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Abstract
Aims: Peripheral artery disease (PAD) is common in patients with aortic valve stenosis (AS). This study 
sought to assess the prevalence of critical limb ischaemia (CLI) and its impact on in-hospital outcome in 
patients undergoing transcatheter aortic valve implantation (TAVI) for severe AS.

Methods and results: All isolated TAVI procedures for AS in Germany between 2007 and 2013 were 
analysed regarding the stage-specific prevalence of PAD, comorbidities, in-hospital complications and mor-
tality using diagnostic and procedural codes. Among 32,044 patients with TAVI, 3,375 (10.5%) had PAD 
and 654 (2.0%) CLI. TAVI patients with PAD, particularly those with CLI, had a higher incidence of 
periprocedural stroke, bleeding and acute kidney injury (p<0.001). The overall in-hospital mortality among 
TAVI without PAD, non-CLI PAD and CLI was 6.1%, 8.4% and 14.7%, respectively (p<0.001). In a mul-
tivariate logistic regression analysis, CLI was an independent predictor of in-hospital mortality (odds ratio 
1.96, 95% confidence interval 1.56-2.47; p<0.001).

Conclusions: In patients undergoing TAVI, the presence of PAD is associated with an increased risk 
of periprocedural complications, while only CLI independently predicts increased in-hospital mortality. 
Whether CLI represents a marker of general poor health status resulting in poor outcome or is a modifiable 
risk factor whose treatment prior to TAVI can improve the outcome requires prospective studies.
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Abbreviations
AKI acute kidney injury
CLI critical limb ischaemia
EuroSCORE European System for Cardiac Operative Risk 

Evaluation
ICD-10-GM International Statistical Classification of Diseases 

and Related Health Problems 10th Revision
LOS length of stay
OPS German procedure classification system
PAD peripheral artery disease
PPI permanent pacemaker implantation
TAVI transcatheter aortic valve implantation

Introduction
In the last decade, transcatheter aortic valve implantation (TAVI) 
has evolved as a minimally invasive technique and has become 
the therapy of choice for the treatment of symptomatic, severe 
aortic valve stenosis in patients with a high perioperative risk1-3. 
Peripheral artery disease (PAD) shares the underlying risk fac-
tors of aortic valve stenosis and is therefore common in these 
patients. The presence of PAD – irrespective of concomitant dis-
ease and studied population – impacts adversely on short- and 
long-term outcome in terms of periprocedural complications and 
mortality4. Previously published studies have reported the detri-
mental impact of PAD on outcome in TAVI patients5, indicating 
that PAD may worsen the outcome beyond the effect of PAD-
related access-site complications. Those studies reported PAD in 
TAVI in a dichotomous pattern, i.e., either presence or absence 
without any relation to the severity of PAD. The impact of PAD 
on short- and long-term outcome, however, is stage-specific, i.e., 
complications and mortality are correlated with the severity of 
PAD, with the highest rates among those classified as having 
critical limb ischaemia (CLI)6.

This study sought to determine the prevalence and impact of 
stage-specific PAD on in-hospital complications and mortality in 
patients undergoing TAVI in Germany.

Methods
Data of all isolated TAVI performed for severe, symptomatic aortic 
valve stenosis in Germany between 2007 and 2013 were retrieved 
and analysed. Analyses were performed on behalf of the authors 
by the Research Data Centres of the Federal Bureau of Statistics 
(Statistisches Bundesamt, DESTATIS; https://www.destatis.de), 
and aggregated data returned to the authors. Since neither the 
investigators nor the personnel of the Research Data Centres of 
the Federal Bureau of Statistics had access to individual patient 
data but only to summary results, the approval of the ethics com-
mittee was not required in accordance with German law.

To account for the learning curve effect on outcome trend, 
we divided the entire data set into two cohorts: the initial phase 
where TAVI techniques and procedures were evolving (2007-2010 
cohort), and the later period (2011-2013 cohort) where TAVI tech-
nique had been established.

