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Abstract

Aims: To assess the relationship between a low preprocedural (<40 mmHg) mean transaortic gradient (MTG)
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and cardiovascular mortality following transcatheter aortic valve implantation (TAVI).
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Methods and results: We studied highly symptomatic patients at high surgical risk who underwent TAVI,
included in the FRANCE 2 multicentre registry. The primary endpoint was the incidence of any cardiovascular
death in the year following the procedure. N=3,933 patients (age=82.8+7.2 years; EuroSCORE=21.8+14.1;
left ventricular ejection fraction [LVEF]=55.5+12.6%) were enrolled. Low MTG was present in 23.5% of the
cases. The one-year cardiovascular mortality was 13.3%. Cardiovascular survival was significantly lower in
low MTG patients compared to the others. Multivariable Cox regression analysis revealed that a low MTG
independently predicted cardiovascular death (HR=1.53 [1.15-2.04], p=0.004). Other independent predic-
tors of cardiovascular mortality included preprocedural angina (HR=3.12 [1.64-5.96], p=0.0006); NYHA
functional Class III-IV (HR=1.57 [1.07-2.29], p=0.02); severe renal failure (HR=1.50 [1.01-2.24], p=0.04);
EuroSCORE (HR=1.01 [1.00-1.02], p=0.01); transapical access (HR=1.59 [1.14-2.22], p=0.006); impaired
LVEF (HR=1.66 [1.23-2.27], p=0.0007) and post-procedural moderate to severe periprosthetic regurgitation
(HR=2.13 [1.56-2.92], p<0.0001).

Conclusions: Presence of a low MTG prior to TAVI was associated with a greater risk of cardiovascular
death up to one year following the procedure and could be used to identify patients at high risk for adverse

cardiovascular outcomes following TAVI.
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Introduction
Transcatheter aortic valve implantation (TAVI) is now recognised
and recommended as an alternative for selected patients with severe
aortic stenosis (AS), particularly for those at high surgical risk'.
TAVI is associated with improved mortality rates, left ventricular
(LV) haemodynamics and remodelling, NYHA functional class,
and quality of life’. Although the outcomes are improving due to
progress in the technique and a better selection of patients, fatal
cardiovascular events still represent the primary cause of mortal-
ity**. The multicentre FRANCE 2 registry reported a 14.3% inci-
dence of cardiovascular death at one year following the procedure,
accounting for 60% of total deaths®. Compared to what is known
about the risks associated with surgical aortic valve replacement
(SAVR), data regarding the predictors of long-term outcome fol-
lowing TAVI are quite limited, due to the relative infancy of the
technique. Furthermore, very few studies have focused specifically
on the determinants of cardiovascular outcome.
Editorial, see page 775

A major risk factor of poor outcomes in AS is the presence of
a low mean transvalvular gradient (MTG). Severe AS presenting
with a low MTG is common not only in the setting of a reduced
LV ejection fraction (LVEF)® but also in patients with preserved
LVEF. Accordingly, patients with low-gradient AS (LGAS) tend
to experience worse outcomes compared to patients with a high
transvalvular gradient (HGAS), treated either medically or surgi-
cally®?. Previous reports have suggested that patients with a low
MTG have worse outcomes following TAVI compared to the oth-
ers'®2 but these data were limited by the sample size or end-
point definitions. In the light of these results, in the present study
we investigated the impact of a low MTG, serving as a non-
invasive measure of myocardial reserve, as an important clini-

cal risk factor for adverse cardiovascular events following TAVI.

Material and methods

PATIENTS

This study prospectively included all patients who were included in the
FRench Aortic National CoreValve and Edwards (FRANCE 2) regis-
try between January 2010 and June 2012*. Severe AS was defined as
an indexed aortic valve area <0.6 cm?*m?, a mean aortic valve gradi-
ent >40 mmHg, or a peak aortic jet velocity >4.0 m/s . All patients
had New York Heart Association (NYHA) Class 11, III, or IV symp-
toms. Criteria by which patients were deemed inappropriate for SAVR
included: logistic EuroSCORE >20%; Society of Thoracic Surgeons
Predicted Risk of Mortality (STS-PROM) >10%,; and/or contraindica-
tions to surgery such as the presence of porcelain aorta, severe respira-
tory failure, and/or the presence of a prior left internal mammary artery
(LIMA) bypass with unfavourable anatomy for a redo sternotomy.

ECHOCARDIOGRAPHIC ASSESSMENT

Echocardiographic images were acquired and interpreted in
each centre by trained operators before and after the procedure.
Evaluation of AS included: measurement of the MTG, maximal
peak transvalvular velocity, and calculation of indexed aortic valve
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area (AVA) using the continuity equation. AS severity, aortic valve
regurgitation and mitral regurgitation were graded according to
international guidelines criteria previously described®. LVEF was
assessed in all patients using the biplane Simpson’s method. LGAS
was defined as the presence of both AVA <0.6 cm*m? and an MTG
<40 mmHg at the time of the referral'®!".

TAVI PROCEDURE

Each multidisciplinary team (Heart Team) could choose to implant
one of two commercially available valves: the balloon-expand-
able Edwards SAPIEN (or SAPIEN XT) prosthesis (Edwards
Lifesciences, Irvine, CA, USA), or the self-expandable CoreValve
(Medtronic, Minneapolis, MN, USA). The technical aspects of the
TAVI procedure have been reported in detail previously*.

