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Abstract

Objectives Transcatheter aortic valve implantation

(TAVI) promises effective treatment for high-risk elderly

patients with symptomatic severe aortic stenosis (AS).

However, the adoption of TAVI must be justified and

guarantee long-term performance. Systematic reviews are a

core methodology in evidence-based health economics for

judging medical effectiveness. In this work, the method-

ology was applied to provide objective evidence on the

efficacy and safety of TAVI at 1-year follow-up and to

assess whether TAVI confers a survival benefit compared

with medical therapy.

Methods In accordance with the toolkit of the ‘‘German

Scientific Working Group Technology Assessment for

Health Care’’ (GSWG), a systematic literature review on

the safety and efficacy of TAVI procedures was conducted

in major bibliographic databases to identify all relevant

publications. Preestablished inclusion criteria were defined.

An initial screening of identified articles regarding titles

and abstracts was followed by a full-text screening. Data

from eligible articles were extracted and evaluated

according to GSWG checklists followed by a qualitative

synthesis of information.

Results The systematic literature search identified 12

primary publications (derived from 1,849 citations) for

TAVI [number of patients (n) = 1,049] and 11 publica-

tions (derived from 189 citations) for medical therapy of

AS (n = 946) that fulfilled the inclusion criteria.

Mean overall procedural success rate for included TAVI

interventions was 93.3%. Mean combined procedural, post-

procedural, and cumulative in-hospital/30-day mortality

was 11.4% (n = 116; range 5.3–23%).

1 year after TAVI, the mean overall survival rate was

75.9% (range 64.1–87%) compared with 62.4% (range

40–84.8%) for medically treated patients (p value \ 0.01).

1-year survival after TAVI for patients treated with trans-

vascular (TV) procedures was higher than after transapical

(TA) procedures (79.2 vs. 73.6%) (p value = 0.04). At

1-year follow-up, the improved valvular function remained

stable, and there was a trend towards an improved ven-

tricular function.

Conclusion Based on the best available data, in patients

with symptomatic severe AS, TAVI demonstrates an

improved 1-year survival compared with medical treat-

ment. The survival benefit of TV-TAVI over medical

therapy elucidated from this systematic literature review is

?16.8% and therefore, in good congruence with the

recently published results from the randomized PARTNER

US trial (?20%).
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Introduction

Aortic stenosis (AS) is the most common valvular heart

disease in the elderly with an estimated prevalence of up to

5% in individuals older than 75 years [22, 23]. In the coming

decades, there will be a tremendous aging of the population

in developed countries with a unique increase of inhabitants

older than 80 years [30]. Hence, AS will become more

frequent and constitute a growing burden for public health.

The course of symptomatic severe AS under medical

treatment is dismal with high mortality rates. After the onset

of heart failure, median survival is only 11 months and after

onset of syncope and angina 27 and 45 months, respectively,

[17]. Because of the high risk of restenosis, balloon aortic

valvuloplasty (BAV) can only be considered as a palliative

treatment method for patients with a good quality of life

(QoL) who are not eligible for surgical aortic valve

replacement (AVR) [6, 8, 12, 28]. Although surgical AVR is

regarded to be the mainstay for improved survival and

symptom relief, not all patients, especially the elderly, are

able to profit from this technique [5, 34]. The European Heart

Survey of patients with valvular heart disease suggests that

up to 33% of subjects over the age of 75 are not considered

for surgical AVR because of age and comorbidities [18].

Transcatheter aortic valve implantation (TAVI) is a

new, innovative medical procedure that promises effective

treatment for high-risk patients not suitable for surgical

AVR. As of today, TAVI is intended as a treatment alter-

native to ‘‘no intervention’’. As of June 2010, approxi-

mately 20,000 procedures have been performed worldwide,

and this number experiences exponential growth (accord-

ing to TAVI device manufacturers).

