported that in those with cir-
rhosis, the TAVRgroup had a lowermortality rate compared
with the no-TAVR group, suggesting a mortality benefit as-
sociated with TAVR in patients with liver cirrhosis. Collec-
tively, this suggests that TAVR is a feasible treatment for
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Table 3. Summary of studies evaluating outcomes of patients with liver disease undergoing TAVR.
Study (authors,
year)

Study design/population Main outcomes assessed Liver disease vs. no liver disease Key findings

Yassin et al.
(2018) [61]

Retrospective Analysis In hospital mortality Patients with cirrhosis who underwent TAVR: Similar inpatient mortality and complication rates.
National Inpatient Sample,

2011–2014; TAVR in patients
with and without cirrhosis.

Complications In-hospital mortality OR 1.12, 95% CI 0.59–2.10, p = 0.734.
Vascular complications OR 0.47, 95% CI 0.23 to 0.98, p = 0.043

Cirrhotic patients were less likely to develop vascular
complications and to require a pacemaker however more

likely to have non-routine home discharges.
LOS

Pacemaker during index admission: Cirrhosis 6.23% vs. 10.77%.
Nonroutine discharge: OR 1.50, 95% CI 1.15 to 1.96, p = 0.003.

Lak et al.
(2021) [63]

Retrospective, single center,
2015–2018.

1-year mortality, 30-day
pacemaker

Cirrhosis vs no Cirrhosis Patients with severe AS with concomitant liver cirrhosis
who underwent TAVI demonstrated comparable outcomes

to their noncirrhotic counterparts.
1-year mortality (12% vs. 12%, p = 1)

TAVR with SAPIEN 3 HF readmission 30-day new pacemaker rate (6% vs. 9%, p = 0.85)
Cirrhosis (n = 32) vs. no
cirrhosis (n = 996).

MACCE 30-day and 1-year readmission rate for heart failure (11% vs. 1%
and 12% vs 5%, p = 0.12)

1-year major adverse cardiac and cerebrovascular event rate
(15% vs. 14%, p = 0.98).

Tirado-Conte et al.
(2018) [59]

Multicenter, propensity-matched,
12 centers; TAVR with (n = 114)

vs. without liver disease
(n = 114).

In-hospital/2-year
mortality, complications

In-hospital mortality (9.4% vs. 6.5%; p = 0.433). In-hospital mortality and complications were similar
between matched groups except for acute kidney injury
which was more common in liver disease group. Patients

with CKD and more advanced liver disease are at a
higher risk.

Noncardiac mortality 2 years (26.4% vs. 14.8%; p = 0.034)
Predictors of mortality Lower glomerular filtration rate (hazard ratio, 1.10, for each

decrease of 5 mL/min in estimated glomerular filtration rate;
95% confidence interval, 1.03–1.17; p = 0.005)

Child-Pugh class B or C (hazard ratio, 3.11; 95% confidence
interval, 1.47–6.56; p = 0.003).

Ma et al.
(2020) [64]

Meta-analysis of 5 studies Post-TAVR outcomes In patients with chronic liver disease undergoing TAVR: TAVI outcomes were comparable between the patients with
or without chronic liver disease, lower rate of pacemaker
implantation in the patients with chronic liver disease.

TAVR with vs. without chronic
liver disease.

In-hospital mortality (OR, 1.39 [0.68–2.85], p  =  0.36)
Pacemaker implantation (OR, 0.49 [0.27–0.87], p  =  0.02).

Total TAVI 1476 patients
600 with liver disease.
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Table 3. Continued.
Study (authors,
year)

Study design/population Main outcomes assessed Liver disease vs. no liver disease Key findings

Jiang et al.
(2022) [65]

Meta-analysis, 21 studies Short-term and 1–2-year
mortality

Hepatic insufficiency short-term (OR 1.62, 95% CI 1.18–2.21). Hepatic insufficiency was associated with
higher short-term and 1–2 year mortality.TAVR with vs. without hepatic

insufficiency.
1–2 year mortality (HR 1.64, 95% CI 1.42–1.89).