STUDY ENDPOINTS AND DATA MANAGEMENT

Following discharge from the index hospitalisation for TAVI, all
patients were followed up through clinic visits and phone contact
and were under surveillance for the VARC-2 updated consensus-
defined adverse events'®. Mortality was adjudicated by an inde-
pendent clinical events committee. Database quality control was
performed as previously reported*. The primary endpoint was
defined as the occurrence of any cardiovascular death during the
first year following the procedure.

STATISTICAL ANALYSES
Data are given as absolute numbers, percentages, and means
(xstandard deviation/SD). Continuous and categorical variables
were compared using the Student’s t-test (for independent or paired
samples) and chi-square or Fisher’s exact test, respectively.
Survival curves were constructed for time-to-event variables using
Kaplan-Meier estimates and compared by log-rank test. Patients who
were lost to follow-up were censored at the time of the last contact.
Multivariable Cox models were used to assess the relation of clini-
cal/echocardiographic covariates with the incidence of the primary
endpoint within one year following the procedure. Univariate Cox
proportional hazards regression analyses were performed first, then
all covariates with a p-value of <0.1 were included in the multivari-
able regression model and backward stepwise elimination was per-
formed to identify independent predictors of the primary endpoint.
Two multivariable Cox regression models were used: the first model
only included the baseline clinical and echographic characteristics,
whereas the second one added post-TAVI periprosthetic regurgita-
tion to these previous parameters. The validity of the proportionality
assumption was verified by the likelihood ratio test (LRT). A two-
sided alpha level of 0.05 was considered the threshold for statistical
significance. All statistical analyses were performed using SAS sta-
tistical software version 9.3 (SAS Institute, Cary, NC, USA).

Results

BASELINE CHARACTERISTICS

The baseline characteristics of the 3,933 consecutive patients
included in the study are shown in Table 1. A low MTG was present
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Table 1. Baseline characteristics of the study population.

Overall population | MTG <40 mmHg MTG >40 mmHg
(n=3,933) (n=926) (n=3,007)
Age, yrs 82.8+7.2 81.9+7.6 83.1+£7.0 <0.001
Male gender, n (%) 1,990 (50.6) 542 (58.5) 1,448 (48.1) <0.001
Logistic EuroSCORE, % 21.8+14.1 24.4+15.3 21.0+13.6 <0.001
STS score, % 14.1+11.7 14.13+£11.8 14.12+11.7 0.98
Clinical Pre-TAVI NYHA Class I11/1V 2,966 (75.4) 720 (77.7) 2,246 (74.7) 0.06
characteristics, n (%) "pe TavI angina 622 (15.8) 151 (16.4) 471 (15.7) 0.58
Pre-TAVI syncope 317 (8.0) 56 (6.1) 261 (8.7) 0.01
Coronary artery disease 1,884 (47.9) 530 (57.3) 1,354 (45.1) <0.001
Previous MI 626 (15.9) 205 (22.1) 421 (14.0) <0.001
Previous CABG 703 (17.9) 203 (21.8) 500 (16.6) <0.001
Peripheral artery disease 802 (20.4) 212 (22.9) 290 (19.6) 0.03
Severe COPD 966 (24.5) 209 (22.6) 757 (25.2) 0.11
Diabetes 1,012 (25.7) 282 (30.4) 730 (24.3) <0.001
History of atrial fibrillation 1,019 (25.9) 279 (30.1) 740 (24.6) 0.001
Pulmonary hypertension 1,012 (25.7a) 241 (26.1) 771 (25.7) 0.79
Cerebrovascular disease 389 (9.9) 100 (10.8) 289 (9.6) 0.28
Serum creatinine >200 pmol/L 338 (8.6) 94 (10.2) 244 (8.1) 0.05
Access type & device, | Transapical access 700 (17.8) 174 (18.8) 526 (17.5) 0.4
n ) Transfemoral access 2,890 (73.5) 664 (71.7) 2,226 (74.0) 0.13
Other access 343 (8.7) 88 (9.5) 245 (8.2) 0.2
Edwards SAPIEN 2,624 (66.7) 605 (65.2) 2,019 (67.1) 0.25
Medtronic CoreValve 1,309 (33.3) 321 (34.8) 988 (32.9) 0.25
Echocardiographic Mean LVEF, n (%) 53.3+14.2 46.2+15.1 55.5+13.1 <0.001
characteristics LVEF <50%, n (%) 1,508 (38.4) 525 (56.7) 983 (32.7) | <0.001
Mean baseline gradient (mmHg) 48.2+ 16.6 32.0+9.4 53.2+15.1 <0.001
Index aortic valve area (cm?/m?) 0.40 +0.16 0.44+0.20 0.38+0.14 <0.001
Severe mitral regurgitation, n (%) 79 (2.0) 25 (2.7) 54 (1.8) 0.08
CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; MI: myocardial infarction;
MR: mitral regurgitation; MTG: mean transaortic gradient; NYHA: New York Heart Association; STS: Society of Thoracic Surgeons; TAVI: transcatheter
aortic valve implantation

in 23.5% of the patients. Among these patients, 525 (56.7%) had
a baseline LVEF <50% (Online Table 1). Compared to patients with
high preprocedural MTG (=40 mmHg), patients with low baseline
MTG (<40 mmHg) were more frequently men, and were younger,
but had a higher logistic EuroSCORE and a higher number of asso-
ciated comorbidities.

