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Routine preprocedural chest and abdomen computed tomography is done prior to trans-
catheter aortic valve implantation (TAVI), which, in turn, have led to the discovery of
radiographic potentially malignant incidental masses (pMIM). It is largely unknown
whether pMIM impact the outcomes of patients undergoing TAVI. In this retrospective
cohort study from a single center, 1,081 patients underwent TAVI from 2012 to 2016, who
had available computed tomographies, survived the index hospitalization, and also had
1 year follow-up data for review. Machine learning (backward propagation neural
network)—augmented multivariable regression for mortality by pMIM was conducted. In
this cohort of 1,081 patients, the mean age was 79.1 (§ 9.0), 48.8% were females, 16.8%
had a history of prior malignancy, and 21.1% had pMIM. One-year mortality for the
entire cohort was 12.6%. The most common prior malignancies were prostate, breast, and
lymphoma and the most common pMIM were present in the lung, kidneys, and thyroid.
In a fully adjusted regression analysis, neither prior malignancy nor pMIM increased
mortality odds. However, having both was associated with a higher 1-year mortality (odds
ratio 4.02, 95% confidence interval 1.50 to 10.73, p = 0.006). In conclusion, presence of
pMIM alone was not associated with an increased 1-year mortality among patients under-
going TAVI. However, the presence of pMIM and a history of prior malignancy was asso-
ciated with a significant increase in 1-year mortality. © 2020 Elsevier Inc. All rights
reserved. (Am J Cardiol 2020;132:114−118)
Texas McGovern School of Medicine, Houston, Texas

RJ, KP, CL, EGS, SJ, YZ, PB, TCN, AE, IDG, PL, BK,
bMemorial Herman Heart and Vascular Center, Texas

ouston, Texas (PB, TCN, AE, RWS, AD). Manuscript

20; revised manuscript received and accepted July 3, 2020.

or disclosure information.

g author. Tel.: 713-500-6071; fax: 713-512-2245.

s: abhijeet.dhoble@uth.tmc.edu (A. Dhoble).

www.ajconline.orgElsevier Inc. All rights reserved.

1016/j.amjcard.2020.07.003
Indications for transcatheter aortic valve implantation
(TAVI) are rapidly expanding. Gated computed tomogra-
phy (CT) of the chest, abdomen, and pelvis has become a
standard method for evaluation prior to TAVI for proce-
dural planning.1 The majority of the patients who undergo
TAVI are elderly.2,3 As a result, multiple radiographic
potentially malignant incidental masses (pMIM) are
detected in otherwise asymptomatic patients.4−6 Since
TAVI is recommended to be performed only if the expected
survival of these patients is more than a year, the finding of
pMIM introduces a potential dilemma since it is not well
known how its presence may impact outcomes of these
patients. Only a few small studies have reported outcomes
on the patients with pMIM undergoing TAVI,3,7−13 and the
data from larger cohorts with long-term follow-up is lack-
ing. Given the decision-making implications of such pMIM
in patients evaluated for TAVI, it is critical to understand
their impact on outcomes and particularly on mortality. In
this retrospective study, we examined the outcomes of
patients with pMIM undergoing TAVI.
Methods

This is a retrospective cohort study from a single high-
volume tertiary center.

Inclusion criteria were all adults who underwent TAVI
from January 2012 to December 2016. Only patients who
survived the index hospitalization, had available CT
images, and 1-year follow-up data for review were included
for further analysis. All CTs were screened for pMIM by a
board-certified radiologist prior to TAVI evaluation. There
is no single definition of pMIM but rather dependent on the
history, location, size and characteristics of the mass. Fur-
thermore, all pMIM were classified with appropriate fol-
low-up imaging recommendations based on American
College of Radiology guidelines. For masses that were
most likely malignant, oncology team was consulted for
further evaluation. A heart team, including interventional
and imaging cardiologists, and cardiothoracic surgeons
made the final decision regarding treatment options. Base-
line characteristics, procedural data and outcome data were
also collected. Follow-up outpatient visit data were col-
lected at 30 days, and 12 months post TAVI. The primary
outcome was 1-year mortality. The study was reviewed and
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approved by the Institutional Review Board of the Univer-
sity of Texas Health Science Center, Houston, Texas.