However, the adoption of TAVI must be justified and

guarantee long-term performance. Systematic reviews are

core to formal decision making processes in evidence-based

health economics [11]. They apply a series of methodolog-

ical principles which aim at systematically identifying,

evaluating, and summarizing all available data to provide

objective evidence for judging medical effectiveness. To

date, few systematic reviews on the safety and efficacy of

TAVI procedures have been conducted, and none of them

have focused on 1-year follow-up data or assessed whether

TAVI confers a survival benefit in patients with symptomatic

severe AS without valve intervention.

Methods

Inclusion criteria

This systematic review was based on published peer-

reviewed clinical case series and cohort studies as well as

published secondary literature, including systematic

reviews and health technology assessments (HTA). In

accordance with the toolkit of the ‘‘German Scientific

Working Group Technology Assessment for Health Care’’

(GSWG) [14], preestablished inclusion criteria were

defined. Publications had to fulfill these criteria listed in

Table 1 to be eligible for consideration [12]. Similar criteria

were chosen for the systematic literature review on medical

therapy treatment of AS, adjusting the two criteria inter-

vention and patient characteristics to ‘‘none or palliative

BAV’’ and ‘‘patients with severe AS who either refused or

were denied surgical AVR or TAVI, excluding asymp-

tomatic patients’’ (Table 1).

Literature search

The literature search was performed in four bibliographic

databases: MEDLINE, EMBASE, Centre for Reviews and

Table 1 Inclusion and exclusion criteria for publications on TAVI

Characteristic Criteria

Publication type Peer-reviewed full-text publications that report clinical outcomes, systematic reviews,

and publications from health technology institutes. Editorials, laboratory or animal studies excluded

Published (either print or online) by 04/2010

Language English or German

Intervention Transcatheter aortic valve implantation (TAVI) (None or palliative BAV)

Patient characteristics Patients at risk for surgical AVR with severe AS, excluding asymptomatic patients (Patients with
severe AS who either refused or were denied surgical AVR, excluding asymptomatic patients)

Mean age of study population C75 years

Study characteristics Clinical studies, excluding case reports

Patient population larger than n C 10

Follow-up duration of C12 postoperative months

Clinical outcome Safety and efficacy of TAVI (Safety and efficacy of medical therapy of AS)

Text in italics specify adjustments for publications on medical therapy of AS

266 Clin Res Cardiol (2011) 100:265–276

123



Dissemination (CRD), and Cochrane Library. The search

strategy consisted of controlled vocabulary, including The

National Library of Medicine’s Medical Subject Headings

(MeSH) terms, and free text keywords, such as ‘‘aortic

valve’’ OR ‘‘aortic valve stenosis’’ AND ‘‘percutaneous’’

OR ‘‘transcatheter’’ OR ‘‘transvascular’’ OR ‘‘transfemor-

al’’ OR ‘‘transapical’’. The search was not restricted to any

publication time period but to English or German language

and an adult patient population. Findings in EMBASE and

MEDLINE were updated as of April 30, 2010. These

searches were supplemented by handsearching the refer-

ence lists of key papers for further identification of

potentially relevant studies. No limitation was placed on

the study type. For secondary publications, the main search

included CRD and International Network of Agencies for

Health Technology Assessment (INAHTA) electronic

databases and supplemental databases of major national

HTA institutes [German ‘‘Institut für Qualität und Wir-

tschaftlichkeit im Gesundheitswesen’’ (IQWiG), and Brit-

ish ‘‘National Institute for Health and Clinical Excellence’’

(NICE)].

Data selection, extraction, and evaluation

Literature selection was conducted in two stages: an initial

screening of titles and abstracts was followed by screening

of the full-text publications. For all reports that were

excluded based on the full-text screening, the rationale for

exclusion was recorded. Then, the data from the included

reports was extracted. A structured data extraction form

was used including study and patient characteristics, pri-

mary outcome measures (procedural success rate, compli-

cations, mortality, and survival), and secondary outcome

measures (post-procedural hemodynamic data, New York

Heart Association (NYHA) class, length of hospital stay,

QoL. The quality of all included publications was assessed

along the checklist #2a of the GSWG [13].

