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Abstract
Aims: The study analyses the outcomc ofpatients undergoing transcatheter aortic valve implantation (TAVI)

for different subtypes ofsevere aortic stenosis (AS) based on data from the GARY registry.

Methods and resuits: Low-EF, low-gradient (LEF-LGAS: EF 40%, MPG <40 rnml-lg), paradoxical
low-gradient (PLF-LGAS: EF 50%, MPG <40 mmHg) and high-gradient AS (HGAS: MPG 40 mrnHg)

wcrc observed in 11.7% (n=359), 20.8% (n=640) and 60.6% (n=1,864) ol‘i,he study population, respectively.

EuroSCORE 1(36.7±20.9 vs. 22.6±15.7 vs. 24.3±17.4; p<O.00I) differed significanlly among subgroups.
In-hospital and one-year rnortality were higher in patients with LEF-LGAS cornpared to HGAS (in-hospital:

7.S% vs. 4.9°/o; p=O.029; one-year: 32.3% vs. 19.8°/o; p=O.00l) In contrast, niortality in patients with PLF

LGAS was comparable to patients with KGAS (in-hospital: PLF-LGAS: 5.3%; p=O.67; one-year: 22.3%;
p=0. 192). The rate ofTAVI-associatecl complications was not signi6cantly different aniong groups. However,

postoperative bw cardiac output occurred significantby morc l‘requently in patients with LEF-LGAS.

Conclusions: Severe AS with a reduced transaortic flow and gradient is a common finding and is present

in >30% ofpaticnts undergoing TAVI. Patients with bw flow and irnpaired LV function have a significantby
higher mortabity within the Orst year after TAVI. In contrast, the outcornc ofpatients with bw flow and pre
served EF is comparabbe to thosc with a high transvabvular aortic gradient.
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TAVI in Iow-flow, 0w-grad ent vs. paradoxical Iow-gradient AS

1 ntroduction
Based on the current European and American guidelines. severe aor

tic stenosis (AS) is defined as an ctYective aortic valve area (AVA) of

<1 cm2 (or ndexed for body surface area [BSAj, AVA/BSA <0.6 cm2!

m) and a mean pressure gradient (MPG) and peak velocity (‘max)

of>40 rnmHg and 4.0 mIs, respectivelv‘-2.Transeatheter aortic valve

implantation (TAVI) is the treatment of choice for patients vith

syrnptomatic severe AS and a high or prohibitive surgical risk‘.

However, in clinical practice there is frequently an inconsistency

in diagnostic criteria in patients in whom AS appears to be severe

based on AVA (<1 cm2 or <0.6 cm2/m) but moderate or even mild

based on transvalvular gradients7.This inconsistency is caused

by a reduced left ventricular (LV) stroke voliime. which leads to

a reduction oftransaortic flow and gradient. This occurs in patients

with severe AS and an ejection fraction (EF) 40% (low-EF, low

gradient AS: LEF-LGAS), a subgroup which has a particularly poor

prognosis with medical treatment and an increased mortality when

undergoing surgical aortic valve replacement or TAV1‘23.

Editorial, see page 775

Recently, a second type of low-gradient AS has been reported

with low-flow conditions caused by a decreased stroke volume

due to a small LV cavity size and a restrictive physiology11.This

phenomenon has been described as “paradoxical“ low-flow, low

gradient AS (PLF-LGAS), as ii is observed in patients with severe

AS despite an EF50%S15.I7• The optimal treatment and prognostic

impact of PLF-LGAS on early and long-term survival after TAVI

are still matters ofdebate. Therefore, the purpose ofthis study was

to compare the outcome ofTAVI in these distinct subgroups of AS

based on data from the German Aortic Valve Registry (GARY)2.

Methods
REGISTRY DESIGN AND SUBGROUPS

GARY is a prospective, multicentre registry designed to monitor

the efficacy and outcome ofinterventional and surgical aortic valve

procedures in Germany. The registry design has been described pre

viously2021.In brief, data at 78 tertiary cardiovaseular centres were

collected using standardised case report forms to record demo

graphic and clinical cbaracteristics as weIl as procedural and fol

low-up data. The present analysis focuses on data acquired in 2011.

Follow-up was obtained at 30 days and at one year based on the

medical records and on physician and patient interviews. The inves

tigators bad full access to the data and control ofthe analysis. Ethics

approval was obtained froni all participating centres, and patients‘

‘ritten, informed consent was obtained preoperatively.

All patients undergoing aortic valve procedures were eligible

for inclusion. Out of 13,860 consecutive patients enrolled in 2011,

3,908 underwent catheter-based aortic valve implantation. At the

participating institutions, the decision to perforni TAVI was made

by a Heart Team in 87.4% ofthe cases based upon the established

criteria22. For the present analysis, patients were assigned to one

of three subgroups depending on left ventricular ejection fraction

(LVEF). mean transvalvular aortic gradient (MPG), and aortic

valve area indexed for body surface area (AVA/BSA):

(1) Group LEF-LGAS: EF 40), MPG <40 nniHg.AVA!I3SA

0.6 cm1!m (low—flow, low—gradient AS).