ENDPOINT ASSESSMENT
Procedural success was achieved in 97.1% of patients. Post-procedural
aortic regurgitation was observed in 15.7% of the cases. Median fol-
low-up was 204 days (interquartile range: 303), and was complete for
3,765 patients (95.7%). A total of 810 deaths were reported, including
430 cardiovascular deaths. Global and cardiovascular actuarial sur-
vival rates were, respectively, 90.3% and 92.8% at 30 days, whereas
they were, respectively, 79.4% and 86.7% at one year.

Early 30-day and one-year global survivals were signifi-
cantly lower in patients with low versus high preprocedural MTG

(respectively, 88.3% vs. 90.0% and 69.7% vs. 77.7%, p<0.001)
(Figure 1A). As hypothesised, the 30-day and one-year cardiovas-
cular survival rates were also reduced in patients with LGAS ver-
sus HGAS (respectively, 90.6% vs. 93.5% and 81.3% vs. 88.1%,
p<0.001) (Figure 1B).

In order to investigate further the respective roles of LGAS and
impaired LV function, we stratified the patients into four groups
according to their baseline LVEF and mean transaortic gradient.
We observed that patients with both impaired LV function (LVEF
<50%) and LGAS (Group 4/n=502) had a significantly higher mor-
tality and a higher incidence of cardiovascular death compared to
the others (Figure 2). The one-year actuarial cardiovascular sur-
vival was 77.2% for Group 4 patients vs. 89.7% for patients with
LVEF >50% and MTG >40 mmHg (Group 1/n=1,936), 86.6% for
patients with LVEF >50% and MTG <40 mmHg (Group 2/n=385),
and 84.8% for patients with LVEF <50% and MTG >40 mmHg
(Group 3/n=934).



A 00y
\:‘

% Baseline MTG >40 mmHg

M

60 4 Baseline MTG <40 mmHg

40 ]

Global survival (%)

" p<0.001, Log-rank analysis

6 12
Follow-up (months)

B 100
t‘“’“’-—n AR

80

Baseline MTG >40 mmHg

Baseline MTG <40 mmHg

60

40 J

" p<0.001, Log-rank analysis

Survival free from CV death (%)

b 12
) Follow-up (months)
Number at risk

LGAS 890 494 207 44
HGAS 2,864 1,748 781 166

Figure 1. Global (4) and cardiovascular survival (B) in LGAS vs.
HGAS patients.

PREDICTORS OF CARDIOVASCULAR MORTALITY IN THE
STUDY POPULATION

The results showed that low preprocedural MTG was an independ-
ent predictor of cardiovascular mortality, in addition to EuroSCORE,
pre-TAVI angina, pre-TAVI NYHA functional Class III-IV, severe
renal failure, impaired LVEF, transapical access, history of atrial
fibrillation and post-intervention moderate to severe periprosthetic
aortic regurgitation (Table 2). Interestingly, we observed no signif-
icant effect of previous myocardial infarction, previous coronary

artery disease or previous CABG on cardiovascular survival.

VARIATIONS OF LVEF AND TRANSAORTIC GRADIENT
ACCORDING TO BASELINE LVEF AND MTG

LVEF measurement six months after the initial procedure was
available in 1,447 patients. LVEF increased significantly from
46.4+15.1 to 52.6+12.7% in LGAS patients (n=313) and from
56.2+13.1 to 59.3+11.5% in HGAS patients (n=1,126; p<0.0001
for both groups). At the same time, MTG decreased significantly
in both groups (from 32.0+£9.4 to 9.3+£3.6 mmHg in LGAS patients,
and from 53.2+15.1 to 10.8+5.3 mmHg in HGAS patients).

We then specifically analysed evolution in the four groups of
patients according to their baseline MTG and LVEF. Although
MTG significantly and uniformly decreased in all groups of
patients, significant improvement of LVEF was only observed in
patients with impaired baseline LV function, regardless of baseline
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Figure 2. Global (4) and cardiovascular survival (B) according to
baseline LVEF and MTG.

MTG (Figure 3). The average LVEF increased from 42.9+10.5%
to 53.3+12.4% in Group 3 after TAVI (average net increase:
10.4£12.4%), and from 36.3+9.4% to 47+11.7% in Group 4 (aver-
age net increase: 11.0+£12.0%). Both baseline and six-month LVEF
were significantly higher in Group 3 compared to Group 4 patients
(p<0.001), but there was no statistical difference regarding the net
increase (p=0.65).

PREDICTORS OF CARDIOVASCULAR MORTALITY IN
PATIENTS WITH LOW-GRADIENT AORTIC STENOSIS

The factors associated with cardiovascular mortality in the LGAS
patients (n=933) were: pre-TAVI angina, severe renal failure, base-
line LVEF <50%, transapical access, history of atrial fibrillation
and post-intervention moderate to severe periprosthetic aortic
regurgitation (Online Table 2). Predictors of cardiovascular mortal-
ity in LGAS patients from Groups 2 and 4 are provided in Online
Table 3 and Online Table 4.

Discussion

In the present study, we observed that the presence of a low base-
line MTG was associated with an increased risk of cardiovascular
death following TAVI, regardless of LVEF. These results: 1) iden-
tify new potential clinical and echographic markers for adverse
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Table 2. Predictors of cardiovascular mortality in the global cohort.

