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Background-—Patients with cancer and severe aortic stenosis are often ineligible for surgical aortic valve replacement (SAVR).
Patients with cancer may likely benefit from emerging transcatheter aortic valve replacement (TAVR), given its minimally invasive
nature.

Methods and Results-—The US-based National Inpatient Sample was queried between 2012 and 2015 using International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), codes to identify all hospitalized adults (aged
≥50 years), who had a primary diagnosis of aortic stenosis. We examined the effect modification of cancer on the relative use rate,
outcomes, and dispositions associated with propensity-matched cohort TAVR versus SAVR. Overall, 47 295 TAVRs (22.6%
comorbid cancer) and 113 405 SAVRs (15.2% comorbid cancer) were performed among admissions with aortic stenosis between
2012 and 2015. In the year 2015, patients with cancer saw relatively higher rates of TAVR use compared with SAVR (relative use
rateTAVR versus relative use rateSAVR, 67.8% versus 57.2%; P<0.0001). Among patients with cancer, TAVR was associated with
lower odds of acute kidney injury (odds ratio, 0.64; 95% CI, 0.54–0.75) and major bleeding (odds ratio, 0.44; 95% CI, 0.38–0.51]),
with no differences in in-hospital mortality and stroke compared with SAVR. In addition, TAVR was associated with higher odds of
home discharge (odds ratio, 1.92; 95% CI, 1.68–2.19) compared with SAVR among patients with cancer. Lower risk of acute kidney
injury was noted in cancer versus noncancer (P<0.001) undergoing TAVR versus SAVR in effect modification analysis.

Conclusions-—TAVR use has increased irrespective of cancer status, with a greater increase in cancer versus noncancer. In
patients with cancer, there was an association of TAVR with lower periprocedural complications and better disposition when
compared with patients undergoing SAVR. ( J Am Heart Assoc. 2020;9:e014248. DOI: 10.1161/JAHA.119.014248.)
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C ardiovascular disease and cancer represent 2 of the
largest contributors to mortality worldwide.1 Aortic

stenosis (AS), with an incidence of 2% to 7% in elderly
individuals, affects almost half of all patients with valvular
heart disease.2,3 Among those with cancer, the prevalence of
AS is even higher than that observed in the general population,
and this is only expected to continue to increase with time.4–8

Much of this increase coincides with the increasing life
expectancy of patients with cancer in the era of rapid
proliferation of novel anticancer therapies, many of which have
been linked with cardiotoxic adverse effects on the valvular
structure and function. Compounding this is the progressively
increasing use of radiotherapy, an intervention known to
accelerate the disruption of cardiac valve architecture and

From the Harrington Heart and Vascular Institute, Case Western Reserve University, Cleveland, OH (A.G.); Cardio-Oncology Program, Division of Cardiology, Ohio State
University, Columbus, OH (A.G., D.A.); National Heart, Lung, and Blood Institute, Bethesda, MD (A.K.D.); Division of Cardiology, University of North Carolina, Chapel Hill,
NC (S.A., M.A.C., J.P.V.); Division of Epidemiology, UNC Gillings School of Global Public Health, Chapel Hill, NC (S.A.); Division of Cardiac Surgery, Department of
Surgery, University Hospitals Cleveland Medical Center, Cleveland, OH (J.F.S.); Division of Cardiology, Michael E. DeBakey VA Hospital, Baylor College of Medicine,
Houston, TX (E.J., H.J.); and Cancer Control Program, Department of Medicine, Ohio State University Comprehensive Cancer Center, Columbus, OH (D.A.).

Accompanying Data S1 and Tables S1 through S3 are available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.119.014248

*Dr Guha and Dr Dey contributed equally to this work.

This article was handled independently by Isabella Grumbach, MD, PhD, as a guest editor. The editors had no role in the evaluation of the manuscript or in the
decision about its acceptance.

Correspondence to: Daniel Addison, MD, Division of Cardiovascular Medicine, Davis Heart and Lung Research Institute, 473 W 12th Ave, Ste 200, Columbus, OH
43210. E-mail: daniel.addison@osumc.edu

Received August 10, 2019; accepted October 18, 2019.

ª 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-
commercial and no modifications or adaptations are made.

DOI: 10.1161/JAHA.119.014248 Journal of the American Heart Association 1

ORIGINAL RESEARCH

info:doi/10.1161/JAHA.119.014248
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.119.014248
mailto:daniel.addison@osumc.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


function.4–8 Novel cancer therapies as well as increasing use of
radiotherapy over time have led to a sharp increase in cancer
survival7; thus, treating AS has become even more relevant,
especially because most patients with AS die within a few years
of onset of symptoms.8 The prognosis of nonsurgically treated
AS remains poor.8 In fact, aortic valve replacement (AVR) is
currently the only widely available definitive treatment known to
improve hemodynamic and functional status, in addition to
clinical survival among those with AS.9

Available data suggest that patients with AS and a concur-
rent cancer, irrespective of prognosis,may not receive the same
contemporarymanagement strategies seen among populations
without cancer.8 Despite a 1-year mortality of 50% in those not
undergoing AVR for severe AS, those with severe AS with
concurrent cancer are often denied surgical AVR (SAVR)
because of concern for surgical risk. Approved in 2011,
transcatheter AVR (TAVR) has changed the landscape in the
treatment of severe AS, as patients in the past considered to be
inoperable or high risk for SAVR can now be treated with
minimal risk with this new invention.10–15 Among patients with
severe, symptomatic AS who were at low surgical risk, TAVR
compared with conventional surgery significantly reduced the
primary end point of death, stroke, and rehospitalizations by
46% at 1 year.16 Yet, it is currently unknown whether patients
with cancer have shared the same benefits of TAVR.