All CT examinations were performed on a 64-slice CT
scanner (Toshiba Aquilion 64, Toshiba Medical Systems,
Tustin, California) using retrospective ECG-gated helical
acquisition and the following scan parameters: 400 ms gan-
try rotation time, detector collimation 0.5 mm, tube voltage
of 100 to 120 kVp and tube current of 500 mA. Two scout
views of the thorax and abdomen (from mandible to pubic
symphysis) were taken prior to data acquisition, followed by
gated contrast-enhanced cardiac imaging and arterial phase
of a second nongated scan. One minute later, a venous phase
of chest and the abdomen and pelvis was acquired. A total of
150 mL of contrast agent (Omnipaque 350 or Visipaque 320)
was administered intravenously at a flow rate of 5 mL/s, fol-
lowed by 50 mL of saline bolus chaser.

We used Stata/IC -14.2 (College Station, StataCorp LP,
College Station, Texas) for our analysis. Descriptive statis-
tics were performed for the entire sample. Bivariable analy-
sis based on 1-year mortality was separately conducted
using independent sample t-test comparing means. Machine
learning (backward propagation neural network)—aug-
mented multivariable regression for mortality by pMIM
was conducted. Wilcoxon rank sum tests were used to com-
pare medians for continuous variables as appropriate, and
Pearson’s chi-square test or Fisher’s exact test were used to
compare proportions for categorical variables as appropri-
ate. Forward and backward stepwise regression augmented
multivariable regression was conducted in 3 phases.

First, statistically significant results from bivariable analy-
sis and those identified as clinically significant were consid-
ered for possible inclusion in the final regression models.
Next, those variables were run through stepwise forward and
backward regression to support statistical and clinical deter-
mination of final model inclusion. Hosmer-Lemeshow’s
goodness-of-fit test, Akaike’s and Schwarz’s Bayesian infor-
mation criteria, and area under the curve were utilized to
determine if the final models fit the data well. All regression
Table 1

Descriptive and bivariable analysis by 1-year mortality (n = 1,081)

Variables

Sample

(n= 1,081)

Age, mean (SD) (years) 79.1 (9.0%)

Female 525 (48.8%)

White 845 (79.4%)

Black 56 (5.3%)

Hispanic 150 (14.1%)

Other 13 (1.2%)

STS Score, median (range) 8.2 (5.1-11.3)

Prior malignancy 181

Prostate 34

Breast 28

NHL 12

pMIM 228

Lung 110

Renal 51

Thyroid 33

pMIM = potentially malignant incidental mass; STS = Society of Thoracic Surg
estimates with 95% confidence intervals (CIs) are reported as
fully adjusted results. Finally, Kaplan Meier curves were con-
structed based on the days from TAVI to death with log-rank
test for equality of curves. Statistical significance was set at
2-tailed p value <0.05.
Results

A total of 1,177 patients underwent TAVI from 2012 to
2016. Of those, 1,081 patients survived the index hospitali-
zation, had available CTs and 1 year follow-up, and hence
were included in the final analysis. For the 1,081 patients,
mean age was 79.1 (§9.0), 16.8% had prior malignancy,
and 21.1% had pMIM. Of the 228 patients with pMIM,
18.9% had prior history of malignancy. The most common
prior malignancies were prostate, breast, and lymphoma
and the most common pMIM locations were lung, kidneys,
and thyroid in that order. All patients with prior malignan-
cies were in remission when being evaluated for TAVI.
There were 228 (21.1%) patients with pMIM, and they
were significantly more likely to have a history of Non-
Hodgkin’s lymphoma (2.6% vs 0.7%, p = 0.014) if they had
a prior malignancy.