Statistics

Metric variables were expressed as mean (range). Means

were calculated based on all included studies. Where

standard deviations (SD) were consistently reported, the

overall SD was calculated as the square root of the mean of

variances plus the variance of means. With the exception of

number of patients, specified ranges referred to extreme

values of reported means. Categorical or binary variables

were expressed as percentages [absolute number of patients

(n); range] and compared using Chi-square (v2) test. The

estimation of 95% confidence intervals (CI) for survival

rates relied on the normal approximation to the binomial

distribution. Data collection and statistical analysis were

performed using Microsoft Excel. All tests were two-sided.

A value p \ 0.05 was considered to indicate a statistically

significant difference.

Results

Results of literature search

As illustrated with a process flow chart in Fig. 1, the

original literature search identified a total of 2,038 citations

(thereof 1,849 for TAVI and 189 for medical therapy of

AS). Based on a screening of titles and abstracts, 60

potentially relevant publications were retrieved for full-text

screening. Together with 21 publications identified through

supplementary MEDLINE and EMBASE database alerts

and handsearching the reference lists of key papers, 81

reports underwent a detailed full-text screening, yielding

12 [1, 15, 16, 19, 25–27, 29, 35, 36, 38, 40] primary

publications for TAVI and 11 [2, 3, 7, 18–20, 24–26, 33,

34] for medical therapy of AS.

Quality and characteristics of included studies

Pending the finalization of this manuscript, no data from

randomized controlled trials (RCT) was available. There-

fore, all included data were based on observational clinical

studies. The key study characteristics and patient demo-

graphics for each included study are described in Table 2.

Most included studies were recently published (median

publication year for studies on TAVI and for medical

therapy was 2009 and 2008, respectively). Three publi-

cations conducted small comparative cohort studies to

assess TAVI patients versus control groups of patients

referred for TAVI, but undergoing either alternative aortic

valve interventions or medical therapy [19, 25, 26]. These

three studies are included in both information syntheses

on TAVI and medical therapy. Two studies conducted

matched comparisons between TAVI and surgical AVR

[35, 40].

The number of all patients (n) captured by this review

totaled 1,049 for the TAVI group and 946 for the medical

therapy group. There were three studies exclusively on

the transvascular (TV) approach with the Medtronic

CoreValve system (n = 213) [15, 25, 26]. The other

studies reported on Cribier–Edwards/Edwards Sapien valve

prostheses (n = 836). Of these, three series reported

exclusively on transapical (TA) procedures (n = 147) [35,

39, 40] and six on patients who underwent either approach

(TV n = 376, TA n = 295, approach not specified n = 18).

All included studies reported 1-year follow-up data.

The demographics of included patients were comparable

for TAVI and medical therapy. The mean age was high,

with 82 years (TV 82.7/TA 81.6; range 80.1–85) for TAVI,

Clin Res Cardiol (2011) 100:265–276 267

123



and 79.9 years (range 73.3–86.2) for medically treated

patients. Forty-five percent (TV 51.1%/TA 36.1%) of

TAVI and 47% of medically treated patients were males.

All patients were symptomatic and considered ‘‘inopera-

ble’’ or at a ‘‘very high risk’’ for surgery, but the estimated

operative risk of included TAVI patients as assessed by the

logistic EuroSCORE method was higher than for medically

treated patients (27.8 vs. 13.5%).

Safety of TAVI at 1-year follow-up

The mean overall procedural success rate was 93.3%

(n = 948; range 86–100%) for all included TAVI inter-

ventions, with a lower procedural success rate of 89.2%

(n = 382; range 85.7–97.3%) for TV procedures compared

with 97.3% (n = 353; range 96.1–100%) for TA proce-

dures (Table 3). The incidence of reported major adverse

cardiac and cerebrovascular events (MACCE) is illustrated

in Table 4. None of the studies observed any evidence of

structural valve deterioration or other prosthetic valve

dysfunction during follow-up.

The mean combined procedural, post-procedural, and

cumulative in-hospital/30-day mortality was 11.4%

(n = 116; range 5.3–23%). For TV and TA procedures, the

mean in-hospital/30-day mortality was 9.5% (n = 53;

range 5.3–13.3%) and 14% (n = 62; range 10–27%),

respectively. One year after the TAVI procedure, the

overall mean survival rate was 75.9% (range 64.1–87%).