DIAGNOSES AND PROCEDURE CODES
The details of the methodology of data source and of data acqui-
sition have been described previously3. All diagnoses are coded 
according to the German Modification of the International 
Statistical Classification of Diseases and Related Health Problems 
10th Revision (ICD-10-GM). Similar to the ICD codes, all diag-
nostic and therapeutic procedures, including endovascular and sur-
gical interventions, are coded according to the German procedure 
classification system (OPS). We used these OPS codes for TAVI 
(OPS codes: in 2007 for transfemoral and transapical 5-35 a.0; from 
2008 onwards 5-35 a.00 for transfemoral and 5-35 a.01 for transapi-
cal TAVI) to identify all hospitalisation cases with isolated TAVI. 
Concomitant PAD of the lower extremities at distinct stages accord-
ing to the Fontaine classification7 was obtained from the ICD-10-
code (I70.20-I70.24). Of note, due to revision of the ICD codes for 
PAD in 2015, the currently used codes for classification of PAD are 
different from the codes used at the time of the data acquisition.

Comorbidities and complications were also assessed from the 
diagnostic and interventional procedure codes. Previous cardiac 
surgery indicates a history of previous coronary bypass or valve 
surgery. Bleeding was defined as requiring more than five units of 
red blood cells during the hospital stay. The logistic European 
System for Cardiac Operative Risk Evaluation (EuroSCORE; 
www.euroscore.org/euroscore_scoring.htm) was calculated using 
the ICD-10-GM codes and the patients’ characteristics, as described 
previously3.

STATISTICAL ANALYSIS
The entire TAVI cohort was divided into three groups: those 
without a concomitant diagnosis of PAD (non-PAD), those hav-
ing PAD identified by ICD-10 codes I70.20-I70.21 (asympto-
matic and claudicants=PAD at non-CLI), and patients with ICD-10 
codes I70.22-I70.24 (having rest pain and/or tissue loss, i.e., ulcer/
gangrene=PAD at CLI). Differences in baseline parameters between 
groups and within groups over time were calculated using the chi-
square test for categorical variables and the Student’s t-test for 
continuous variables. Multivariate logistic regression analyses were 
used to outline the impact of the distinct stages of PAD and other 
baseline risks (expressed by the estimated logistic EuroSCORE) on 
in-hospital mortality. Regression analyses were performed using 
Stata, version 13 (StataCorp, College Station, TX, USA).

Results
PATIENT CHARACTERISTICS
Data of 32,044 isolated TAVI procedures performed between 
January 2007 and December 2013 in Germany were analysed. The 
baseline characteristics of these TAVI procedures are presented in 
Table 1.

Of the entire TAVI cohort, 3,375 (10.5%) patients had con-
comitant PAD: 2,721 (80.6%) of these were classified as non-
CLI PAD and 654 (19.4%) were classified as CLI. Transfemoral 
and transapical access was used in 22,093 (68.9%) and in 9,951 
(31.1%) TAVI cases, respectively.
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Patients undergoing TAVI without PAD were older and more 
likely to be female than those with PAD (Table 1). In contrast, 
patients with PAD had higher frequencies of concomitant comor-
bidities, resulting in a higher estimated logistic EuroSCORE in PAD 
compared to non-PAD patients (33±16% vs. 21±12%, p<0.001). 
However, the estimated logistic EuroSCORE was not different 
within the PAD cohort between non-CLI and CLI patients.

IN-HOSPITAL COMPLICATIONS AND MORTALITY IN 
RELATION TO PAD STATUS
The rate of TAVI-related in-hospital complications and overall in-
hospital mortality for the time periods 2007-2010 and 2011-2013 
are presented in Figure 1A and Figure 1B.

Permanent pacemaker implantation (PPI) was the most frequent 
complication in TAVI, followed by bleeding, acute kidney injury 
(AKI) and stroke. Except for PPI, which occurred more often in 
non-PAD patients (18%), all other complications were more fre-
quent in patients with PAD, with the highest rates among CLI 
patients. Regarding temporal changes (2007-2010 vs. 2011-2013) 

in the non-PAD patients, stroke (2.6% vs. 2.3%), bleeding (10.1% 
vs. 6.9%) and PPI (21.8% vs. 16.6%) significantly decreased 
(p<0.001), while AKI remained constant (p=0.755). In the PAD, 
non-CLI subset, the TAVI-related complication rates for stroke 
(3.1% vs. 3.4%), AKI (7.6% vs. 8.4%) and PPI (15% vs. 14.9%) 
remained unchanged, while bleeding (13.1% vs. 9.6%) decreased 
significantly (p=0.009). In CLI patients, stroke (1.8% vs. 3.7%) 
and AKI (8.0% vs. 10.6%) increased, while bleeding (20.2% vs. 
16.9%) and PPI (17.2% vs. 13.0%) decreased (p<0.001). The 
overall mortality decreased in all groups over time (p<0.001) 
(Figure 1A, Figure 1B).