Lee et al.
(2021) [60]

Retrospective, National Inpatient
Sample, 2011–2017; TAVR with
(n = 606) vs. without chronic
liver disease (n = 1818).

In-hospital mortality,
LOS, complications

TAVR liver disease vs. No liver Disease. Similar in hospital mortality,
complications, LOS and costs.In-Hospital mortality (2.81% vs. 2.75% OR 1.02 95% CI

0.58–1.78)
Length of stay (6.29 vs. 6.44 days, p = 0.29).
Costs ($228,415 vs. $226,682, p = 0.048).

Annie et al.
(2023) [62]

Retrospective cohort study. TriNetX
multi-center database with propensity
score matching. Patients with severe

aortic stenosis and liver cirrhosis: TAVR
group = 1283 No-TAVR group = 19,210

All-cause mortality at
365 days (1-year

mortality)

Study compares TAVR vs. no-TAVR, all within cirrhotics.
1-year all-cause mortality: significantly lower with TAVR
(22.5%) vs. no TAVR (34.8%). No data on procedural or

postoperative complications.

The TAVR group had significantly lower
1-year mortality: 22.5% vs. 34.8% (p <

0.0001), confirmed by log-rank test.

TAVR, transcatheter Aortic Valve Replacement; NIS, National Inpatient Sample; LOS, Length of Stay; AKI, acute kidney injury; OR, odds ratio; CI, confidence interval; HR, hazard ratio; AS, aortic
stenosis; MACCE, major adverse cardiac and cerebrovascular events; CKD, chronic kidney disease; HF, heart failure.
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patients with liver disease, exhibiting comparable in-
hospital outcomes to those without liver disease. It has been
shown to be safe and feasible in this subset of patients, par-
ticularly for patients deemed high-risk surgical candidates
who have been turned down for SAVR. Hence, careful pa-
tient selection and multidisciplinary care can lead to favor-
able results in selected individuals. Table 3 (Ref. [59–65])
summarizes studies evaluating TAVR outcomes in patients
with chronic liver disease.

6. TAVR in Patients With Advanced Kidney
Disease

Chronic kidney disease (CKD) is a prevalent comor-
bidity in patients undergoing TAVR and poses distinct chal-
lenges in both preoperative risk assessment and postopera-
tive care. The prevalence and accelerated progression of AS
in CKD patients can be attributed to a pro-calcific environ-
ment driven by disturbances inmineral metabolism, chronic
inflammation, and the accumulation of uremic toxins [66].
Conversely, AS-related heart failure can further compro-
mise renal function through the development of cardiore-
nal syndrome [67]. This bidirectional relationship creates
a vicious cycle in which worsening renal dysfunction ex-
acerbates cardiac impairment and accelerates the progres-
sion of AS [68]. TAVR presents an opportunity to interrupt
this cycle by alleviating the hemodynamic burden of severe
AS, potentially leading to improvements in renal function
through both decongestion and improvement of forward
flow. However, the procedure carries its own set of risks
that may negatively impact kidney function. These include
exposure to iodinated contrast, rapid ventricular pacing dur-
ing valve deployment—which temporarily reduces cardiac
output—and the risk of arterial microembolization from the
TAVR delivery system or valve debris [69]. As TAVR con-
tinues to be offered to increasingly complex and high-risk
patient populations, including those with advanced CKD
and end-stage renal disease (ESRD), it becomes essential to
carefully consider its impact on both procedural outcomes
and long-term prognosis in this vulnerable group.

6.1 Preoperative Risk Assessment
Patients with advanced CKD, especially those on

chronic dialysis, are at significantly increased risk of peri-
operative complications, including bleeding, infection, and
hemodynamic instability [70]. Moreover, these patients of-
ten exhibit vascular calcification, impaired platelet func-
tion, anemia, and altered drug pharmacokinetics, which fur-
ther complicate both the procedure and recovery. As such, a
comprehensive, multidisciplinary preoperative assessment
incorporating nephrologists with the standard heart team is
essential to determine candidacy and optimize care. Pre-
procedure imaging and vascular evaluation should account
for the extent of calcific atherosclerosis and potential vas-
cular access limitations—issues that are especially pro-
nounced in CKD patients. Furthermore, contrast-induced

nephropathy (CIN) is a concern in patients with advanced
CKD. Nonetheless, minimizing contrast volume, ensuring
adequate hydration, and using non-contrast imaging proto-
cols when feasible are essential strategies to mitigate renal
injury.