(II) Group PLF-LGAS: EF 50%, MPG <40 mmHg. AVA!BSA

0.6 cni2/m2(“paradoxical“ low—flow, low—gradient AS).

(III) Group HGAS: MPG 40 mmHg, AVA!BSA 0.6 cm2/m2

(high-gradient AS).

DEVICES

Patients undergoing TAVI with all commercially available devices

were eligihle for inclusion. During the period ofenrolment, the fol—

lowing devices were commercially available in Germany: the haI

loon-expandable Edwards SAPIEN XT. a cobalt-chromium stent

(sizes 23 mm, 26 mm, and 29 mm) (Edwards Lifesciences, lrvine.

CA. USA), and the Medtronic CoreValve1‘(sizes 26 mm, 29 mm,

and 31 mm) (Medtronic, Minneapolis, MN, USA), a porcine per

icardial tissue valve in a seif-expanding nitinol stent frame. For

implantation ofthe balloon-expandable device, the Ascendra dcliv

ery system (Edwards Lifesciences) was used for transapical access

and the RetroFlex delivery system or, more recently, the NovaFlex

delivery system (both Edwards Lifesciences) were used for trans

femoral access.

The JenaValveTl (sizes 23 mm. 25 mm, and 27 mm) (Jena Valve

Technology GmbH, Munich, Germany), a natural porcine aor

tic root mounted on a nitinol stent. and the Symetis ACURATETI

valve (sizes small, medium, and large) (Symetis SA, Ecublens,

Switzerland), a porcine pericardial valve mounted on a nitinol

frame, were available as transapical devices.

ENDPOINTS

Major clinical endpoints were defined and analysed as reportcd pre

viously. The primary endpoint ofthe present analysis was all-cause

mortality at hospital discharge and at one year. Mortality at both time

points was further subdivided into cardiovascular and non-cardi

ovascular mortality as reported in the VARC detinitions22.Further

endpoints evaluated procedural characteristics (procedural success,

device type and access route, device function) as weil as the rate of

adverse events (postoperative bw cardiac output [defined as a Cl

<2.2 l/minlm2J, myocardial infarction, stroke, acute kidney injury,

bleeding and vascular complications, requirement for permanent

pacemaker)2122.After device implantation, the degree ofaortic regur

gitation was classified on a graded scale from 0 to 4, with a higher

grade indicating greater severity (grade Onone; grade ltrace, grade

1I=mild; grade IIl=moderute, grade IV=severe).

CALCULATION OF RISK SCORES

The baseline operative risk for cardiovascular surgery was estimated

using the logistic European System for Cardiac Operative Risk

Evaluation (EuroSCORE system), which is calculated by a logistic

regression equation (on a scale from 0 to 100%, with higher scores

indicating greater risk and a score ofmore than 20% indicating very

high surgical risk). In addition, the German Aortic Valve (German

AV) Score, vhich is based on aortic valve procedures, was calcubated

by a logistic regression. with higher scores indicating greater risk3.
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The German AV score is caleulated I‘rom 15 variables (fbrther details:

http://www.hqs-outeome.de/200%/ergehnisse/leistungsbereiche/htc).

STATISTICS
C‘ategorical variables arc presented as percentages and values, and con

tinuous data arc expresscd as mean±standard deviation (SD). The com

parison ofhaseline values among the subgroups was performed by the

Kruskal-Wallis test (any differences) or Mann-Whitney U test (pair

wise) Ihr coritinuous variables. Catecorical variables were compared

hy means of the test and the Fisher‘s exact test where applicahle.

Statistical significance was tested two-sided with the alpha level of 5%.

Painvise results were corrected with the Bonferroni—Holm—Shaffer

procedure for multiple comparison.

The vital status of patients already discharged or trarisferred

to a rehabilitation programme was verified by follow-up calls.

Survival curves were constructed Ihr time—to-event variables using

Kaplan-Meier cstimates and cornpared by the log-rank test.

Backward and fonvard stepwise logistic regression analysis was

perlbrmed to identify independent predictors of in-hospital mortal

ity in the overall TAVI population and separately in the three groups.

A covariate (LF.F-LGAS. PLF-LGAS, 1-IGAS. age >80 years, frailty.

diabetes, COPD, CA D—3, pulmonary hvpertension, peripheral vascu

lar disease, previous cardiac operations. myocardial mfarction, and

LVEF 30%) was rcmoved from the model ifthe p-value exceeded

0.10. All p-values <0.05 were considered statistically significant. All

statistical analyses were performed using the SPSS statistical pack

age version 19.0.0 (IBM Corp.. Annonk, NY, USA). Data manage

ment and statistical analyses were performed by the BQS Institute for

Qualitv and Patient Safetv. Dusseldort Germany.