Univariate analysis

HR (95% CI)

MVA model 1 (n=3,653)
HR (95% CI)

MVA model 2 (n=3,135)
HR (95% CI)

EuroSCORE (per %) 1.02 (1.01-1.03) |<0.0001 | 1.01(1.00-1.02) | 0.0002 | 1.01(1.00-1.02) | 0.01
Transapical approach 1.52 (1.26-1.96) |<0.0001 1.53(1.22-1.91) | 0.0002 | 1.59(1.14-2.22) | 0.006
Pre-TAVI NYHA Class Il1-1V 1.65(1.29-2.12) |<0.0001 | 1.42(1.10-1.83) | 0.006 1.57 (1.07-2.29) | 0.02
Pre-TAVI angina 5.76 (4.08-8.15) |<0.0001 | 4.72 (3.35-6.65) |<0.0001 | 3.12(1.64-5.96) | 0.0006
Baseline MTG <40 mmHg 1.6 (1.31-1.96) |<0.0001 | 1.36(1.10-1.66) | 0.006 1.53 (1.15-2.04) | 0.004
LVEF >50% 0.60 (0.49-0.73) | <0.0001 | 0.74 (0.60-0.92) | 0.006 0.60 (0.44-0.81) | 0.0007
Creat. >200 pmol/L 1.88(1.44-2.47) |<0.0001 | 1.49(1.12-1.97) | 0.005 1.50(1.01-2.24) | 0.04
Peripheral artery disease 1.27 (1.02-1.58) | 0.03 >0.1 >0.1
History of atrial fibrillation 1.73(1.42-2.11) |<0.0001 | 1.58(1.29-1.94) |<0.0001 | 2.18(1.65-2.88) | <0.0001
Previous M| 1.46 (1.16-1.85) | 0.001 >0.1 >0.1
Post-TAVI moderate to severe AR 2.15(1.58-2.92) | <0.0001 X X 2.13 (1.56-2.92) | <0.0001

The following variables were also tested but did not reach significance threshold in univariable analysis: age, male gender, diabetes, pre-TAVI syncope,
presence of coronary artery disease, previous CABG, associated severe mitral regurgitation. LRT p-value for model 1 and model 2 <0.001. AR: aortic
regurgitation; CABG: coronary artery bypass graft; Creat.: creatininaemia; LVEF: left ventricular ejection fraction; MI: myocardial infarction; MTG: mean
transaortic gradient; MVA: multivariable analysis; NYHA: New York Heart Association; TAVI: transcatheter aortic valve implantation

cardiovascular outcome prediction following TAVI, and 2) high-
light the significance of myocardial dysfunction and remodelling
in patients with low-gradient/severe AS, even in the presence of
preserved LVEF, as a source of additional risk.

The presence and the consequences of an MTG <40 mmHg in
patients with severe aortic stenosis remains debated. This condi-
tion may be present in up to 30% of cases according to the pub-
lished series'™. In the context of severe AS, a low gradient reflects
the existence of a low flow that can result from two different situ-
ations'. On the one hand, low flow can be related to gross systolic
dysfunction manifesting with a reduced LVEF and/or afterload mis-
match. On the other hand, it can be the consequence of reduced
stroke volume despite a preserved LVEF. The latter situation
has been described as “paradoxical low-flow aortic stenosis” or
PLFAS', which is reported to be present in up to 35% of patients
with ASS. Baseline low gradient is a well-known predictive fac-

tor of adverse outcome in the evolution of severe AS treated either
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medically' or by SAVR®. Although baseline reduced MTG is asso-
ciated with higher surgical mortality, previous data have shown that
aortic valve replacement could improve outcomes in these patients,
regardless of the baseline LVEF and the presence of a contractile/
flow reserve'®!”. As a consequence of their high-risk profile due to
associated comorbidities, these patients are frequently considered
unsuitable for conventional surgery, and thus treated medically.
Hence, TAVI could offer an appropriate management option in this
situation'®.

Recent studies have investigated the feasibility and impact of
LGAS on outcome following TAVI in these patients'®!"1320. In
these series, LGAS was associated with a higher risk profile com-
pared to other patients!®!"!¥2 According to the data obtained
from SAVR, this condition was associated with a worse early and
midterm outcome!'*'>'%1° Our series is in line with these results,
since we observed a higher incidence of associated comorbidi-

ties and increased global and cardiovascular mortality in LGAS
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Figure 3. Evolution of LVEF and MTG before and six months after TAVI, according to baseline characteristics. * p<0.0001.



patients compared to HGAS subjects, highlighting the independ-
ent role of baseline low aortic gradient on outcomes as previously
observed!®!®”, Regarding the large size of the present cohort, we
were also able to identify the predictors of outcome in the specific
LGAS group and to analyse LVEF evolution following TAVT in this
subgroup of patients, showing that LV function can improve over
time even in case of low baseline MTG.

The factors contributing to the adverse impact of a low gradient
on outcome have not been clarified, but might be related to underly-
ing myocardial abnormalities in these patients®!. The natural history
of AS is characterised by an increase in the pressure afterload on the
LV, inducing a hypertrophic response with increased wall thickness
and enlarged cardiomyocytes®'. Although this response restores wall
stress initially, the persistent valvular abnormality will subsequently
induce some maladaptive phenomena including increased muscular
fibrosis, cellular apoptosis and abnormal angiogenic response with
decreased capillary density®?. These phenotypic changes are consid-
ered to precede the transition from normal to impaired left ventric-
ular function, could lead to impaired myocardial microcirculation
and might expose patients to ischaemic complications®. Given this
perspective, the existence of a pre-intervention angina could bear
witness to a more advanced myocardial disease, explaining the
intriguing relationship we observed between this clinical parameter
and adverse outcome, regardless of the presence of an underlying
coronary artery disease. Moreover, the existence of LGAS is related
to decreased flow through the narrowed valve and probably reflects
the presence of these advanced myocardial alterations.

