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Abstract
Background: Both measured and predicted effective orifice area (EOA) indexed to the body surface area 
(EOAi) have been suggested to define prosthesis-patient mismatch (PPM) in patients undergoing trans-
catheter aortic valve replacement (TAVR). The impact of PPM on clinical outcomes may accumulate with 
extended follow-up and vary according to the definition used.
Aims: We aimed to investigate the long-term clinical impact of PPM in patients undergoing TAVR. 
Methods: Patients in a prospective TAVR registry were stratified by the presence of moderate (0.65-0.85 
or 0.55-0.70 cm2/m2 if obese) or severe (≤0.65 or ≤0.55 cm2/m2 if obese) PPM according to echocardio-
graphically measured EOAi (measured PPM), predicted EOAi based on published EOA reference values 
for each valve model and size (predicted PPMTHV), or predicted EOAi based on EOA reference values 
derived from computed tomography measurements of aortic annulus dimensions (predicted PPMCT).
Results: In an analysis of 2,463 patients, the frequency of measured PPM (moderate: 27.0%; severe: 8.7%) 
was higher than the frequency of predicted PPMTHV (moderate: 11.3%; severe: 1.2%) or predicted PPMCT 
(moderate: 12.0%; severe: 0.1%). During a median follow-up of 429 days, 10-year mortality was compar-
able in patients with versus without measured PPM or predicted PPMCT. In contrast, patients with moder-
ate predicted PPMTHV had a lower risk of 10-year all-cause mortality compared with those without PPM 
(adjusted hazard ratio: 0.73, 95% confidence interval: 0.55-0.96).
Conclusions: The use of predicted versus measured EOAi results in a lower estimate of PPM severity. 
We observed no increased risk of death in patients with PPM over a median follow-up time of 429 days. 
ClinicalTrials.gov: NCT01368250.
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Abbreviations
EOA effective orifice area
EOACT  predicted EOA based on the normal reference values 

of EOA derived from aortic annulus dimensions meas-
ured by preprocedural computed tomography

EOAi  effective orifice area indexed to body surface area
EOATHV  predicted EOA based on the normal reference values of 

EOA for each size and type of implanted transcatheter 
heart valve

PPM  prosthesis-patient mismatch
PPMCT  PPM defined by predicted EOA derived from preproc-

edural computed tomography
PPMTHV  PPM defined by predicted EOA for each size and 

model of implanted transcatheter heart valve
TAVR  transcatheter aortic valve replacement

Introduction
Prosthesis-patient mismatch (PPM) is a condition in which the 
effective orifice area (EOA) of a normally functioning prosthe-
sis is too small relative to the patient’s body surface area (BSA), 
resulting in a high residual transprosthetic pressure gradient. In 
surgical series, PPM has been associated with adverse clinical out-
comes after surgical aortic valve replacement (SAVR)1-3. However, 
the impact of PPM in the transcatheter aortic valve replacement 
(TAVR) population remains controversial because of differences 
in the methods used to ascertain PPM4.

In SAVR series, PPM has been based on predicted EOA, cal-
culated by dividing the EOA reference value, indicated by the 
manufacturer for the prosthesis model and size, by the BSA. In 
contrast, previous TAVR studies have mainly defined PPM using 
EOA measured directly by transthoracic echocardiography (meas-
ured PPM)5-8. Recent TAVR studies have suggested that the use 
of measured EOA overestimates the frequency of PPM compared 
to the use of predicted EOA and that predicted EOA more accu-
rately determines the frequency of PPM and may, hence, be more 
useful to assess the impact on outcomes9-11. Available evidence is, 
however, limited in terms of duration of follow-up and the spec-
trum of transcatheter heart valve (THV) types included. Therefore, 
the present study aimed to systematically evaluate the long-term 
clinical outcomes of patients stratified according to PPM, assessed 
by measured and predicted EOA in a prospective TAVR registry 
including different valve types and generations.

Editorial, see page 707

Methods
STUDY DESIGN AND POPULATION
The Bern TAVI Registry is a prospective TAVR registry enrolling 
consecutive patients undergoing TAVR for severe, symptomatic aor-
tic stenosis at Bern University Hospital, Switzerland, which forms 
part of the nationwide SwissTAVI Registry (ClinicalTrials.gov: 
NCT01368250)12. The present analysis included patients who under-
went TAVR with balloon-expandable (SAPIEN XT, SAPIEN 3, 
SAPIEN 3 Ultra [Edwards Lifesciences]) or self-expanding devices 

(CoreValve, Evolut R/PRO/PRO Plus [Medtronic]) between August 
2007 and June 2022. For the purpose of the present study, patients 
who underwent intervention but had no device implanted, those who 
were treated with non-study devices, and patients with incomplete 
information for the assessment of PPM (body mass index [BMI], 
BSA, or measured EOA at discharge) were excluded. The registry 
was approved by the Bern Cantonal Ethics Committee, and patients 
provided written informed consent to participate.

DEFINITION OF PPM
PPM was classified on the basis of EOA indexed to BSA (EOAi) 
as none (EOAi >0.85 cm2/m2), moderate (EOAi >0.65 and ≤0.85 
cm2/m2) or severe (EOAi ≤0.65 cm2/m2) in the non-obese popula-
tion, and as none (EOAi >0.70 cm2/m2), moderate (EOAi >0.55 
and ≤0.70 cm2/m2), or severe (EOAi ≤0.55 cm2/m2) in the obese 
population (BMI ≥30 kg/m2)13. 

ASSESSMENT OF EOA
Comprehensive transthoracic echocardiography using a Philips 
iE33 machine (Philips Healthcare) was performed by a board-
certified cardiologist and echocardiography specialist before 
TAVR and prior to discharge. Measured EOA was calculated using 
the continuity equation indexed to BSA14,15; the EOA was calcu-
lated using the left ventricular stroke volume, derived as the outer-
to-outer border of the stented valve, multiplied by the pulsed-wave 
Doppler time-velocity integral of flow at that location. Predicted 
EOA was assessed using two different derived methods. The first 
method was based on the reference values of EOA indicated by 
the published data for each size and type of implanted THV (pre-
dicted EOATHV) (Supplementary Table 1). The second method was 
used in patients who underwent TAVR with SAPIEN 3/3 Ultra, 
CoreValve, or Evolut R/PRO/PRO Plus and was based on the ref-
erence values of EOA derived from aortic annulus dimensions 
measured by preprocedural computed tomography (CT; predicted 
EOACT) (Supplementary Table 2). The reference values for pre-
dicted EOA were derived from published data, which were cal-
culated using data from pooled cohorts of the randomised clinical 
trials9-11. Preprocedural CT examinations were independently re-
evaluated by dedicated imaging specialists, and the measurements 
were integrated into the database16.

DATA COLLECTION AND CLINICAL ENDPOINTS
All baseline clinical, procedural, and follow-up data were prospec-
tively recorded in a dedicated database, held at the Clinical Trials 
Unit at the University of Bern, Switzerland. In the SwissTAVI 
Registry, regular follow-up is standardised at 30 days, 1 year, 
5 years, and 10 years17. A clinical events committee independently 
adjudicated all adverse events according to the Valve Academic 
Research Consortium (VARC) definitions18,19. An independ-
ent clinical trials unit is responsible for central data monitoring 
to verify the completeness and accuracy of the data and for sta-
tistical analysis. The outcomes of interest in the present study 
included all-cause and cardiovascular mortality, structural valve 
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deterioration, and unplanned repeat aortic valve intervention at 
1, 5, and 10 years after TAVR. Structural valve deterioration was 
defined according to the VARC criteria between 2007 and 2013 
and has since been defined according to the VARC-2 criteria18,19. 
Unplanned repeat aortic valve intervention was defined as a com-
posite of valve-in-valve procedure, balloon valvuloplasty, surgical 
revision, or paravalvular leak closure.

STATISTICAL ANALYSIS
Categorical variables are presented as frequencies and percent-
ages, and the differences between groups were evaluated with 
the chi-square test or Fisher’s exact test. Continuous variables 
are presented as mean values±standard deviation (SD) and com-
pared between groups using an F test from an analysis of variance 
(ANOVA). Risk ratios with 95% confidence intervals (95% CI) 
from Poisson regressions were provided where appropriate. Time-
to-event curves were constructed using the Kaplan-Meier method. 
Univariable and multivariable Cox proportional hazards models 
were used to calculate hazard ratios (HR) and 95% CIs for the 
clinical outcomes. Multivariable adjustment was performed with 
predefined baseline variables potentially related to clinical out-
comes, including age, sex, and the Society of Thoracic Surgeons 
Predicted Risk of Mortality (STS-PROM). It was anticipated that 
traditional Cox proportional hazards models may overestimate 
event rates when competing with death in this elderly popula-
tion with relevant comorbidities. To account for this limitation, 
the Fine and Gray method was used to model the cumulative inci-
dence function of the outcomes of interest in the present study and 
to determine the subdistribution HR (sHR) under competing risk 
of death or, in the case of cardiovascular death, under compet-
ing risk of non-cardiovascular death20,21. All statistical tests were 

2-sided and p-values<0.05 were considered significant. Statistical 
analyses were performed using Stata v17 (StataCorp).