In the unadjusted logistic regression analysis, the odds of in-
hospital mortality were substantially increased for non-CLI and 
CLI PAD patients (odds ratio [OR] 1.41, 95% confidence inter-
val [CI]: 1.22-1.63, p<0.001, and OR 2.66, 95% CI: 2.13-3.32, 
p<0.001, respectively) (Table 2) compared to non-PAD patients. 
Regarding temporal changes, there was a slight increase in the OR 
for in-hospital mortality in the later “established” cohort (OR 2.84, 
95% CI: 2.19-3.69) compared to the earlier “evolving” cohort (OR 

Table 1. Baseline characteristics of all patients undergoing transcatheter aortic valve implantation in Germany between 2007 and 2013 
in relation to the type and severity of peripheral artery disease.

Total 32,044 (100) Non-PAD 28,669 (89.5) PAD, non-CLI 2,721 (8.5) PAD, CLI 654 (2.0) p-value
Transfemoral, n (%) 22,093 (68.9) 20,393 (71.1) 1,382 (50.8) 318 (48.6) <0.001

Transapical, n (%) 9,951 (31.1) 8,276 (28.9) 1,339 (49.2) 336 (51.4) <0.001

Women, n (%) 18,243 (56.9) 16,827 (58.7) 1,136 (41.8) 280 (42.8) <0.001

Mean age, years±SD 81.0±6.1 81.1±6.1 79.6±6.4 78.9±6.8 <0.001

<75 years 4,243 (13.2) 3,528 (12.3) 552 (20.3) 163 (24.9) <0.001

75–79 years 7,164 (22.4) 6,309 (22.0) 675 (24.8) 180 (27.5) <0.001

80–84 years 11,250 (35.1) 10,230 (35.7) 856 (31.5) 164 (25.1) <0.001

≥85 years 9,387 (29.3) 8,602 (30.0) 638 (23.5) 147 (22.5) <0.001

Log. EuroSCORE, mean±SD 22.4±12.8 20.8±12.3 33.4±16.2 33.4±16.4 <0.001

HF, NYHA II, n (%) 2,589 (8.1) 2,304 (8.0) 242 (8.9) 43 (6.6) 0.106

HF, NYHA III/IV, n (%) 12,866 (40.2) 11,251 (39.2) 1,271 (46.7) 344 (52.6) <0.001

Hypertension, n (%) 20,190 (63.0) 18,175 (63.4) 1,636 (60.1) 379 (58.0) <0.001

Carotid disease, n (%) 1,927 (6.0) 1,401 (4.9) 429 (15.8) 97 (14.8) <0.001

CAD, n (%) 14,787 (46.2) 12,584 (43.9) 1,797 (66.0) 406 (62.1) <0.001

MI within 4 months, n (%) 524 (1.6) 437 (1.5) 62 (2.3) 25 (3.8) <0.001

MI within 1 year, n (%) 249 (0.8) 205 (0.7) 32 (1.2) 12 (1.8) <0.001

MI >1 year, n (%) 1,371 (4.3) 1,059 (3.7) 250 (9.2) 62 (9.5) <0.001

Previous CABG, n (%) 4,109 (12.8) 3,268 (11.4) 708 (26.0) 133 (20.3) <0.001

Previous cardiac surgery, n (%) 5,835 (18.2) 4,842 (16.9) 821 (30.2) 172 (26.3) <0.001

COPD, n (%) 4,902 (15.3) 4,163 (14.5) 601 (22.1) 138 (21.1) <0.001

Pulmonary hypertension, n (%) 7,186 (22.4) 6,292 (22.0) 720 (26.5) 174 (26.6) <0.001

KF, GFR <15%, n (%) 970 (3.0) 759 (2.7) 139 (5.1) 72 (11.0) <0.001

KF, GFR <30%, n (%) 1,549 (4.8) 1,350 (4.7) 155 (5.7) 44 (6.7) 0.005

Atrial fibrillation, n (%) 14,707 (45.9) 13,082 (45.6) 1,282 (47.1) 343 (52.5) 0.001

