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Objectives. (is study was conducted to determine why heart teams recommended transcatheter aortic valve replacement (TAVR)
versus surgical AVR (SAVR) for patients at low predicted risk of mortality (PROM) and describe outcomes of these cases.
Background. Historically, referral to TAVR was based predominately on the Society of (oracic Surgeons (STS) risk model’s
PROM >3%. In selected cases, heart teams had latitude to overrule these scores. (e clinical reasons and outcomes for these cases
are unclear.Methods. Retrospective data were gathered for all TAVR and SAVR cases conducted by 9 hospitals between 2013 and
2017. Results. Cases included TAVR patients with STS PROM >3% (n� 2,711) and ≤3% (n� 415) and SAVR with STS PROM ≤3%
(n� 1,438). Leading reasons for recommending TAVR in the PROM ≤3% group were frailty (57%), hostile chest (22%), severe
lung disease (16%), and morbid obesity (13%), and 44% of cases had multiple reasons. Most postoperative and 30-day outcomes
were similar between TAVR groups, but the STS PROM ≤3% group had a one-day shorter length of stay (2.5± 3.4 vs.
3.5± 4.7 days; p≤ 0.001) and higher one-year survival (91.6% vs. 86.0%, p � 0.002). In patients with STS PROM ≤3%, 30-day
mortality was higher for TAVR versus SAVR (2.0% vs. 0.6%; p< 0.001). Conclusions. Heart teams recommended TAVR in
patients with STS PROM ≤3% primarily due to frailty, hostile chest, severe lung disease, and/or morbid obesity. Similar
postoperative outcomes between these patients and those with STS PROM >3% suggest that decisions to overrule STS PROM ≤3%
were merited and may have reduced SAVR 30-day mortality rate.

1. Introduction

Over the past decade, surgical aortic valve replacement
(SAVR) has largely been supplanted by transcatheter aortic
valve replacement (TAVR) as the preferred intervention for
most patients with severe symptomatic aortic stenosis (AS)

[1,2]. Eligibility for TAVR in the United States is governed
by federal regulations, which have changed twice in the last
decade. Prior to 2016, federal regulations reserved TAVR for
patients at high or prohibitive risk for SAVR predominately
based on the Society of (oracic Surgeons-predicted risk of
mortality (STS PROM) model for SAVR. In 2016, after
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clinical trials showed that TAVR was either superior or
noninferior to SAVR in the treatment of patients with severe
symptomatic AS at intermediate risk of postoperative
mortality [3,4], TAVR eligibility was expanded to include
intermediate-risk patients (STS PROM scores >3%). Fol-
lowing comparable randomized studies in patients at low
risk for SAVR (STS PROM < 3–4%), eligibility changed
again in 2019 to permit TAVR in patients with STS PROM
scores ≤3% [5–7].

STS PROM scoring algorithms do not incorporate all the
clinical factors that clinicians evaluate when determining
patient risk, such as the presence of porcelain aorta. (us,
federal guidelines have always afforded clinical discretion to
local heart teams such that they may recommend TAVR if it
is believed that a patient’s individualized risk is not ade-
quately represented by the STS PROM risk model. However,
little is known about the effects of this discretionary deci-
sion-making on the postoperative outcomes of TAVR in
real-life populations. In particular, reasons for recom-
mending TAVR in patients with STS PROM scores ≤3%
have not been reported, and there are few reports of
postoperative outcomes in such cases. (e purpose of this
study was to identify the specific clinical factors that led local
heart teams to overrule STS PROM scores ≤3% and to
summarize clinical outcomes for these cases. In addition, we
sought to compare the baseline characteristics and in-hos-
pital outcomes of AS patients with STS PROM ≤3% whom
the local heart team referred for SAVR, anticipating ex-
clusion of patients with higher risk clinical conditions not
incorporated by the STS PROM risk model might lead to
improved SAVR outcomes.

