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Abstract

Purpose of review Modern cancer therapies have resulted in prolonged survival and
decreased mortality for many types of cancer. Consequently, cancer patients with con-
comitant cardiovascular disease (CVD) present prior to diagnosis of cancer, resulting from
various forms of cancer therapy, or developing after cancer remission are at higher risk for
development of cardiovascular-associated morbidity and mortality. Management of CVD,
particularly structural heart disease, in this patient population is challenging and associ-
ated with elevated surgical risk. Minimally invasive transcatheter procedures have
emerged as lower risk treatment modalities that have been shown to be safe and
efficacious. This review will evaluate the current literature on percutaneous management
of aortic stenosis (AS), mitral regurgitation (MR), tricuspid regurgitation (TR), and
intracardiac thrombus (ICTE) or masses in cancer patients.
Recent findings Multiple cohort- and registry-based studies have demonstrated safe and
efficacious implementation of transcatheter interventions for the management of severe
AS and MR in cancer patients. The development of transcatheter interventions for severe
TR is promising and may also be considered for this high-risk patient population. Inter-
estingly, management of ICTE and cardiac masses has also been achieved with a novel
transcatheter approach.
Summary While a multidisciplinary heart team approach is necessary to properly manage
cancer patients with structural heart disease and ICTE, more robust registry-based and
prospective clinical trials are required to meet the needs of a rapidly growing cardio-
oncology patient population.

Introduction

Cardiovascular disease (CVD) and cancer continue to be
the leading causes of death in the USA in the contem-
porary era [1]. However, cancer-associated mortality has
decreased dramatically in the past 30 years. This decline
reflects advances in early detection, surgical approaches,
and therapeutic agents. In the USA, cancer survivorship
is expected to increase by 30% to approximately 18
million patients by 2022 [2, 3]. As cancer-related surviv-
al improves, other chronic illnesses develop and influ-
ence long-term survival. Importantly, CVD has been
recognized as the second most common cause of long-
term morbidity and mortality in cancer survivors. For
instance, longitudinal studies in pediatric cancer pa-
tients have shown that 15–25 years after initial cancer
diagnosis, there is an 8.2-fold higher rate of cardiac
death compared with age- and sex-matched national
averages [2•]. There are three principal causes for this
association: (1) cancer and CVD share many similar risk
factors such as smoking, obesity, and advanced age; [3,
4] (2) given the overall improved survival of patients
undergoing cancer therapy as noted above, de novo
CVD develops as a normal process in this aging

population; and (3) cancer therapies including radia-
tion, traditional chemotherapies, and newer novel
targeted therapies can cause significant cardiovascular
complications. These complications include heart fail-
ure, myocardial ischemia, arrhythmias, valvular heart
disease, thromboembolism, hypertension, pulmonary
hypertension, and pericardial diseases [3, 5]. In addi-
tion, patients with underlying CVD prior to cancer diag-
nosis have been shown to be at increased risk of devel-
oping cardiotoxicity and experiencing adverse cardiac
events as a result of cancer therapies [6]. Despite the
increased awareness of the growing multidisciplinary
field of cardio-oncology, which encompasses this com-
plex interplay of cancer and CVD, there remains lack of
consensus on how to manage this patient population.
This is partly due to the fact that the majority of ran-
domized controlled trials (RCTs) that inform guideline-
directed medical and invasive therapy in CVD often
excluded patients with underlying malignancy. In
2016, the Society of Cardiovascular Angiography and
Interventions (SCAI) released a consensus document
on the management of cardio-oncology patients in the
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cardiac catheterization laboratory that laid the founda-
tion for robust RCTs to validate the interventional man-
agement of heart disease in cancer patients [4••].

In the present report, we will review emerging mini-
mally invasive modalities used to treat structural heat
disease cardio-oncology patients, with a focus on the
following disease states: aortic stenosis (AS), mitral re-
gurgitation (MR), tricuspid regurgitation (TR), and in-
tracardiac thromboembolic (ICTE) disease (Fig. 1).