Results
STUDY POPULATION AND FREQUENCY OF PPM
Among 3,586 consecutive patients enrolled into the prospective 
Bern TAVI Registry, 2,463 patients were available for the analysis 
of measured PPM and predicted PPM defined by predicted EOATHV 

(predicted PPMTHV); 1,570 patients were available for the analysis 
of predicted PPM based on predicted EOACT (predicted PPMCT) 
(Supplementary Figure 1). The frequency of moderate and severe 
PPM according to measured EOAi was 27.0% and 8.7%, respec-
tively. According to predicted EOATHV, the frequency of moder-
ate and severe PPMTHV was 11.3% and 1.2%, respectively. Using 
predicted EOACT, the frequency of moderate and severe predicted 
PPMCT was 12.0% and 0.1%, respectively (Table 1, Central illus-
tration). The frequency of moderate and severe PPM was lower 
in the obese population compared with the non-obese population 
regardless of the method of assessment, with the exception of 
severe measured PPM, which was comparable between the groups 
(8.9% vs 8.7%; p=0.865) (Table 1). Supplementary Table  3 
shows the frequency of PPM according to THV type. Balloon-
expandable valves had a higher frequency of moderate or severe 
PPM, whereas severe predicted PPMTHV was observed only in self-
expanding valves.

Baseline and procedural characteristics according to measured 
PPM and predicted PPMTHV are shown in Supplementary Table 4. 
Overall, 1,154 patients (46.9%) were female, the mean age of the 
cohort was 82±6 years, and the STS-PROM was 5.0±3.9%; 22.8% 
of patients were obese. TAVR was performed by transfemoral access 
in 93.6% of patients, and the distribution of balloon-expandable and 

Table 1. Frequency of PPM according to the method of the definition of PPM.

All patients (N=2,463)
Patients with BMI 

<30 kg/m2 (N=1,902)
Patients with BMI 

≥30 kg/m2 (N=561)
p-value

Measured PPM
Measured EOAi, cm2/m2 0.95±0.29 0.98±0.29 0.82±0.24 <0.001
Moderate or severe measured PPM 879 (35.7) 699 (36.8) 180 (32.1) 0.045
Moderate measured PPM 664 (27.0) 534 (28.1) 130 (23.2) 0.023
Severe measured PPM 215 (8.7) 165 (8.7) 50 (8.9) 0.865

Predicted PPMTHV

Predicted EOAiTHV, cm2/m2 0.96±0.15 0.99±0.15 0.84±0.11 <0.001
Moderate or severe predicted PPMTHV 308 (12.5) 262 (13.8) 46 (8.2) <0.001
Moderate predicted PPMTHV 279 (11.3) 235 (12.4) 44 (7.8) 0.003
Severe predicted PPMTHV 29 (1.2) 27 (1.4) 2 (0.4) 0.043

Predicted PPMCT N=1,570 N=1,220 N=350
Predicted EOAiCT, cm2/m2 0.97±0.15 1.0±0.15 0.84±0.11 <0.001
Moderate or severe predicted PPMCT 190 (12.1) 160 (13.1) 30 (8.6) 0.020
Moderate predicted PPMCT 189 (12.0) 159 (13.0) 30 (8.6) 0.025
Severe predicted PPMCT 1 (0.1) 1 (0.1) 0 (0.0) 1.000

Values are mean±standard deviation or n (%). BMI: body mass index; EOAi: effective orifice area indexed to body surface area; EOAiCT: predicted EOA 
based on the normal reference values of EOA derived from aortic annulus dimensions measured by preprocedural computed tomography; 
EOATHV: predicted EOA based on the normal reference val ues of EOA for each size and type of implanted transcatheter heart valve; PPM: prosthesis-
patient mismatch; PPMCT: PPM defined by predicted EOA derived from preprocedural computed tomography; PPMTHV: PPM defined by predicted EOA 
for each size and model of implanted transcatheter heart valve
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CENTRAL ILLUSTRATION Measured and predicted PPM after TAVR.
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HRadjusted 0.58, (95% CI: 0.24-1.41); p=0.231
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Frequency of PPM according to type and severity after TAVR (A), and cumulative event curves for all-cause mortality according to type 
and severity of PPM (B). Hazard ratios and p-values were calculated with the use of Cox proportional hazards models. CI: confidence 
interval; EOA: effective orifice area; HRadjusted: adjusted hazard ratio; PPM: prosthesis-patient mismatch; PPMCT: PPM defined by the 
normal reference values of EOA derived from aortic annulus area/perimeter measured by preprocedural computed tomography; 
PPMTHV: PPM defined by the normal reference values of EOA for each size and model of implanted transcatheter heart valve; 
TAVR: transcatheter aortic valve replacement; THV: transcatheter heart valve
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self-expanding devices was 63.0% and 37.0%, respectively. Valve-
in-valve procedures were performed in 129 patients (5.2%). Patients 
with moderate or severe measured PPM more commonly had bal-
loon-expandable valves than those without PPM (67.0% vs 71.5% 
vs 58.8%; p<0.001). In contrast, all patients with severe predicted 
PPMTHV had self-expanding valves with a small valve size (≤23 mm). 

POSTPROCEDURAL HAEMODYNAMICS
Postprocedural haemodynamics in patients with measured 
PPM and predicted PPMTHV are summarised in Supplementary 
Table 5. Patients with moderate or severe PPM, defined by either 
method, had higher mean prosthetic gradients (13.4±6.4 mmHg 
vs 11.5±4.4 mmHg vs 9.1±4.0 mmHg in measured PPM and 
13.6±6.7 mmHg vs 13.4±5.4 mmHg vs 9.7±4.3 mmHg in predicted 
PPMTHV; both p-values<0.001) and a higher prevalence of high resid-
ual gradient (mean prosthesis gradient ≥20 mmHg: 14.6% vs 5.2% 

vs 1.1% in measured PPM and 10.3% vs 12.0% vs 2.1% in pre-
dicted PPMTHV; both p-values<0.001). Measured EOAi was lower 
in patients with severe or moderate predicted PPMTHV compared to 
those with no predicted PPMTHV (0.75±0.19 cm2/m2 vs 0.82±0.29 
cm2/m2 vs 0.96±0.26 cm2/m2; p<0.001). There was no significant 
difference in the rate of moderate or severe paravalvular regurgita-
tion. Although the stroke volume index and left ventricular ejection 
fraction were lower in patients with moderate and severe meas-
ured PPM compared with those with no PPM (29.8±10.8 mL/m2 
vs 32.3±8.3 mL/m2 vs 40.0±11.7 mL/m2; p<0.001 and 52.4±15.8% 
vs 54.1±13.5% vs 57.1±12.9%; p<0.001, respectively), these differ-
ences were not observed in the analysis of predicted PPMTHV.

CLINICAL OUTCOMES
Clinical outcomes at 1, 5, and 10 years according to PPM by 
any definition are summarised in Table 2, Table 3, Table 4, and 

Table 2. Clinical outcomes according to the method for the definition of PPM.

