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Outcomes following transcatheter aortic valve replacement in
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Abstract: Due to the absence of annular calcification for device anchoring, it is presumed that transcatheter
aortic valve replacement (TAVR) is not suitable for the treatment of native aortic valve regurgitation
(NAVR) resulting in very limited data and experience concerning its safety and efficacy. We sought to review
published data on the safety and efficacy of TAVR in high-risk patients with NAVR. Studies including case
reports, case series and original articles published between 2002 and 2016 on TAVR in patients with NAVR
were identified with a systematic electronic search using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement. Only studies reporting data on demographic and
procedural characteristics, management and follow up outcomes were analyzed. A total of 30 publications
describing 182 patients were identified. Most patients (54%) were men, with a mean age of 70.1+2.6 years,
mean logistic European System for Cardiac Operative Risk Evaluation score (EuroSCORE) of 21.8%x4.5%
and mean Society of Thoracic Surgeons (STS) score of 8%+1.8% for mortality. The majority (87%) of patients
had severe NAVR with no valvular calcification. TAVR was mostly performed through the femoral (58.8%) and
apical (33.1%) approach. Device success, defined by VARC-2, was achieved in 86.3% of our study population.
A second valve was required in 17 patients (9.3%) during the index procedure for residual aortic regurgitation
or malposition. Post-procedure aortic regurgitation of grade 1 or less was present in 80 patients (81%).
Pacemaker implantation was required post procedure in 17 patients (9.3%). The 30-day and 1-year mortality
was 11.9% and 16.2%, respectively. TAVR is associated with favorable pacemaker implantation and 1-year
mortality rates with a high 30-day mortality among selected patients with NAVR.
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Introduction

Severe symptomatic native aortic valve regurgitation (NAVR)
is associated with poor prognosis (1,2). Surgical aortic valve
replacement (SAVR) is presently the treatment of choice
according to current guidelines (3). However, for inoperable
patients, very few treatment options are available. Recently,
transcatheter aortic valve replacement (TAVR) has become
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a standard of care for inoperable and high-risk patients with
severe symptomatic aortic stenosis (4-6). However, NAVR
is still generally considered a relative contraindication
for TAVR. This is due to the non-calcified aortic annulus
in this population leading to the presumed risk of device
failure from inadequate anchoring of the transcatheter

valve prosthesis (7). Despite the relative contra-indication
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Figure 1 PRISMA flow sheet showing identified, screened and included study. PRISMA, the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.

of TAVR in NAVR, there have been a few published
reports (8-11) that continue to show that TAVR in carefully
selected patients with NAVR is feasible with good outcomes
especially in the high surgical risk population. This study is
a systematic review analyzing current data on short and mid-
term outcomes of TAVR in patients with NAVR.

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement for reporting
systematic reviews recommended by the Cochrane
Collaboration was followed in this study (Figure I). A
systematic search of all relevant report published in
English from 2002 to 2016 documenting outcomes
following TAVR in NAVR, including case reports, case
series, and original reports, was performed in the PubMed,
Embase and Cochrane database of systematic reviews. A
Boolean search was performed combining the following
key words: “transcatheter aortic valve replacement” or
“transcatheter aortic valve implantation” AND “aortic
regurgitation”. No language restriction was applied. We
scanned the bibliographies of all included articles and
relevant review articles to identify additional studies.
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Only studies reporting data on demographic, procedural
characteristics, management and follow up were included.
To obtain missing data, the primary investigators of the
included studies were contacted. All publications were
limited to those involving human subjects. Conference
presentations, ongoing studies, editorials, reviews and
expert opinions were excluded. Statistical analysis was done
using CMA Version 3.3.070 (Bio Stat Inc., Englewood,
NJ, USA). Two authors (Siri Kadire and Tamunoinemi
Bob-Manuel) screened and retrieved reports and excluded
irrelevant studies. Any uncertainty about the eligibility
of any included study was resolved by two other authors
(MR Heckle and UN Ibebuogu) and group consensus.
Aortic valve regurgitation was assessed by echocardiography
using color flow doppler, vena contracta, pressure half-time,
and defined as grade 0 (none), grade 1 (trace), grade 2 (mild),
grade 3 (moderate), and grade 4 (severe) (12). The method
of aortic regurgitation grading was not specified in all the
included studies. Primary analysis of the data was performed
by measuring frequencies and descriptive statistics,
including mean and standard deviation. We compared the
reported 30-day mortality of included studies with a forest
plot. Heterogeneity among studies was assessed with I’
statistic. We also tested for publication bias by creating a
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funnel plot using the Begg and Egger methods (13,14).

Results

A total of 30 publications (Zible 1) describing 182 patients were
included in our study; 54% male, mean age 70.1+2.6 years
(Table 2). The mean logistic European System for Cardiac
Operative Risk Evaluation score (EuroSCORE) was
21.8%=4.5%. Aortic valve calcification was absent in 87% of
the patients, while the rest had non-significant calcification.
In our study population valve degeneration accounted for
68% of NAVR, while endocarditis, aortic aneurysm, and
degeneration post valve repair accounted for 9%, 7%, 6%,
respectively (Table 3). The self-expanding CoreValve device
(Medtronic, Inc., Minneapolis, Minnesota, USA) was used
in 59% of cases, JenaValve (JenaValve Technology, Munich,
Germany) was used in 25% of patients and Direct flow
valve (Direct Flow Medical, Santa Rosa, California, USA)
was used in 6% of the patients. Other valve types altogether
made up the remaining 10%. The reported TAVR access
site was mainly femoral (58.8%) and transapical (33.1%),
with carotid, subclavian and transaortic access making up
the remaining 8%. The mean aortic annular diameter was
22.6£0.97 and 24.3+1.28 mm in patients whose valves were
measured with echocardiography and multi-slice computed
tomography, respectively (Table 2).