Total 1-year mortality for the cohort was 12.6% (Table 1).
In patients with pMIM, crude mortality was 40 (17.5%),
compared with 90 (10.6%) in patients without pMIM. In fully
adjusted regression analysis controlling for age, sex, race,
and Society of Thoracic Surgery risk score, prior malignancy
and pMIM did not separately increase the odds of 1-year
mortality. But the mortality was significantly higher when
pMIM was present in patients with history of prior malig-
nancy (odds ratio 4.02, 95% CI 1.50 to 10.73, p = 0.006)
(Table 2). In sub-group regression analysis by prior malig-
nancy or pMIM type, no specific malignancy or location of
pMIM significantly increased the mortality odds. The
Kaplan-Meier analysis for mortality is depicted in Figure 1.

A limited number of patients with pMIM underwent fur-
ther work up before or soon after the TAVI, based on the
1-year mortality p Value

No Yes

(n = 945) (n = 136)

78.85 (9.1%) 81.1 (8.0%) 0.007

472 (50.2%) 53 (39.0%) 0.015

725 (78.0%) 120 (88.9%)

55 (5.9%) 1 (0.7%)

136 (14.6%) 14 (10.4%)

13 (1.4%) 0

8.1 (4.96-10.9) 9.9 (7.0-13.5) <0.001
150 31 0.044

26 8 0.050

26 2 0.565

11 1 1.000

188 40 0.011

93 17 0.338

41 10 0.121

26 7 0.129

ery.



Table 2

Multivariable regression of 1-year mortality (n = 1,081)

Predictor Odds Ratio (95% CI; p Value)

Age (10-year intervals) 1.02 (1.00-1.04; p = 0.069)

Female 0.62 (0.42-0.90; p = 0.013)

Non-White 0.21 (0.06-0.67; p = 0.008)

Prior malignancy 1.01 (0.56-1.82; p = 0.970)

pMIM 1.19 (0.73-1.94; p = 0.490)

pMIM + Prior malignancy 4.02 (1.51-10.73; p = 0.006)

STS score 1.05 (1.02-1.08; p = 0.001)

pMIM = potentially malignant incidental mass ; STS = Society of Tho-

racic Surgery.

Table 3

Descriptive and bivariable analysis by 1-year mortality (n = 1,081)

Variable Sample n 1-year mortality p Value

No Yes

pMIM 228 188 40 0.011

pMIM + Prior malignancy 43 28 15 0.001

Prior malignancy 181 150 31 0.044

Prior + Active malignancy 27 22 5 0.835

Active malignancy 27 22 5 0.347

Malignancy by biopsy 0.769

None 3 3 0

Neuroendocrine 1 1 0

Lung 1 1 0

Bladder 1 1 0

Liver 1 1 0

B-cell lymphoma 2 1 1

Colon 2 2 0

Renal 2 2 0

Subsequent treatment 17 17 0 0.147

Surgery 11 11 0

Chemotherapy 9 9 0

Radiation 1 1 0

pMIM = potentially malignant incidental mass.
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evaluation and recommendations from an oncologist. Out of
228 patients with pMIM, 27 patients were found to have
active malignancy. The patients then appropriately underwent
required treatment and surveillance prior to TAVI (Table 3).
Identification of new active malignancy did not affect 1-year
mortality. In fully adjusted regression model using the same
variables as in the previously mentioned models with the
additional variable of the interaction term between active and
prior malignancy, there was neither significant association
between 1-year mortality and active malignancy, nor with
having both active and prior malignancy.
Discussion

This is a large study of TAVI subjects demonstrating that
pMIM detected during the preprocedural work-up do not
increase 1-year mortality after TAVI in patients with no
prior history of malignancy. This supports findings from
prior small studies showing that the vast majority of pMIM
are nonmalignant (95.6% of cases in our study).

With the favorable results of low risk TAVI trials,14,15 it
is expected that the number of TAVIs performed will
increase. As a result, more pre-TAVI CTs will be
Figure 1. Kaplan-Meier analysis from TAVI to death within 1-year by potentially

40 for potentially malignant incidental mass versus 96 for no mass, p = 0.663. Me

for no mass, p = 0.163.
performed leading to the increasing diagnosis of pMIM.
Physicians face a dilemma as some pMIM may require
additional workup delaying TAVI. Often, it is not possible
to prognosticate these patients without a tissue diagnosis.
Risk stratification for the invasive biopsy procedure in
patients with symptomatic AS can be challenging and
remains at the discretion of the treating physician and
oncologist, in the absence of specific guidelines.