Measured PPM

None Moderate Severe Moderate vs none Severe vs none

(N=1,584) (N=664) (N=215)
Adjusted HR 

(95% CI)
p-value

Adjusted HR 
(95% CI)

p-value

At 1 year All-cause death 154 (10.5) 76 (12.2) 24 (11.8) 1.20 (0.91-1.58) 0.198 1.16 (0.75-1.78) 0.509

Cardiovascular death 94 (6.5) 51 (8.4) 16 (8.1) 1.33 (0.94-1.87) 0.106 1.29 (0.76-2.19) 0.352

Structural valve deterioration 23 (1.7) 10 (1.7) 5 (2.5) 1.02 (0.49-2.15) 0.956 1.54 (0.58-4.05) 0.384

Repeat aortic valve intervention 11 (0.7) 5 (0.8) 4 (1.9) 1.07 (0.37-3.08) 0.90 2.52 (0.80-7.94) 0.114

At 5 years All-cause death 413 (52.8) 178 (58.3) 58 (51.5) 1.17 (0.98-1.39) 0.085 1.07 (0.81-1.41) 0.631

Cardiovascular death 275 (40.0) 128 (46.9) 40 (39.7) 1.26 (1.02-1.56) 0.029 1.13 (0.81-1.58) 0.473

Structural valve deterioration 30 (4.6) 15 (6.2) 9 (11.4) 1.37 (0.74-2.55) 0.319 1.92 (0.91-4.05) 0.088

Repeat aortic valve intervention 15 (2.3) 6 (2.5) 5 (5.8) 1.12 (0.43-2.89) 0.818 2.11 (0.76-5.83) 0.149

At 10 years All-cause death 493 (84.3) 204 (89.7) 67 (94.6) 1.17 (1.00-1.38) 0.055 1.19 (0.92-1.54) 0.187

Cardiovascular death 344 (77.2) 148 (82.7) 48 (92.7) 1.25 (1.03-1.52) 0.023 1.26 (0.93-1.71) 0.131

Structural valve deterioration 34 (8.2) 16 (8.3) 9 (9.3) 1.17 (0.64-2.12) 0.614 1.89 (0.90-3.96) 0.091

Repeat aortic valve intervention 17 (3.8) 7 (11.3) 5 (3.8) 0.99 (0.41-2.41) 0.985 2.09 (0.77-5.70) 0.149

Predicted PPMTHV

None Moderate Severe Moderate vs none Severe vs none

(N=2,155) (N=279) (N=29)
Adjusted HR 

(95% CI)
p-value

Adjusted HR 
(95% CI)

p-value

At 1 year All-cause death 237 (11.8) 15 (5.9) 2 (7.9) 0.53 (0.32-0.90) 0.019 0.57 (0.14-2.28) 0.422

Cardiovascular death 149 (7.5) 10 (4.0) 2 (7.9) 0.58 (0.30-1.10) 0.094 0.92 (0.23-3.73) 0.910

Structural valve deterioration 33 (1.7) 5 (2.0) 0 1.13 (0.44-2.91) 0.800 - -

Repeat aortic valve intervention 15 (0.7) 5 (1.9) 0 2.34 (0.85-6.46) 0.101 - -

At 5 years All-cause death 600 (49.5) 44 (38.8) 5 (33.0) 0.68 (0.50-0.92) 0.013 0.58 (0.24-1.41) 0.231

Cardiovascular death 407 (38.0) 32 (30.6) 4 (24.6) 0.72 (0.50-1.03) 0.073 0.68 (0.25-1.81) 0.438

Structural valve deterioration 48 (4.1) 6 (3.2) 0 1.00 (0.43-2.35) 0.994 - -

Repeat aortic valve intervention 19 (1.4) 7 (5.0) 0 2.77 (1.16-6.63) 0.022 - -

At 10 years All-cause death 702 (86.8) 56 (82.0) 6 (66.5) 0.73 (0.55-0.96) 0.022 0.54 (0.24-1.22) 0.139

Cardiovascular death 494 (80.3) 41 (72.8) 5 (62.3) 0.74 (0.54-1.03) 0.071 0.62 (0.26-1.49) 0.284

Structural valve deterioration 52 (8.5) 7 (9.6) 0 1.07 (0.48-2.36) 0.870 - -

Repeat aortic valve intervention 20 (3.6) 9 (20.6) 0 3.41 (1.55-7.52) 0.002 - -

Data are event counts with Kaplan-Meier failure rates (%) counting only the first event of each type per patient. Patients were censored at last valid contact with events assessed and 
adjudicated. Adjusted hazard ratios and p-values after adjusting for age, gender and STS-PROM. CI: confidence interval; HR: hazard ratio; PPM: prosthesis-patient mismatch; 
PPMTHV: prosthesis-patient mismatch defined by the normal reference values of effective orifice area for each size and model of implanted transcatheter heart valve; STS-PROM: Society of 
Thoracic Surgeons Predicted Risk of Mortality; THV: transcatheter heart valve
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Supplementary Table 6-Supplementary Table 8. During follow-
up, 864 patients died. The median follow-up time for the overall 
population was 429 (interquartile range 363-1,724) days. 

Table 2 and Supplementary Table 6 show clinical outcomes 
according to measured PPM. All-cause death at 1, 5, and 10 years 
occurred in 10.5%, 52.8% and 84.3% of patients with no meas-
ured PPM, in 12.2%, 58.3%, and 89.7% in patients with moder-
ate measured PPM, and in 11.8%, 51.5% and 94.6% of patients 
with severe measured PPM (Central illustration). There was no 
significant difference in all-cause mortality between groups. 
Cardiovascular mortality at 10 years was higher in patients with 
moderate measured PPM compared with those with no meas-
ured PPM (82.7% vs 77.2%; adjusted HR [HRadj] 1.25, 95% CI: 
1.03-1.52; p=0.023), while there was no significant difference 
in cardiovascular mortality between patients with severe and no 
measured PPM. Rates of structural valve deterioration and repeat 
aortic valve intervention at 10 years were comparable between 
groups (Figure 1). The rate of persisting heart failure symptoms 
(New York Heart Association [NYHA] Class III/IV) is shown in 
Supplementary Table 7.

Clinical outcomes at 1, 5, and 10 years according to pre-
dicted PPMTHV are summarised in Table 2 and Supplementary 
Table 6. All-cause death at 1, 5 and 10 years occurred in 11.8%, 
49.5% and 86.8% of patients with no predicted PPMTHV, in 5.9%, 
38.8% and 82.0% of patients with moderate predicted PPMTHV, 
and in 7.9%, 33.0% and 66.5% of patients with severe predicted 
PPMTHV (Central illustration). Patients with moderate predicted 
PPMTHV had a lower risk of 10-year all-cause death (HRadj 0.73, 
95% CI: 0.55-0.96; p=0.022) compared to patients with no pre-
dicted PPMTHV. In contrast, mortality was comparable between 
patients with severe and no predicted PPMTHV. Moderate pre-
dicted PPMTHV was associated with an increased risk of repeat 
aortic valve intervention at 10 years (HRadj 3.41, 95% CI: 1.55-
7.52; p=0.002), while the rates of structural valve deterioration 
and persisting heart failure symptoms were comparable between 
groups (Table  2, Supplementary Table 6, Supplementary 
Table 7, Figure 1).

Table 3 shows the clinical outcomes according to predicted 
PPMCT. There were no differences in all-cause or cardiovascular 
mortality between groups. 

Table 3. Clinical outcomes according to predicted PPMCT.

Predicted PPMCT

None Moderate Severe Moderate vs none Severe vs none

(N=1,380) (N=189) (N=1)
Crude HR 
(95% CI)

p-value
Adjusted 

HR  
(95% CI)

p-value
Crude HR 
(95% CI)

p-value
Adjusted 

HR 
(95% CI)