Methods

Data Source
The data that support the findings of this study are available
from the corresponding author on reasonable request. The

National Inpatient Sample (NIS)17 is an inpatient database in
the United States developed by the Agency for Healthcare
Research and Quality. NIS is a self-weighted, stratified,
systematic, random sample of 20% discharges from all
hospitals (100%) in the sampling frame, after sorting
discharges by diagnosis-related group, hospital, and admis-
sion month. The sample is stratified on hospital characteris-
tics. This form of clustering tends to induce dependence
among discharges within hospitals; hence, variance analysis
of subsets in line with NIS methods17 was performed. In the
present study, we used data from January 1, 2012, through
September 30, 2015. The study design used methodological
standards laid out in Khera et al.18 Because this study
included deidentified data, per the data use agreement with
the Agency for Healthcare Research and Quality, the institu-
tional review board requirement was waived.

Study Population and Variables
We used International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM), codes to identify all hospital-
ized adults (aged ≥50 years), who had a primary diagnosis
(diagnosis 1 of NIS) of AS (ICD-9-CM code 424.1).10 Patients
diagnosed with congenital aortic disorders (code 746.3),
rheumatic AS (codes 395.0–395.9), or hypertrophic obstructive
cardiomyopathy (code 425.11) or who underwent additional
vascular procedures (codes 00.61–00.69 and 36.00–36.99),
such as coronary artery bypass grafting, were excluded.10 The
discharge diagnoses and procedures were recoded using the
clinical classification of diseases software into broad cate-
gories, available as separate variables within the NIS data set.
In this cohort, we then identified patients with cancer using
DXCCS (diagnosis [dx] clinical classification software [ccs])
codes (DXCCS1-DXCCS30) 11 to 45 (Table S1). NIS provides
29 comorbidities (also known as Elixhauser comorbidity
measures) based on ICD-9 CM diagnoses and the diagnosis-
related group in effect on the date of discharge. These
comorbidities are not directly related to the principal diagnosis
or the main reason for admission and are likely to have
originated before the hospital stay.19 Hospitalizations with the
comorbidities of cancer were included in the cancer cohort. All
patients who did not have either the DXCCS codes listed above
or the listed specific comorbidities were considered noncancer
patients. A subanalysis showed that there were no TAVRs
reported in the cancer cohort with metastatic disease.

NIS variables included in the study were demographic
characteristics (age, sex, and race), income quartile, insurance
status, hospital-level characteristics, comorbidities, and pro-
cedures. The procedures of interest were TAVR (codes 35.05
and 35.06) or SAVR (codes 35.21 and 35.22).10 In 2015, the
Healthcare Cost and Utilization Project State Inpatient
Database was used to create 2 indexes based on 29

Clinical Perspective

What Is New?

• Compared with patients without cancer, the use of
transcatheter aortic valve replacement in patients with
cancer has steadily increased.

• In patients with cancer, there was an association of
transcatheter aortic valve replacement with lower risk of
acute kidney injury, lower length of stay, and higher
likelihood of discharge to home when compared with
patients undergoing surgical aortic valve replacement.

What Are the Clinical Implications?

• These findings suggest that transcatheter therapies have
improved access to aortic valve replacement in a population
at high risk for surgery and offered an additional option for
patients who may not have been previously eligible for
therapy.
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comorbidity measures designed to predict in-hospital mortal-
ity (or score) and 30-day readmission.20 Those indexes were
calculated for our cohort as well. In addition to NIS-provided
comorbidities, other comorbidities and outcomes that have
been highlighted in other TAVR studies were recoded using
ICD-9-CM and DXCCS fields (Table S1).

Outcomes
NIS provided data on specific outcomes of interest, including
hospitalization charges, length of stay, in-hospital mortality,
and discharge disposition, by cancer status. The actual cost of
hospitalization was obtained by multiplying each hospital’s
charges with its cost/charge ratios21 and wage index for a
given year. The wage index helps correct for geographic
variations in costs among hospitals.21 Charges and costs
were inflation adjusted to 2015.22

Statistical Analysis
Survey-specific statements (SURVEYMEANS and SURVEY-
FREQ) with hospital- and patient-level weights were used to
obtain national estimates. The Rao-Scott v2 test was used to
compare categorical variables, and a survey-specific t test
(SURVEYREG) was used for continuous variables. We used the
Cochrane Armitage test of trend for categorical variables and
survey-specific linear regression for continuous variables.
Hospital charges and length of stay were log transformed
because they were not normally distributed, and the geometric
mean was presented.23,24 For a length of stay of 0 days, a value
of 0.0001 was imputed to avoid negative log values. Relative
use rate was calculated by dividing the number of TAVRs
estimated by total estimated AVR for cancer and noncancer,
and the proportions were compared using Rao-Scott v2 test.