Recently, Herrmann and colleagues observed that patients with
LGAS had more advanced myocardial fibrotic lesions and impaired
left ventricle contraction than patients with a normal gradient®.
Collectively, these data suggest that a low baseline gradient reflects
the presence of severe myocardial abnormalities during the evolu-
tion of AS, which can account for the increased cardiovascular deaths
observed in this subgroup of patients. Similar to SAVR, the TAVI
procedure promptly corrects AS and dramatically decreases LV after-
load in the short term. However, recovery of LV function and reverse
remodelling are more progressive processes, and patients could be
overexposed to complications during this myocardial “healing”
phase. Interestingly, we observed that patients with impaired base-
line left ventricular function had a dramatic increase in LVEF, despite
higher mortality compared to the other groups, which confirms that
these patients derive a great benefit from the procedure®.

Limitations

Although this study presents the largest cohort of patients with
LGAS who underwent TAVI, it has several limitations that warrant
consideration. These data are based on a multicentre registry and
there was no echocardiography core lab to reanalyse the measure-
ments. We were not able to analyse the values of LV stroke vol-
ume (SV), as it was not collected in the database, and were thus
unable to identify the patients with low-flow aortic stenosis accord-
ing to the recognised criteria'®. Consequently, we do not know if
these subgroups of subjects had different outcomes as suggested by
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recent data'®!”. However, these results (as well as ours) are based on
echocardiographic gradient assessment. Recent reports have high-
lighted the discrepancies which might exist between invasive and
non-invasive evaluation of aortic stenosis in elderly AS patients*~,
suggesting that non-invasive SV measurement might not be reli-
able in selected patients, due to left ventricle outflow tract geometry
modifications and variations in the post-load conditions??¢. Thus,
the use of SV measurement as a stratification tool for outcome pre-
diction could be questioned in this situation. Furthermore, data
regarding the results of dobutamine stress test in case of LGAS with
reduced LVEF were not routinely collected in the national data-
base, which precluded us from distinguishing primary myocardial
dysfunction from afterload mismatch cases. Finally, the data in the
present report are limited to the one-year results. We need a longer
clinical follow-up to assess whether the long-term evolution is dif-
ferent among the different patient groups.

Conclusions

In conclusion, our data indicate that the cardiovascular prognosis of
patients undergoing TAVI is influenced by the preprocedural MTG
in addition to other clinical and procedural factors. Thus, the value
of baseline MTG may represent a simple marker for identifying
patients who are at particularly high risk of developing adverse car-
diovascular events following TAVI.

Impact on daily practice

Measurement of preprocedural transaortic gradient (MTG) rep-
resents a simple way to assess the left ventricle performance in
patients with aortic valve stenosis. Low MTG (<40 mmHg) is
associated with increased cardiovascular mortality following
transcatheter aortic valve implantation (TAVI), independent of
baseline left ventricle ejection fraction and in addition to other
known prognostic factors. Thus, baseline MTG may represent
a simple marker for identifying patients who are at particularly
high risk for developing adverse cardiovascular events follow-
ing TAVL.

Funding
The FRANCE 2 registry was funded by a research grant from
Edwards Lifesciences and Medtronic.

Conflict of interest statement

N. Amabile has received travel support from Edwards Lifesciences.
H. Eltchaninoff has received consulting fees and travel support
from Edwards Lifesciences. C. Caussin has received consulting and
proctoring fees from Edwards Lifesciences. The other authors have
no conflicts of interest to declare.

References

1. Joint Task Force on the Management of Valvular Heart Disease
of the European Society of Cardiology (ESC), European Association
for Cardio-Thoracic Surgery (EACTS), Vahanian A, Alfieri O,

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
)]
o
—
B
—
I
©
H
»
o
S
©




™
=
=
o
=
=3
(1]
=
(1]
=
=
o
=
N
o
—
s
—
I
©
H
"
(-]
B
©

Andreotti F, Antunes MJ, Baron-Esquivias G, Baumgartner H,
Borger MA, Carrel TP, De Bonis M, Evangelista A, Falk V, Tung B,
Lancellotti P, Pierard L, Price S, Schéfers HJ, Schuler G, Stepinska J,
Swedberg K, Takkenberg J, Von Oppell UO, Windecker S,
Zamorano JL, Zembala M. Guidelines on the management of valvu-
lar heart disease (version 2012). Eur Heart J. 2012;33:2451-96.

2. Genereux P, Head SJ, Van Mieghem NM, Kodali S,
Kirtane AJ, Xu K, Smith C, Serruys PW, Kappetein AP, Leon MB.
Clinical outcomes after transcatheter aortic valve replacement
using valve academic research consortium definitions: a weighted
meta-analysis of 3,519 patients from 16 studies. J Am Coll Cardiol.
2012;59:2317-26.

3. Leon MB, Smith CR, Mack M, Miller DC, Moses JW,
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR,
Brown DL, Block PC, Guyton RA, Pichard AD, Bavaria JE,
Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson WN,
Wang D, Pocock S; PARTNER Trial Investigators. Transcatheter
aortic-valve implantation for aortic stenosis in patients who cannot
undergo surgery. N Engl J Med. 2010;363:1597-607.