2. Materials and Methods

2.1. Ethics Statement. (is retrospective data collection
study was approved by the Providence Health Care Insti-
tutional Review Board. (e Institutional Review Board
waived the requirement for informed consent due to the
retrospective nature of the study.

2.2. Data Collection. Patients who underwent nonclinical
trial TAVR and SAVR between 2013 and 2017 were iden-
tified from 9 hospitals in the Providence St. Joseph Health
System across 5 western states (Alaska, California, Montana,
Oregon, and Washington). In those hospitals that were not
performing TAVR at the beginning of the time period,
inclusion of SAVR patients did not start until the date of the
first TAVR at that hospital. Only SAVR patients with STS
PROM ≤3% were included in this study.

Demographic and clinical data for TAVR patients, in-
cluding STS PROM scores, were gathered from the STS/
American College of Cardiology Transcatheter Valve
(erapy (TVT) Registry™ [8]. (e outcomes including
significant cardiac event, stroke, acute kidney injury (stage
3), bleeding (disabling or life threatening), vascular access
site complications, and device complications were defined by
TVT Registry™ V2.1 Institutional Outcomes Report Com-
panion Guide for TAVR Procedures. Similar data for SAVR

patients was obtained from the STS Adult Cardiac Surgery
Database [9]. (e outcomes followed TVT definitions, ex-
cept that the variables significant cardiac events, bleeding
(disabling or life threatening), vascular complications, and
device complications were not available. One-year survival
status for TAVR cases was determined by using data from
the TVT Registry™, electronic medical records, and the
Social Security Death Index. Accurate survival data for the
SAVR group were only possible to 30 days as per the registry
collection requirements.

Based on the type of procedure and the 2008 STS PROM
risk model, which was the model in use during the data
collection period, patients were classified into one of the
three subgroups: TAVR with STS PROM ≤3%, TAVR with
STS PROM >3%, and SAVR with STS PROM ≤3%.

Missing data were handled as described in Supple-
mentary Materials 1.

2.3. Surveys to Heart Teams. Local heart teams at each
hospital agreed to complete surveys for all cases in which
TAVR was recommended for patients with STS PROM ≤3%
(Supplementary Materials 2; survey instrument). Study
surveys were completed by TAVR coordinators or a designee
at each site. Surveys were collected by encrypted e-mail, and
answers were collated in Microsoft Excel®. Surveys
prompted respondents to list the specific clinical factor(s)
driving the local heart team’s recommendation, and re-
spondents were allowed to select more than one reason per
case. Unclear answers were resolved by querying the elec-
tronic medical record.

2.4. Statistical Analysis. Continuous data were summarized
as mean± standard deviation (SD) or median (interquartile
range (IQR)) and compared between groups by the t-test or
Wilcoxon rank sum test, as appropriate. Categorical data
were presented as proportions and compared by the chi-
squared test or Fisher’s exact test, as appropriate. Long-term
survival was analysed with the Kaplan–Meier estimator and
compared using the log-rank test. Long-term readmission
with competing risk to mortality was represented by the
cumulative incidence function, with pointwise confidence
intervals (CIs) obtained using the method proposed by
Choudhury, and compared by Gray’s test [10,11]. Statistical
analyses were performed by using R version 3.5.1 [12]. (e R
packages survival and cmprskwere used. Significance was set
at p< 0.05.

3. Results

3.1. Patients. A total of 3,126 patients underwent nonclinical
trial TAVR in the Providence St. Joseph Health System from
2013 through 2017. Of these, 415 (13.3%) were identified by
the local heart team as having a calculated STS PROM ≤3%.
As median STS PROM scores decreased over the data
collection period from 7.8 in 2013 to 4.8 in 2017, the number
of TAVR cases increased markedly, from 179 in 2013 to
1,243 in 2017 (Figure 1). Similarly, the incidence of patients
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with an STS PROM ≤3% increased from 8.4% in 2013 to
16.3% in 2017 (Figure 2).