Diabetes, n (%) 10,601 (33.1) 9,106 (31.8) 1,139 (41.9) 356 (54.4) <0.001

CABG: coronary artery bypass graft; CAD: coronary artery disease; CLI: critical limb ischaemia; COPD: chronic obstructive pulmonary disease; 
GFR: glomerular filtration rate; HF: heart failure; KF: kidney failure; MI: myocardial infarction; NYHA: New York Heart Association; PAD: peripheral 
artery disease; SD: standard deviation



1285

EuroIntervention 2
0
17;1

3
:12

8
2-12

8
8

Prevalence and impact of CLI on TAVI

2.34, 95% CI: 1.53-3.56). After further adjustment for the esti-
mated logistic EuroSCORE, however, only CLI patients were 
associated with increased odds of in-hospital mortality (OR 1.96, 
95% CI: 1.56-2.47, p<0.001).

LENGTH OF HOSPITAL STAY, DISCHARGE AND COST 
ANALYSIS IN RELATION TO PAD
Resource utilisation indices such as the in-hospital length of 
stay (LOS), perioperative and postoperative ventilation time and 
another hospital as a discharge destination were highest for CLI 
PAD and lowest for non-PAD patients (p<0.001) (Table 3). The 
resulting total reimbursement costs (in 1,000 €) per TAVI case 
were accordingly highest for patients with CLI PAD (37.6±15.3 €) 
followed by non-CLI PAD (35.9±12.4 €) and lowest for patients 
without PAD (34.6±8.4 €, p<0.01).

Discussion
PAD as a marker of severe, general atherosclerosis has been shown 
to impact adversely on the outcome in any population, irrespective 
of the underlying and concomitant diseases8. In this context, the 
finding of higher complication rates and in-hospital mortality rates 
in PAD compared to non-PAD patients undergoing TAVI in this 
study is not surprising. What is new, however, is the finding that 
not PAD in general, but the progressive stage of CLI is a strong 
and logistic EuroSCORE-independent predictor of increased in-
hospital mortality in patients undergoing TAVI.

The adverse impact of PAD in general on outcome in TAVI 
patients has previously been demonstrated in selected and smaller 
cohorts5. Moreover, in all published studies dealing with PAD in 
TAVI, PAD was generally considered as a categorical entity, i.e., 
either the presence or absence of PAD without any relation to its 
distinct clinical stages. The incremental prognostic value of PAD on 
outcome parameters such as complications and mortality, however, 
is strongly related to the clinical stage of PAD. Large-scale, popula-
tion-based studies have demonstrated an up to fivefold higher in-hos-
pital mortality in CLI patients compared to claudicants9. Ischaemic 
tissue loss of extremities indicates a status of severe, generalised 
and decompensated atherosclerosis and is associated with exten-
sive resource utilisation, complications and high mortality rates.

PREVALENCE OF PAD AND CLI IN PATIENTS WITH TAVI
This is the first study reporting the prevalence and outcome impli-
cations of CLI in patients undergoing TAVI. The 12% prevalence 
of PAD in octogenarians with severe calcific aortic valve steno-
sis is certainly underestimated due to the fact that no systematic 
diagnostic approach using different complementary modalities 
such as measurement of ankle-brachial index, oscillography and 
duplex ultrasound was used to assess PAD. The prevalence of 
PAD is highly correlated to age and the burden of cardiovascu-
lar risk factors. Epidemiological studies have revealed the pre-
valence of PAD as being only 3-5% in a general population aged 
<50 years and without risk factors, but increasing to 29% in those 
having multiple risk factors10 and to 38% in patients with mani-
fest atherosclerosis in other vascular territories11. The German 
Aortic Valve Replacement Registry (GARY) reported a PAD pre-
valence of 19.5% in patients undergoing TAVI12. Compared to 
the present study, concomitant PAD in TAVI cohorts has been 
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Figure 1. In-hospital complications among patients undergoing 
transcatheter aortic valve implantation. Frequencies of in-hospital 
complications among patients undergoing transcatheter aortic valve 
implantation in 2007-2010 (A) and 2011-2013 (B). AKI: acute kidney 
injury; CLI: critical limb ischaemia; PAD: peripheral artery disease; 
PPI: permanent pacemaker implantation

Table 2. Results of multivariate logistic regression analyses (n=32,044).