To study the difference in outcomes among patients with
and without cancer undergoing TAVR versus SAVR, we used a
method presented by Arora et al.10 Briefly, the propensity
score25 (ie, the probability) of each patient for undergoing
TAVR versus SAVR was estimated using sex, age, race/
ethnicity, primary insurance type, income, presence of
congestive heart failure, coronary artery disease, prior
myocardial infarction, prior coronary artery bypass grafting,
atrial fibrillation, hypertension, diabetes mellitus, renal dis-
ease, chronic lung disease, coagulopathy, smoking, Elixhauser
comorbidity (0, 1, 2, and >2), hospital region, hospital type,
hospital size, and discharge weight (Data S1). Trimming was
performed at the first percentile of TAVR propensity scores
and the 99th percentile of SAVR propensity scores to remove
nonoverlapping regions of the propensity score distributions.
This step was necessary because those patients represent
either TAVR patients who always undergo TAVR or SAVR
patients who always undergo SAVR, and neither group is at

risk for undergoing the other procedure. A standardized
morbidity ratio (SMR) weight was then calculated for each
patient, where patients undergoing TAVR were assigned a
weight of 1, and patients undergoing SAVR were weighed using
PS (propensity score)/(1�PS). SMR weights standardize the
distribution. Furthermore, SMR weights were selected to
ensure that the effect of TAVR was assessed only among
high-risk patients (ie, those eligible to undergo TAVR during the
time period), without needing to measure risk level directly.26

SMR-weighted generalized logistic regression, accounting for
NIS sampling and clustering structure, was conducted to
estimate the average effect of TAVR compared with SAVR.
Furthermore, SMR-weighted effect modification of cancer
comparing outcomes of TAVR versus SAVR was tested.26

Another subgroup analysis using SMR-weighted generated
logistic regression was performed to compare some of the
outcomes presented above in specific cancer subgroups. The
cancer subgroups selected for this analysis were breast
cancer, lung cancer, colon cancer, prostate cancer, and
another group that did not include these National Cancer
Institute top 4 cancers.27

All analyses were performed using SAS software, version
9.4 (SAS Institute Inc, Cary, NC); and the description of the
method is presented in graphical form in Figure 1.

Results
A total of 47 295 TAVRs and 113 405 SAVRs were performed
among admissions with AS between 2012 and 2015 from NIS.
Among the TAVRs and SAVRs, 10 670 (22.6%) and 17 290
(15.2%) had comorbid cancer, respectively.

Over time, the proportion of patients undergoing TAVR
compared with SAVR has increased in the 4 years, consid-
ering overall higher use of TAVR in patients with cancer
compared with patients without cancer (P-trends2012–
2015<0.0001; Figure 2). In the year 2015, patients with
cancer saw relatively higher rates of TAVR use compared with
SAVR (relative use rateTAVR versus relative use rateSAVR, 67.8%
versus 57.2%; P<0.0001), considering all AVRs performed that
year. Up to 21.8% and 19.6% of total TAVR procedures were
performed in patients with prostate or breast cancer,
respectively, in 2015 (Figure 2).

Patient Characteristics Undergoing TAVR and
SAVR in Patients With Cancer Versus Patients
Without Cancer
Patients with cancer undergoing TAVR were older and more
commonly women. Patients undergoing TAVR with concomitant
cancer also had lower rates of traditional cardiovascular disease
risk factors, including hypertension, diabetes mellitus, and

DOI: 10.1161/JAHA.119.014248 Journal of the American Heart Association 3

Percutaneous Aortic Valve Replacement in Cancer Guha et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



obesity, although the prevalence of dyslipidemia and tobacco
use was higher (Table 1). Similarly, patients with cancer
undergoing SAVR were older and had lower rates of diabetes
mellitus. However, patients undergoing SAVR with concomitant
cancerwere less commonly women and had higher rates of other
cardiovascular disease risk factors, like hypertension, dyslipi-
demia, and smoking (Table 2). Notably, average Elixhauser
mortality scores of patients undergoing TAVR versus SAVR were
8.9 versus 8.5 and 8.5 versus 7.1 for patients with cancer and
patients without cancer, respectively (P<0.0001).

Complications, Outcomes, and Disposition of
TAVR Versus SAVR in Cancer Versus Noncancer
Among patients with cancer, TAVR was associated with lower
odds of acute kidney injury (AKI; odds ratio [OR], 0.64; 95% CI,

0.54–0.75), cardiogenic shock (OR, 0.55; 95% CI, 0.36–0.84),
and major bleeding (OR, 0.44; 95% CI, 0.38–0.51), with no
differences in in-hospital mortality and stroke compared with
SAVR. In addition, TAVR was associated with higher odds of
home discharge (OR, 1.92; 95% CI, 1.68–2.19) compared with
SAVR among patients with cancer (Table 3).

Similar findings were seen in the noncancer arm, such as
patients with cancer undergoing TAVR were more likely to be
discharged home when compared with SAVR (OR, 1.50; 95%
CI, 1.39–1.62) but less likely to be transferred to nursing
facility transfer (OR, 0.73; 95% CI, 0.63–0.83) or use of home
health care (OR, 0.71; 95% CI, 0.62–0.80) when compared
with SAVR (Table 3). Absolute numbers of complications,
outcomes, and disposition in TAVR and SAVR in cancer versus
noncancer are presented in Table S2. Finally, it was noticed
that cancer was an effect modifier for the association of TAVR

Figure 1. Recruitment scheme. Flowchart showing methods. AS indicates aortic stenosis; HCM, hypertrophic cardiomyopathy; SAVR, surgical
aortic valve replacement; SMR, standardized morbidity ratio; TAVR, transcatheter aortic valve replacement.
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with lower risk of AKI in patients with cancer compared with
patients without cancer undergoing the procedure (P<0.001).