4. Gilard M, Eltchaninoff H, Iung B, Donzeau-Gouge P,
Chevreul K, Fajadet J, Leprince P, Leguerrier A, Lievre M, Prat A,
Teiger E, Lefevre T, Himbert D, Tchetche D, Carri¢ D, Albat B,
Cribier A, Rioufol G, Sudre A, Blanchard D, Collet F, Santos PD,
Meneveau N, Tirouvanziam A, Caussin C, Guyon P, Boschat J, Le
Breton H, Collart F, Houel R, Delpine S, Souteyrand G, Favereau X,
Ohlmann P, Doisy V, Grollier G, Gommeaux A, Claudel JP,
Bourlon F, Bertrand B, Van Belle E, Laskar M; FRANCE 2
Investigators. Registry of transcatheter aortic-valve implantation in
high-risk patients. N Engl J Med. 2012;366:1705-15.

5. Clavel MA, Webb JG, Rodes-Cabau J, Masson JB, Dumont E,
De Larochelliere R, Doyle D, Bergeron S, Baumgartner H,
Burwash IG, Dumesnil JG, Mundigler G, Moss R, Kempny A,
Bagur R, Bergler-Klein J, Gurvitch R, Mathieu P, Pibarot P.
Comparison between transcatheter and surgical prosthetic valve
implantation in patients with severe aortic stenosis and reduced left
ventricular ejection fraction. Circulation. 2010;122:1928-36.

6. Dumesnil JG, Pibarot P, Carabello B. Paradoxical low flow
and/or low gradient severe aortic stenosis despite preserved left
ventricular ejection fraction: implications for diagnosis and treat-
ment. Eur Heart J. 2010;31:281-9.

7. Barasch E, Fan D, Chukwu EO, Han J, Passick M, Petillo F,
Norales A, Reichek N. Severe isolated aortic stenosis with nor-
mal left ventricular systolic function and low transvalvular gradi-
ents: pathophysiologic and prognostic insights. J Heart Valve Dis.
2008;17:81-8.

8. Kulik A, Burwash IG, Kapila V, Mesana TG, Ruel M. Long-
term outcomes after valve replacement for low-gradient aortic
stenosis: impact of prosthesis-patient mismatch. Circulation.
2006;114:1553-8.

9. Monin JL, Monchi M, Kirsch ME, Petit-Eisenmann H,
Baleynaud S, Chauvel C, Metz D, Adams C, Quere JP, Gueret P,
Tribouilloy C. Low-gradient aortic stenosis: impact of prosthesis-
patient mismatch on survival. Eur Heart J. 2007;28:2620-6.

10. Amabile N, Ramadan R, Ghostine S, Cheng S, Azmoun A,
Raoux F, To NT, Haddouche Y, Troussier X, Nottin R, Caussin C.
Early and mid-term cardiovascular outcomes following TAVI:
impact of pre-procedural transvalvular gradient. /nt J Cardiol.
2013;167:687-92.

11. Lauten A, Zahn R, Horack M, Sievert H, Linke A, Ferrari M,
Harnath A, Grube E, Gerckens U, Kuck KH, Sack S, Senges J,
Figulla HR; German Transcatheter Aortic Valve Interventions
Registry Investigators. Transcatheter aortic valve implantation in
patients with low-flow, low-gradient aortic stenosis. JA4CC
Cardiovasc Interv. 2012;5:552-9.

12. Gotzmann M, Rahlmann P, Hehnen T, Miiller P, Lindstaedt M,
Migge A, Ewers A. Heart failure in severe aortic valve stenosis:
prognostic impact of left ventricular ejection fraction and mean gra-
dient on outcome after transcatheter aortic valve implantation. Eur
J Heart Fail. 2012;14:1155-62.

13. Van Belle E, Juthier F, Susen S, Vincentelli A, Iung B,
Dallongeville J, Eltchaninoff H, Laskar M, Leprince P, Lievre M,
Banfi C, Auffray JL, Delhaye C, Donzeau-Gouge P, Chevreul K,
Fajadet J, Leguerrier A, Prat A, Gilard M, Teiger E; FRANCE
2 Investigators. Postprocedural aortic regurgitation in balloon-
expandable and self-expandable transcatheter aortic valve replace-
ment procedures: analysis of predictors and impact on long-term
mortality: insights from the FRANCE2 Registry. Circulation.
2014;129:1415-27.

14. Kappetein AP, Head SJ, Généreux P, Piazza N, Van
Mieghem NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE,
Van Es GA, Hahn RT, Kirtane AJ, Krucoff MW, Kodali SK,
Mack MJ, Mehran R, Rodes-Cabau J, Vranckx P, Webb JG,
Windecker S, Serruys PW, Leon MB; Valve Academic Research
Consortium-2. Updated standardized endpoint definitions for
transcatheter aortic valve implantation: the Valve Academic
Research Consortium-2 consensus document. Eurolntervention.
2012;8:782-95.

15. Pibarot P, Dumesnil JG. Low-flow, low-gradient aortic steno-
sis with normal and depressed left ventricular ejection fraction.
J Am Coll Cardiol. 2012;60:1845-53.

16. Hachicha Z, Dumesnil JG, Bogaty P, Pibarot P. Paradoxical
low-flow, low-gradient severe aortic stenosis despite preserved
ejection fraction is associated with higher afterload and reduced
survival. Circulation. 2007;115:2856-64.

17. Levy F, Laurent M, Monin JL, Maillet JM, Pasquet A, Le
Tourneau T, Petit-Eisenmann H, Gori M, Jobic Y, Bauer F,
Chauvel C, Leguerrier A, Tribouilloy C. Aortic valve replacement
for low-flow/low-gradient aortic stenosis operative risk stratifica-
tion and long-term outcome: a European multicenter study. J Am
Coll Cardiol. 2008;51:1466-72.