Variable
Unadjusted odds 
ratio (95% CI)

p-value Variable
EuroSCORE-adjusted 
odds ratio (95% CI)

p-value

Non-PAD (reference) 1 Non-PAD (reference) 1

PAD, non-CLI 1.41 (1.22-1.63) <0.001 PAD, non-CLI 1.03 (0.89-1.20) 0.679

PAD, CLI 2.66 (2.13-3.32) <0.001 PAD, CLI 1.96 (1.56-2.47) <0.001

Logistic EuroSCORE 1.02 (1.02-1.03) <0.001

Unadjusted and EuroSCORE-adjusted odds ratios of in-hospital mortality in patients with transcatheter aortic valve implantation (TAVI). CI: confidence 
interval; CLI: critical limb ischaemia, PAD: peripheral artery disease
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reported at higher rates in previous studies, such as in US TAVI 
(32.4%)13, the French Transcatheter Aortic Valve Intervention 
Registry (FRANCE 2 Registry, 20.8%)14, and the United Kingdom 
Transcatheter Aortic Valve Implantation Registry (26.5%)15.

IN-HOSPITAL OUTCOME IN RELATION TO PAD
While the presence of PAD in TAVI was associated with a higher 
incidence of periprocedural complications compared to non-PAD 
patients, CLI particularly predicted increased in-hospital mortal-
ity: it was lowest among non-PAD patients (6.1%), intermedi-
ate in non-CLI PAD (8.4%), and the highest mortality rate was 
observed in CLI PAD patients (14.7%). In the fully adjusted model 
(Table 2), non-CLI PAD did not significantly impact on in-hospi-
tal mortality while CLI significantly increased the risk for in-hos-
pital mortality. Furthermore, the increase of mortality attributed 
to CLI was independent from common cardiovascular risk factors 
covered by the logistic EuroSCORE, as shown by the multivari-
ate logistic regression analysis. The logistic EuroSCORE, which 
was originally designed to estimate the perioperative mortality in 
patients undergoing cardiac surgery, is currently the recommended 
score for estimation of mortality in TAVI patients. However, the 
logistic EuroSCORE does not discriminate between PAD and CLI 
or other manifestations of peripheral atherosclerosis but these are 
rather unspecifically allocated to the term “extracardiac arterio-
pathy”. Moreover, the logistic EuroSCORE does not cover all 
conditions and factors contributing to or determining the overall 
in-hospital mortality following TAVI. As CLI represents a poor 
general medical condition prone to adverse outcome, it is conceiv-
able that CLI patients had more frail conditions not covered and 
hence not detected by the logistic EuroSCORE, such as infections, 
inflammation, uncontrolled status of cardiovascular risk factors, 
etc., which might have resulted in the observed increased mor-
tality. This assumption is supported by the significantly higher 

resource utilisation parameters such as length of hospital stay, 
ventilation time, another hospital as discharge destination and 
the total reimbursement costs in CLI compared to non-CLI and 
non-PAD patients (Table 3). Our data suggest, therefore, that CLI 
rather than general PAD should be an integral part of the prepro-
cedural risk stratification. Consequently, distinction between CLI 
and non-CLI PAD is important when assessing the preoperative 
risk of patients destined for TAVI.

Consistent with previous observations16, the overall complica-
tion rate in TAVI in our analysis has decreased over time, mainly 
driven by a reduction in bleeding and the decreased need for PPI. 
However, in the subset of TAVI patients with PAD, particularly in 
CLI patients, the incidence of stroke and AKI conversely increased. 
A combination of several factors such as a more judicious patient 
selection, advances in dedicated devices, decreasing diameters of 
delivery systems, enhanced technical skills and a better manage-
ment of procedure-related complications might have contributed 
to the reduction in the overall complication rate. The adverse trend 
in stroke and AKI in PAD patients, on the other hand, might mir-
ror the continuously increasing risk profile of PAD, particularly 
of CLI patients9. In particular, pre-existing chronic kidney disease 
has been shown to be an independent predictor of postinterven-
tional AKI following TAVI17.