For TV and TA procedures, the reported 1-year survival

rate was 79.2% (range 68.1–87%) and 73.6% (range

60–78%) (p value = 0.0.4), respectively. 30-day mortality

and 1-year survival rates from each included study are

provided in Table 3.

The 1-year survival rates and estimated 95%-CI overall

and for both types of intervention are illustrated in Fig. 2.

Three authors reported that the incidence of late procedure-

or valve-related mortality was mostly noncardiac and due

to comorbidities [15, 27, 36].

The mean 1-year survival rate of medically treated

patients was 62.4% (range 40–84.8%; p value \ 0.01 vs.

TAVI). Fig. 3 compares the 1-year survival rates and

estimated 95%-CI of TAVI and medical therapy. None of

1,978 citations excluded 
based on screening of titles 

and abstracts

2,038 citations identified 
from

electronic search and 
screened

(thereof 1,849 for TAVI and 
189 for medical therapy)

81 potentially relevant reports 
retrieved for full text scrutiny

21 potentially relevant reports 
retrieved from database alerts 
(11) and cross-references (10)

58 reports excluded based on 
detailed evaluation:

follow-up

study population (e.g. 
asymptomatic or mild/ 
moderate AS, mean age < 75 
years) 

clinical outcomes

23a relevant primary 
publications selected for 

literature review (thereof 12 
on TAVI and 11 on medical 

therapy)

1,978 citations excluded 
based on screening of titles 

and abstracts

2,038 citations identified 
from

electronic search and 
screened

(thereof 1,849 for TAVI and 
189 for medical therapy)

81 potentially relevant reports 
retrieved for full text scrutiny

21 potentially relevant reports 
retrieved from database alerts 
(11) and cross-references (10)

58 reports excluded based on 
detailed evaluation:

follow-up

study population (e.g. 
asymptomatic or mild/ 
moderate AS, mean age < 75 
years) 

clinical outcomes

23a relevant primary 
publications selected for 

literature review (thereof 12 
on TAVI and 11 on medical 

therapy)

a Three cohort studies [26, 19, 25] are included in both systematic reviews. 

Fig. 1 Flow chart of

systematic literature selection

process for review on TAVI and

on medical therapy of AS
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the studies provided details on causes of death to assess

whether it was due to cardiovascular or other causes.

Efficacy of TAVI at 1-year follow-up

All included trials presented pre-procedural echocardio-

graphic outcome measures that indicated severe AS [4].

Echocardiographic assessment revealed an aortic valve

area (cm2) of 0.63 (range 0.50–0.67) and a transaortic mean

gradient (mmHg) of 46.6 ± 15.6 (range 42–56). The

echocardiographic baseline data did not differ significantly

between TAVI and medically treated subgroups [aortic

valve area (cm2): 0.68 (range 0.57–0.73); transaortic mean

gradient (mmHg): 42.7 ± 17.8 (range 39–66)].

Patients in whom a TAVI was successfully performed

were reported to experience an improved valvular function,

left ventricular function, and functional status. The post-

TAVI effect on echocardiographic and clinical outcomes is

provided in Table 5. Even at 1-year follow-up, the

improvement of the valvular function was sustained, and

there was a trend towards an improved ventricular function.

Aortic regurgitation (AR) was present after TAVI in

most patients to some degree as reported by seven studies

(n = 594) [1, 15, 16, 27, 29, 36, 38]. Postoperatively,

77.8% (n = 462) of survivors had none to mild (grade 0/I)

AR, and 19.0% (n = 113) had moderate (grade II) AR.

Severe AR (grade III) occurred in 3.2% (n = 19) of

patients. Four studies monitored AR during follow-up and

consistently reported that the postoperative degree of AR

remained unchanged until 1-year follow-up [29, 35, 36,

39].

Seven studies reported a mean length of hospital and

intensive care unit (ICU) stay associated with TAVI: mean

stay in hospital was 9.5 (range 5–19) days, and thereof,

mean stay of 2.7 days in ICU. Hospital stay for TV patients

was shorter than for TA patients (9 days (range 5–15)

versus 10.6 days (range 7–19)) [1, 16, 19, 29, 36, 38, 40].