(e median risk scores were 6.0 for the STS PROM >3%
TAVR group and 2.3 for the STS PROM ≤3% group (Ta-
ble 1). Compared to patients with STS PROM >3%, TAVR
patients with STS PROM ≤3% were significantly younger
(74.4± 8.6 vs. 82.2± 8.4 years, respectively, p < 0.001) and
included more males (69.6% vs. 51.1%, respectively, p <
0.001). (e STS PROM ≤3% TAVR group had a significantly
better ejection fraction, higher mean gradients across the
aortic valve, and a lower incidence of moderate to severe
mitral regurgitation. Compared to the STS PROM >3%
TAVR group, there was a higher proportion of bicuspid
aortic valve morphology in the STS PROM ≤3% group (6.8%
vs. 2.4%, p< 0.001).

During the same time period, a total of 1,438 patients
with STS PROM ≤3% underwent isolated SAVR at these
same facilities. Compared to STS PROM ≤3% TAVR pa-
tients, SAVR patients had a lowermedian STS PROM (1.3 vs.
2.3; p< 0.001) and were also younger (64.4± 11.8 vs.
74.4± 8.6 years, p< 0.001). Many comorbidities such as
diabetes, prior stroke, peripheral arterial disease, atrial fi-
brillation/flutter, prior myocardial infarction, and advanced
chronic lung disease were more prevalent in the STS PROM
≤3% TAVR patients (all p< 0.001; Table 1). STS PROM ≤3%
SAVR patients were less likely to have had previous coronary
artery bypass, percutaneous coronary intervention, and
permanent pacemaker (all p< 0.001; Table 1).

3.2. Clinician Judgment of TAVR Eligibility. Table 2 shows
the clinical factors that led heart teams to recommend TAVR
in patients with STS PROM ≤3%. More than one factor was
given in 44.1% of surveys. Two, three, and four supporting
clinical factors were listed in 35.9%, 6.7%, and 1.4% of re-
sponses, respectively.

Frailty was themost common clinical factor supporting a
TAVR recommendation. Heart team surveys indicated that
heart teams defined frailty as either a prolonged 5-meter
walk test, use of a cane or walker, and/or wheelchair de-
pendency. Surveys also showed that, among patients rec-
ommended for TAVR on the basis of frailty, 14% of these
patients were wheelchair-dependent and for those who
could walk, the mean 5-meter walk time was 8.7± 3.1 sec-
onds. (e second most common factor for recommending
TAVR was a hostile chest. Among these cases, common
conditions included ascending aorta calcification (38% of
hostile chest cases), redo sternotomy in an octogenarian
(28%), history of chest radiation (14%), and prior left in-
ternal mammary artery graft under the sternum (12%).
Severe lung disease was the third most common factor for
recommending TAVR. Surveys reported that severe pul-
monary systolic hypertension (60.1± 14.1mmHg) was
present in 35% of patients recommended for this reason and
24% were oxygen-dependent. (e fourth most common
factor for a TAVR recommendation in patients with STS
PROM ≤3% was morbid obesity. Surveys showed that pa-
tients recommended for this reason had a mean BMI of
43.7± 11.4.

3.3.TAVRProceduralDetails. Compared to the STS PROM
>3% TAVR patients, the STS PROM ≤3% TAVR group
was more likely to undergo transfemoral TAVR (93.2% vs.
86.8%; p< 0.001) and had shorter procedure time
(86.6 ± 43.6min vs. 94.5 ± 50.4 min, p � 0.001) but used
more contrast (115.6 ± 74.0 vs. 103.8 ± 65.4 ml; p≤ 0.001)
(Table 3).