18. Le Ven F, Freeman M, Webb J, Clavel MA, Wheeler M,
Dumont E, Thompson C, De Larochelliere R, Moss R, Doyle D,
Ribeiro HB, Urena M, Nombela-Franco L, Rodes-Cabau J,
Pibarot P. Impact of low flow on the outcome of high-risk patients
undergoing transcatheter aortic valve replacement. J Am Coll
Cardiol. 2013;62:782-8.



19. Herrmann HC, Pibarot P, Hueter I, Gertz ZM, Stewart W],
Kapadia S, Tuzcu EM, Babaliaros V, Thourani V, Szeto WY,
Bavaria JE, Kodali S, Hahn RT, Williams M, Miller DC,
Douglas PS, Leon MB. Predictors of mortality and outcomes of
therapy in low-flow severe aortic stenosis: a Placement of Aortic
Transcatheter Valves (PARTNER) trial analysis. Circulation.
2013;127:2316-26.

20. O’Sullivan CJ, Stortecky S, Heg D, Pilgrim T, Hosek N,
Buellesfeld L, Khattab AA, Nietlispach F, Moschovitis A,
Zanchin T, Meier B, Windecker S, Wenaweser P. Clinical out-
comes of patients with low-flow, low-gradient, severe aortic ste-
nosis and either preserved or reduced ejection fraction undergoing
transcatheter aortic valve implantation. Eur Heart J. 2013;34:
3437-50.

21. Dweck MR, Boon NA, Newby DE. Calcific aortic stenosis:
a disease of the valve and the myocardium. J Am Coll Cardiol.
2012;60:1854-63.

22. Hein S, Aron E, Kostin S, Schonburg M, Elsasser A,
Polyakova V, Bauer EP, Klovekorn WP, Schaper J. Progression
from compensated hypertrophy to failure in the pressure-over-
loaded human heart: structural deterioration and compensatory
mechanisms. Circulation. 2003;107:984-91.

23. Herrmann S, Stérk S, Niemann M, Lange V, Strotmann JM,
Frantz S, Beer M, Gattenlohner S, Voelker W, Ertl G, Weidemann F.
Low-gradient aortic valve stenosis myocardial fibrosis and its

Low-gradient aortic stenosis and TAVI

influence on function and outcome. J Am Coll Cardiol. 2011;58:
402-12.

24. Fraccaro C,Al-Lamee R, Tarantini G, Maisano F, Napodano M,
Montorfano M, FrigoAC, Iliceto S, Gerosa G, Isabella G, ColomboA.
Transcatheter aortic valve implantation in patients with severe left
ventricular dysfunction: immediate and mid-term results, a multi-
center study. Circ Cardiovasc Interv. 2012;5:253-60.

25. Lauten J, Rost C, Breithardt OA, Seligmann C, Klinghammer L,
Daniel WG, Flachskampf FA. Invasive hemodynamic characteris-
tics of low gradient severe aortic stenosis despite preserved ejection
fraction. J Am Coll Cardiol. 2013;61:1799-808.

26. Gertz ZM, Raina A, O’Donnell W, McCauley BD,
Shellenberger C, Kolansky DM, Wilensky RL, Forfia PR,
Herrmann HC. Comparison of invasive and noninvasive assess-
ment of aortic stenosis severity in the elderly. Circ Cardiovasc
Interv. 2012;5:406-14.

Online data supplement

Online Table 1. Baseline characteristics of the LGAS population.
Online Table 2. Predictors of cardiovascular mortality in patients
with low baseline gradient.

Online Table 3. Predictors of cardiovascular mortality in patients
with low baseline gradient and normal LVEF (Group 2).

Online Table 4. Predictors of cardiovascular mortality in patients
with low baseline gradient and reduced LVEF (Group 4).

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
)]
o
—
B
—
I
©
H
»
o
S
©




Online data supplement

Online Table 1. Baseline characteristics of the LGAS population.

Low-gradient aortic stenosis and TAVI

All patients LVEF >50% LVEF <50%
(n=926) (n=401) (n=525)
Age, yrs 81.9+7.6 82.3+7.5 82.8+6.9 0.29
Male gender 542 (58.5) 180 (45.2) 362 (68.9) <0.0001
Logistic EuroSCORE, % 24.4+15.3 17.8+12.2 29.1+15.7 <0.0001
STS score, % 14.13+£11.8 13.3+11.2 14.8+12.1 0.05
Clinical Pre-TAVI NYHA Class I11/1V 720 (77.7) 297 (74) 423 (80.5) 0.02
e Pre-TAVI angina 151 (16.4) 68 (17) 83 (15.8) 0.65
Pre-TAVI syncope 56 (6.1) 28 (7) 28 (5.3) 0.33
Coronary artery disease 530 (57.3) 201 (50.1) 329 (62.6) 0.0002
Previous M| 205 (22.1) 65 (16.2) 140 (26.6) 0.0002
Previous CABG 203 (21.8) 83 (20.7) 120 (22.9) 0.47
Peripheral artery disease 212 (22.9) 87 (21.7) 125 (23.8) 0.48
Severe COPD 209 (22.6) 92 (22.9) 117 (22.3) 0.81
Diabetes 282 (30.4) 114 (28.4) 168 (32) 0.25
History of atrial fibrillation 279 (30.1) 129 (32.1) 150 (28.6) 0.25
Pulmonary hypertension 241 (26.1) 77 (19.3) 164 (31.2) <0.0001
Cerebrovascular disease 100 (10.8) 44 (11) 56 (10.6) 0.91
Serum creatinine >200 pmol/L 94 (10.2) 31(7.7) 63 (12) 0.04
Access type & device | Transapical access 174 (18.8) 82 (20.4) 92 (17.5) 0.27
Transfemoral access 664 (71.7) 279 (69.6) 385 (73.3) 0.21
Other access 88 (9.5) 40 (10) 48 (9.1) 0.73
Edwards SAPIEN 605 (65.2) 282 (70.3) 323 (61.5) 0.005
Medtronic CoreValve 321 (34.8) 119 (29.7) 202 (38.5) 0.005
Echocardiographic Mean LVEF, % 46.2+15.1 58.8+10.5 44.5+12.8 <0.001
el EERTEs Mean baseline gradient, mmHg 32.0+9.4 34.4+9.7 30.2+8.3 <0.001
Index aortic valve area, cm?/m? 0.44+0.20 0.45+0.15 0.43+0.21 0.11
Severe mitral regurgitation 25 (2.7) 6 (1.5) 19 (3.6) 0.02