p-value

At 1 
year

All-cause death 141 (10.3) 13 (6.9) 0 0.66 
(0.38-1.17) 0.155 0.66 

(0.37-1.18) 0.164 - - - -

Cardiovascular 
death 84 (6.3) 9 (4.9) 0 0.77 

(0.39-1.53) 0.455 0.79 
(0.39-1.58) 0.500 - - - -

Structural valve 
deterioration 23 (1.8) 5 (2.7) 0 1.58 

(0.60-4.15) 0.356 1.45 
(0.54-3.86) 0.459 - - - -

Repeat aortic 
valve 
intervention

14 (1.0) 2 (1.1) 0 1.03 
(0.23-4.53) 0.968 0.97 

(0.22-4.36) 0.968 - - - -

At 5 
years

All-cause death 334 (44.8) 30 (48.6) 0 0.90 
(0.62-1.31) 0.584 0.89 

(0.61-1.29) 0.528 - - - -

Cardiovascular 
death 219 (33.3) 21 (38.2) 0 0.99 

(0.63-1.55) 0.950 1.01 
(0.64-1.59) 0.966 - - - -

Structural valve 
deterioration 27 (2.9) 7 (8.2) 0 2.08 

(0.90-4.79) 0.086 1.91 
(0.82-4.44) 0.134 - - - -

Repeat aortic 
valve 
intervention

15 (1.4) 2 (1.1) 0 0.99 
(0.23-4.34) 0.991 0.97 

(0.22-4.31) 0.963 - - - -

At 10 
years

All-cause death 380 (84.5) 30 (48.6) 0 0.90 
(0.62-1.31) 0.584 0.90 

(0.61-1.31) 0.571 - - - -

Cardiovascular 
death 259 (78.5) 21 (38.2) 0 0.99 

(0.63-1.55) 0.950 1.02 
(0.65-1.60) 0.945 - - - -

Structural valve 
deterioration 27 (2.9) 7 (8.2) 0 2.08 

(0.90-4.79) 0.086 1.91 
(0.82-4.44) 0.134 - - - -

Repeat aortic 
valve 
intervention

16 (5.8) 2 (1.1) 0 0.99 
(0.23-4.34) 0.991 0.93 

(0.21-4.17) 0.929 - - - -

Data are event counts with Kaplan-Meier failure rates (%) counting only the first event of each type per patient. Patients were censored at the last valid contact with events assessed and 
adjudicated. Adjusted hazard ratios and p-values after adjusting for age, gender and STS-PROM. CI: confidence interval; HR: hazard ratio; PPMCT: prosthesis-patient mismatch defined by the 
normal reference values of effective orifice area derived from preprocedural computed tomography; STS-PROM: Society of Thoracic Surgeons Predicted Risk of Mortality
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COMPETING RISK ANALYSIS
In the competing risk survival analysis for outcomes, moderate 
and severe measured PPM were not associated with an increased 
risk of cardiovascular death (moderate: sHRadj 1.18, 95% CI: 0.99-
1.41; p=0.068 and severe: sHRadj 1.18, 95% CI: 0.90-1.56; p=0.232, 
respectively), structural valve deterioration (moderate: sHRadj 1.15, 
95% CI: 0.66-1.98; p=0.627 and severe: sHRadj 1.60, 95% CI: 0.77-
3.32; p=0.206, respectively), or repeat aortic valve intervention 
(moderate: sHRadj 1.12, 95% CI: 0.51-2.49; p=0.772 and severe: 
sHRadj 1.83, 95% CI: 0.67-5.01; p=0.241, respectively). The clinical 
impact of moderate predicted PPMTHV was consistent with the main 
analysis (Table 4, Supplementary Table 8, Figure 2).

Discussion
The main findings of the present study can be summarised as 
follows: 1) predicted EOAi results in lower estimates of PPM 
severity as compared to measured EOAi in patients after TAVR. 
2) There was no consistent signal for an increased risk of death 
over the course of 10 years in patients with PPM, irrespective of 
the definition. 

Recent studies have suggested that the use of measured EOA 
overestimates the frequency and severity of PPM compared to the 
use of predicted EOA. Consistent with these previous studies, we 
found higher frequencies of moderate and severe PPM using meas-
ured EOA compared to predicted EOA10,11. The discrepancy in the 
frequency of PPM according to different definitions relates to inac-
curacies in the assessment of EOA: 1) indexing of EOA to BSA 
may underestimate the EOAi and lead to an overestimation of the 
frequency and severity of PPM in obese patients10; 2) higher trans-
valvular gradients and smaller EOAs are documented by Doppler 
echocardiography compared to cardiac catheterisation due to the 
pressure recovery phenomenon22; 3) the geometric assumption that 
the cross-sectional area of the left ventricular outflow tract is cir-
cular results in an underestimation of EOAi and overestimation of 
PPM when using 2-dimensional echocardiography as compared 
with CT23,24; and 4) measured EOA is flow dependent, and a low-
flow state may lead to underestimation of the EOA, resulting in 
pseudo-severe PPM11. In addition, it has been suggested that pre-
dicted PPM has a stronger association with haemodynamic out-
comes compared to measured PPM10. Nevertheless, rates of residual 

Table 4. Clinical outcomes according to the method of the definition of PPM competing risk analysis.

Measured PPM

None Moderate Severe Moderate vs none Severe vs none

(N=1,584) (N=664) (N=215)
Adjusted sHR 

(95% CI)
p-value

Adjusted sHR 
(95% CI)

p-value

At 1 year Cardiovascular death 94 (6.4) 51 (8.2) 16 (7.9) 1.33 (0.94-1.87) 0.103 1.28 0.75-2.18) 0.364

Structural valve deterioration 23 (1.6) 10 (1.6) 5 (2.5) 1.01 (0.48-2.14) 0.969 1.54 (0.58-4.07) 0.383

Repeat aortic valve deterioration 11 (0.7) 5 (0.8) 4 (1.9) 1.07 (0.38-3.06) 0.897 2.52 (0.79-5.99) 0.148

At 5 years Cardiovascular death 322 (33.5) 147 (38.0) 43 (34.2) 1.18 (0.97-1.44) 0.089 1.08 (0.78-1.49) 0.648

Structural valve deterioration 35 (3.0) 17 (3.6) 9 (5.8) 1.16 (0.65-2.07) 0.626 1.80 (0.86-3.77) 0.119

Repeat aortic valve deterioration 16 (1.3) 8 (1.6) 5 (3.1) 1.19 (0.51-2.78) 0.688 2.14 (0.76-5.99) 0.148

At 10 years Cardiovascular death 402 (64.0) 174 (69.7) 55 (68.5) 1.18 (0.99-1.41) 0.068 1.18 (0.90-1.56) 0.232

Structural valve deterioration 40 (4.7) 19 (5.4) 9 (7.9) 1.15 (0.66-1.98) 0.627 1.60 (0.77-3.32) 0.206

Repeat aortic valve deterioration 19 (2.3) 9 (2.7) 5 (4.6) 1.12 (0.51-2.49) 0.772 1.83 (0.67-5.01) 0.241

Predicted PPMTHV

None Moderate Severe Moderate vs none Severe vs none

(N=2,155) (N=279) (N=29)
Adjusted sHR 

(95% CI)
p-value

Adjusted HR 
(95% CI)

p-value

At 1 year Cardiovascular death 149 (7.4) 10 (3.9) 2 (7.4) 0.58 (0.31-1.11) 0.099 0.96 (0.24-3.85) 0.956

Structural valve deterioration 33 (1.6) 5 (2.0) 0 1.16 (0.44-3.03) 0.761 - -

Repeat aortic valve deterioration 15 (0.7) 5 (1.9) 0 2.37 (0.87-6.47) 0.091 - -

At 5 years Cardiovascular death 473 (35.7) 35 (25.9) 4 (24.6) 0.71 (0.50-1.00) 0.050 0.61 (0.22-1.68) 0.344

Structural valve deterioration 54 (3.4) 7 (3.9) 0 1.11 (0.50-2.45) 0.799 - -

Repeat aortic valve deterioration 21 (1.3) 8 (4.1) 0 2.97 (1.31-6.76) 0.009 - -

At 10 years Cardiovascular death 581 (66.9) 45 (54.0) 5 (51.9) 0.72 (0.53-0.97) 0.030 0.62 (0.25-1.52) 0.294

Structural valve deterioration 60 (5.1) 8 (6.1) 0 1.15 (0.55-2.39) 0.719 - -

Repeat aortic valve deterioration 23 (2.1) 10 (7.9) 0 3.51 (1.65-7.46) 0.001 - -

For competing risks of death, or in case of cardiovascular death, of non-cardiovascular death, subdistributions of the hazard ratio (sHR) with 95% confidence intervals (95% CI) are reported.. 
Adjusted hazard ratios and p-values after adjusting for age, gender and STS-PROM. PPM: prosthesis-patient mismatch; PPMTHV: prosthesis-patient mismatch defined by the normal reference 
values of effective orifice area for each size and model of implanted transcatheter heart valve; STS-PROM: Society of Thoracic Surgeons Predicted Risk of Mortality; THV: transcatheter heart 
valve
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Measured and predicted PPM after TAVR

gradients above 20 mmHg were relatively low in our analysis even 
in patients with PPM. Furthermore, overestimation of the frequency 
and severity of PPM may lead to a misinterpretation of the impact 
of PPM in TAVR populations. In the present study, we found sub-
stantial differences in mortality depending on the methods used to 
assess PPM (e.g., all-cause mortality at 5 years: 58.3% and 51.5% 
in moderate and severe measured PPM versus 38.8% and 33.0% in 
moderate and severe predicted PPMTHV). Using the predicted PPM 
definition could avoid overestimation of the mortality risk.

Several studies investigating the clinical impact of measured 
PPM in patients undergoing TAVR yielded conflicting results5-8. 
A recent meta-analysis of 81,969 TAVR patients concluded that 
patients with moderate/severe PPM as defined by measured EOA 
had a modestly increased risk of mortality compared with patients 
without PPM (HR 1.09, 95% CI: 1.04-1.14; p<0.001)25. Of note, 
the estimation of cumulative incidence using the Kaplan-Meier 
method and predicted risk using Cox regression models, which are 
commonly used in TAVR studies, can lead to biased risk estimates 
which ignore competing risks, especially in elderly populations with 

multiple comorbidities26,27. Indeed, in the present analysis, cardio-
vascular death occurred more frequently in patients with moderate 
measured PPM compared to those without PPM, whereas the effect 
was no longer significant under competing risk of non-cardiovascu-
lar death. Investigators should consider the presence of competing 
risks when conducting time-to-event analyses, especially in comor-
bid populations with long-term follow-up.