3.4. Postprocedural Complications and Outcomes.
Complications and postprocedural outcomes are shown in
Table 4. (e in-hospital mortality rate in the STS PROM
≤3% TAVR group was lower at 1.2% that at 2.6% in the STS
PROM >3% TAVR group (p � 0.118) but higher than that in
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Figure 1: STS PROM of patients undergoing transcatheter aortic
valve replacement procedures. Society of (oracic Surgeons pre-
dicted risk of mortality (STS PROM) scores for all transcatheter
aortic valve replacement (TAVR) procedures performed in nine
hospitals in a five-year period are shown. Values are displayed as
medians (middle bars) and interquartile ranges (solid boxes) on a
logit scale.
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Figure 2: Percentage of transcatheter aortic valve replacement
procedures performed in patients with STS PROM ≤3%. Per-
centage of overall transcatheter aortic valve replacement (TAVR)
procedures that were performed in patients with STS PROM ≤3%
by year of procedure is shown.
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Table 1: Baseline demographic and clinical characteristics by study groups. Blank responses in the SAVR group represent data not collected
in STS Adult Cardiac Surgery Database.

TAVR TAVR SAVR
p value (TAVR, STS
PROM> 3% vs. ≤3%)

p value (STS
PROM≤ 3%, TAVR vs.

SAVR)
STS PROM≤ 3%

(N� 415)
STS PROM> 3%

(N� 2,711)
STS PROM≤ 3%

(N� 1,438)
STS PROM %, mean± SD 2.3± 0.5 7.2± 4.2 1.4± 0.7 <0.001 <0.001
STS PROM %, median (IQR) 2.3 (1.9–2.7) 6.0 (4.4–8.6) 1.3 (0.9–1.9) <0.001 <0.001
Age, mean± SD 74.4± 8.6 82.2± 8.4 64.4± 11.8 <0.001 <0.001
Male, N (%) 289 (69.6%) 1385 (51.1%) 943 (65.6%) <0.001 0.123
BSA, median (IQR) 2.0 (1.8–2.1) 1.9 (1.7–2.0) 2.0 (1.9–2.2) <0.001 0.231
BMI, median (IQR) 28.4 (25.2–34.1) 27.1 (23.7–31.9) 29.1 (25.6–33.2) <0.001 0.400
Race Caucasian, N (%) 395 (95.2%) 2575 (95.0%) 1305 (92.4%) 0.864 0.052
Permanent pacemaker, N (%) 33 (8.0%) 390 (14.4%) 38 (2.6%) <0.001 <0.001
Prior ICD, N (%) 6 (1.4%) 93 (3.4%) 11 (0.8%) 0.031 0.200
Prior PCI, N (%) 128 (30.8%) 986 (36.4%) 113 (7.9%) 0.028 <0.001
Prior CABG, N (%) 53 (12.8%) 608 (22.4%) 33 (2.3%) <0.001 <0.001
Previous AV replacement, N
(%) 30 (7.2%) 153 (5.6%) 59 (4.1%) 0.202 0.009

Prior stroke, N (%) 67 (16.1%) 346 (12.8%) 81 (5.6%) 0.059 <0.001
Prior PAD, N (%) 106 (25.5%) 909 (33.5%) 85 (5.9%) 0.001 <0.001
Current/recent smoker, N (%) 39 (9.4%) 163 (6.0%) 142 (9.9%) 0.009 0.761
Hypertension, N (%) 342 (82.4%) 2407 (88.8%) 1039 (72.3%) <0.001 <0.001
Diabetes, N (%) 118 (28.5%) 1097 (40.5%) 303 (21.1%) <0.001 0.001
GFR, median (IQR) 77.5 (62.4–97.0) 58.3 (43.5–74.3) 81.3 (68.8–94.1) <0.001 0.011
Currently on dialysis, N (%) 1 (0.2%) 125 (4.6%) 4 (0.3%) <0.001 >0.999
Chronic lung disease,
moderate/severe, N (%) 52 (12.6%) 599 (22.2%) 30 (2.1%) <0.001 <0.001