Resuits
PATIENT POPULATION

The present study focuses on 3,908 TAVI patients included in the

registry between January 1 and December 31, 2011. Complete data

sets were available for 3,077 patients which were analysed in this

study. Patient demographics and baseline characteristics arc detailed

in Table 1. In the study population, PLF-LGAS and LEF-LGAS

were present in 640 (20.8%) and 359 (11.7%) patients, respectively

(Figure 1); 1,864 (60.6%) patients presented with HGAS. Patients

with PLF-LGAS were slightly younger than patients with HGAS

LEF-LGAS p“ LEF-LGAS PLF-LGAS p“ PLF-LGAS HGAS
(n=359) vs. PLF-LGAS (n=640) vs. HGAS (n=1 ‚864)
79.1±6.1 0.001 1 80.5±5.6 1 <0.001 81.4±6.1 <0.001

Female, n (%) 121 (33.7) <0.001 370 (57.8) 0.207 1,132 (60.7) <0.001

Body mass index (kg/m2) 26,5±4.4 <0.001 27.7±4.9 0.001 27.0±4.9 <0.001

Logistic EuroSCORE (%) 36.7±20.9 <0.001 1 22.6±15.7 0.071 24.3±17.4 <0.001

German AV score (%) 11.0±10.7 <0.001 7.4±7.5 0.031 8.2±8.9 <0.001

IZ‘)[1I[.1 ii[l‘Ft1Ifl1h.1‘

Chronic obstructive pulmonary disease, n (%) 79 (22.0) 138 (21.6) 362 (19.4) 0.328
Peripheral vasculardisease, n (%) 105 (29.2) 0.005 136 (21.3) 0.116 343 (18.4) <0.001
Pulmonary hypertension, n (%) 163 (45.4) 0.009 235 (36.7) 0.599 662 (35.5) 0.002
Systolic pulmonary pressure (mmHg) 48.6±15.6 <0.001 43.1±14.5 0.010 45.5±15.3 <0.001
Coronary artery disease (CAD), n (%) 255 (71.0) <0.001 346 (54.1) 0.199 952 (51.1) <0.001

1-CAD 60 (16.7) 99 (15.5) 358 (19.2) 0.083
2-CAD 67 (18.7) 0.087 92 (14.4) 0.381 242 (13.0) 0.020
3-CAD 128 (35.7) <0.001 155 (24.2) 0.004 352 (18.9) <0.001

Previous PCI 154 (42.9) <0.001 188 (29.4) 0.122 488 (26.2) <0.001
Previous myocardial infarction, n (%) 119 (33.1) <0.001 114 (17.8) 0.133 285 (15.3) <0.001

Myocardial infarction <91 days, n (%) 1 32 (8.9%) 0.123 39 (6.1) 0.552 102 (5.5) 0.050
Previous cardiac surgery, n (%) 110 (30.6) <0.001 131 (20.5) 0.026 307 (16.5) <0.001
Diabetes mellitus, n (%) 143 (39.8) 0.588 243 (38.0) 0.009 601 (32.2) 0.002
Mitral regurgitation ll°, n (%) 145 (40.4) <0.001 157 (24.5) 0.032 540 (29.0) <0.001
Chronic renal failure, n (%) 228 (63.5) 0.343 386 (60.3) 0.003 998 (53.5) <0.001
Dialysis acute 11 (3.1) 11 (1.7) 35 (1.9) 1 0.288

chronic 16 (4.5) 25 (3.9) 58 (3.1) ] 0.314
Stroke or TIA, intracranial haemorrhage 36 (10.0) 63 (9.8) 152 (8.2) 0.266
Permanent pacemaker/defibrillator 91 (25.3) <0.001 96 (15.0) <0.001 180 (9.7) <0.001
Values are mean±SD or n (%). ‘Chronic renal failure: glomerular filtration rate <60 mI/min/1.73m2or dialysis; p-value tor pairwise comparison; p-vaIue
for any ntergroup difference; CAD: coronary artery disease; CABG: coronary artery bypass grafting; HGAS: high-gradient aortic stenosis; LEF-LGAS: 10w
ejectionfraction, Iow.gradientaortic stenosis; PLF-LGAS: paradoxical tow-f 0w, low-gradientaortic stenosis -
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Table 1. Baseline characteristics.

Age, years±SD



(80.5±5.6 vs. 8 1.4±6.1; p<O.00l) and olderthan patients with LEF

LGAS (80.5±5.6 vs. 79.1±6.1; p=O.00l). Patients with PLF-LGAS

presented with a similar rate of comorbidities compared with

patients in the HGAS subgroup. In contrast, the LEF-LGAS sub

group generally bad a higher prevalence of comorbidities such as

coronary artery disease, pulmonary hypertension, mitra! regurgita

tion, and previous cardiac surgery. This is also ref!ected by a sig

nificantly higher logistic EuroSCORE in the LEF-LGAS group

compared to patients with PLF-LGAS and 1-IGAS (36.7±20.1 vs.

22.6±15.7 vs. 24.3±17.4, respectively; p<O.000I).