Interestingly, patients with moderate predicted PPMTHV and 
PPMCT had a lower 10-year mortality compared to those with no 
PPM in the present study. Similar trends have been observed in 
previous studies. In the analysis from the PARTNER 2 trial and 
registry, moderate predicted PPMTHV and PPMCT had a trend 
towards lower mortality up to 5 years after TAVR as compared to 
those without PPM (36.9% vs 41.4% and 38.7% vs 41.4%, respec-
tively)11. Previous studies were unable to evaluate the impact of 
severe predicted PPM on clinical outcomes because of the modest 
numbers of patients with severe predicted PPM10,11. In line with 
previous studies, severe predicted PPMTHV was extremely rare 
in the present analysis. Our findings suggest that predicted PPM 

A
Moderate vs None:
HRadjusted 1.26, (95% CI: 1.02-1.56); p=0.029
Severe vs None:
HRadjusted 1.13, (95% CI: 0.81-1.58); p=0.473
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B
Moderate vs None:
HRadjusted 1.37, (95% CI: 0.74-2.55); p=0.319
Severe vs None:
HRadjusted 1.92, (95% CI: 0.91-4.05); p=0.088
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C
Moderate vs None:
HRadjusted 1.12, (95% CI: 0.43-2.89); p=0.818
Severe vs None:
HRadjusted 2.11, (95% CI: 0.76-5.83); p=0.149
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Moderate vs None:
HRadjusted 0.72, (95% CI: 0.50-1.03); p=0.073
Severe vs None:
HRadjusted 0.68, (95% CI: 0.25-1.81); p=0.438
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Moderate vs None:
HRadjusted 1.0, (95% CI: 0.43-2.35); p=0.994

0
0

20

40

60

80

 100

S
tr

uc
tu

ra
l v

al
ve

 d
et

er
io

ra
ti

on
 (%

)

1 2 3 4 5

Years since TAVR procedure

F
Moderate vs None:
HRadjusted 2.77, (95% CI: 1.16-6.63); p=0.022
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No. at risk
 1,584 1,101 718 599 452 315
 664 446 276 241 171 109
 215 143 85 70 64 42

No. at risk
 2,155 1,483 966 808 614 415
 279 187 100 90 64 46
 29 20 13 12 9 5

No. at risk
 1,584 1,090 706 588 442 308
 664 440 270 234 169 109
 215 141 84 69 64 38

No. at risk
 2,155 1,465 950 791 603 405
 279 186 97 88 63 45
 29 20 13 12 9 5

No. at risk
 1,584 1,097 714 595 448 311
 664 443 274 240 171 109
 215 140 82 68 62 40

No. at risk
 2,155 1,475 960 804 611 412
 279 185 97 87 61 43
 29 20 13 12 9 5

Figure 1. Cumulative event curves for clinical outcomes stratified by the method for the definition of PPM. A, B & C) Clinical outcomes 
according to measured PPM. D, E & F) Clinical outcomes according to predicted PPMTHV. Hazard ratios and p-values were calculated with 
the use of Cox proportional hazards models. CI: confidence interval; HRadjusted: adjusted hazard ratio; PPM: prosthesis-patient mistmatch; 
PPMTHV: PPM defined by the normal reference values of EOA for each size and model of implanted transcatheter heart valve; 
TAVR: transcatheter aortic valve replacement
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may not adversely impact prognosis, irrespective of severity, in 
a TAVR population. In contrast, in the present analysis, repeat aor-
tic valve interventions were more frequently performed in patients 
with moderate predicted PPMTHV than in those with no PPM. The 
high residual gradients may lead to impaired forward haemody-
namics, accelerated bioprosthesis degeneration and the need for 
reintervention. Further studies are needed to investigate the impact 
of high residual gradients and PPM after TAVR on repeat aortic 
valve interventions and to determine whether performing a rein-
tervention reduces the risk of adverse outcomes in this setting1. 

There is a growing demand to establish a standardised assessment 
method for PPM in patients undergoing TAVR. The two methods of 
predicted EOA are arguably more robust parameters to determine 
the true frequency of PPM in TAVR populations but require criti-
cal assessment. First, predicted EOA ignores differences in actual 
EOAs resulting from a flexible range of device expansion. Our 
group previously reported that, particularly in patients with con-
siderable device landing zone calcification and annulus ellipticity, 
suboptimal THV-sizing is not uncommon28. The use of a uniform 
cut-off value of predicted EOATHV may under- or overestimate the 
severity of PPM in patients with complex aortic root anatomies. 
Second, predicted EOACT is based on preprocedural CT. Fukui et 

al reported that the post-TAVR left ventricular outflow tract area is 
significantly larger than the pre-TAVR native aortic annulus and that 
PPM defined by post-TAVR CT was associated with an increased 
risk of all-cause mortality24. A tailored approach including both 
post-TAVR CT and echocardiography may be key to the manage-
ment of patients with suspected PPM. Finally, the predicted EOA 
does not take into account flow variability. Abbas et al evaluated 
the impact of low-flow status on clinical outcomes in patients with 
and without severe measured PPM and showed that severe meas-
ured PPM with low-flow status was associated with cardiac death 
after TAVR regardless of the implanted valve size or post-TAVR 
transvalvular gradient29. More recently, the PARTNER trials have 
proposed new reference values of predicted EOAs for each size and 
generation of balloon-expandable valves according to the flow sta-
tus (low or normal flow)30. 

Limitations
The results of the present study should be interpreted in light of 
several limitations. First, more than 15% of patients were excluded 
because of inadequate data for PPM assessment, which may have 
introduced a degree of selection bias. However, we provide com-
prehensive data on more than 2,400 patients who were assessed for 

Moderate vs None:
sHRadjusted 1.18, (95% CI: 0.97-1.44); p=0.089
Severe vs None:
sHRadjusted 1.08, (95% CI: 0.78-1.49); p=0.648
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Figure 2. Cumulative event curves for clinical outcomes stratified by the method for definition of PPM in a competing analysis. A, B & 
C) Clinical outcomes according to measured PPM. D, E & F) Clinical outcomes according to predicted PPMTHV . For competing risks of 
death, or in case of cardiovascular death, of non-cardiovascular death, subdistributions of the hazard ratio (sHR) with 95% confidence 
intervals (95% CI) are reported. HRadjusted: adjusted hazard ratio; PPM: prosthesis-patient mistmatch; PPMTHV: PPM defined by the normal 
reference values of EOA for each size and model of implanted transcatheter heart valve; TAVR: transcatheter aortic valve replacement
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PPM severity using 3 methods from a large prospective registry that 
adheres to high standards of data quality, with rigorous data collec-
tion, standardised follow-up and independent adjudication of events. 
Second, since this was a retrospective analysis based on prospec-
tively collected data, the possibility of residual confounding cannot 
be excluded despite rigorous statistical techniques. Third, although 
the present study is the largest and longest to investigate the clinical 
impact of predicted PPM, the low prevalence of severe predicted 
PPM and the relatively short median follow-up time warrant cau-
tious interpretation of the results. Fourth, although the occurrence 
of structural valve deterioration was systematically recorded and 
adjudicated, the definitions of structural valve deterioration were 
not in accordance with the current VARC criteria, which may have 
led to under- or overreporting of structural valve deterioration in the 
cohort. Finally, the present cohort predominantly included octoge-
narians, and the results may not be generalisable to younger patients 
with fewer comorbidities and longer life expectancy.

Conclusions
The use of predicted, as compared to measured, EOAi downgrades 
the severity of PPM in patients after TAVR. In a competing risk 
analysis, we found no increased risk of death in patients with PPM 
over a median follow-up time of 429 days, regardless of the EOA 
definition. Further study is needed to evaluate the impact of PPM 
on long-term clinical outcomes after TAVR in younger patients.

Impact on daily practice
Unlike SAVR studies, most TAVR studies have evaluated PPM using 
measured EOA and may overestimate the frequency and severity 
of PPM. PPM was not associated with an increased risk of 10-year 
mortality in TAVR under competing risk of death or, in cardio-
vascular death, under competing risk of non-cardiovascular death 
by any method of measurement. The impact of PPM on long-term 
clinical outcomes should be investigated in younger populations.
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Supplementary Table 1. Predicted EOA based on transcatheter heart valve type and size. 