6.2 Outcomes and Prognosis
6.2.1 Mortality

Across multiple large registry and meta-analysis stud-
ies, CKD and ESRD were consistently associated with
higher short- and long-term mortality following TAVR.
Gupta et al. [71] demonstrated a stepwise increase in in-
hospital mortality, with rates of 3.8% in patients without
CKD, 4.5% in CKD, and 8.3% in ESRD, corresponding to
adjusted odds ratios (aOR) of 1.39 for CKD and 2.58 for
ESRD. Similarly, Mohananey et al. [72] confirmed higher
in-hospital mortality in CKD/ESRD cohorts compared with
those without renal dysfunction. Meta-analyses have also
corroborated these findings. Makki and Lilly [73] reported
that advanced CKD significantly increased short-term (HR
1.51) and 1-year mortality (HR 1.56) in high-surgical-risk
patients, whereas the association was not significant in low-
to intermediate-risk groups. Wang et al. [74] pooled over
133,000 patients, demonstrating increased all-cause mor-
tality at 30 days (RR 1.39), 1 year (RR 1.36), and 2 years
(RR 1.20) among CKD patients. Patients on dialysis were
at exceptionally high risk: Szerlip et al. [75] reported 1-
year mortality of 36.8% in dialysis patients vs. 18.7% in
non-dialysis patients, while Ogami et al. [76] observed 1-
year mortality of 43.7% and 5-year mortality approaching
89%. Table 4 (Ref. [71–80]) summarizes studies evaluat-
ing TAVR outcomes in patients with CKD/ ESRD.

6.2.2 Bleeding and Vascular Complications
Renal dysfunction was also associated with an in-

creased risk of major bleeding and vascular complications.
Gupta et al. [71] showed adjusted odds ratios of 1.20 and
1.35 for major bleeding in CKD and ESRD patients, respec-
tively. Similarly, in a study by Lorente-Ros et al. [77], it
was reported that there were graded increases, with aORs of
1.3 for CKD and 1.5 for ESRD. Data from meta-analyses
also confirmed these trends: Wang et al. [74] found that
CKD conferred a 33% increased risk of bleeding at 30 days
(RR 1.33), while Kuno et al. [78] demonstrated nearly dou-
bled short-term bleeding risk in dialysis patients (OR 1.90).

6.2.3 Acute Kidney Injury and Dialysis Requirement
Acute kidney injury (AKI) was significantly more fre-

quent among CKD patients. Gupta et al. [71] reported an
approximate two-fold increase in AKI risk in CKD vs. no
CKD, while Lorente-Ros et al. [77] found an adjusted odds
ratio of ~5.0 for AKI in CKD compared with normal renal
function. The requirement for new dialysis, although un-
common, occurred more frequently in CKD/ESRD cohorts.
Cubeddu et al. [79] demonstrated that worsening renal fu-

13

https://www.imrpress.com


Table 4. Summary of studies evaluating outcomes of patients with CKD undergoing TAVR.
Study (au-
thors, year)

Design & population Kidney disease
definition

Outcomes assessed Mortality Other outcomes Key findings

Gupta et al.
(2017) [71]

NIS 2012–2014; No CKD vs.
CKD vs. ESRD

In-hospital mortality,
MACCE/NACE

In-hospital mortality: Major/Life threatening bleeding: CKD aOR ≈
1.20; ESRD aOR ≈ 1.35

CKD/ESRD independently ↑
in-hospital death and complications

after TAVR.
Total 41,025 CKD aOR 1.39 (95% CI 1.24–1.55),

ESRD aOR 2.58 (2.09–3.13);
Mortality %: 3.8% (no CKD) vs.
4.5% (CKD) vs. 8.3% (ESRD).