Complications, Outcomes, and Disposition of
TAVR/SAVR in Specific Cancers
Among patients with cancer undergoing TAVR from 2012 to
2015, 19.3%, 22.8%, 6.6%, and 9.8% had underlying breast,
prostate, lung, and colon cancers, respectively. The remaining
patients had other cancers (44.6%). In patients with breast
cancer, TAVR was associated with lower odds of major
bleeding (OR, 0.45; 95% CI, 0.32–0.62), but no difference in
in-hospital mortality and stroke compared with SAVR. Simi-
larly, for prostate cancer, TAVR was associated with lower
odds of AKI (OR, 0.62; 95% CI, 0.44–0.87) and major bleeding
(OR, 0.48; 95% CI, 0.36–0.66), but no differences in in-
hospital mortality and stroke compared with SAVR. Additional
information about in-hospital complications, discharge dispo-
sitions, and in-hospital outcomes by respective cancer type is
shown in Table S3.

Discussion
In this large contemporary population, we found a higher
proportion of patients with cancer undergoing TAVR versus
SAVR compared with patients without cancer. Furthermore,
TAVR had similar outcomes in patients with and without
cancer and was, in fact, associated with lower rates of AKI,

cardiogenic shock, and major bleeding but higher likelihood of
discharge to home and lower inpatient length of stay when
compared with SAVR. Moreover, a positive effect modification
of cancer was noticed with respect to AKI and posthospital-
ization disposition outcome in patients with cancer. This is
important, given the expected continued increase in patients
with cancer presenting with significant AS.

Valvular disease has been long acknowledged as a serious
adverse effect of cancer therapy caused by the effects of
exposure to radiotherapy and chemotherapy.4,28 Radiation
therapy is associated with heightened valvular endothelial
dysfunction, in part because of accelerated thickening and
calcification of the aortic valve, thus leading to AS.6,28,29 In
fact, valvular heart disease can potentially occur in >75% of
patients who receive prior radiotherapy.4,30,31 This number is
ever increasing because of increased cancer survivorship.32

Despite an increasing need for AVR in those experiencing
cancer, patients often were not offered surgery.33 These
trends have changed in the recent years with the inception of
TAVR. Our study provides novel insights into current practice
patterns associated with AVR in cancer. AVR use for AS in
patients with cancer has risen more in the TAVR era,
compared with those without cancer, and is largely attribu-
table to TAVR, suggesting that patients with a history of
cancer seem to have particularly benefited from the TAVR
with regard to candidacy for AVR. This is likely because TAVR
is less invasive in nature compared with SAVR.34 In addition,
TAVR has been shown to be associated with a lower incidence

Figure 2. Relative use of transcatheter aortic valve replacement (TAVR) in cancer vs noncancer. On
comparing the cancer and noncancer groups, TAVR use was more evident in the cancer group (P<0.0001
for cancer vs noncancer, year 2015). TAVR use in cancer subtypes in 2015 included 21.8% prostate cancer,
19.6% breast cancer, 9.1% colon cancer, 6.4% lung cancer, and 43.1% other cancers.

DOI: 10.1161/JAHA.119.014248 Journal of the American Heart Association 5

Percutaneous Aortic Valve Replacement in Cancer Guha et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



of periprocedural myocardial infarction, major bleeding, AKI,
and new-onset atrial fibrillation when compared with
SAVR.35,36

Table 1. TAVR Demographics (Patient, Financial, and Hospital
Levels) From 2012 to 2015 in Patients With Cancer Versus
Patients Without Cancer

Variables

Patients With
Cancer
(n=10 670)

Patients
Without
Cancer
(n=36 625) P Value

Patient characteristics

Age, mean�SE, y 81.1�0.2 80.8�0.1 0.14

Women, % 42.8 47.4 0.0002

Race, % 0.11

White 88.8 87.4

Black 3.4 3.9

Hispanic 3.1 4.2

Asian or Pacific
Islander

0.9 1.1

Native American 0.1 0.2

Other 3.6 3.2

Payment source, % 0.41

Medicare 88.9 90.9

Medicaid 0.9 1.0

Private 7.3 6.5

Self-pay 0.5 0.5

No charge 0 0.03

Others 1.5 1.1

Comorbidities, %

Traditional cardiovascular

Cardiomyopathy 15.4 15.3 0.87

Known coronary
artery disease

67.8 68.8 0.43

Prior myocardial
infarction

14.0 13.4 0.39

Prior percutaneous
coronary intervention

22.6 19.7 0.004

Prior coronary
bypass grafting

21.9 23.4 0.16

Carotid disease 7.7 7.1 0.30

Peripheral vascular
disease

28.2 29.0 0.46

Prior TIA/stroke 14.0 13.3 0.43

Atrial fibrillation 41.4 43.4 0.09

Hypertension 83.5 83.8 0.72

Diabetes mellitus 38.0 41.5 0.006

Obesity 12.4 16.3 <0.0001

Dyslipidemia 68.8 65.7 0.009

Nontraditional

Weight loss 4.0 4.5 0.34

Continued

Table 1. Continued

Variables

Patients With
Cancer
(n=10 670)