 

  Predicted EOA according to 
Hahn et al. (9) 

   SAPIEN XT   

      23 mm 1.41 cm² 

      26 mm 1.74 cm² 

      29 mm 2.06 cm² 

   SAPIEN 3 / 3 Ultra   

      20 mm 1.22 cm² 

      23 mm 1.45 cm² 

      26 mm 1.74 cm² 

      29 mm 1.89 cm² 

   CoreValve   

      23 mm 1.12 cm² 

      26 mm 1.74 cm² 

      29 mm 1.97 cm² 

      31 mm 2.15 cm² 

   Evolut R/PRO/PRO Plus 

      23 mm 1.09 cm² 

      26 mm 1.69 cm² 

      29 mm 1.97 cm² 

      34 mm 2.6 cm² 

EOA: effective orifice area. 

  



 

Supplementary Table 2. Predicted EOA based on aortic annulus dimensions by 

preprocedural computed tomography. 
 

  Predicted EOA according 
to Hahn et al. (9) 

SAPIEN 3 / 3 Ultra 

   Annulus area  

      248 to 384 mm2 1.41 cm² 

      385 to 439 mm2 1.58 cm² 

      440 to 488 mm2 1.73 cm² 

      489 to 537 mm2 1.79 cm² 

      538 to 678 mm2 1.91 cm² 

CoreValve 

   Perimeter derived aortic annulus diameter 

      ≤22.8 mm 1.71 cm² 

      >22.8 to 24.5 mm 1.80 cm² 

      >24.5 to 25.9 mm 1.92 cm² 

      >25.9 to 27.6 mm 1.94 cm² 

      >27.6 to 41.5 mm 2.06 cm² 

Evolut R/PRO/PRO Plus  

   Perimeter derived aortic annulus diameter 

      ≤22.3 mm 1.66 cm² 

      >22.3 to 23.2 mm 1.82 cm² 

      >23.2 to 24.7 mm 1.98 cm² 

      >24.7 to 26.2 mm 1.98 cm² 

      >26.2 to 30.2 mm 2.56 cm² 

EOA: effective orifice area. 
  



 

Supplementary Table 3. Frequency of PPM according to device type. 

 

 

  All 

patients 

(N = 

2,463) 

Balloon-

expandable 

valve 

(N = 1,551) 

Self-

expanding 

valve 

 (N = 912) 

P 

value 

Measured PPM         

   Measured EOAi (cm2/m2) 0.95 ± 

0.29 

0.92 ± 0.28 1.0 ± 0.31 <0.00

1 

   Moderate or severe measured 

PPM, n (%) 

879 

(35.7%) 

619 (39.9%) 260 (28.5%) <0.00

1 

   Moderate measured PPM, n (%) 664 

(27.0%) 

475 (30.6%) 189 (20.7%) <0.00

1 

   Severe measured PPM, n (%) 215 

(8.7%) 

144 (9.3%) 71 (7.8%) 0.210 

Predicted PPMTHV 
    

   Predicted EOAiTHV (cm2/m2) 0.96 ± 

0.15 

0.92 ± 0.12 1.03 ± 0.18 <0.00

1 

   Moderate or severe predicted 

PPMTHV, n (%) 

308 

(12.5%) 

232 (15.0%) 76 (8.3%) <0.00

1 

   Moderate predicted PPMTHV, n 

(%) 

279 

(11.3%) 

232 (15.0%) 47 (5.2%) <0.00

1 

   Severe predicted PPMTHV, n (%) 29 (1.2%) 0 29 (3.2%) <0.00

1 

Predicted PPMCT N = 1,570 N = 891 N = 679  

   Predicted EOAiCT (cm2/m2) 0.97 ± 

0.15 0.90 ± 0.12 1.05 ± 0.15 

<0.00

1 

   Moderate or severe predicted 

PPMCT, n (%) 

190 

(12.1%) 171 (19.2%) 19 (2.8%) 

<0.00

1 

   Moderate predicted PPMCT, n (%) 189 

(12.0%) 170 (19.1%) 19 (2.8%) 

<0.00

1 



 

   Severe predicted PPMCT, n (%)   1 (0.1%)   1 (0.1%)   0 1.00 

Values are mean ± SD or n (%).  

EOAi = effective orifice area index body surface area; PPM = prosthesis-patient mismatch; 

PPMCT = PPM defined by predicted EOA derived from pre-procedural computed 

tomography; PPMTHV = PPM defined by predicted EOA for each size and model of 

implanted transcatheter heart valve. 

 

  



 

Supplementary Table 4. Baseline and procedural characteristics according to measured 

and predicted PPM. 
 

 

  All 

pati

ent 

Measured PPM 

 

Predicted PPMTHV 

 

  
(N = 

2,46

3) 

None 

(N = 

1,584) 

Moder

ate 

(N = 

664) 

Severe 

(N = 

215) 

P 

valu

e 

None 

(N = 

2,155) 

Moder

ate 

(N = 

279) 

Severe 

(N = 

29) 

P 

valu

e 

Age, year 81.8 

±  

6.4 

81.9 ±  

6.3 

81.8 ±  

6.5 

81.1 ±  

7.0 

0.22

4 

81.9 ±  

6.4 

80.8 ±  

6.8 

82.0 ±  

5.5 

0.01

9 

Female, n (%) 115

4 

(46.

9%) 

749 

(47.3%) 

304 

(45.8%

) 

101 

(47.0%

) 

0.80

8 

984 

(45.7%) 

149 

(53.4%

) 

21 

(72.4%

) 

0.00

1 

Body mass index, kg/m2 26.7 

±  

5.3 

26.3 ±  

5.1 

27.0 ±  

5.4 

28.1 ±  

5.8 

<0.0

01 

26.5 ±  

5.3 

28.0 ±  

5.5 

27.0 ±  

2.5 

<0.0

01 

Body mass index ≥30 

kg/m², n (%) 

561 

(22.

8%) 

381 

(24.1%) 

130 

(19.6%

) 

50 

(23.3%

) 

0.06

9 

515 

(23.9%) 

44 

(15.8%

) 

2 

(6.9%) 

0.00

1 

Body surface area, m² 1.86 

±  

0.25 

1.83 ±  

0.24 

1.89 ±  

0.24 

1.95 ±  

0.26 

<0.0

01 

1.84 ±  

0.24 

1.95 ±  

0.27 

1.85 ±  

0.13 

<0.0

01 

STS PROM, % 5.02 

±  

3.86 

5.02 ±  

3.96 

5.03 ±  

3.62 

5.01 ±  

3.86 

0.99

5 

5.07 ±  

3.90 

4.51 ±  

3.48 

6.21 ±  

3.98 

0.01

8 

NYHA III or IV, n (%) 153

6 

(62.

4%) 

972 

(61.4%) 

433 

(65.3%

) 

131 

(60.9%

) 

0.19

1 

1356 

(63.0%) 

157 

(56.3%

) 

23 

(79.3%

) 

0.01

6 

TAVI for degenerative 

prosthesis, n (%) 

129 

(5.2

%) 

63 

(4.0%) 

42 

(6.3%) 

24 

(11.2%

) 

<0.0

01 

83 

(3.9%) 

29 

(10.4%

) 

17 

(58.6%

) 

<0.0

01 

Concomitant diseases          



 

Hypertension, n (%) 216

4 

(87.

9%) 

1384 

(87.4%) 

588 

(88.6%

) 

192 

(89.3%

) 

0.58

6 

1880 

(87.2%) 

258 

(92.5%

) 

26 

(89.7%

) 

0.04

0 

Diabetes mellitus, n (%) 672 

(27.

3%) 

415 

(26.2%) 

198 

(29.8%

) 

59 

(27.4%

) 

0.21

3 

579 

(26.9%) 

87 

(31.2%

) 

6 

(20.7%

) 

0.22

7 

Renal failure (eGFR <60 

mL/min/1.73 m2), n (%) 

159

9 

(64.

9%) 

1032 

(65.2%) 

435 

(65.5%

) 

132 

(61.4%

) 

0.51

5 

1425 

(66.2%) 

151 

(54.1%

) 

23 

(79.3%

) 

<0.0

01 

Coronary artery disease, 

n (%) 

139

3 

(56.

6%) 

881 

(55.6%) 

381 

(57.4%

) 

131 

(60.9%

) 

0.29

8 

1210 

(56.1%) 

164 

(58.8%

) 

19 

(65.5%

) 

0.43

7 

Previous history          

Atrial fibrillation, n (%) 806 

(32.

7%) 

480 

(30.3%) 

251 

(37.8%

) 

75 

(34.9%

) 

0.00

2 

714 

(33.1%) 

83 

(29.7%

) 

9 

(31.0%

) 

0.51

6 

Peripheral artery 

disease, n (%) 

309 

(12.