Management of these conditions can potentially influ-
ence short- and long-term morbidity and mortality de-
pending on the temporal relationship of these interven-
tions with a given patient’s underlying malignancy
course. However, in the patient with active cancer, these
interventions may also determine the ability of patients
to tolerate aggressive cancer therapies and, therefore, are
crucial to allowing the most optimal cancer treatment
strategies to be implemented.

Cardiotoxicity

Cardiotoxicity from cancer therapies is widely recognized as an important cause
of morbidity and mortality in cancer patients and can be associated with
accelerated cardiovascular aging. Valvular heart disease, particularly AS, is a
condition associated with advanced age and frequently develops naturally in
older cancer survivors. Importantly, AS is a leading cause of cardiovascular
mortality in cancer patients undergoing treatment, regardless of therapy-
induced effects [4••]. Mediastinal radiation therapy used in themanagement of
a wide range of malignancies such as breast, lung, lymphoma, and metastatic

Fig. 1. Contemporary percutaneous-based strategies with management of pre-existing and/or cancer treatment–associated
valvular disease and intracardiac thrombus/masses. TAVR, transcatheter aortic valve replacement (created with BioRender.com).
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testicular cancer has been shown to accelerate or cause de novo AS [7, 8]. Direct
tissue damage by radiation is mediated by the loss of endothelial cells with
subsequent inflammatory responses, which ultimately result in valvular fibro-
sis. As part of the fibrotic cascade, the valve becomes thickened and calcified,
resulting in leaflet restriction [8]. Radiation-induced valvular disease is present
in up to 60% of patients after mediastinal radiation, but rates and severity vary
among studies evaluating different forms of malignancy [9••]. Risk factors for
the development of radiation-induced valvular disease include radiation dose,
time interval between radiation therapy, and possibly sequential chemothera-
py. Interestingly, one study revealed that anthracycline increased the risk of
valve disease in patients receiving mediastinal radiation therapy by two-fold
[7•].

Valvular thickening and calcification are chronic processes and it is impor-
tant to recognize that radiation-induced valvular disease has a long latent
period. Radiation induces osteogenesis in aortic valve interstitial cells, causing
progressive calcification and thickening [10]. Cancer survivors with severe valve
dysfunction can remain asymptomatic for up to 20 years after achieving re-
mission [8]. As a result, radiation-associated cardiac injury is particularly im-
portant in young patients with curable malignancies, in whom the risk of
developing late cardiotoxicity is high [2•]. In radiation-associated valvular
disease, thickening and calcification are more extensive, frequently involving
the valvular annulus, sub-valvular apparatus, and aorta. Left-sided valves are
more often involved and a hallmark of prior mediastinal radiation is thickening
and calcification of the aortomitral curtain [7, 8]. While aortic regurgitation
(AR) is the primary process affecting the aortic valve in radiation-induced valve
disease, MR is the most prevalent complication of the mitral valve in the setting
of radiation owing to extensive calcification involving the aortomitral curtain
and anteriormitral valve leaflet [7, 8]. Despite this, radiation-induced AS,mixed
AS/AR, and mitral stenosis (MS) are frequently reported [2•].

Development of MR in cardio-oncology patients can occur via two mecha-
nisms. The first is primary MR caused by radiation-induced valve disease, as
described above. The second is functional MR caused by underlying dilated
cardiomyopathy (CMY). While radiation therapy can lead to myocardial fi-
brosis and ultimately cardiomyopathy through similar mechanisms as de-
scribed previously, multiple traditional chemotherapeutic agents can cause
ischemic and non-ischemic CMY [2, 4, 8]. Additionally, immune checkpoint
inhibitors (ICIs) have been shown to cause cardiovascular adverse events in at
least 2% of patients, with CMY and myocarditis being among the most
concerning [5]. Therefore, ICI-induced CMY also has the propensity to lead to
secondary MR and potentiate CVD burden. Although less common,
chemotherapy-induced CMY and radiation therapy can result in the develop-
ment of severe symptomatic TR. While there is limited data evaluating the
specific rates of secondary severe MR or TR caused by chemotherapy, these
valvular abnormalities contribute to a significant amount of morbidity and
mortality among cancer survivors [9••]. Although not discussed in this review,
additional mechanisms of mitral and tricuspid valve–associated morbidity and
mortality in the cancer population include infectious endocarditis and non-
infectious thrombotic endocarditis.