None of the included studies provided data on patients’

QoL before or after TAVI.

Discussion

This systematic review followed the methodology recom-

mended by the toolkit of the GSWG [14] to objectively

assess the safety and efficacy of TAVI as compared with

medical therapy of AS. The results derived from the sys-

tematic review suggest that TAVI offers promising safety

and lasting efficacy outcomes in a patient population with

symptomatic severe AS not considered for surgical AVR.

With the population aging, AS will become a more

prevalent public health issue over the following decades.

As soon as symptoms develop, medical therapy is unlikely

to modify the dismal course of this disease. Median sur-

vival after the onset of heart failure is 11 months, after

syncope 27 months, and after angina 45 months [17].

Surgery is therefore indicated once patients develop

symptoms [4, 31], but open heart surgery involves signif-

icant risks, in particular for elderly and frail patients. For

this reason, many elderly patients are denied surgery [18].

In the past, these patients could only be managed conser-

vatively with medical therapy or palliative BAV [9, 28].

With TAVI, an additional, less invasive option has

emerged for these ‘‘inoperable’’ patients. Since the first

TAVI performed by Cribier and colleagues in 2002 [10],

many thousands of such devices have been implanted in

high-risk patients worldwide.

The main finding of this review with respect to safety of

TAVI is that based on current literature, high-risk, elderly

patients undergoing TAVI appear to have a better outcome

Table 3 Procedural, 30-day, and 1-year primary outcomes after TAVI

Publication Procedural success rate [% (n)] 30-day mortality rate [% (n)] 1-year survival rate (%)

Overall TV TA Overall TV TA Overall TV TA

[27] 93.3 (322) 90.5 (152) 96.1 (170) 10.4 (36) 9.5 (16) 11.3 (20) 76 75 78

[26] 97.3 (37) 97.3 (37) NA 5.3 (2) 5.3 (2) NA 87 87 NA

[35] 97 (97) NA 97 (97) 10 (10) NA 10 (10) 72 NA 72

[1] 90 (45) 85.7 (30) 100 (15) 14 (7) 8 (3) 27 (4) 67 74 60

[16] 93 (70) 90 (46) 100 (24) 10 (8) 8 (4) 16 (4) 78 81 74

[19] 94 (17) NA NA 5.6 (1) NA NA 78 NA NA

[29] 97.4 (38) NA NA 17.9 (7) 13.3 (2) 20.8 (5) 64.1 68.1 61.9

[36] 94.1 (158) NA NA 11.3 (19) 8 (9) 18.2 (10) 73.8 NA NA

[38] 100 (26) NA 100 (26) 23 (6) NA 23 (6) 65.4 NA 65.4

[40] 100 (21) NA 100 (21) 14 (3) NA 14 (3) 76 NA 76

[15] 86 (117) 86 (117) NA 12.5 (17) 12.5 (17) NA 81.6 81.6 NA

[25] NA NA NA NA NA NA 87 87 NA
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in terms of absolute 1-year survival compared with their

medically treated counterparts. As illustrated by Fig. 3, the

mean 1-year survival rate after TAVI is 75.9% (95% CI:

73.3–78.4%) [TV-TAVI: 79.2% (95% CI: 75.5–82.8%);

TA-TAVI: 73.6% (95% CI: 69.2–77.9%)] versus 62.4%

(95% CI: 59.3–65.5%) with medical therapy. Differences

in 1-year survival between TV-TAVI and TA-TAVI pro-

cedures can at least partly be explained by the even poorer

pre-procedural health status of TA patients; however, the

pre-procedural health status of medically treated patients

was significantly better than for TAVI patients (logistic

EuroSCORE 13.5 vs. 27.8%). Consequently, the survival

benefit of TAVI would probably be even greater if evalu-

ated against medically treated patients with a comparably

poor health status. This finding is important as it substan-

tiates a potential survival benefit of TAVI of at least

?16.8% for a group of patients in whom there was previ-

ously no effective treatment option. The magnitude of this

result corresponds well to the 20% survival benefit reported

by the PARTNER US trial for TV-TAVI procedures which

randomized 358 patients from 21 centers considered not

suitable for surgery: at 1 year, the rate of death from any

cause was 30.7% with TAVI, as compared with 50.7% with

medical therapy [21].