Most patients are at high risk for peri-procedural compli-
cations for any invasive biopsies. Therefore, more often,
TAVI is recommended and performed prior to a definitive
diagnosis and treatment of underlying pMIM.
malignant incidental mass (n = 1,081). Log-rank test for equality of curves:

dian days (range) to death: 215 (91� 316) for mass versus 153 (29� 319)
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In our cohort, 21.1% of patients undergoing TAVI had
pMIM and 4.4% of those were found to be malignant. This
prevalence is similar to previously published studies with
23.7% noncardiovascular incidental findings and 3.8%
highly suspicious malignant findings.11,16,17 Clinical signifi-
cance of pMIM as it relates to additional diagnostic workup
or prognosis remains unclear. Recently, several diagnostic
algorithms were proposed18,19 that may benefit the typical
elderly, symptomatic TAVI patients, with multiple comor-
bidities. In such patients, it is critical to expedite the
workup in order to proceed with the appropriate therapy in
a timely manner.

Noncardiac clinically significant findings have been
reported in 1.2% to 28.0% of cardiac CT examinations.20 In
1 study, Solitary pulmonary nodules (<3 cm) was found in
18.0% of the subjects who underwent TAVI; no difference
in mortality was noted at 1 year.13,20 In our study, we noted
Solitary pulmonary nodules incidence of 10.2% which is
likely due to lower incidence of smoking (32% in our
cohort vs 52% in the other study).

In another study, the rate of prior malignancy in the
TAVI group was 19.1%. Having prior malignancy alone
did not increase the risk of mortality in patients undergoing
TAVI. However, if the prior malignancy was within 1 year
of TAVI, mortality was increased.21 In our study, the
patients with pMIM experienced higher mortality if they
also had prior history of malignancy.

In 1 study, selected active cancer patients with severe AS
who underwent TAVI had similar survival rates compared
with patients without cancer.22 Patients with active cancer
also experienced better survival than medical therapy along
group, regardless of cancer type or cancer treatment.10

Although we did not focus on patients with active cancer in
our study due to limited numbers, it is reassuring that these
patients also had favorable outcomes.

Our data show that mortality is not significantly different
in patients with pMIM and severe AS undergoing TAVI.
However, in patients with history of malignancy and
pMIM, 1-year mortality is increased. Our study suggests
that clinicians may be reasonably assured about the absence
of mortality benefit for extensive pre-TAVI workup of a
pMIM, particularly if the patient does not have a prior his-
tory of malignancy.

There are several limitations to our study. First, the study
is a single center study and includes only patients who
underwent TAVI. This introduces selection bias, which is
unavoidable due to the single center nature of the study.
Data were not available for patients who were deemed poor
candidates, based due to either nonsuitable anatomy for
TAVI, or widespread nature of the pMIM.

Secondly, mass size was not available. However, major-
ity of the patients with pMIM were evaluated by medical
oncologist and patient’s history, size and location of mass
(es) were taken into consideration prior to TAVI.

In addition, cause of death and rate of re-hospitalization
was not available. We also do not have information about
newly diagnosed cancer in patients without pMIM post
TAVI. Furthermore, most patients with pMIM did not get
biopsy, due to small size of the mass. Therefore, it is
unknown if those lesions were truly benign.
Single arterial phase was scanned during the body CTA
and certain tumors of liver, pancreas, colorectal, prostate,
kidney and bladder may have been missed.9,11

In conclusion, preprocedural TAVI planning requires a
chest and abdomen CT which leads to the discovery of
pMIM. Expanding indications for TAVI will lead to more
CTs, thus increasing incidence of pMIM. Our data indicate
that after careful consideration of risks and benefits discus-
sion with heart team, patients with pMIM can proceed with
TAVI. However, patients with prior malignancy and pMIM
were associated with increase in 1-year mortality and addi-
tional workup prior to TAVI is recommended.
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