5%) 

198 

(12.5%) 

76 

(11.4%

) 

35 

(16.3%

) 

0.17

7 

274 

(12.7%) 

31 

(11.1%

) 

4 

(13.8%

) 

0.73

3 

Echocardiography          

Indexed aortic valve 

area, cm²/m² 

0.28 

±  

0.44 

0.29 ±  

0.54 

0.27 ±  

0.10 

0.26 ±  

0.08 

0.36

6 

0.27 ±  

0.09 

0.35 ±  

1.29 

0.28 ±  

0.09 

0.03

1 

Mean aortic valve 

gradient, mmHg 

40.1 

± 

16.6 

40.2 ± 

16.9 

40.1 ± 

16.6 

39.1 ± 

15.1 

0.65

4 

40.1 ± 

16.8 

40.0 ± 

16.0 

39.9 ± 

15.6 

0.99

1 

LVEF, % 55.0 

± 

13.7 

55.9 ± 

13.4 

53.7 ± 

14.0 

52.0 ± 

14.3 

<0.0

01 

54.6 ± 

13.8 

57.3 ± 

12.5 

56.5 ± 

10.8 

0.01

1 

Aortic regurgitation 

moderate or severe, n 

(%) 

251 

(10.

2%) 

153 

(9.7%) 

74 

(11.2%

) 

24 

(11.2%

) 

0.49

8 

218 

(10.1%) 

27 

(9.7%) 

6 

(20.7%

) 

0.16

7 

Mitral regurgitation 

moderate or severe, n 

(%) 

429 

(20.

1%) 

253 

(18.3%) 

127 

(21.9%

) 

49 

(27.2%

) 

0.00

8 

384 

(20.3%) 

37 

(16.4%

) 

8 

(32.0%

) 

0.12

6 



 

Tricuspid regurgitation 

moderate or severe, n 

(%) 

237 

(12.

2%) 

139 

(11.2%) 

74 

(14.1%

) 

24 

(14.0%

) 

0.17

6 

207 

(12.1%) 

24 

(12.0%

) 

6 

(25.0%

) 

0.15

8 

Procedural 

characteristics and 

outcomes 

 

        

General anesthesia, n 

(%) 

422 

(17.

1%) 

271 

(17.1%) 

114 

(17.2%

) 

37 

(17.2%

) 

0.99

9 

366 

(17.0%) 

50 

(17.9%

) 

6 

(20.7%

) 

0.81

3 

Femoral main access 

site, n (%) 

230

6 

(93.

6%) 

1479 

(93.4%) 

626 

(94.3%

) 

201 

(93.5%

) 

0.72

2 

2020 

(93.7%) 

259 

(92.8%

) 

27 

(93.1%

) 

0.83

9 

Valve type, n (%)  
   

<0.0

01 
   

<0.0

01 

Balloon-expandable 155

1 

(63.

0%) 

932 

(58.8%) 

475 

(71.5%

) 

144 

(67.0%

) 

<0.0

01 

1319 

(61.2%) 

232 

(83.2%

) 

0 
<0.0

01 

Self-expanding 912 

(37.

0%) 

652 

(41.2%) 

189 

(28.5%

) 

71 

(33.0%

) 

<0.0

01 

836 

(38.8%) 

47 

(16.8%

) 

29 

(100.0

%) 

<0.0

01 

Device generation, n (%)  
   

<0.0

01 
   

<0.0

01 

Early-generation 

devices 

604 

(24.

5%) 

429 

(27.1%) 

127 

(19.1%

) 

48 

(22.3%

) 

<0.0

01 

558 

(25.9%) 

41 

(14.7%

) 

5 

(17.2%

) 

<0.0

01 

Newer-generation 

devices 

185

9 

(75.

5%) 

1155 

(72.9%) 

537 

(80.9%

) 

167 

(77.7%

) 

<0.0

01 

1597 

(74.1%) 

238 

(85.3%

) 

24 

(82.8%

) 

<0.0

01 

Valve size, mm 26.6 

±  

2.3 

26.8 ±  

2.2 

26.3 ±  

2.4 

25.9 ±  

2.6 

<0.0

01 

27.0 ±  

2.1 

23.9 ±  

1.6 

23.0 ±  

0.0 

<0.0

01 

Valve size ≤23 mm, n 

(%) 

424 

(17.

2%) 

200 

(12.6%) 

153 

(23.0%

) 

71 

(33.0%

) 

<0.0

01 

194 

(9.0%) 

201 

(72.0%

) 

29 

(100%) 

<0.0

01 

Values are mean ± SD or n (%). Early-generation devices includes Medtronic CoreValve and SAPIEN XT. 

Newer-generation includes SAPIEN 3/SAPIEN 3 Ultra and Evolut R/PRO/PRO Plus. 



 

eGFR = estimated glomerular filtration rate; LVEF = left ventricular ejection fraction; NYHA = New York Heart 

Association; STS‐PROM = society of thoracic surgeons predicted risk of mortality; TAVR = transcatheter 

aortic valve replacement. Other abbreviations as in Table 1. 

 

  



 

Supplementary Table 5. Post-TAVR valve haemodynamics. 

 
  Measured PPM Predicted PPMTHV 

  None 

(N = 

1,584) 

Moder

ate 

(N = 

664) 

Sever

e 

(N = 

215) 

P 

valu

e 

None 

(N = 

2,155) 

Mode

rate 

(N = 

279) 

Sever

e 

(N = 

29) 

P 

valu

e 

Prosthetic mean gradient, mmHg 9.1 ± 

4.0 

11.5 ± 

4.4 

13.4 ± 

6.4 

<0.0

01 

9.7 ± 

4.3 

13.4 ± 

5.4 

13.6 ± 

6.7 

<0.0

01 

High residual gradient (mean 

gradient ≥20 mmHg), n (%) 
17 

(1.1%) 

34 

(5.2%) 

31 

(14.6%

) 

<0.0

01 

46 

(2.1%) 

33 

(12.0%

) 

3 

(10.3%

) 

<0.0

01 

Measured EOAi, cm2/m2 1.09 ± 

0.26 

0.74 ± 

0.07 

0.54 ± 

0.09 

<0.0

01 

0.96 ± 

0.29 

0.82 ± 

0.29 

0.75 ± 

0.19 

<0.0

01 

Moderate or severe aortic 

regurgitation, n (%) 

64 

(4.1%) 

24 

(3.6%) 

9 

(4.2%) 

0.87

5 

90 

(4.2%) 

7 

(2.6%) 
0 

0.23

6 

Left ventricular ejection fraction, 

(%) 

57.1 ± 

12.9 

54.1 ± 

13.5 

52.4 ± 

15.8 

<0.0

01 

55.7 ± 

13.4 

57.2 ± 

14.1 

56.6 ± 

9.2 

0.38

0 

   Left ventricular ejection fraction 

<50%, n (%) 

186 

(21. 

7%) 

113 

(30.7%

) 

39 

(33.1%

) 

<0.0

01 

303 

(26.0%

) 

30 

(18.5%

) 

5 

(27.8%

) 

0.11

6 

Stroke volume index, mL/m2 40.0 ± 

11.7 

32.3 ±  

8.3 

29.8 ± 

10.8 

<0.0

01 

36.9 ± 

11.5 

37.7 ± 

12.0 

35.2 ± 

9.0 

0.38

2 

Left ventricular ejection fraction and stroke volume index were evaluated by transthoracic echocardiography 

at discharge. Abbreviations as in Table 1. 

 

  



 

Supplementary Table 6. Crude hazard ratios for clinical outcomes according to the method 

for the definition of PPM. 
 

  

  

Measured PPM Predicted PPMTHV 

Moderate vs. None Severe vs. None 
Moderate 

vs. None 

Severe vs. 