No CKD 25,585 PPM, AKI Vascular complications: aOR 1.15 (CKD),
1.25 (ESRD).CKD 13,750

ESRD 1690 New PPM: aOR ≈ 1.08 (CKD), 1.12 (ESRD).
AKI ↑ in CKD; new dialysis rare but ↑ | Effect
size: aOR ≈ 2.0 for AKI (CKD vs. no CKD).

LOS: Longer with CKD/ESRD.
Readmission rate: ↑ with CKD/ESRD.

Mohananey
et al. (2017)
[72]

NIS 2011–2014; No CKD/ESRD
vs. CKD vs.

ESRD

In-hospital mortality,
LOS

Higher in-hospital mortality and
adverse events in CKD/ESRD vs.

no CKD.

Major/Life-threatening bleeding: ↑ with
CKD/ESRD. Vascular complications: ↑ with
CKD/ESRD. LOS: ↑ LOS with CKD/ESRD.
AKI or new dialysis: ↑ LOS with CKD/ESRD.
New permanent pacemaker (PPM): Similar to

mildly ↑.

  Renal dysfunction associated with
worse in-hospital outcomes and

longer LOS.
Total 42,189;

No CKD 26,229; PPM
CKD 14,252;
ESRD 1708

Makki and
Lilly (2018)
[73]

Meta-analysis of
observational studies

reporting on advanced CKD
and TAVR outcomes.

Advanced
kidney disease

- Short-term mortality
(in-hospital or 30-day)

Advanced CKD vs. No Advanced
CKD

- Major bleeding: Increased risk in high-risk
CKD patients (statistically significant); no
significant association in low/intermediate-

risk group.

Advanced CKD is significantly
associated with higher short- and
long-term mortality and increased
bleeding and vascular complication
risk—but only in high-surgical-risk

TAVR patients. In low- to
intermediate-risk patients, advanced

CKD was not associated with
significantly worse mortality or

safety outcomes.

- Long-term mortality
(1-year).

High-risk patients:
Short-term mortality: HR = 1.51
(95% CI: 1.22–1.88), p < 0.0111 studies included 10,709

patients.
Secondary:

life-threatening
bleeding, major

vascular complications

- Major vascular complications: HR = 1.17
(95% CI: 1.01–1.35, p < 0.05) in high-risk

CKD; not significant in low/intermediate group
(HR = 1.11, 95% CI: 0.95–1.30, p = 0.07).

Long-term (1-year) mortality: HR =
1.56 (95% CI: 1.38–1.77), p < 0.01Stratified by surgical risk:

high-surgical-risk vs. low-
to intermediate-risk

Low- to intermediate-risk patients:
- Short-term mortality: HR = 1.35
(95% CI: 0.98–1.84), p = 0.06 (not

statistically significant)
- Long-term (1-year) mortality: HR =
1.08 (95% CI: 0.92–1.27), p = 0.34

(not significant)
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Table 4. Continued.
Study (au-
thors, year)

Design & population Kidney disease
definition

Outcomes assessed Mortality Other outcomes Key findings

Lorente-Ros
et al. (2024)
[77]

NIS 2016–2020; Normal renal
function vs. CKD

vs. ESRD

In-hospital mortality, cardiogenic
shock/MCS, AMI, vascular,

infection, respiratory, AKI, LOS

In-hospital mortality aOR: Major/Life-threatening bleeding: CKD
aOR ≈ 1.3; ESRD aOR ≈ 1.5.

Graded ↑ in death, bleeding; AKI in
patients with CKD, pacemaker

similar.
Total 279,195; CKD 1.4 (1.2–1.7)
Normal 187,325; ESRD 2.4 (1.8–3.3) Vascular Complications: CKD aOR ≈

1.15; ESRD aOR ≈ 1.3.CKD 81,640; Mortality %: 1.1% (normal) vs.
1.6% (CKD) vs. 2.6% (ESRD).ESRD 10,230 New PPM: Similar.