Venous thromboembolism (VTE) is also an important cause of morbidity
and mortality in cancer patients, particularly when mobilization of the
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thrombus results in ICTE and increased the risk of potentially fatal pulmonary
emboli. VTE typically develops as a result of dysregulation of the coagulation
cascade caused by cancer and has the potential to lead to fatal pulmonary
emboli and debilitating deep venous hypertension. Cancers most highly asso-
ciated with VTE include pancreatic, renal, lung, brain, gastric, lymphoma, and
multiple myeloma [11]. Additionally, some chemotherapeutic regimens, in-
cluding vascular endothelial growth factor (VEGF) inhibitors and tyrosine
kinase inhibitors (TKI), have been linked to both VTE and arterial thrombo-
embolism (ATE) [3, 12].

Unique concerns of cardiac surgery in patients with malignancy

Cardio-oncology patients pose unique and often difficult management di-
lemmas when being evaluated for cardiac surgery. The operative risk in this
patient population is historically thought to be elevated due to a number of
anatomic and physiologic factors including coagulopathy, immunosuppres-
sion (bone marrow insufficiency, impaired T cell function, cytokine dysregula-
tion), mediastinal fibrosis due to prior cancer-related mediastinal surgeries, or
radiation [4, 7, 8]. Additionally, cardiopulmonary bypass (CPB) is known to
directly damage all cell lines, thus further exacerbating malignancy-related
cytopenia and directly increasing postoperative bleeding risk. Direct contact of
blood with non-epithelial surfaces during CPB can also induce systemic in-
flammatory responses or leukemoid reactions, both of which can be fatal in
patients with underlying hematologic malignancy [13, 14]. As a result, cardio-
oncology patients are often deemed to be at prohibitive risk for surgery and
their surgical heart disease is left to be sub-optimally managed medically.
However, there is conflicting information regarding the risk of cardiac surgery
with active malignancy or history of malignancy in remission [14].

Another concern in patients with potentially aggressive malignancies is that
open heart surgery may lead to significant delays in providing essential cancer
treatments, although the magnitude of risk is not well ascertained due to the
heterogeneous spectrum of cancer states. Thus, the risk and benefits of delaying
cancer treatments need to be individualized depending on the stage and prog-
nosis of each patient, with percutaneous strategies more frequently selected
when long-term results are comparable due to more rapid recovery and ability
to start or resume cancer treatments sooner [15•]. In a small study of 12 patients
with chronic lymphocytic leukemia (CLL) undergoing cardiac surgery for cor-
onary artery bypass graft (CABG) or aortic valve replacement (AVR), there was
an increase in perioperative mortality and morbidity, with infection being the
leading cause of death [16]. Another small study of 9 patients evaluating the
mortality and perioperative complications in patients with various forms of
active hematologic malignancy did not identify an increased risk of death [13].
Similarly, in a cohort study of 89 patients, 37% of whom had active cancer,
there was no increased risk of morbidity or mortality associated with cardiac
surgery whenmatched to a cohort of patients without cancer [17]. Finally, Chan
et al. retrospectively evaluated a group of 83 patients at a single center in
Australia with a history of cancer in remission who underwent CPB for valve
replacement or CABG. When compared to controls with no prior history of
cancer, there was no significant difference in in-hospital mortality or mortality
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at 30 days. However, there were significantly higher rates of re-intubation,
cardiac arrhythmia, pneumonia, bleeding requiring transfusions, and sepsis in
the group with prior history of malignancy [14].

Given the lack of prospective clinical trials in the cardio-oncology arena,
there continues to be significant hesitation in proceeding with cardiac surgery in
this high-risk patient population. As a result, minimally invasive and percuta-
neous approaches to management of AS, MR, TR, and ICTE are emerging as
important alternative therapeutic options.