Patients
Without
Cancer
(n=36 625) P Value

Anemia 26.4 25.4 0.34

Arthritis and collagen
vascular disease

4.7 4.9 0.76

Chronic liver disease 2.6 2.6 0.97

Chronic renal disease 36.9 37.9 0.39

Chronic lung disease 34.6 32.9 0.14

Hypothyroidism 22.0 19.9 0.02

Neurologic 6.6 8.0 0.03

Psychiatric 9.5 9.1 0.55

Fluid/electrolyte
disorder

21.9 24.8 0.006

Coagulation disorder 23.1 22.0 0.25

Substance abuse 1.6 1.2 0.13

Smoker 34.5 28.9 <0.0001

Total Elixhauser
comorbidities

0.12

0 1.0 1.7

1 8.1 8.3

2 16.6 17.4

≥3 74.4 72.6

Elixhauser readmission
score, mean�SE

21.0�0.3 19.2�0.2 <0.0001

Elixhauser mortality
score, mean�SE

8.9�0.2 8.2�0.2 0.003

Teaching hospital, % 89.6 89.7 0.82

Bed size, % 0.32

Small 4.4 4.8

Medium 16.8 17.9

Large 78.9 77.3

Region, % <0.0001

Northeast 25.4 24.8

Midwest 25.4 21.5

South 29.9 35.7

West 19.3 18.1

Hospital in urban
location, %

99.2 99.2 0.99

Weekend admission, % 5.1 5.9 0.15

Elective admission, % 81.4 78.5 0.005

TAVR indicates transcatheter aortic valve replacement; TIA, transient ischemic attack.
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Table 2. SAVR Demographics (Patient, Financial, and
Hospital Levels) From 2012 to 2015 in Patients With Cancer
Versus Patients Without Cancer

Variables

Patients
With Cancer
(n=17 290)

Patients
Without
Cancer
(n=96 115) P Value

Patient characteristics

Age, mean�SE, y 73.0�0.2 68.8�0.1 <0.0001

50–65 y, % 15.7 32.1 <0.0001

≥65 y, % 84.3 67.9

Women, % 37.8 39.9 0.03

Race, % <0.0001

White 88.3 83.0

Black 3.5 5.3

Hispanic 3.9 6.6

Asian or Pacific Islander 0.9 1.5

Native American 0.2 0.4

Other 3.2 3.2

Income quartiles <0.0001

0–25 17.7 21.9

26–50 24.6 25.5

51–75 27.2 26.2

76–100 30.5 26.3

Payment source, % <0.0001

Medicare 78.7 64.2

Medicaid 1.7 3.8

Private 17.6 28.3

Self-pay 0.6 1.5

No charge 0.1 0.2

Others 1.3 1.9

Comorbidities, %

Traditional cardiovascular

Cardiomyopathy 7.1 8.6 0.003

Known coronary
artery disease

41.9 38.1 <0.0001

Prior myocardial infarction 4.9 5.3 0.35

Prior percutaneous
coronary intervention

9.1 7.3 0.0003

Prior coronary
bypass grafting

6.1 5.5 0.15

Carotid disease 4.7 4.1 0.12

Peripheral vascular disease 18.8 19.7 0.21

Prior TIA/stroke 9.2 7.6 0.002

Atrial fibrillation 51.7 45.6 <0.0001

Hypertension 80.0 77.4 0.0007

Continued

Table 2. Continued

Variables

Patients
With Cancer
(n=17 290)

Patients
Without
Cancer
(n=96 115) P Value

Diabetes mellitus 42.7 43.4 0.47

Obesity 19.9 23.4 <0.0001

Dyslipidemia 64.8 61.2 <0.0001

Nontraditional

Weight loss 3.7 3.7 0.99

Anemia 19.1 17.5 0.04

Arthritis and collagen
vascular disease

3.5 3.4 0.63

Chronic liver disease 1.6 1.8 0.47

Chronic renal disease 18.0 14.6 <0.0001

Chronic lung disease 22.6 21.3 0.08

Hypothyroidism 16.7 13.5 <0.0001

Neurologic 6.1 6.0 0.94

Psychiatric 10.3 10.2 0.75

Fluid/electrolyte disorder 33.1 33.8 0.42

Coagulation disorder 35.2 31.7 <0.0001

Substance abuse 2.6 3.3 0.02

Smoker 37.9 32.9 <0.0001

Total Elixhauser comorbidities <0.0001

0 2.7 3.6

1 10.9 13.7

2 21.6 22.0

≥3 64.8 60.7

Elixhauser readmission
score, mean�SE

16.2�0.3 13.7�0.3 <0.0001

Elixhauser mortality
score, mean�SE

8.5�0.2 7.1�0.1 <0.0001

Teaching hospital, % 76.4 75.1 0.10

Bed size, % 0.10

Small 6.7 7.4

Medium 20.2 21.4

Large 73.0 71.2

Region, % <0.0001

Northeast 24.3 22.2

Midwest 24.8 24.2

South 29.1 33.3

West 21.8 20.3

Hospital in urban location, % 98.0 97.6 0.09

Weekend admission, % 4.2 4.4 0.44

Elective admission, % 81.7 78.3 <0.0001

SAVR indicates surgical aortic valve replacement; TIA, transient ischemic
attack.
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Similar mortality rates in patients with cancer compared
with patients without cancer who underwent TAVR at 1-year
follow-up have been previously observed; however, the
generalizability of these findings was limited because of small
study and a general focus on lower-risk cohorts.37 Another
study of 350 patients with cancer in single-center setting
found the short-term, 30-day outcomes of TAVR to be as
similar in those with cancer, compared with those without
cancer. However, within the same cohort, 1-year mortality
was higher in those patients with cancer.38 To our knowledge,
previous data comparing TAVR versus SAVR in those with
cancer versus those without cancer currently do not exist. A
recent study evaluated the factors specifically associated with
a poor outcome (mortality or lack of functional status
improvement, as evaluated by New York Heart Association
functional classification at 6-month follow-up) after TAVR in
patients with chronic lung disease at 6-month follow-up.39