AKI or new ESRD: AKI aOR ≈ 5.0
(CKD vs normal);

Effect size: CKD aOR ≈ 5.0; LOS: ↑ with
CKD/ESRD.

Szerlip et al.
(2019) [75]

STS/ACC TVT Registry
72,631 TAVR cases.

ESRD on dialysis
vs. non-dialysis

In-hospital mortality; 1-year
mortality; Bleeding and vascular

complications

In-hospital mortality: 5.1%
(ESRD) vs. 3.4% (non-dialysis).

Major/Life-threatening bleeding: ↑
ESRD (1.4% vs. 1.0%)

Dialysis status predicts markedly
higher 1-yr mortality after TAVR.

Total 72,631; Major bleeding: 1.4% vs. 1.0%. Vascular Complications: 1.2 × ESRD
vs. non-dialysis

 
ESRD 3053 (4.2%) 1-year mortality: 36.8% (ESRD)

vs. 18.7% (non-dialysis). New PPM: Similar.
LOS: ↑ ESRD.

Cubeddu
et al. 2020
[79]

Retrospective sub
analysis of PARTNER 1,

PARTNER 2, and
PARTNER 2 S3

randomized trials—

Baseline chronic
kidney disease
(CKD) stage ≥2

was present in 91%
of participants

Change in CKD stage up to 7
days post-TAVR; post-TAVR

eGFR; incidence of new dialysis;
association between post-TAVR
eGFR and intermediate-term

survival

Overall, 30-day mortality after
TAVR was 4.1%.

CKD Stage:
Improved/Unchanged/Worsened

Among patients with severe aortic
stenosis undergoing TAVR—even
those with baseline impaired kidney
function—CKD stage is more likely
to remain stable or improve rather
than worsen in the short term.

- Stage 1: 77% improved or unchanged
- Stage 2: 90% improved or unchanged
- Stage 3A: 89% improved or unchanged

5190 patients - Stage 3B: 94% improved or unchanged
- Stage 4: 99% improved or unchanged
Worsening to CKD Stage 5: 0.035% of
patients (1 in 2892) progressed to Stage 5

within 7 days post-TAVR.
New Dialysis Requirement: 2.0% (70 of

3546 patients with available data)
required temporary post-TAVR dialysis.

Wang et al.
(2022) [74]

Meta-analysis of 20
studies

Any CKD vs. no
CKD; stage-
stratified (3–5)

30 d/1 y/2 y all-cause mortality;
30 d AKI, Bleeding

30 d mortality RR 1.39
(1.31–1.47);

Major/Life-threatening bleeding: RR
1.33 at 30 d CKD vs. no CKD. Vascular
Complications. AKI or new ESRD: RR
1.38 at 30 d (CKD vs no CKD) | Effect
size: RR 1.38 (30 d; CKD vs. no CKD).

CKD increases early/mid-term
mortality, AKI, bleeding. The higher

the stage the higher the risk.133,624 TAVR patients 1 y RR 1.36 (1.24–1.49);
2 y RR 1.20 (1.05–1.38).

30 d AKI RR 1.38 (1.16–1.63);
30 d bleeding RR 1.33

(1.18–1.50).15
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Table 4. Continued.
Study (au-
thors, year)

Design & population Kidney disease
definition

Outcomes assessed Mortality Other outcomes Key findings

Kuno et al.
(2020) [78]

Meta-analysis; Dialysis vs.
non-dialysis

Short-term and
long-term mortality;
Bleeding; PPM

Short-term mortality OR 2.18
(1.64–2.89);

Major/Life-threatening bleeding: OR 1.90 short-term
(dialysis vs. non-dialysis) | Effect size: OR 1.90
(short-term). Vascular Complications: Similar to
slightly ↑ | Effect size: Slight ↑ (NS pooled). New

PPM: OR 1.33 ↑ | Effect size: OR 1.33.

Dialysis ≈ 2 × short-term
mortality10 studies;

128,094 TAVR pts (5399
dialysis)

Long-term mortality OR 1.91
(1.46–2.50).