Transcatheter aortic valve replacement

AS is the most common form of valvular heart disease, affecting up to 43% of
the general population [18••]. The estimated prevalence of AS in patients with
concomitant malignancy is estimated to be nearly 30% [19]. Since being
introduced in the USA in 2010, transcatheter aortic valve replacement (TAVR)
has become the benchmark for percutaneous cardiac valvular interventions.
Although initially studied in patients with prohibitive or high surgical risk,
more recent data has revealed similar outcomes in patients with intermediate
and low surgical risk [20–23]. Current practice guidelines largely reflect this
data, but also strongly emphasize that the decision to proceed with surgical
aortic valve replacement (SAVR) versus TAVR requires a multidisciplinary heart
team evaluation of patient-specific procedural risks, frailty, preferences, and
comorbidities. Importantly, the decision to proceed with TAVR in patients with
prohibitive surgical risk is only recommended when a patient’s overall post-
TAVR prognosis is greater than 12 months [24••]. Unfortunately, in cancer
patients—particularly those with a new diagnosis requiring treatments with
concomitant severe AS—it is difficult to accurately predict long-term survival,
hence making the decision to pursue TAVR in these patients challenging. As
discussed earlier, certain forms of cancer therapy can have significant hemody-
namic consequences in patients with severe AS, thus requiring that severe AS be
addressed before any potentially life-prolonging treatment and/or surgery.
Consequently, current practice guidelines may not apply to many cardio-
oncology patients, further highlighting that their management requires a mul-
tidisciplinary and comprehensive approach.

Prior to the widespread adoption of TAVR, management of severe AS relied
on medical management and SAVR. In a study of 240 patients evaluating the
heterogeneity of management strategies in severe AS, patients with active or
recently diagnosed cancer were more often treated with medical management
despite the presence of significant symptoms [25]. The prognosis of non-
surgically treated severe AS is poor and ultimately AVR is the only proven
treatment that prolongs survival. A large retrospective Japanese study of 3815
patients found that cancer patients with severe AS had increased mortality
regardless of cancer status, and that AVR was less likely to be performed in
patients with active malignancy [26]. This uncertainty regarding long-term
survival and the high risk of perioperative complications in cancer patients has
deterred surgeons from performing SAVR in the past. Interestingly, a study of 48
patients with active cancer of various types and stages evaluated the outcomes in
patients treated with SAVR ormedical therapy. Overall survival was found to be
significantly improved in patients who underwent SAVR and there was no
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difference in survival between patients who underwent SAVR and matched
controls [18••]. An additional important advantage of TAVR, when compared
to SAVR and/or medical therapy, is the ability to start or resume cancer therapy
in a more expeditious manner. A recent retrospective analysis of 187 patients
with active cancer showed that in addition to providing a mortality benefit
when compared to medical therapy alone, TAVR also allowed for shorter time
intervals to initiation of potentially life-prolonging cancer interventions when
compared to SAVR [15•]. Importantly, no surgical risk models have integrated
the added complexity of either active cancer or a history of cancer in remission.
Given the ethical predicament that would limit such trials, there is a lack of
prospective randomized control data evaluating outcomes in patients with
severe AS and concomitant cancer who undergo AVR. As a result, in most
circumstances, patients with cancer and severe AS are considered to be at high or
prohibitive surgical risk.