Data are given in n (%) or mean+SD. CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection
fraction; MI: myocardial infarction; MR: mitral regurgitation; MTG: mean transaortic gradient; NYHA: New York Heart Association; STS: Society of

Thoracic Surgeons; TAVI: transcatheter aortic valve implantation
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Online Table 2. Predictors of cardiovascular mortality in patients with low baseline gradient (n=926).

MVA model 1 N=867 observations

HR (95% CI)

MVA model 2 N=746 observations
HR (95% ClI)

EuroSCORE (per %) 1.01 (1.00-1.02) 0.04 >0.1
Transapical approach 1.77 (1.21-2.61) 0.003 1.76 (1.03-3.00) 0.03
Pre-TAVI NYHA Class I11-1V >0.1 >0.1
Pre-TAVI angina 5.03 (2.73-9.11) <0.0001 4.32(1.66-11.24) 0.003
LVEF >50% 0.56 (0.38-0.84) 0.006 0.45 (0.27-0.76) 0.003
Serum creatinine >200 pmol/L 2.05(1.33-3.16) 0.001 1.50 (1.01-2.24) 0.04
Peripheral artery disease >0.1 >0.1
History of atrial fibrillation 1.69(1.19-2.39) 0.003 2.02 (1.28-3.20) 0.003
Previous Ml >0.1 >0.1
Post-TAVI moderate to severe AR X X 2.38 (1.44-3.95) 0.0007

The following variables were also tested but did not reach significance threshold in univariable analysis: age, male gender, diabetes, pre-TAVI syncope,
presence of coronary artery disease, previous CABG. LRT p-value for model 1 and model 2 <0.001. AR: aortic regurgitation; CABG: coronary artery
bypass graft; LVEF: left ventricular ejection fraction; MI: myocardial infarction; MTG: mean transaortic gradient; MVA: multivariable analysis;

NYHA: New York Heart Association; TAVI: transcatheter aortic valve implantation

Online Table 3. Predictors of cardiovascular mortality in patients
with low baseline gradient and normal LVEF (Group 2).

MVA model N=365
observations

HR (95% CI)

Transapical approach 2.18(1.13-4.27) 0.02

Online Table 4. Predictors of cardiovascular mortality in patients
with low baseline gradient and reduced LVEF (Group 4).

MVA model N=498
observations

HR (95% CI)
EuroSCORE >0.1

Pre-TAVI NYHA Class I11-1V 2.69 (1.05-6.86) 0.04

Transapical approach 2.26 (1.21-4.22) 0.01

Pre-TAVI angina 3.36 (1.17-9.64) 0.02

Pre-TAVI angina 6.01 (1.86-19.93) | 0.002

The following variables were also tested but did not reach significance
threshold in univariable analysis: age, male gender, EuroSCORE,
diabetes, pre-TAVI syncope, presence of coronary artery disease,
previous MI. LRT p-value for model=0.002. AR: aortic regurgitation;
CABG: coronary artery bypass graft; LVEF: left ventricular ejection
fraction; MI: myocardial infarction; MTG: mean transaortic gradient;
MVA: multivariable analysis; NYHA: New York Heart Association;
TAVI: transcatheter aortic valve implantation

Serum creatinine >200 pmol/L >0.1 Serum creatinine >200 pmol/L 2.36 (1.23-4.56) 0.01
Peripheral artery disease >0.1 Peripheral artery disease >0.1
History of atrial fibrillation >0.1 History of atrial fibrillation 2.44 (1.42-4.18) 0.001
Previous CABG 0.38 (0.14-0.99) 0.05 Post-TAVI moderate to severe AR 2.46 (1.36-4.45) 0.003
Post-TAVI moderate to severe AR >0.1 The following variables were also tested but did not reach significance

threshold in univariable analysis: age, male gender, diabetes, pre-TAVI
syncope, pre-TAVI NYHA Class IlI-1V, presence of coronary artery
disease, previous MI, previous CABG. LRT p-value for model <0.001.
AR: aortic regurgitation; CABG: coronary artery bypass graft; LVEF: left
ventricular ejection fraction; MI: myocardial infarction; MTG: mean
transaortic gradient; MVA: multivariable analysis; NYHA: New York Heart
Association; TAVI: transcatheter aortic valve implantation