Home oxygen, N (%) 25 (6.0%) 300 (11.1%) 7 (0.5%) 0.002 <0.001
Hostile chest, N (%) 41 (9.9%) 174 (6.4%) 0.009
Immunocompromise present,
N (%) 37 (8.9%) 374 (13.8%) 49 (3.4%) 0.006 <0.001

Prior MI, N (%) 77 (18.6%) 639 (23.6%) 102 (7.1%) 0.023 <0.001
NYHA class III or IV within
2weeks, N (%) 253 (61.6%) 2006 (74.3%) 233 (16.2%) <0.001 <0.001

Calcified/atherosclerotic aorta,
N (%) 36 (8.7%) 112 (4.1%) 20 (1.4%) <0.001 <0.001

Left ventricle ejection fraction
(%), median (IQR) 61.0 (55.0–65.0) 60.0 (45.0–65.0) 61.0 (58.0–65.0) <0.001 0.961

Atrial fibrillation/flutter, N
(%) 125 (30.1%) 1201 (44.4%) 141 (10.1%) <0.001 <0.001

Five-meter walk time (sec),
median (IQR) 6.7 (5.0–8.0) 7.7 (6.0–9.7) 5.0 (4.0–5.3) <0.001 <0.001

AV peak velocity m/sec,
median (IQR) 4.2 (3.8–4.5) 4.1 (3.6–4.5) 0.002

AV peak gradient mmHg,
median (IQR) 70.0 (58.0–83.0) 67.0 (53.0–80.0) 0.001

AV annulus diameter size
(mm), median (IQR) 24.0 (22.0–26.0) 23.0 (21.0–25.0) <0.001

Smallest AV area (cm2),
median (IQR) 0.8 (0.6–0.9) 0.7 (0.6–0.8) 0.8 (0.7–0.9) <0.001 0.106

AV mean gradient mmHg,
median (IQR) 42.0 (36.0–51.8) 40.0 (31.0–49.0) 45.0 (38.0–55.0) <0.001 <0.001

AV morphology bicuspid, N
(%) 28 (6.8%) 66 (2.4%) <0.001

MV regurgitation, moderate/
severe, N (%) 56 (13.5%) 672 (24.9%) 114 (8.0%) <0.001 0.001

Blank responses in the SAVR group represent data not collected in STS Adult Cardiac Surgery Database. Abbreviations: IQR�interquartile range;
SD�standard deviation; STS PROM�predicted risk of mortality for surgical aortic valve replacement based on the Society for (oracic Surgeon’s risk model;
BSA�body surface area; BMI�body mass index; ICD�implantable cardioverter defibrillator; CABG�coronary artery bypass graft; AV�aortic valve;
PAD�peripheral arterial disease; GFR�glomerular filtration rate; MI�myocardial infarction; NYHA�New York Heart Association; MV�mitral valve.
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the STS PROM ≤3% SAVR group (1.2% vs. 0.3%; p � 0.031).
Major in-hospital complication rates were similar be-
tween the TAVR groups. (ere was no difference in in-
cidence of a significant cardiac event, requirement for
pacer or implantable cardioverter (ICD), stroke, acute
kidney injury, disabling or life-threatening bleeding,
vascular access site complication, device complication, or
moderate to severe aortic regurgitation. In comparison to
STS PROM ≤3% SAVR patients, STS PROM ≤3% TAVR
patients were less likely to receive a red blood cell
transfusion (5.1% vs. 14.3%; p< 0.001) but with a higher
need for a permanent pacemaker or ICD (6.9% vs. 4.2%;
p � 0.027). Acute kidney injury and stroke rates were
similar between these groups.

(e STS PROM ≤3% TAVR group had a lower post-
procedure hospital stay (2.5± 3.4 vs. 3.5± 4.7 days;
p≤ 0.001) and was more likely to be discharged to home
(93.9% vs. 84.6%, p< 0.001) than that of the STS PROM >3%
TAVR group. In comparison to STS PROM ≤3% SAVR
patients, STS PROM ≤3% TAVR patients also had a lower
postprocedure hospital stay (2.5± 3.4 vs. 5.8± 3.4 days;
p≤ 0.001) and higher likelihood of discharge to home
(93.9% vs 86.8%; p< 0.001).