New York Heart Association status or symptom in patients
with cancer versus patients without cancer might be a useful
tool for selecting patients with cancer undergoing TAVR or
SAVR compared with patients without cancer. Given the
relative safety of TAVR and improving cancer outcomes, the
presence of concurrent nonadvanced cancer may not signif-
icantly affect candidacy for TAVR; however, randomized study
is needed to fully elucidate this claim. Moreover, relatively
healthier patients with active cancer could potentially resume

cancer treatment sooner because of shorter recovery time
afforded by TAVR. With the expanding prevalence of AS
among cancer survivors, consideration of outcomes obtained
from this study may help in a patient-centered optimal
management strategy for both active and prior patients with
cancer. Several studies have indicated that surgical stress
suppresses the immune system and that the use of
cardiopulmonary bypass contributes to this, resulting in
increasing tumor recurrence. However, cardiopulmonary
bypass has a modest association with cancer progression
and relating cardiopulmonary bypass and cancer dissemina-
tion is logical but probably an unlikely association.40

Moreover, a positive effect modification of cancer was
noticed with respect to AKI and posthospitalization disposi-
tion outcome in patients with cancer. This is difficult to
interpret as the data are cross-sectional and do not allow us
to track AKI over time in patients with cancer compared with
patients without cancer after TAVR or SAVR.

There are several limitations of this study that warrant
consideration. Because of reliance on ICD-9-CM codes, we
were unable to determine the physician-perceived indication
for hospital admission by specific cancer type. We also could
not determine the clinical severity of AS or other concomitant
disease, like mitral disease or coronary artery disease,
duration of a cancer diagnosis, cancer stage (active versus
prior), life expectancy, or concomitant cancer treatments

Table 3. Standardized Associations Between Hospitalizations for TAVR, Compared With SAVR, on In-Hospital Complications,
Discharge Disposition, and Length of Stay After Valve Replacement, Among Patients With and Without Cancer Who Underwent
TAVR, Compared Using Effect Modification Odds Ratio

Variables Patients With Cancer Patients Without Cancer P Value*

In-hospital complications

Permanent pacemaker implantation 2.16 (1.70–2.73) 2.26 (1.97–2.59) 0.33

Transient ischemic attack/stroke 0.88 (0.60–1.30) 1.00 (0.81–1.24) 0.82

Cardiogenic shock 0.55 (0.36–0.84) 0.83 (0.68–1.02) 0.31

Cardiac arrest 1.13 (0.80–1.60) 1.17 (0.97–1.42) 0.99

Acute kidney injury 0.64 (0.54–0.75) 0.74 (0.68–0.81) <0.0001

Blood transfusion 0.44 (0.38–0.51) 0.45 (0.42–0.49) 0.12

Vascular complications 0.61 (0.20–1.89) 1.46 (0.88–2.41) 0.23

Discharge disposition and outcomes

Home discharge 1.92 (1.68–2.19) 1.50 (1.39–1.62) <0.0001

Transfer to SNF or acute care hospital 0.73 (0.63–0.83) 0.78 (0.72–0.84) 0.0001

Home health care 0.71 (0.62–0.80) 0.85 (0.79–0.91) 0.04

In-hospital mortality 1.10 (0.73–1.66) 1.15 (0.94–1.40) 0.77

Data are given as odds ratio (95% CI). Standardized morbidity ratio weights were calculated using sex, age, race/ethnicity, primary insurance type, income, presence of congestive heart
failure, coronary artery disease, prior myocardial infarction, prior coronary artery bypass grafting, atrial fibrillation, hypertension, diabetes mellitus, renal disease, chronic lung disease,
coagulopathy, smoking, Elixhauser comorbidity (0, 1, 2, and >2), hospital region, hospital type, hospital size, and discharge weight; propensity scores were trimmed using 1% and 99% cut
points. The change in estimated length of stay (95% CI) for length of stay after aortic valve replacement was �1.65 (�1.96 to �1.34) days in patients with cancer and �1.37 (�1.56 to
�1.17) days in patients without cancer (P<0.0001). SAVR indicates surgical aortic valve replacement; SNF, skilled nursing facility; TAVR, transcatheter aortic valve replacement.
*Standardized morbidity ratio weighted effect modification analysis of cancer on the outcomes was performed.
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(radiation versus chemotherapy versus recent cancer surgery).
Furthermore, there were no patients who underwent TAVR in
the metastatic cancer arm, making this study inapplicable to
that population. Although we used a matched propensity score
design to account for indication bias, important unmeasured
clinical characteristics that may be predictors of outcomes
were not available, including standardized surgical risk score
(eg, STS [society of thoracic surgeons]) factors, like “last
hematocrit” and “unresponsive state,” and therefore these
findings may be subject to confounding. In addition, because of
the administrative nature of data, we were unable to distinguish
comorbidities from complications of hospitalization. Moreover,
as the NIS is a deidentified database, long-term outcomes and
complications occurring after the initial TAVR hospitalization
could not be assessed. We were also not able to determine if
this study includes repeated observations from patients who
underwent >1 AVR (TAVR or SAVR) during the study period.
There was also the potential for coding errors and differences in
coding practices across the hospitals included in the database.
However, we suspect that these differences were random and
would not be expected to differ between patients undergoing
TAVR and SAVR. Moreover, ICD-9-CM coding prevented us from
being able to differentiate between different endovascular
approaches and, therefore, prevented us from comparing
outcomes between different endovascular approaches, such as
transfemoral, direct aortic, or transaxillary approaches. In
addition, the type of valve used (stented versus stentless) was
unavailable. The use of administrative data also precluded the
role of valve/heart team, whereby contraindications to either
TAVR/SAVR could be studied. Although we used a matched
propensity score design to account for indication bias, impor-
tant unmeasured clinical characteristics that may be predictors
of outcomes were not available, and therefore these findings
may be subject to confounding.