INTERVENTIONAL CHARACTERISTICS

Preoperative haemodynamics and characteristics of the TAVI proce

dure are presented in Table 2. Prior to device implantation the aor

tic valve area was severely reduced in all subgroups (PLF-LGAS:

0.73±0.17 vs. LEF-LGAS: 0.70±0.17 vs. HGAS: 0.63±0.17 cm2;

p<O.001). As per definition, the mean transvalvular gradient differed

significantly among the three groups: PLF-LGAS 30.7±6.5 mmHg vs.

LEF-LGAS 26.5±7.3 mmHg vs. HGAS 55.5±13.8 mmHg (p<O.001).

There were no differences among the three groups in the access

route used. The majority of procedures were performed transfemo

rally for all subgroups (PLF-LGAS: 68.4% vs. LEF-LGAS: 68.5%

vs. HGAS: 71.1%; p=O.343). In patients with LEF-LGAS, self

expandable devices were used significantly more often as compared

to patients with PLF-LGAS. The majority of interventions were per

formed as elective procedures. The rate ofTAVI procedures classified

as “urgentlemergent“ was signiticantly higher in patients with LEF

LGAS (LEF-LGAS 24.0% vs. PLF-LGAS: 14.5% vs. HGAS: 20.9%;

p<O.00I). A procedure was classified as urgent when the patient was

haemodynamically stable but medical management was not sufficient

for Symptom control and timely intervention was required

RATES OF DEATH AND PREDICTORS OF EARLY MORTALITY

AFTER TAVI

While in-hospital mortality was higher in patients with LEF-LGAS

compared with HGAS (7.8% vs. 4.9% pO.O29) no significant

difference was observed between patients with HGAS and PLF

LGAS (4.9% vs. 5.3%; p=O.67). After one year, the morta!ity dif

ference was even more pronounced for patients with LEF-LGAS

(32.3%) compared with the other two subgroups (PLF-LGAS:

22.3%; p=O.00l; HGAS: 19.8%; p<0.00l). In contrast. no signif

icant difference in one-year mortality was observed between the

PLF-LGAS and FIGAS subgroups (p=0.l92).

Likewise, the rate of major adverse cardiac and cerebral events

(MACCE) at one year (death, Ml, and stroke) was significantly higher

for patients with LEF-LGAS (LEF-LGAS: 34.5% vs. PLF-LGAS:

27.5; p=O.021 vs. HGAS: 23.8%; p<O.00l) (Table 3, Figure 2).

PREDICTORS OF IN-HOSPITAL MORTALITY

Logistic regression analysis of the overall TAVI population for

the three groups was performed to assess the predictive value of

the subtypes of AS (LEF-LGAS, PLF-LGAS, and HGAS), age

>76 years, frailty, diabetes, chronic obstructive pulmonary disease

(COPD), three-vessel coronary artery disease (CAD-3), pulmonary

hypertension, peripheral vascular disease, previous cardiac Opera

tions, myocardial infarction, and LVEF 30% for in-hospital mor

tality. After stepwise analysis, CAD-3, pulmonary hypertension and

peripheral vaseular disease remained in the model as an independ

ent predictor for in-hospital mortality in the overall TAVI popula

tion. No predictive value of the different subtypes ofAS for 30-day

mortality was observed (LEF-LGAS vs. PLF-LGAS: OR 0.926,

p=O.8; LEF-LGAS vs. HGAS: OR 0.898, p=0t39) in the overall

study population.

Multiple logistic regression analysis performed for patients with

LEF-LGAS identified pulmonary hypertensjon (OR 2.337, Cl:

1.003-5.444, p0.O49), PVD (OR 2.565, Cl: 1.140-5.775; p=O.023)

and previous myocardial infarction (OR 2.539; Cl: 1.129-5.707;

p=O.024)as sigriificant predictors of in-hospital mortality. In patients

presenting with PLF-LGAS, the presence ofthree-vessel CAD (OR

2.38, Cl: 1.164-4.868; p=O.0l8) and COPD (OR 2.771, Cl: 1.354-

5.672, pO.005) were significant predictors of in-hospital mortal

ity. Among patients with HGAS, PVD (OR 1.862, CI: 1.161-2.986;
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TAVI in low-flow, low-gradient vs. paradoxical low-gradient AS

3,900 2011: patients undergoing TAVI in 78 centres

L 3077 patwnts with completedatasets

included only when indexed AVWBSA 0.6 cm2/m2

MPG 40 mmHg MPG <40 mmHg
214 patients LVEF 40-50%

999

UIEF50% LVEF40%

PLF-LßAS LEF-LGRS
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Table 2. Secondary endpoint: procedural characteristics.