Over the past several years, multiple retrospective registry studies have
evaluated outcomes in cancer patients undergoing TAVR and the data have
been variable. A retrospective analysis of 477 patients who underwent TAVR at a
single tertiary care center revealed an all-cause mortality of 24% with no
difference in patients with a prior history ofmalignancy, but that cancer therapy
administered within 1 year of TAVR was significantly associated with an in-
crease in mortality [19]. Similarly, another study of 1821 patients comparing
patients with severe AS and active cancer, history of cancer, or non-cancer
controls showed that those with active cancer had an increased risk of mortality
at 1 year [27]. In contrast, an OCEAN-TAVI registry–based study consisting of
749 patients, 47 of whom had active cancer, found no differences in short-term
complications or midterm outcomes between patients undergoing TAVR with
and without active cancer. However, the presence of metastasis at the time of
TAVR was associated with increased mortality [28]. The results of this study are
consistent with a larger registry-based international study of 2522 patients who
underwent TAVR, 222 ofwhich had activemalignancy.Of note, 40%of patients
had stage 4 cancer at the time of TAVR. There were no differences in acute
procedural complications or 30-day mortality, but 1-year mortality was higher
in the cancer group. Notably, stage 1 and 2 cancer patients had similar out-
comes to non-cancer patients, while those with more advanced stage 3 and 4
cancer had significantly decreased survival [29••]. Finally, a recent single-center
study in Germany studying outcomes of 196 patients with stable/prior cancer
and 53 with active cancer undergoing TAVR demonstrated similar
periprocedural complications compared to non-cancer controls. Thirty-day
survival rates of patients with active cancer were similar to those of stable cancer
and control patients, although 10-year survival was worse in active cancer
patients [30]. Thus, it appears to date that cancer patients undergoing TAVR
have similar rates of procedural complication rates compared to non-cancer
patients, while overall survival has been shown to be mainly driven by cancer
survivorship.

As previously discussed, patients with a history of radiation-induced severe
AS are typically younger and may have lower calculated surgical risk by tradi-
tional risk stratification models (i.e., Society of Thoracic Surgeons), but often
have more extensive calcific involvement of the AV, ascending aorta, and
surrounding structures, posing surgical challenges along with perioperative
complications unique to this population [31]. Although extensive procedural
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planning and caution should be applied, TAVR outcomes in this select group of
patients are favorable when compared to SAVR [32•]. For example, Donnellan
et al. evaluated AVR outcomes in 276 patients with prior history of mediastinal
radiation for various thoracic malignancies and demonstrated poor long-term
mortality in 172 patients who underwent SAVR. A subset of 98 patients who
underwent TAVR were later analyzed and results revealed that despite higher
surgical risk scores of 7.3 ± 4, they had acceptable 1- to 2-year mortality out-
comes and circumvented SAVR technical challenges including mediastinal
fibrosis, recurrent pleural effusions, and poor wound healing [33, 34]. An
additional prospective study of 198 patients evaluating TAVR outcomes in
patients with radiation-induced AS and degenerative AS revealed no differences
in acute procedural complications or mortality at 6-month follow-up between
the two groups [35•]. It should be noted that cancer survivors with radiation-
induced AS have progression that is comparable to the general population with
degenerative AS. However, as cancer patients are more likely to develop severe
symptoms sooner, these patients are recognized earlier andmay have decreased
survival rates. This may be explained by the initial radiation-induced injury and
associated pancarditis that can ultimately influence the development of con-
comitant myocardial scarring with resultant CMY, conduction abnormalities,
and coronary artery disease that further drive decreased survivorship.

Although not as extensively studied, the evolution of TAVR in managing
patients with AR is becoming increasingly prevalent. This off-label use of TAVR
is due to a growing number of patients being deemed to be high-risk surgical
candidates, with a subset of them being cardio-oncology patients. A Nation-
wide Inpatient Sample study evaluated short-term outcomes in 915 patients
who underwent TAVR for severe AR and revealed a 30-day all-causemortality of
3.3%, which was similar to those of the PARTNER (3.4%) and PARTNER 2
(3.9%) trials, which evaluated the use of TAVR for severe AS [36]. TAVR is
therefore a promising therapy for cancer patients with concomitant AR, though
further data is necessary to validate the expansion of TAVR as a treatment option
for AR.