(e 30-day mortality trended lower in the STS PROM
≤3% TAVR group than in STS PROM >3% TAVR group
(2.0% vs. 3.6%; p � 0.097). In contrast, the 30-day mor-
tality rate was higher for the STS PROM ≤3% TAVR group
than the STS PROM ≤3% SAVR group (2.0% vs 0.6%;

Table 2: Reasons for recommending transcatheter aortic valve replacement surgery for patients with STS PROM ≤3%.

Reason N % of patients
Total 638 100.0%
Frailty 236 56.9%
Hostile chest 92 22.2%
Severe lung disease 66 15.9%
Obesity 52 12.5%
Risk of stroke 38 9.2%
Cirrhosis 32 7.7%
Bleeding concern 29 7.0%
Malignancy 28 6.7%
Cognitive impairment 22 5.3%
Need for urgent noncardiac surgery 13 3.1%
Malnutrition 9 2.2%
Others 8 1.9%
Unknown 13 3.1%

# of factors N % of patients
Patients with 1 factor 219 52.8%
Patients with 2 factors 149 35.9%
Patients with 3 factors 28 6.7%
Patients with 4 factors 6 1.4%
More than one reason could be recommended per case. Percent was calculated based on the total number of patients included in this analysis (n� 415).

Table 3: Procedure information of TAVR groups.

TAVR TAVR
p valueSTS PROM≤3% (N� 415) STS PROM>3% (N� 2,711)

TAVR access site, N (%) <0.001
Femoral 389 (94.0%) 2345 (87.0%)
Transapical 14 (3.4%) 191 (7.1%)
Transcarotid 6 (1.4%) 73 (2.7%)
Subclavian/axillary 3 (0.7%) 62 (2.3%)
Others 3 (0.7%) 40 (1.5%)
TAVR procedure time (min), mean± SD 86.6± 43.6 94.5± 50.4 0.003
TAVR procedure time (min), median (IQR) 74.0 (57.0–104.0) 81.0 (61.0–113.0) <0.001
Contrast volume (ml), median (IQR) 100.0 (65.0–150.0) 90.0 (60.0–130.0) 0.003
Fluoroscopy time, median (IQR) 13.6 (9.2–20.0) 14.6 (9.9–20.9) 0.115
Type of valve, N (%)
Single balloon-expandable valve 319 (76.9%) 2023 (74.6%) 0.326
Single self-expanding valve 84 (20.2%) 615 (22.7%) 0.266
Multiple valves 5 (1.2%) 42 (1.5%) 0.591

Abbreviations: SD�standard deviation; IQR�interquartile range; STS PROM�predicted risk of mortality for surgical aortic valve replacement based on the
Society for (oracic Surgeon’s risk model; TAVR�transcatheter aortic valve replacement.
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p � 0.012). 30-day readmission rates were similar for all
groups. In one year (Figure 3), TAVR patients with STS
PROM ≤3% had significantly better one-year survival than
TAVR patients with STS PROM >3% (91.9% (CI
88.8–94.2%) vs. 86.9% (CI 85.6–88.2%); p � 0.006).

4. Discussion

Results of this study show that heart teams generally overrule
STS PROM scores ≤3% for four major reasons: frailty,
hostile chest, severe lung disease, and morbid obesity. (e
cohort of TAVR patients who were recommended in this

fashion included significantly more males and younger
patients than in the STS PROM >3% group. Incidence of
major procedural complications, 30-day mortality, and
readmission rates were comparable for both groups, and
near-equivalency in these outcomes implies that these co-
horts were not essentially different in risk. In fact, the only
notable differences in postoperative outcomes were a one-
day shorter postprocedural length of stay and higher survival
at one year in patients with STS PROM scores ≤3% than in
those with an STS PROM >3%. In contrast, TAVR patients
with STS PROM ≤3% had higher in-hospital and 30-day
mortality rate than the STS PROM ≤3% SAVR patients.