30.3±7.3 60.2±7.8 56.3±12.5 <0.001

Aortic valve area, cm?±SD 0.70±0.17 0.73±0.17 1 0.63±0.17 <0.001

Mean pressure gradient, mmHg±SD (echo) 26.5±7.3 30.7±6.5 55.5±13.8 <0.001

Peak-to-peak gradient, mmHg±SD (invasive) 34.5±14.4 43.0±18.2 63.3±23.4 <0,001

Minor calcification* 21 (5.8) 33 (5.2) 64 (3.4) 0.033

Moderate calcification* 112 (31.2) 195 (30.5) - 403 (21.6) <0.001

Heart Team approach 173 (48.2) 343 (53.6) 968 (51.9) 0.258

Duration of procedure, min±SD 98.5±53.2 90.3±54.8 92.2±49.0 0.007

Access route for valve Transfemoral, n (%) 246 (68.5) 438 (68.4) 1325 (71.1) 0.343
implantation Apical, n (%) 106 (29.5) 191 (29.8) 500(26.8) 0.247

Transaortic, n (%) 3 (0.8) 5 (0.8) 8 (0.4) 0.385

Transaxillary, n (%) 4 (1.1) 6 (0.9) 31 (1.7) 0.429

Device Medtronic CoreValve, n (%) 181 (50.4) 253 (39.5) 838 (45.0) 0.003

Edwards SAPIEN, n (%) 167 (46.5) 351 (54.8) 910 (48.8) 0.012

Other, n (%) 11 (3.1) 36 (5.6) 116 (6.2) 0.051

General anaesthesia 198 (55.2) 351 (54.8) 1066 (57.2) 0.514

Immediate result Successful device implantation, n (%) 349 (97.2) 623 (97.3) 1,809 (97.0) 0.971

Conversion to surgery, n (%) 4 (1.1) 8 (1.3) 31 (1.7) 0.737

Device function Peak-to-peak gradient, mmHg±SD 4.1±5.5 5.5±6.7 6.0±9.6 0.140

Residual aortic No AR, n (%) 126 (35.1) 274 (42.8) 754 (40.5) 0.056
regurgitation (AR) AR 1, n (%) 204 (56.8) 328 (51.2) 936 (50.2) 0.072

AR II, n (%) 19 (5.3) 28 (4.4) 138 (7.4) 0.016

AR 1110, n (%) 1 (0.3) 0 5 (0.3) 0.453

AR 1V0, n (%) 1 (0.3) 0 1 (0.1) 0.285

Additional procedures Adjunctive PCI 6 (1.7) 8 (1.3) 38 (2.0) 0.457

Values are mean±SD or n (%). grading accordirig to Rosenhek et a123.0p-value for any intergroup difference. AR: aortic regurgitation; HGAS: high-gradient
aortic stenosis; LEF-LGASI 10w ejection fraction, low-gradient aortic stenosis; PCI: percutaneous coronary intervention (%); PLF-LGAS: paradoxical
Iow-flow, low-gradient aortic stenosis

p=0.0l0) and EF <30% (OR 3.293, Cl: 1.436-7.549, pO.005) were

identified as significant predictors ofearly mortality (Table 4).

Discussion
Low-[low, Iow-gradient AS with preserved or reduced ejection

fraction is a common finding in patients with aortic stenosis. In

GARY, PLF-LGAS is observed in 20.8% of patients and is even

more frequent than LEF-LGAS (]l.7%). Both subgroups together

account for one quarter of all patients with AS selected for TAV!.

The three subgroups ofAS show clear differences in demograph

ics. gender distribution, and comorbidities. While LEF-LGAS pre

dominantly occurs in male patients, PLF-LGAS and HGAS are

slightly more common in female patients (Table 1). Furthermore.

patients with LEF-LGAS present with a higher rate of comorbidi

ties such as CAD, COPD. and peripheral vascular disease, whereas

the frequency ofcomorbidities is comparable between patients with

PLF-LGAS and HGAS (Table 1). Patients with HGAS have a signif

icantly smaller valve area compared with patients with PLF-LGAS.

a tinding that has previously been reported by O‘Sullivan et al‘9.

Although the clinical implications of this frnding are not yet clear,

we have confirmed it here in a larger patient population.

OUTCOME OF PARADOXICAL LOW-GRADIENT VERSUS

HIGH-GRADIENT AS

The impact oflow transvalvular flow and gradient in patients with

severe aortic stenosis on outcon]e is a matter of debate and pub

lished data so far have shown conflicting results‘3“9.As a main find

ing ofthe present study, patients with PLF-LGAS and HGAS have

a comparable overall in-hospital (5.3% vs. 4.9%, p=O.672) and one

year mortality (22.3% vs. 19.8%, p=O.l92) after TAVI. The rate

of MACCE was not significantly difTerent between these two sub

groups at hospital discharge (8.9% vs. 7.9%. p=0.4) and at one year

(27.5% vs. 23.08%; p=O.063) after TAVI. These resuits are in line

with data from the Simvastatin and Ezetimibe in Aortic Stenosis

(SEAS) trial, which reported comparable outcomes in patients with

bw (bw and preserved ejection fraction versus normal flow2.As in

Haemodynamics Ejection fraction

LEFLGAS PLF-LGAS HGAS
(n=359) (n=640) (n=1 ‚864)

Severe calcification* 189 (52.6) 316 (49.4) 1,193 (64.0) <0,00 1
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Table 3. Primary endpoints: mortality and MACCE — in-hospital and at 12-month follow-up.