Consistent with previous secondary publications [32,

37], data on safety presented in this review demonstrate

that TAVI is feasible with procedural success rates ranging

from 86 to 100%; however, it remains a high-risk proce-

dure. In the recent series included in this review, 30-day

mortality rates, which most likely reflect procedure-related

mortality, ranged from 5.3–23%.

With respect to the efficacy of TAVI, post-procedural

improvements of echocardiographic measurements and

NYHA functional class seem encouraging, irrespective of

the chosen access route. Based on the available data, the

improvements at 30-day follow-up are sustained until

1-year follow-up without significant functional deteriora-

tion. However, long-term outcomes, particularly with

respect to device durability, are not yet available. In

addition, none of the included studies provided evidence to

what extent the QoL is improved by TAVI, an aspect that

would be particularly interesting for a frail patient popu-

lation with comorbidities.

To point out limitations of our results, the findings are

based on merely observational studies. Until the data

freeze for this manuscript on April 30, 2010, no RCTs

have compared TAVI with surgical AVR, BAV, or med-

ical treatment. The finalization of this manuscript in Sep-

tember 2010 coincided with the publication of the results

from the first randomized PARTNER US trial comparing

TV-TAVI versus medical therapy or BAV in patients at

extreme surgical risk [21]. Therefore, the RCT data could

not be considered as part of the formal informationT
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synthesis. Apart from the lack of randomization, the major

shortcomings of the available published series summarized

in this review are the lack of long-term data, selected and

small patient groups, and, in some cases, the involvement

of manufacturers. The above-discussed inconsistent patient

selection criteria complicate the interpretation of outcomes

from included studies. As we were unable to verify to what

extent authors had potentially published trials with accu-

mulating numbers of patients or increased lengths of fol-

low-up, all publications meeting our inclusion criteria were

considered for critical appraisal. Preceding secondary

publications were evaluated but not included in the infor-

mation synthesis because their results were to a large

extent based on earlier experimental series published

before 2009.

Conclusion

Applying a formal methodology used in evidence-based

health economics, this systematic review aimed to objec-

tively evaluate the safety and efficacy of TAVI. Based on

a The area of bubbles represents the number of included patients (n). 

Rajani et al. (TV/ n=38)

Otten et al. (TV/ n=39)

Grube et al. (TV/ n=136)

Walther et al. (TA/ 
n=100)

Al-Attar et al. (TV/ 
n=35; TA/ n=15)

Zierer et al. (TA/ n=21)

Thielmann et al. (TV/ 
n=15; TA/ n=24)

Ye et al. (TA/ n=26)

Kapadia et al. (n=18)

Rodés-Cabau et al. (TV/ 
n=162; TA/ n=177)

Webb et al. (TV/ n=113; 
TA/ n=55)

Himbert et al. (TV/ 
n=51; TA/ n=24)
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Fig. 2 Mean 1-year survival

rates and approximated 95% CI

for TAVI

Medical therapy 
(n=946)

Total TAVI (n=1.049)

thereof TA-TAVI (n=442)

thereof TV-TAVI (n=589)

40 50 60 70 80 90 100

1-year survival rate (%)

75.9 [73.3-78.4]

73.6 [69.2-77.9]

79.2 [75.5-82.8]

62.4 [59.3-65.5]

Mean survival rates (%) [95%-CI]

a The area of bubbles represents the number of included patients (n). 
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the best available data set, in patients with inoperable AS,

TAVI promises significantly improved 1-year survival

when compared with sole medical treatment. Before the

publication of the first RCT data in September 2010 which

coincided with the finalization of this manuscript, our

results represented the best available data set. As the TAVI

survival benefit elucidated from the systematic literature

review is in good congruence with the RCT data, we

conclude that this methodology represents a powerful tool

to confirm—or even anticipate—RCT outcomes.
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