Table 4: Outcomes by study groups.

TAVR TAVR SAVR
p value (TAVR, STS
PROM> 3% vs. ≤3%)

p value (STS
PROM≤ 3%, TAVR vs.

SAVR)
STS PROM≤ 3%

(N� 415)
STS PROM> 3%

(N� 2,711)
STS PROM≤ 3%

(N� 1,438)
Postprocedural
Transfusion, N (%) 21 (5.1%) 292 (10.8%) 205 (14.3%) <0.001 <0.001
Units of RBC transfused,
mean± SD 0.2± 1.0 0.3± 1.2 0.4± 1.4 0.029 <0.001

Postoperation length of
stay (days), mean± SD 2.5± 3.4 3.5± 4.7 5.9± 3.6 <0.001 <0.001

Postoperation length of
stay (days), median
(IQR)

2.0 (1.0–3.0) 2.0 (1.0–4.0) 5.0 (4.0–6.0) <0.001 <0.001

Discharge to home, N
(%) 385 (93.9%) 2235 (84.6%) 1248 (86.8%) <0.001 <0.001

Death in hospital, N (%) 5 (1.2%) 70 (2.6%) 4 (0.3%) 0.088 0.031
Significant cardiac event,
N (%) 5 (1.2%) 46 (1.7%) 0.461

Stroke, N (%) 5 (1.2%) 57 (2.1%) 11 (0.8%) 0.222 0.394
Acute kidney injury
(stage 3), N (%) 3 (0.7%) 52 (2.1%) 13 (0.9%) 0.076 >0.999

Bleeding (disabling or
life threatening), N (%) 6 (1.4%) 79 (2.9%) 0.086

Vascular access site
complications, N (%) 17 (4.1%) 160 (5.9%) 0.138

Device complications, N
(%) 4 (1.0%) 26 (1.0%) >0.999

Aortic regurgitation
(moderate to severe), N
(%)

6 (1.5%) 52 (2.1%) 1 (0.7%) 0.463 0.684

Requirement for pacer or
ICD, N (%) 26 (6.9%) 216 (9.5%) 58 (4.2%) 0.099 0.027

30-day follow-up
Mortality within 30-day,
N (%) 8 (2.0%) 95 (3.6%) 9 (0.6%) 0.097 0.012

Readmission within 30
days, N (%) 36 (8.9%) 269 (10.3%) 107 (7.5%) 0.392 0.349

1-year follow-up
1year survival status, N (%)
Alive 342 (82.4%) 2138 (78.9%) 0.005
Died 34 (8.2%) 371 (13.7%)
Unknown 39 (9.4%) 202 (7.5%)
Survival at 1 year, %
(95% CI)∗ 91.6 (88.5–93.9) 86.0 (84.6–87.2) 0.002

Readmission free at 1
year, % (95% CI)̂ 71.5 (66.8–76.0) 71.1 (69.3–72.9) 0.721

Blank responses in the SAVR group represent data not collected in STS Adult Cardiac Surgery Database. Abbreviations: SD�standard deviation; STS
PROM�predicted risk of mortality for surgical aortic valve replacement based on the Society for (oracic Surgeon’s risk model; ICD�implantable car-
dioverter defibrillator. ∗Kaplan–Meier estimation; ĉumulative incidence function.
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(us, our findings suggest that in cases that were overruled,
heart teams choose appropriately and correctly identified
high-risk patients. As anticipated, the postprocedure hos-
pital length of stay was higher in the SAVR group associated
with a lower likelihood of discharge to home after the
procedure.