In-hospital mortality

LEF-LGAS p“ LEF-LGAS PLF-LGAS p HCAS vs. HGAS p LEF-LGAS

(n=359) vs. PLF-LGAS (n=640) PLF-LGAS (n=1 ‚864) vs. HGAS

28(7.8) 0.133 34 (5.3) 1 0.674 91 (4,9) 0.029 0.084

Combined endpoints (in-hospital)

MACCE (death, Ml, stroke) 40 (11.1%) 0.266 57 (8.9%) 0.404 147 (7.9%) 0.048 0.121

140 (39.0%) 1.000 250 (39.1%) 0.351 768 (41.2%) 0.447 0.538

12-month mortality 116 (32.3) 0.001 j)43 (22.3) 0.192 370 (19.8) <0.001 <0.001

Patient alive 235 (65.5) 0.001 483 (75.5) 0.229 1,451 (77.8) <0.001 <0.001

Survival status unknown 8 (2.2) 1.000 14 (2.2) 1.000 43 (2.2) 1.000 1.000

Cause of death Cardiovascular 43 (12.0) ] 0.032 50 (7.8) 0.057 1 105 (5.6) <0.001 <0.001

Non-cardiovascular 22 (6.1) 0.165 26 (4.1) 0.821 81 (4,3) 0.169 0.273

Unknown 51 (14.2) 0.083 67 (10.5) 0.648 184 (9.9) 0.019 0.050

Combined endpoints (12-month)

No MACCE 193 (53.8) 0.038 388 (60.6) 0.096 1,199 (64.3) <0.001 0.001

MACCE (death Ml stroke) 124 (34 5) 0 021 176 (27 5) 0 063 443 (23 8) <0 001 <0 001

Patient alive but MACCE unknown 42 (11.7) 1.000 76 (11.9) 1.000 1 222 (11.9) 1.000 0.994

Values are mean±SD or n (%). p-value for any intergroup difference. #p.value tor pairwise comparison. HGAS: high-gradient aortic stenosis;
LEF-LGAS: 0w ejection fraction, low-gradient aortic stenosis; MACCE: major adverse cardiac arid cerebral events; MAE: major adverse events;
PLF-LGAS: paradoxical low-flow, low-gradient aortic stenosis -

the GARY registry, treatment decisions in the SEAS trial were not

randornised but based on clinical practice.

However, our observations also contradict sorne of the find

ings of earlier studies. In a retrospective analysis of die Placernent

of Aortic Transcatheter Valves (PARTNER) trial, Herrmann et al

observed a significantly higher one-year mortality in patients with

a bw transvalvular flow (47% versus 34%; hazard ratio 1.5; 95%

CI: 1.25-1.89; p=0.006), which is generally defined as a stroke vol

urne index 35 rnl/rn2 ‘. In clinical practice, the flow decrease rnay

be caused by a high valvuloarterial impedance and a restrictive till-

ing pattern (as in PLF-LGAS) or by irnpaired LV contractility (as in

LEF-LGAS). In the study by Herrmann et al, a “low-flow“ condition
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was identitied as a powerful predictor of early mortality, thus sug

gesting that a bw forvard LV output is a more important determi
nant of outcome than the niechanism of flow decrease‘5.Thus, in

the study by Herrmann et al, the higher rnortality arnong patients
vith Iow-flow AS is potentially due to the inclusion ofpatients with

impaired systolic LV function, a subgroup which in clinical prac
tice presents with a higher rate of comorbidities. Another recent

study by Le Ven et ab confirmed a higher mortality in patients with
aortic stenosis and low-flow transvalvular flow without observing
an impact of LV systolic dysfunction on mortality in multivariate
analysis25.This finding may have been influenced by the smaller
number of patients with reduced LV function as weil as the corn
paratively long period ofretrospective patient inclusion and the ret
rospective nature of the study.

Our inding ofa comparable outcome between PLF-LGAS and
HGAS on the one band and a significantIy higher mortality ofLEF
LGAS on the other suggests that the main cause of the increased
mortality after TAVI is not decreased flow itseif, hut rather the
reduced ejection fraction as a mechanism for reduced flow and the
associated comorbidities ofthe LEF-LGAS subgroup. This is fur
ther supported by the resuits of the multiple regression analysis,
which identified an EF <30% as a predictor of in-hospital mortality
among patients with HGAS. Although flow data arc not available in
the GARY population and PLF-LGAS was defined based on AVA/
BSA and MPG, a paradoxical bw transvalvular gradient in the set
ting ofsevereAS is inevitably the result ofa bw transvalvular flow.

The subgroup differences in mortality between GARY and
PARTNER rnay be further explained by the study design. While the
PARTNER trial was conducted in a highly selected study popula
tion and included only balioon-expandable valves, the present anal
ysis reflects the results ofTAVI in an unselected, all-comers patient
population with paradoxical bow-gradient AS and includes all com
mercialby available TAVI devices.