Limitations
As with any studies which are based on administrative data, our 
analysis is prone to possible coding errors which is a major flaw 
of the study. Therefore, the prevalence of PAD, of comorbidities 
and of calculated scores such as the logistic EuroSCORE might be 
inaccurate. The majority of PAD patients are asymptomatic and 
even symptoms which are present are frequently unspecific and 
unreliable. Moreover, in the context of pre-TAVI work-up, there 
was no systematic use of complementary diagnostic tools such 

Table 3. Hospital length of stay, discharge destination and cost analysis per procedure in patients with TAVI in relation to peripheral 
artery disease.

Non-PAD PAD, Non-CLI PAD, CLI p-value 
between 
groups

2007-
2010

2011-
2013

p-value 
for trend

Total
2007-
2010

2011-
2013

p-value 
for trend

Total
2007-
2010

2011-
2013

p-value 
for trend

Total

Patients, n 7,611 21,058 28,669 712 2,009 2,721 163 491 654

LOS, days (mean±SD) 18.8
±12.4

17.2
±11.4 <0.001 17.6

±11.7
20.7

±14.4
19.7

±13.7 0.098 19.9
±13.9

23.1
±17.2

22.7
±17.6 0.801 22.8

±17.5 <0.001

Time on ventilator, 
hours (mean±SD)

24.7
±130.1

17.9
±102.0 <0.001 19.7

±110.2
36.3

±165.8
35.2

±165.0 0.876 35.5
±165.2

56.2
±177.5

53.1
±198.8 0.862 53.9

±193.6 <0.001

Discharge destination 
– home, n (%)

3,440 
(45.2)

10,367 
(49.2) <0.001 13,807 

(48.2) 316 (44.4) 932 (46.4) 0.086 1,248 
(45.9) 56 (34.4) 159 (32.4) 0.742 215 (32.9) <0.001

Discharge destination 
– hospital, n (%)

1,698 
(22.3)

4,598 
(21.8) 0.493 6,296 

(22.0) 146 (20.5) 443 (22.1) 0.489 589 (21.6) 43 (26.4) 152 (31.0) 0.412 195 (29.8) 0.001

Discharge destination 
– rehabilitation, n (%)

1,838 
(24.2)

4,826 
(22.9) 0.086 6,664 

(23.2) 181 (25.4) 463 (23.0) 0.316 644 (23.7) 36 (22.1) 107 (21.8) 0.950 143 (21.9) 0.738

Reimbursement in € 
per case (mean±SD) 
×1,000

34,573 
±8,351

35,877 
±12,395

37,617 
±15,342

CLI: critical limb ischaemia; LOS: hospital length of stay; PAD: peripheral artery disease; SD: standard deviation; TAVI: transcatheter aortic valve implantation
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as ankle-brachial index and toe-brachial index, oscillography and 
thorough duplex ultrasound, which have been shown to be use-
ful and to enhance the detection rate of PAD. Therefore, the pre-
valence of non-CLI PAD in the TAVI population in this study is 
certainly underestimated. In contrast, the prevalence of CLI should 
be accurate since it is simple to define and detect (rest pain and/
or ulceration, gangrene), and therefore less susceptible to under-
reporting and miscoding.

Since the analysis is based on administrative data, we can only 
report the in-hospital outcome measures. The impact of PAD, and 
particularly of CLI, on midterm and long-term outcome in TAVI 
remains to be determined. Though large-scale, covering the data 
set of an entire nation over seven years, our analysis is restricted 
to the TAVI population in Germany. The prevalence and impact of 
PAD and CLI on outcome in TAVI might differ in other populations.

Conclusions
Despite the above-mentioned limitations, this study is the first 
to elaborate the prevalence of CLI and its detrimental impact on 
in-hospital complications and mortality in patients with TAVI in 
a real-world database of an entire nation. Whether CLI represents 
a marker of general poor health status resulting in poor outcome or 
a modifiable risk factor, the treatment of which prior to TAVI can 
improve the outcome, requires prospective studies.

Impact on daily practice
Peripheral artery disease (PAD) is common in patients undergo-
ing transcatheter aortic valve implantation (TAVI). The extent 
and severity of PAD not only impacts on the access site deci-
sion but also on the in-hospital complication rate and outcome. 
Therefore, the pre-interventional assessment of the severity of 
concomitant PAD is crucial, as demonstrated by this analysis. 
However, whether CLI represents a marker of general poor 
health status resulting in poor outcome or a modifiable risk fac-
tor, the treatment of which prior to TAVI can improve the out-
come, requires prospective studies.
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