↑ bleeding/PPM.

Ogami et al.
(2021) [76]

National cohort of ESRD
patients undergoing TAVR

(2011–2016).

ESRD on dialysis 30 d/1 y/5 y
mortality

Mortality in ESRD: 5.8% at 30 d;
43.7% at 1 y; 88.8% at 5 y. 30 d
mortality improved from 11.1%

(2012) to 2.5% (2016).

Marked long-term mortality in
ESRD despite improved
peri-procedural metrics.

n = 3883

Allende et al.
(2014) [80]

Multicenter TAVR cohort;
advanced CKD (stages 4–5)

Advanced CKD;
dialysis noted

Early/late mortality,
bleeding; predictors

Dialysis HR 1.86 (95% CI
1.17–2.97) and AF HR 2.29

(1.47–3.58) predicted mortality;
1-year mortality as high as 71%
when AF + dialysis coexisted.

Major/Life-threatening bleeding: ↑ with advanced
CKD.

Advanced CKD = high-risk
phenotype.

AKI or new ESRD: High risk in stages 4–5; dialysis
predicts death, LOS: ↑ with advanced CKD.

Longer hospital stay.

TAVR, transcatheter aortic valve replacement; CKD, chronic kidney disease; ESRD, end-stage renal disease; NIS, National Inpatient Sample; STS/ACC TVT, Society of Thoracic Surgeons/American College of
Cardiology Transcatheter Valve Therapy; aOR, adjusted odds ratio; RR, relative risk; HR, hazard ratio; CI, confidence interval; LOS, length of stay; MACCE, major adverse cardiac and cerebrovascular events;
NACE, net adverse clinical events; AKI, acute kidney injury; AF, atrial fibrillation. The upward arrow indicates an increase.
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nction post-TAVR was rare, with 99% of stage 4 pa-
tients showing stable or improved kidney function and only
0.035% progressing to stage 5 within 7 days. However, 2%
required temporary dialysis post-procedure [79].

6.2.4 Readmission

Renal dysfunction is a strong predictor of early and
late hospital readmissions following TAVR. In the Nation-
wide Readmissions Database, Gupta et al. [71] showed sig-
nificantly higher 30-day readmission rates among patients
with CKD and ESRD compared with those without CKD.
An NRD analysis (2017–2018) demonstrated that ESRD
patients hadmarkedly higher 90-day all-cause readmissions
(34.4% vs. 19.2%), with nearly two-fold increased hazard
(HR 1.96, 95% CI 1.68–2.30), and increased cardiovascu-
lar readmissions (13.2% vs. 7.7%; HR 1.85, 95% CI 1.44–
2.38) compared with non-ESRD patients [81].

6.2.5 Other Clinical Outcomes

Permanent pacemaker (PPM) implantation rates were
generally similar between CKD/ESRD and non-CKD
groups, with only modest and inconsistently significant
increases reported across studies [72,75,77,78]. Hospital
length of stay (LOS) was consistently longer among CKD
and ESRD patients [72,75,77].

6.2.6 Refinements in TAVR to Reduce Risk and Improve
Outcomes in CKD/ESRD

Newer generation valves, improvements in valve
platforms, and refined procedural techniques have ex-
panded the applicability and improved patient outcomes
in high-risk populations like CKD patients [82]. Hydra-
tion strategies to prevent AKI in TAVR remain instrumen-
tal. Across randomized and observational studies, peripro-
cedural hydration is consistently linked to lower rates of
contrast-associated AKI after TAVR. In the single-center
PROTECT-TAVI randomized trial, diuresis-matched hy-
dration using the RenalGuard system reduced Valve Aca-
demic Research Consortium (VARC)-defined AKI from
25.0% with standard saline to 5.4% (p = 0.014), without
any in-hospital dialysis and with no differences in 30-day
mortality, cerebrovascular events, bleeding, or heart-failure
hospitalizations [83]. By contrast, a more recent single-
center randomized study in CKD patients (n = 100) re-
ported no significant difference in post-TAVR AKI with
RenalGuard versus standard pre/post-procedure hydration
(21.3% vs. 15.7%; p = 0.651), and no differences in 30-day
or 12-month mortality or complications, highlighting po-
tential heterogeneity by setting, protocol, and patient selec-
tion [84]. Non-randomized pilot work in CKD cohorts sug-
gested the benefit of RenalGuard for AKI prevention dur-
ing TAVR, but these findings require confirmation in larger,
contemporary randomized studies [85]. Outside of TAVR,
high-quality randomized data support tailored hydration ap-
proaches that can inform TAVR practice. LVEDP-guided