OUTCOME OF LOW-FLOW, LOW-GRADIENT AS
Left ventricular dysfunction is associated with adverse outcomes
after surgical aortic valve replacement, hut little is known about
the impact of LV dysfunction on outcomes after TAVI‘3‘4‘2628.This
is confirmed by the GARY data where one-year rnortality of LEF
LGAS is significantly higher eompared with that of the other AS
subtypes (LEF-LGAS: 32.3% vs. PLF-LGAS: 22.3% vs. HGAS:
19.8%; p=O.00l). This difference is in part attributable to a higber
rate ofcardiovascular deaths among patients willi bw flow and LV
dysfunction (LEF-LGAS: 12% vs. PLF-LGAS 7.8% vs. HGAS
5.6%; p<0.001). Furthemiore, patients with LEF-LGAS bad
a higber rate of bw cardiac output syndrome and more frequently
required cardiopulmonary resuscitation or mechanical circulatory
support during the post-interventional period than their counter
parts in the other subgroups (Table 5).

The current results confirm a substantial iniprovement in the
earby outcome after TAVI among patients with LEF-LGAS com
pared with earlier, non-randomised data from the Gerrnan TAVI
registry for the period 2009-2010. In this registry, in-hospital
and one-year mortalities of 16.1% and 36.9%, respectiveby, were
reported in this subgroup‘429.The current data show a more than
50% deerease in in-hospital mortality (to 7.8%) despite a higber
EuroSCORE in the GARY subgroup (GARY: 36.7±20.9 vs.
German TAVI registry: 26.8±9.7). This improvement in outcome
can most Iikely be attributed to factors such as the increase in
operator experience, the downsizing ofTAVI devices, and a bearn
ing curve in patient sebection. However, one-year mortality in the
LEF-LGAS subgroup improved only sbightby, from 36.9% in the
German TAVI registry to 32.3% in the GARY registry. This obser
‘ation reflects the severity ofthe underbying cardiac disease in this
difficult subgroup which can be only partiabby reversed by aortic
valve replacement and ultimateby resubts in an increased bong-term
mortality.
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Table 4. Predictors of in-hospital mortality for patients with LEF-LG, Pt.F-LG, amt HG aortic stenosis.

EF <30 0734

95% CI for odds ratio 95% CI tor odds ratio

0.005 3.293 1.436 7.549

PVD 1 0.023 2.565 1.140 1 5.775 0.213 — — — 0.010 1.862 1.161 2.986
Age >76 0.683 — — — 0.544 — — — 0.379 — — . —

Frailty 0.644 - — — 0.741 — — — 0.453 — —

PH 0.049 2.337 1.003 5.444 0.893 — — — 0,212 — — —

Previous surgery 0.490 — — — 0.764 — — — 0.583 — — —

Diabetes mellitus 0.511 — — — 0.882 — — — 0.156 — — —

Previous Ml 0.024 2.539 1.129 5.707 0.877 — — — 0.350 — —

COPD 0.416 -. — — 0.005 2.771 1.354 5.672 0.235 — — —

3-CAD 0.200 — — — 0.018 2.380 1.164 4.868 0.538 — — —

Resulls ot logistic regression analysis pertornred in subgroups witt either nw ejection traction )ow-gradient, paradoxical low-gradient, er high-gradient aortic stenosis. ‘This table includes Ihn
variables Ihat were signiiicanl (p<O.05) in univariate analyses. CAD: coronary artery disease; Cl: confidence interval; COPD: chronic nbstructive pulmnnary disease; HGAS: high-gradienl aortic
stenosis; LEF-LGAS: 10w ejection brachen, Iow-gradient anrhic stenosis; Ml: myocardial infarction; OR: odds ratio; PH: pulmonary hypertension; PLF-LGAS: paradoxical low-flow, low.gradient
aortic stenosis; PVD: peripheral sessel disease; *p..value tor multivariate hesting.



Lim itations
The present paper reports the largest non-randomised series of

patients undergoing TAVI for the different subtypes ofAS reported

to date. However, as it is based on registry data, several limitations

apply. Firstly, only data on AVA, MPG, and EF but not transaor

tic flow are available for further classification of AS. In patients

with both an indexed valve area of0.6 cm2/m2 and an MPG of

<40 mmHg, the presence of a reduced transvalvular flow was

assurned, and they were therefore allocated to the PLF-LGAS and

the LEF-LGAS subgroups. Secondly, particularly for patients with

LEF-LGAS, dobutarnine stress echocardiography (DES) would

be required to exclude patients with pseudostenosis from valve

replacement. Since the GARY registry is a nationwide registry

of data from cardiology and surgical units, ii focuses on a limited

range of variables excluding the resuits of DES. In patients with

inipaired LV function, further studies should also include data on

postoperative recovery of LV function, which may also serve as an

indicator for better outcome. Additionally, the EuroSCORE 1 was

used for caiculation of perioperative risk, which has been demon

strated to overestimate the 30-day risk ofmortality.