Transcatheter mitral valve repair

Current management guidelines provide well-defined recommendations for
surgical management of MR. For patients with symptomatic primary MR,
surgical intervention with MV repair or replacement (MVR) is recommended
with levels of recommendation ranging from I to IIb. In symptomatic secondary
MR, there is a level IIb recommendation for surgical intervention [24••].
Despite the abundance of data for surgical MV interventions, there is little data
on MVR in high-risk patients with concomitant malignancy. However, in the
past decade, the use of transcatheter MV edge-to-edge repair (TMVR) with the
MitraClip (Abbott, Abbott Park, IL) device has been evaluated and yielded
promising results. TMVR of severe degenerative MR has resulted in similar
outcomes and superior safety when compared to surgical MV repair or MVR
and, as a result, now holds a class IIb recommendation in patients with
prohibitive surgical risk [24, 37]. The benefit of TMVRwas further established in
a study of advanced heart failure patients with severe secondary MR on maxi-
mally tolerated medical therapy. Patients who underwent TMVR in this study
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were shown to have decreased hospitalizations and improved mortality at
2 years when compared to those on maximal medical therapy alone [38].
Future guidelines will likely incorporate MitraClip as a treatment for secondary
MR in patients who remain symptomatic despite being on maximally tolerated
medical therapy.

Given the positive safety profile of TMVR in high-risk patients, its use has
expanded into the population of cancer patients who are deemed to be at pro-
hibitive surgical risk. In a registry-based study of 828 patients evaluating outcomes
of patientswithmultiple non-cardiac comorbiditieswhounderwent TMVR, 52had
concomitant malignancy and were on palliative care. This group of patients was
found to have significant improvement in clinical symptoms at 30 days with no
differences in periprocedural complications when compared to patients without
non-cardiac comorbidities [39]. A recent retrospective study utilizing the National
Inpatient Sample revealed that there has been a significant rise in TMVR utilization
from 1.8 to 14% in patients with cancer between 2012 and 2015 [40••]. Although
growth in TMVR is likely partially attributed to increased cancer survivorship in
addition to the overall higher presumed surgical risk of cancer patients with MR, it
also attests to the overall safety of TMVR. In this study, 700 patients with cancer
underwent TMVR and were found to have no significant difference in stroke or in-
hospital mortality when compared to cancer patients who underwent surgical MV
interventions. Additionally, when compared to cancer patients who underwent
surgery, there was a decreased rate of major bleeding and higher likelihood of
home discharge [40••]. Of note, although the results of this study are encouraging,
it did not differentiate between primary and secondary MR.

RCTs evaluating TMVR have evaluated patients with secondary MR due to
underlying dilated CMY and primary degenerative MR. However, it should be
recognized that in patients with a history of cancer and mediastinal radiation,
primary MR induced by radiation-associated fibrosis and calcification of the
aortomitral curtain is the most common etiology. In a cohort study of 14 patients
evaluating outcomes of surgicalMV interventions in patients with a prior history of
mediastinal radiation, the patients were found to have poor survival and poor
durability of surgical repair at 5 years [9••]. Similarly, a larger registry study of 146
patients undergoing MV surgery with a prior history of mediastinal radiation
revealed a 5-year survival rate of only 55% with no significant differences between
surgical MV repair orMVR [41]. Despite the poor surgical outcomes inmediastinal
radiation-associatedMVdisease, there is limited data evaluating the use of TMVR is
this patient population. However, a small study of 15 patients with a history of
radiation-induced MR revealed promising results as 13 patients experienced echo-
cardiographic improvement ofMRwith sustained improvement in symptoms at 2-
year follow-up [42]. Of note, given the sustained progression of radiation-induced
valve disease, it would be important to closelymonitor patients undergoing TMVR
for development of MV stenosis.

Transcatheter tricuspid valve repair

Currently, only surgical TV annuloplasty or replacement (TVR) is recommended
for the management of severe TR [43]. Unfortunately, there is little data on
tricuspid valve interventions in high-risk surgical patients, including those with
concomitant malignancy. As a result, many patients with severe TR and
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resultant right ventricular dysfunction aremanagedmedically with sub-optimal
long-term outcomes [44]. A small cohort study of 6 patients evaluating out-
comes in patients with a history of mediastinal radiation undergoing surgical
TVR also revealed poor outcomes and poor durability of the TV intervention
[9••]. Although the sample size in this study was limited, it highlights the
growing need for a non-surgical method of TV repair. In the past several years,
transcatheter TV repair (TTVR) has emerged as a possible alternative to surgical
intervention for tricuspid valve disease in patients with prohibitive surgical risk.
Numerous transcatheter methods of repair are currently being evaluated, which
include direct suture annuloplasty, direct ring annuloplasty, coaptation en-
hancement, and valve replacement [45].