None 

Crude HR (95% 

CI) 

P 

value 

Crude HR (95% 

CI) 

P 

value 

Crud

e HR 

(95% 

CI) 

P 

valu

e 

Crud

e HR 

(95% 

CI) 

P 

valu

e 

At 1 year             

All-cause death, n (%) 

1.18 (0.89-

1.55) 
0.245 

1.14 (0.74-

1.75) 
0.547 

0.49 

(0.29

-

0.82) 

0.00

7 

0.62 

(0.15

-

2.50) 

0.50

1 

Cardiovascular death, n (%) 

1.29 (0.92-

1.82) 
0.138 

1.25 (0.73-

2.12) 
0.413 

0.52 

(0.27

-

0.98) 

0.04

4 

0.99 

(0.24

-

3.99) 

0.98

6 

Structural valve deterioration, n 

(%) 1.03 (0.49-

2.17) 
0.930 

1.60 (0.61-

4.22) 
0.339 

1.18 

(0.46

-

3.01) 

0.73

6 
- - 

Repeat aortic valve intervention, 

n (%) 1.08 (0.38-

3.11) 
0.884 

2.69 (0.86-

8.45) 
0.090 

2.59 

(0.94

-

7.12) 

0.06

5 
- - 

At 5 year         

All-cause death, n (%) 

1.18 (0.99-

1.41) 
0.066 

1.01 (0.77-

1.33) 
0.938 

0.64 

(0.47

-

0.88) 

0.00

5 

0.59 

(0.25

-

1.43) 

0.24

7 

Cardiovascular death, n (%) 

1.27 (1.03-

1.57) 
0.024 

1.05 (0.75-

1.46) 
0.770 

0.70 

(0.49

-

1.00) 

0.04

8 

0.70 

(0.26

-

1.87) 

0.47

7 

Structural valve deterioration, n 

(%) 1.35 (0.73-

2.51) 
0.339 

2.13 (1.01-

4.48) 
0.047 

1.03 

(0.44

-
2.40) 

0.94

9 
- - 

Repeat aortic valve intervention, 

n (%) 1.09 (0.42-

2.81) 
0.860 

2.44 (0.89-

6.72) 
0.084 

3.03 

(1.27

-

7.21) 

0.01

2 
- - 



 

At 10 year         

All-cause death, n (%) 

1.17 (0.99-

1.38) 
0.061 

1.11 (0.86-

1.44) 
0.409 

0.69 

(0.52

-

0.90) 

0.00

7 

0.57 

(0.26

-

1.28) 

0.17

6 

Cardiovascular death, n (%) 

1.24 (1.02-

1.51) 
0.029 

1.17 (0.87-

1.59) 
0.304 

0.71 

(0.52

-

0.98) 

0.03

9 

0.67 

(0.28

-

1.62) 

0.37

2 

Structural valve deterioration, n 

(%) 1.21 (0.67-

2.20) 
0.528 

2.05 (0.98-

4.28) 
0.056 

1.11 

(0.51

-
2.45) 

0.78

9 
- - 

Repeat aortic valve intervention, 

n (%) 1.07 (0.44-

2.58) 
0.887 

2.36 (0.87-

6.42) 
0.093 

3.79 

(1.72

-

8.34) 

0.00

1 
- - 

Event counts with Kaplan-Meier failure rates (%) counting the first event of each type only per patient. Patients were 

censored at last valid contact with events assessed and adjudicated. Adjusted hazard ratios and p-values after adjusting 

for age, gender and STS-PROM. 

CI = confidence interval; HR = hazard ratio; PPM = prosthesis-patient mismatch; STS‐PROM = society of thoracic 

surgeons predicted risk of mortality. 

 

  



 

Supplementary Table 7. Residual heart failure symptoms according to the method for the 

definition of PPM. 
 

 
  
  
  

Measured PPM  Predicted PPMTHV 

None 

Mod

erat
e 

Seve
re  

Moderate 
vs. None 

Severe 
vs. None 

None 

Mo

der
ate 

Sev
ere 

Moderate 
vs. None 

Severe 
vs. None 

N=15
84 

N=6
64 

N=2
15 

RR 
(95% 

CI) 

P 
va
lu

e 

RR 
(95% 

CI) 

P 
va
lu

e 

N=21
55 

N=2
79 

N=2
9 

RR 
(95% 

CI) 

P 
va
lu

e 

RR 
(95% 

CI) 

P 
va
lu

e 

NYHA 
class III or 
IV (%) at 1 

year 

127/
1244 
(10.2

%) 

53/5
17 

(10.

3%) 

18/1
71 

(10.

5%) 

1.0 
(0.74

-

1.36) 

0.
9
7

9 

1.03 
(0.65

-

1.65) 

0.
8
9

8 

173/
1683 
(10.3

%) 

21/
225 
(9.3

%) 

4/2
4 

(16.

7%) 

0.91 
(0.59

-

1.40) 

0.
6
6

1 

1.62 
(0.66

-

4.01) 

0.
2
9

6 
NYHA 

class III or 
IV (%) at 5 
years 

57/3

66 
(15.6

%) 

19/1

31 
(14.
5%) 

6/57 
(10.
5%) 

0.93 

(0.58
-

1.50) 

0.

7
7
1 

0.68 

(0.31
-

1.50) 

0.

3
3
4 

72/4

89 
(14.7

%) 

9/5

6 
(16.
1%) 

1/9 
(11.
1%) 

1.09 

(0.58
-

2.06) 

0.

7
8
7 

0.75 

(0.12
-

4.86) 

0.

7
6
7 

NYHA 

class III or 
IV (%) at 
10 years 

6/34 
(17.6

%) 

2/7 
(28.
6%) 

1/1 
(100
.0%) 

1.62 

(0.40
-

6.53) 

0.

4
9
8 

5.67 

(2.72
-

11.8) 

<

0.
0
0
1 

8/37 
(21.6

%) 

1/4 
(25.
0%) 

0/1 
(0%

) 

1.16 

(0.19
-

7.19) 

0.

8
7
6 

- - 

Risk ratios (95% CIs) from robustified Poisson regression are reported, with corresponding P values.  

CI = confidence interval; NYHA = New York Heat Association; RR = risk ratio; PPM = prosthesis -patient 
mismatch; PPMTHV = prosthesis-patient mismatch defined by the normal reference values of effective 
orifice area for each size and model of implanted transcatheter heart valve. 

 

  



 

Supplementary Table 8. Crude hazard ratios for clinical outcomes according to the method 

for the definition of PPM in a competing risk analysis. 
 

  

  

Measured PPM Predicted PPMTHV 

Moderate vs. None Severe vs. None 
Moderate vs. 

None 

Severe vs. 

None 

Crude sHR (95% 

CI) 

P 

value 

Crude sHR (95% 

CI) 

P 

value 

Crud

e 

sHR 

(95% 

CI) 

P 

value 

Crud

e 

sHR 

(95% 

CI) 

P 

valu

e 

At 1 year             

Cardiovascular death, n (%) 

1.29 (0.92-1.81) 0.142 1.25 (0.73-2.11) 0.416 

0.52 

(0.2

8-

0.99

) 

0.047 

1.01 

(0.2

6-

3.95

) 

0.98

9 

Structural valve deterioration, n 

(%) 

1.02 (0.49-2.15) 0.949 1.60 (0.60-4.22) 0.345 

1.21 

(0.4

7-

3.10

) 

0.692 - - 

Repeat aortic valve 

intervention, n (%) 

1.08 (0.37-3.10) 0.891 2.68 (0.85-8.43) 0.091 

2.62 

(0.9

5-

7.22
) 

0.062 - - 

At 5 year         

Cardiovascular death, n (%) 

1.17 (0.96-1.42) 0.114 1.03 (0.74-1.42) 0.875 

0.68 

(0.4

8-

0.95

) 

0.025 

0.64 

(0.2

3-

1.76

) 

0.38

4 

Structural valve deterioration, n 

(%) 

1.18 (0.66-2.11) 0.576 1.93 (0.93-4.00) 0.078 

1.14 

(0.5

2-

2.52

) 

0.739 - - 

Repeat aortic valve 

intervention, n (%) 

1.21 (0.52-2.83) 0.657 2.35 (0.86-6.42) 0.095 

3.29 

(1.4

5-

7.49

) 

0.004 - - 

At 10 year         



 

Cardiovascular death, n (%) 

1.17 (0.98-1.39) 0.082 1.13 (0.86-1.49) 0.376 

0.70 

(0.5

2-

0.94

) 

0.018 

0.66 

(0.2

8-

1.58

) 

0.35

4 

Structural valve deterioration, n 

(%) 

1.17 (0.68-2.02) 0.577 1.71 (0.83-3.52) 0.144 

1.19 

(0.5

7-

2.50

) 

0.639 - - 

Repeat aortic valve 

intervention, n (%) 

1.17 (0.53-2.58) 0.702 2.03 (0.76-5.42) 0.159 

3.89 

(1.8

3-

8.24

) 

<0.00

1 
- - 

Competing risk with death, or in case of cardiovascular death with non-cardiovascular death, reported are 

subdistributions of the hazard ratio (sHR) with confidence intervals (95% CI). Adjusted hazard ratios and p-values after 

adjusting for age, gender and STS-PROM. 

PPM = prosthesis-patient mismatch; PPMTHV = prosthesis-patient mismatch defined by the normal reference values of 

effective orifice area for each size and model of implanted transcatheter heart valve; STS‐PROM = society of thoracic 

surgeons predicted risk of mortality. 

 



 

Supplementary Figure 1. Study flowchart. 

 

AVA = aortic valve area; BMI = body mass index; BSA = body surface area. Other abbreviations as Central Illustration. 