Conclusions
In contrast to other studies, the present report summarises a large nurn

ber of patients and their clinical follow-up from a nationwide regis

try (nearly all TAVI-performing institutions in Gerrnany). As the time

period for inclusion was short, a leaming curve and technological

changes do not impact on the resuits. In clinical practice, a bw trans

valvular flow and gradient despite severe AS is a common finding and

is observed in >30% ofpatients undergoing TAVI. In the GARY regis

try, paradoxical low-gradientAS is observed in 20.8% ofpatients and

is even more frequent than low-gradient AS with impaired LV function

(11.7%). The in-hospital arid one-year mortality and complication rates

after TAVI among patients with PLF-LGAS are bw and sirnilar to the

rates for high-gradient AS. In contrast, patients with LEF-LGAS have

a significantly higher one-year mortabity and a significantly higher rate

oflow cardiac output afterTAVI.

TAVI in bow-flow, Iow-gradient vs. paradoxical ow-gradient AS

Table 5. Secondary endpoints in-hospital: early complications classified according ta VARC3.

Duration of treatment on ICU

LEF-LCAS p“ LEF-LGAS PLF-LGAS p HGAS vs. HGAS p‘ LEF-LGAS
(n=359) vs. PLF-LGAS (n=640) PLF-LGAS (n=1 ‚864) vs. IIGAS

1 4.3±5.3 1

Low cardiac oUtput 35 (9.7)

1 4.0±6.3

Postoperative complications
3.8±5.2 1 1 0.321

0.003 31 (4.8) 0.107 125 (6.7) 0.045 0.013
Medical treatment 18 (5.0) 0.013 13 (2.0) 0.320 54 (2.9) 0.049 0.034
lntra-aortic balboon pump 5 (1.4) 0.006 0 (0.0) 0.027 14 (0.8) 0.215 0.009
Othertype of circulatory support 12 (3.3) — 18 (2.8) — 57 (3.1) — 0.883

Myocardial nfarction 3 (0.8) -. 1 (0.2) 8 (0.4) — 0240
Stroke 12 (3.3) — 24 (3.8) — 63 (3.4) — 0.895

Minorstroke (Rankin score <2) 7 (1.9) — 13 (2.0) — 28 (1.5) — 0.536
Major stroke (Rankin score 2) 5 (1.4) — 11 (1.7) — 35 (1.9) — 0.891

Acute kidney injury (modif. RIFLE ciassification)

Stage 1 (creatinine increase 150-199%) 19/130 (14.6) — 43/252 (17.1) — 129/862 (15.0) — 0.697
Stage 2 (creatinine increase 200-299%) 7/130 (5.4)

— 12/252 4.8 — 42/862 4.9 — 0.962
Stage 3 (creatinine iricrease >300%) 8/130 (6.2) — ‚ 7/252 (2.8) — 21/862 (2.4) — 0.062

Vascular complications 47 (13.1) - 75 (11.7) — 236 (12.7) — 0.769
Bleeding complications — — —

Life-threateningordisabling(4 RBC units) 44 (12.3) — 70 (10.9) — 208 (11.2) — 0,791

Major bleeding (2 or 3 RBC units) 59 (16.4) — 112 (17.5) — 368 (19.7) — 0.217

Minor bleeding (1 RBC unit) 12 (3.3) — 31 (4.8) — 100 (5.4) — 0.277

Number unknown but 1 8 (2.2) — 8 (1.3) — 22 (1.2) — 0.272

Cardiopulmonary resuscitation 28 (7.8) 0.006 23 (3.6) 0.225 90 (4.8) 0.028 0.016

Permanent pacemaker/defibrillator (new) 64 (23.9) — 109 (20.0) — 377 (22.4) — 0.383

Postoperative day of mobilisation

Day 1 155 (43.2) — 286 (44.7) — 170 (46.7) — 0.392

Day 2 98 (27.3) — 148 (23.1) — 445 (23.9) — 0.303

Day 3 60 (16 7) — 128 (20 0) — 358 (19 2) — 0 434
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Values are mean±SD or n (%). p-value for pairwise comparison; ‘p-value for any intergroup difference; HGAS: high-gradient aorbc stenosis; ABP: intra
aortic counterpulsation; LEF-LGAS: 10w ejection fraction, Iow-gradient aortic stenosis; PLF-LGAS: paradoxical ow-flow, Iow-gradient aortic stenosis;
RBC: packed red

blood cells
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Impact on daily practice
The present study analyses the outcome of patients undergo

ing transcatheter aortic valve implantation (TAVI) for different

subtypes of severe aortic stenosis (AS) based on data from the

GARY registry. In this study population a bw transvalvular tlow

and gradient is a common finding and is observed in >30% of

patients. A “paradoxical“ low-gradient AS despite preserved left

ventricubar (LV) function is present in 20.8% of TAVJ patients

and is even more frequent than a bow-gradient AS with impaired

LV function (11.7%). Early and one-year mortality and compli

cation rates after TAVI for paradoxical low-gradient AS are bw

and comparable to the rates for high-gradient AS. In contrast,

TAVI for low-gradient AS and reduced LV function is associ

ated with significantly higher one-year mortality and rate of

MACCE.
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