fluid administration (POSEIDON) lowered CI-AKI com-
pared with a fixed-rate protocol after coronary catheteriza-
tion (6.7% vs. 16.3%; RR 0.41; p = 0.005), with similar
rates of dyspnea-related treatment discontinuation, indicat-
ing safety in volume-sensitive patients [86]. CVP-guided
hydration in CKD/heart-failure patients undergoing coro-
nary procedures likewise halved CI-AKIwithout increasing
acute heart failure (15.9% vs. 29.5%; p = 0.006) [87].

6.2.7 Zero-/ultra-low-contrast TAVR Workflows
Case series and early feasibility reports show that

TAVR can be planned and executed with little to no io-
dinated contrast by combining: non-contrast cardiac CT
for calcium mapping, cardiac magnetic resonance (CMR)
for annular sizing/coronary heights, duplex ultrasound
for iliofemoral assessment, CO₂ angiography for access,
and intraprocedural fluoroscopy/transesophageal echocar-
diogram (TEE) guidance (e.g., three-pigtail “cusp” tech-
nique) to establish the working view and deploy the valve.
These protocols have been successfully used in severe CKD
and prior CIN, with short hospital stays and no paravalvu-
lar leak reported in exemplar cases. While evidence is still
limited to observational reports, the approach is feasible and
specifically kidney-sparing [88,89].

6.2.8 Contrast Volume Limits Tailored to Kidney Function
When contrast is used, several TAVR cohorts sug-

gest indexing the dose to renal function. A contrast
volume-to-estimated glomerular filtration rate (eGFR) ra-
tio (CV/eGFR)≥3.6 independently predicted both peripro-
cedural AKI and 30-day mortality [90]; optimal cut-points
for AKI prediction clustered around ~3.3–3.9 across stud-
ies. Earlier work proposed renal-function-based dosing to
reduceAKI after TAVR, echoing PCI heuristics (e.g., “max-
imum contrast≈ 3× eGFR”). In practice, pre-specifying a
patient-level ceiling (e.g., eGFR = 25→≤75 mL total) and
tracking cumulative volume during the case are pragmatic
safeguards [91].

6.2.9 Prophylactic Dialysis/Hemofiltration
Outside of patients already on maintenance dial-

ysis, routine “prophylactic” intermittent hemodialy-
sis/hemofiltration (IHD)/heart failure (HF) to clear contrast
is not recommended. Kidney Disease Improving Global
Outcomes (KDIGO) advises against it, and randomized
studies show no benefit—and potential harm—in patients
with renal insufficiency [92–94].

7. Conclusion
TAVR presents a valuable option for the management

of severe aortic stenosis in special patient populations that
were historically underrepresented in pivotal clinical trials.
These groups, including patients with active malignancy,
psychiatric or neuropsychiatric disorders, and advanced or-
gan dysfunction, face unique challenges. Yet, accumulating
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evidence suggests that TAVR can be performed safely with
acceptable outcomes when appropriate patient selection
and perioperative optimization strategies are implemented.
Comprehensive multidisciplinary evaluation, careful risk
stratification, and individualized decision-making that con-
siders not only technical feasibility but also expected sur-
vival benefit and quality of life improvements are essen-
tial. Although short-term procedural outcomes are gener-
ally comparable to the broader TAVR population, long-term
mortality may be higher in certain groups, primarily driven
by non-cardiovascular causes related to underlying comor-
bidities. Further studies are warranted to refine protocols
and improve safety and efficacy across these unique co-
horts.
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