Evaluating these types of preoperative adjudications is
important to understand how and why clinicians exercise
this latitude. While the federal eligibility criteria for trans-
catheter therapies in the United States were evolving, heart
teams were permitted to overrule STS PROM scores in cases
where the heart team felt that there were extenuating cir-
cumstances not accounted by the STS risk model that in-
creased the probability of perioperative mortality. (e value
of this deference to clinical judgment has not been well
studied. No study has carefully measured how and why these
overrule decisions are made and how they impacted patient
outcomes; however, the SURTAVI study, which compared
TAVR to SAVR in patients at intermediate risk, provides
some insight [13]. SURTAVI permitted a screening com-
mittee to adjudicate cases wherein patients had an STS
PROM score ≤3%, but heart teams felt that patients’ actual
risk was higher. (ese patients had a higher all-cause
mortality or disabling stroke after SAVR than those ran-
domized to TAVR [13], suggesting that they were indeed
higher-risk patients. (us, SURTAVI also supported the
importance of clinician judgment as well as the use of risk
scores.

Our study provides additional detailed data about the
clinical reasons that support such overruling decisions.
(ere were four major clinical conditions that prompted
heart teams to believe that patients’ risk was higher than
STS PROM scores indicated: frailty, hostile chest, lung
disease, and obesity. Frailty is a well-recognized predictor

of mortality and complications after heart surgery
[14–17], and our results showed that heart teams only
disagreed with STS PROM scores in severe cases of frailty.
On average, cases overruled for this reason had a mean 5-
meter walk time of nearly 9 seconds, while 14% were
wheelchair bound, indicating advanced disability. Hostile
chest and lung disease are now included in a newer TAVR-
specific model that estimates risk of 30-day mortality [18],
and mediastinal radiation is incorporated into the
updated STS PROMmodel [19,20]. It should be noted that
lung disease and obesity, the third and fourth reasons for
disagreeing with STS PROM risk scores, respectively, were
components of the STS PROM risk model at the time.
(us, these disagreements may highlight a perception
among heart teams that these risk factors are not ade-
quately captured by the risk model.

An additional interesting observation of this analysis is
that the ability of the local heart to use their discretion to
shift low PROM, but suspected high procedural risk, to
TAVR appears to have led to overall improved results for
low-risk SAVR. In our study, we noted a 30-day mortality of
0.6% compared to the estimated median PROM of 1.3%.
Presumably, the improved mortality results reflect diversion
of higher risk patients to TAVR. Direct comparison of
outcomes between patients with STS PROM ≤3% between
TAVR and SAVR is not possible as the TAVR group was
older and had a higher incidence of comorbidities as re-
flected by a higher STS PROM score than that of the SAVR
group (2.3% vs 1.3%).

In 2018, an updated STS PROM model was released,
which may align more with clinician’s judgment for TAVR
recommendations [19,20]. In addition, a new TAVR-specific
model based on the STS/American College of Cardiology
TVT Registry, which incorporates health status and gait
speed, has been developed [21]. Both the updated STS
PROM model and the STS/American College of Cardiology
TAVR model outperformed several other existing models in
predicting 30-day post-TAVR mortality [22]. (ese models
may close the gap between clinician judgment and for-
malized risk scores.

5. Conclusion

Our results suggest that heart teams are careful and ju-
dicious in overruling risk scores and suggest that as
formalized risk models continue to evolve, regulatory
provisions should continue to allow heart teams to
overrule formalized risk models when deciding between
evolving transcatheter therapies and established con-
ventional surgical procedures.

Abbreviations

AV: Aortic valve
STS: Society of (oracic Surgeons
PROM: Predicted risk of mortality
TAVR: Transcatheter aortic valve replacement
TVT: Transcatheter valve therapy.
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Figure 3: Survival after transcatheter aortic valve replacement
surgery in patients with STS PROM ≤3% and STS PROM >3%.
Kaplan–Meier survival curves for transcatheter aortic valve re-
placement (TAVR) surgery patients are shown. Data are extended
to one year after TAVR surgery. Patients were grouped according
to their Society of (oracic Surgeons predicted risk of mortality
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