TTVR development is in its infancy, but given the positive outcomes of
TMVR, there is particular interest in the study of devices that achieve coapta-
tion enhancement. The FORMA TTVR system (Edwards Lifesciences, Irvine, CA)
is a foam-filled balloon that is placed within the TV annulus over a rail that is
anchored into the base of the RV and increases leaflet coaptation by occupying
the regurgitant orifice area. One study of 19 high-risk surgical patients who
underwent TTVR with the FORMA device reported a high procedural success
rate of 89%, no deaths 30 days, and a significant improvement in TR sustained
at 3 years [46]. Off-label use of the MitraClip device in performing edge-to-edge
repair has also been evaluated in the TriValve registry. In this registry-based
study, 249 high-risk surgical patients underwent TTVR with the MitraClip and
were followed for 1 year. There was a 77% procedural success rate with im-
provements in TR severity and New York Heart Association functional class at
1 year. The combined rate of mortality and unplanned hospitalizations for
heart failure at 1 year was 35% [47]. The TRILUMINATE trial (NCT03227757) is
examining the safety and effectiveness of TTVR with a novel TriClip system
(Abbott, Abbott Park, IL), which uses the same edge-to-edge repair technique as
the MitraClip device. Based on preliminary 6-month outcomes of this trial, 85
high-risk surgical patients underwent TTVR with no observed periprocedural
complications and at 30 days and 86% of patients had decreased TR severity
with improved clinical symptoms. Over the 6-month follow-up period, there
was significant right heart remodeling with improved right ventricular function
and an all-cause mortality of 5% [48]. Although none of these studies has
specifically evaluated implementation of TTVR in patients with active cancer or
a history of mediastinal radiation, it may be reasonable to consider the appli-
cability of this minimally invasive procedure on a case-by-case basis. A unique
etiology of severe TR is carcinoid heart disease. Direct involvement of the TV
results in leaflets that become thickened, retracted, and often immobile. As a
result, it is unlikely that these patients would benefit from edge-to-edge repair of
severe TR, and therefore further research focusing on percutaneous annular
repair may be warranted for this patient population [49•].

Aspiration thrombectomy and management of right heart masses

VTE is common in the cancer population and affects up to 20% of patients.
Importantly, VTE is the second leading cause of death in patients receiving
outpatient chemotherapy [2, 11]. Caval thromboembolism (CTE), when asso-
ciated with PE, presents as sudden cardiac death in up to 25% of cases [49•].

   20 Page 10 of 15 Curr Treat Options Cardio Med           (2021) 23:20 



Similarly, CTE, either as a result of migrating VTE or associated with right heart
masses (RHM), carries a high rate ofmortality of up to 19% [50]. Given the high
burden of morbidity and mortality associated with VTE and its resultant mo-
bilization to the pulmonary vasculature or even right heart dysfunction, mul-
tiple treatment modalities have been implemented in this patient population.
Current management options include anticoagulation therapy with or without
systemic thrombolysis, catheter thrombolysis, catheter embolectomy, or surgi-
cal embolectomy [51•]. However, in patients with underlying malignancy,
cytopenias and/or high bleeding riskmay prohibit systemic or catheter-directed
anticoagulation. Additionally, they are often at prohibitive surgical risks as
previously described. Dedicated large-bore aspiration thrombectomy platforms
have recently become available for the management of VTE. The AngioVac
system (Angiodynamics, Latham, NY) provides an alternative minimally inva-
sive endovascular approach to removing intravascular material and is particu-
larly suited for the removal of intracardiac thrombus. It utilizes a venous
drainage cannula and extracorporeal bypass to extract intravascular material
and RHM [51•]. Notably, it has also been shown to be effective in extracting
catheter-related thrombi (CRT), which is also commonly encountered in cancer
patients undergoing chemotherapy.