Conclusions
Compared with patients without cancer, the use of TAVR in
patients with cancer has steadily increased. In patients with
cancer, there was an association of TAVR with lower risk of AKI,
lower length of stay, and higher likelihood of discharge to home
when compared with patients undergoing SAVR. Moreover, a
positive effect modification of cancer was noticed with respect
to AKI and posthospitalization disposition outcome in patients
with cancer. This is difficult to interpret as the data are cross-
sectional and do not allow us to track AKI over time in patients
with cancer compared with patients without cancer after TAVR
or SAVR. These findings suggest that transcatheter therapies
have improved access to AVR in a population at high risk for
surgery and offered an additional option for patients who may
not have been previously eligible for therapy. Further research
into the factors related to these differences along with

longitudinal follow-ups of these patients to study outcomes
over time are needed.
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Data S1. 

 

Propensity Model 

 

A non-parsimonious multivariate logistic regression was performed using gender, age, race/ethnicity, 

primary insurance type, income, presence of CHF, CAD, prior MI, prior CABG, AF, HTN, diabetes, renal 

disease, chronic lung disease, coagulopathy, smoking, Elixhauser’s comorbidity (0,1,2,>2), hospital region, 

hospital type, hospital size, discharge weight as variables, to generate the propensity score1. NIS weights were 

used in the propensity estimation model. The propensity score (0 and 1) is obtained using an 8®1 Digit Match 

algorithm2. This algorithm matches a case to control at the 8th, 7th, 6th … decimal point, using a greedy 

matching algorithm. We then matched 2 non-cancer patients to every 1 cancer patient (2:1 match). We 

generated propensity scores on the 2012-2015 cohort of admissions for any aortic valve procedure among 

cancer patients to calculate the standardized morbidity ratio. This was used to present standardized associations 

between hospitalizations for TAVR, compared to SAVR, on in-hospital complications, discharge disposition, 

and length of stay. 

 

 



 

Table 1. Diagnosis codes used in the study. 

Procedure ICD-9 code CCS code Comorbidity 

field from NIS 

Cohort 

Creation 

   

Cancer 162.xx,174.xx,175.xx,153.xx,15

4.xx,185.xx,182.xx,183.xx,188.x

x,189.xx,200.xx,201.xx,202.xx,2

04.xx,205.xx,206.xx,207.xx,208.

xx,155.xx,156.xx,172.xx,193.xx,

157.xx 

11,12,13,14,15,16,17,1

8,19,20,21,22,23,24,25,

26,27,28,29,30,31,32,3

3,34,35,36,37,38,39,40,

41,42,43,44,45 

CM_LYMPH,

CM_TUMOR* 

    

Comorbities/co

-diagnosis‡ 

   

Cardiomyopath

y 

425.xx   

Known 

Coronary 

Artery Disease 

414.00, 414.01, 414.02, 414.03, 

414.04, 414.05, 414.06, 414.07 

  

Prior 

Myocardial 

Infarction 

412.xx   

Prior 

Percutaneous 

Coronary 

Intervention 

V45.82   

Prior Coronary 

Bypass Grafting 

V45.81   

Carotid Disease 433.10   

Prior 

TIA/Stroke 

438.xx,V12.54   

Atrial 

Fibrillation 

427.31   

Hypertension  98,99 CM_HTN_C 

Diabetes  49,50 CM_DX,CM_

DMCX 



 

Obesity 278.xx  CM_OBESE 

Chronic Kidney 

Disease 

 158 CM_RENLFA

IL 

Hyperlipidemia  53  

Peripheral 

Vascular 

Disease 

 114 CM_PERIVAS

C 

Smoking 305.1x, V158.2   

    

Procedures    

    

In-Hospital 

Complications 

   

Acute Kidney 

Injury 

584.5x, 584.6x, 584.7x, 584.8x, 

584.9x 

157  

Vascular 

Complication 

900.xx, 901.xx, 902.xx, 903.xx, 

904.xx, 998.2x, 999.2x, 997.7x, 

447.0x, 868.04 

AND 

39.31, 39.41, 39.49, 39.52, 

39.56, 39.57, 39.59, 39.79 

  

Stroke 431.xx, 435.0x, 435.1x, 435.2x, 

435.3x, 435.8x, 435.9x, 433.01, 

433.11, 433.21, 433.31, 433.81, 

433.91, 434.01, 434.11, 434.91, 

997.01, 344.60, 344.61 

  

Myocardial 

Infarction 

411.1x, 410.11, 410.21, 410.31, 

410.41, 410.51, 410.61, 410.71, 

410.81, 410.91,410.01 

  

Cardiogenic 

Shock 

785.51   

Cardiac Arrest 427.5x, 427.41   

Blood 

Transfusion 

99.00, 99.01, 99.02, 99.03, 99.04   

Pacemaker 

Implantation 

37.80, 37.81, 37.82, 37.83, 00.50   

 



 

Table S2. Complications, length of stay and disposition after TAVR and SAVR, among cancer and non-cancer patients from 2012-2015. The 

absolute numbers are weighted. 

 TAVR   SAVR   

 
Cancer (N = 

10,670) 

Non-Cancer (N = 

36,625) 
P-value 

Cancer (N = 

17,290) 

Non-Cancer (N = 

96,115) 
P-value 

In-hospital Complications (N, 

%) 

 
  

   

Permanent pacemaker 

implantation 
1,210 (11.3) 3,990 (10.9) 0.57 960 (5.6) 4,605 (4.8) 0.05 

Transient ischemic attack/stroke 255 (2.4) 1,000 (2.7) 0.332 395 (2.3) 2,400 (2.5) 0.41 

Cardiogenic shock 195 (1.8) 945 (2.6) 0.04 415 (2.4) 2,815 (2.9) 0.07 

Cardiac arrest 360 (3.4) 1,365 (3.7) 0.46 490 (2.8) 2,910 (3.0) 0.55 

Acute kidney injury 1,525 (14.3) 6,340 (17.3) 0.001 2,595 (15.0) 14,290 (14.9) 0.81 

Blood transfusion 2,110 (19.8) 7,045 (19.2) 0.61 5,800 (33.6) 29,430 (30.6) 0.0004 

Discharge Disposition and 

Outcomes (%)   0.008   <0.0001 

Home Discharge 4,395 (41.2) 13,550 (37.1)  5,580 (32.3) 7,141 (37.2)  

Transfer to SNF or acute care 

hospital 
3,305 (31.0) 11,560 (31.6)  6,785 (39.3) 35,105 (36.5)  

Home Health Care 2,720 (25.5) 10,340 (28.2)  4,635 (26.8) 23,305 (24.3)  

In-hospital Mortality 250 (2.3) 1,160 (3.2) 0.043 270 (1.6) 1,895 (2.0) 0.11 

LOS after AVR, days (Mean 

±SE) 
5.0±0.1 5.4±0.1 <0.0001 7.1±0.1 7.2±0.04 <0.0001 

 

LOS, length of stay; AVR, aortic valve replacement; TAVR, transcatheter aortic valve replacement; SAVR, surgical aortic valve replacement; SNF, 

skilled nursing facility. 

 

 



 

Table S3. Standardized associations between hospitalizations for TAVR, compared to SAVR, on in-hospital complications, discharge 

disposition, and length of stay after valve replacement, among cancer and non-cancer patients who underwent TAVR.  

 Breast Cancer 

[OR (95% CI)] 
Lung Cancer [OR 

(95% CI)] 

Colon Cancer 

[OR (95% CI)] 

Prostate Cancer 

[OR (95% CI)] 

Other Cancers 

[OR (95% CI)] 

In-hospital Complications      

Permanent pacemaker implantation 1.97 (1.15, 3.37) 5.40 (1.80,16.24) 7.49 (2.76, 20.34) 3.74 (2.15, 6.51) 1.57 (1.11, 2.21) 

Transient ischemic attack/stroke 1.44 (0.58, 3.55) 0.61 (0.17, 2.22) 1.65 (0.34, 7.01) 0.80 (0.38, 1.68) 0.71 (0.40, 1.26) 

Cardiogenic shock 0.90 (0.33, 2.45) 0.31 (0.03, 3.05) 0.63 (0.18, 2.24) 0.41 (0.14, 1.19) 0.53 (0.30, 0.92) 

Cardiac arrest 1.19 (0.52, 2.71) 2.41 (0.64, 9.18) 4.62 (0.97, 21.90) 1.49 (0.64, 3.46) 0.94 (0.57, 1.56) 

Acute kidney injury 0.76 (0.50, 1.17) 0.57 (0.30, 1.06) 1.16 (0.69, 1.95) 0.62 (0.44, 0.87) 0.59 (0.47, 0.75) 

Blood transfusion 0.45 (0.32, 0.62) 0.44 (0.25, 0.79) 0.51 (0.33, 0.78) 0.48 (0.36, 0.66) 0.41 (0.33, 0.50) 

Discharge Disposition and 

Outcomes      

Home Discharge 1.97 (1.43, 2.71) 1.21 (0.74, 1.98) 1.89 (1.23, 2.90) 1.95 (1.50, 2.55) 1.91 (1.56, 2.33) 

Transfer to SNF or acute care hospital 0.69 (0.51, 0.93) 0.67 (0.40, 1.12) 0.73 (0.49, 1.11) 0.66 (0.49, 0.88) 0.74 (0.61, 0.91) 

Home Health Care 0.73 (0.54, 0.99)  1.25 (0.75, 2.09) 0.75 (0.50, 1.12) 0.71 (0.54, 0.93) 0.68 (0.56, 0.82) 

In-hospital Mortality 1.86 (0.75, 4.62) 0.64 (0.10, 4.02) 0.96 (0.24, 3.90) 0.85 (0.35, 2.05) 1.51 (0.77, 2.96) 

 Overall 

CIE (95% CI) 

Overall 

CIE (95% CI) 

Overall 

CIE (95% CI) 

Overall 

CIE (95% CI) 

Overall 

CIE (95% CI) 

LOS after AVR, days -1.78 (-1.13, -2.42) -3.34 (-1.75, -4.93) -2.05 (-0.82, -3.28) -1.84 (-1.24, 2.43) -1.37 (-0.87, 1.86) 
 

OR, odds ratio; CI, confidence interval; CIE, change in estimate; LOS, length of stay; AVR, aortic valve replacement; TAVR, transcatheter aortic 

valve replacement; SAVR, surgical aortic valve replacement; SNF, skilled nursing facility. 
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