Although there is currently no RCT data evaluating the AngioVac system,
multiple case series and a recent registry study have assessed its efficacy. The first
case series evaluated 14 patients, 7 of which had cancer, over a 40-month period at
a single tertiary care center. Indications for AngioVac procedures were RHM, acute
PE, and CTE with 4 of the 14 patients in shock at the time of procedure.
Periproceduralmortalitywas 0%with a 73%procedural success rate, and therewas
only 1 in-hospital death [49•]. A second case series examined the use of AngioVac
in 16 patients, 6 ofwhich had cancer, formanagement of RHMandCTE. Similar to
the prior case series, there was no periprocedural mortality with a 87% procedural
success rate and 2 in-hospital deaths [52]. The multicenter Registry of AngioVac
Procedures inDetail (RAPID) enrolled 234 patientswith various indications for the
AngioVac procedure including CTE, RHM, PE, and CRT with the primary objective
of evaluating the overall safety of the procedure. Of note, 16.7% of patients
enrolled in this study had cancer of various forms and the averageAmerican Society
of Anesthesiologists (ASA) score was 3. As in prior case series, procedural success
was defined as removal of 70–100% of thrombus or mass, which was achieved in
75% of patients with CTE and in 60% of patients with RHM or CRT. Procedural
complications included trauma at the cannula insertion site, bleeding, arrhythmia,
distal embolization, cardiac perforation, stroke, or death with a combined rate of
13.2%, including 1 death. Two other non-procedure-related deaths occurred [51•].
Overall, the current literature on the AngioVac procedure is promising and highly
applicable to the cardio-oncology patient population with no existing evidence for
a decrease in either safety or efficacy in oncologic settings.

Conclusion

The exciting development of transcatheter structural interventions in the fields of
interventional cardiology and radiology has allowed for novel minimally invasive
treatment options for cancer patientswith concomitant or acquired valvular disease
from cancer or cancer treatments. Newly diagnosed cancer patients with
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concomitant valvular disease have decreased survival with uncorrected
valvulopathy, are at higher risk for traditional surgical approaches that also delay
cancer care, and, with estimated survivorship greater than 1 year, are preferably
treated with transcatheter percutaneous options. The cancer survivorship popula-
tion represents a different category of valvular disease either through age and/or
mediastinal radiation treatments and has increased surgical morbidity and mor-
tality, thus creating another opportunity for transcatheter minimally invasive ap-
proaches. With cancer therapies now further prolonging life expectancy and cancer
survivorship on the rise, cardio-oncologists and/or interventional cardiologists will
face the clinical challenge of treating patients with active or history of cancer and
valvular disease at an increased rate, therefore creating the need for a systematic
approach to study the efficacy of these treatments on a larger scale.

What will make randomized control trials difficult to conduct is the hetero-
geneous spectrum of malignancies, various stages and prognoses at the time of
diagnosis, cancer treatment strategies, varying risks of bleeding, and other
complications. National and international registries are needed to track the
outcomes of such cancer patients, which has already started within the TAVR
and TMVR space [29, 39]. Cancer patients have also been tracked in the RAPID
AngioVac registry [51•]. In the cancer survivorship population, however, espe-
cially radiation-induced valvular disease, there may be an opportunity to con-
duct randomized trials to objectively assess the impact of surgical or transcath-
eter approaches. In addition, STS scores are known to potentially underestimate
surgical mortality risk and revised risk models may be needed to tailor to the
unique sequelae of the cancer patient, including hematologic derangements,
radiation-induced vascular disease, and pulmonary disease in order to provide a
more nuanced, accurate discussion of risks and benefits for the cardio-oncology
population [33, 34]. However, as cardiac procedures become less invasive, there
are many new and evolving therapeutic approaches that can allow cancer
patients to continue their treatments with minimal interruption and to address
any long-term sequelae that may develop in the future.
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