Clinical outcomes are summarized in Tables 4,5. Device
success was achieved in 86.3% of our study population.
Pacemaker implantation was required post-procedure in
9.3% of patients. The 30-day and 1-year mortality was
11.9% (n=177) and 16.2% (n=37), respectively. Grade
1 and less post-procedure aortic regurgitation occurred
in 81%, while moderate to severe post procedural aortic
regurgitation occurred in 3% of the study population.
The permanent pacemaker implantation rate was 9.3%
while post-procedural stroke occurred in 2.2%. The
30-day and 1-year mortality were 11.9% (n=177) and
16.2% (n=37), respectively. Some of the included studies
did not report one-year mortality data. Conversion to open
surgery occurred in 1.29% of the study population. Major
vascular complications defined as aortic dissections, major
hemorrhage and major structural complications occurred
in 3.3% of cases. Despite 86.8% of the study population
having NAVR without valve calcification, the mean device
success was 86.3%. A funnel plot showed no apparent
asymmetry for 30-day mortality outcomes (Figure 2).
Publication bias was assessed with Egger’s score (t-value
0.00, P=0.758), and was not significant.
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Discussion

Severe aortic regurgitation is associated with excess mortality
and high morbidity. Within 10 years of diagnosis, 75% of
the patients had died or required aortic valve replacement (1).
The incidence of aortic regurgitation increases after the age
of 50 years (15) and published data (7,11) suggests that the
most frequent cause of aortic regurgitation is native valve
degeneration as confirmed in our study. Also, congenital
disorders like bicuspid aortic valve predispose patients to
aortic valve degeneration (16). Aortic regurgitation can
lead to several complications including progressive left
ventricular dysfunction and dilation, congestive heart
failure, myocardial ischemia, arrhythmia, and death.
Surgery is currently considered the gold standard in the
treatment for chronic severe aortic regurgitation in the
presence of symptoms or impaired left ventricular function
(3,17). However, for inoperable patients, the therapeutic
options are limited. As shown in the Euro heart survey,
advanced age and multiple comorbidities are common
reasons for non-surgical management with a resultant
annual mortality rate of 10% to 20% (18). The main
challenge in implementing TAVR in this population is due
to the absence of calcification in the device landing zone,
which may lead to suboptimal fixation of the lower part
of the valve prosthesis at the annulus during deployment,
resulting in device malposition. Also, the increased
movement of the native valve in the regurgitant jet and
dilation of the aortic root can affect procedural success (11).
Hence, NAVR has been considered a contraindication to
TAVR (5). With the advent of newer valve designs that are
fully retrievable and repositionable (19), and valves with
feelers and clips (20), which can provide structural support
for their placement even in the absence of calcium, there is
optimism going forward. However, more research is needed
to create a valve more specific to the challenges of NAVR.

In our analysis, 54% had no aortic regurgitation post
procedure, compared to 3% who had moderate to severe
post procedure AR (> grade 2). Significant residual aortic
regurgitation can eventually result in poor clinical outcomes
in the future especially due to the relatively younger age of
this population. The published data by Roy ez 4/ (11) and
Testa et al. (9) showed high rates of valve-in-valve (19%
and 30%) and residual aortic regurgitation (21% and 88%,
respectively). This was likely related to insufficient over-
sizing, inability to reposition the valve and insufficient
anchoring.

In our study population, post-TAVR prosthetic
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Table 1 List of studies included in our analysis

NYHA class Mean EuroSCORE STS score

Publication Year N Meanage+SD Male (%) LVEF +SD (%) /IV (%) +SD mean + SD
Bleiziffer 2013 1 71 0 - - 25.29 3.4
Cabasa 2015 1 64 100 65 - NR NR
Cerillo 2016 1 87 0 NR - 20.9 7.3
Cholteesupachai 2014 1 87 100 NR - 9.6 7.4
Chandola 2012 1 45 0 25 - NR NR
Ducrocq 2010 1 36 0 45 - NR NR
Dumonteil 2013 1 66 0 48 - 21.3 NR
Hebbar 2014 1 56 0 NR - NR NR
Kiefer 2014 1 72 0 65 - 25.6 NR
Lauten 2010 1 75 100 NR NR NR 14
Mangieri 2015 1 67 100 35 NR 9.7 8.3
Nakamura 2013 1 62 100 45 100 NR NR
Pesarini et al. 2014 1 75 100 NR NR 19 NR
Rossi et al. 2013 1 80 0 45 100 26 NR
Roy et al. 2013 43 75+9 47 46+13 97.6 26.9+17.9 10.2+5.3
Schlingoffetal. 2014 1 70 0 NR NR 5.5 13
Schofer et al. 2015 11 75+13 64 NR 81.8 19.9 8.84+8.9
Seiffert et al. 2013 5 67+7 80 NR 100 19.7 43
Testa et al. 2014 26 73+10 63 45+14 95 24+8 13.1+2
Wendt et al. 2014 8 738 62.5 46 100 34+7.9 7.3+3.3
Yeow et al. 2012 1 74 0 NR 100 21.2 5.1
Zanuttini et al. 2013 1 75 100 40 NR 36 NR
Zhu et al. 2015 7 74+5 57.10 NR 100 22.4+3.6 NR
Dhillon et al. 2010 1 66 0 NR NR NR NR
Sarkar et al. 2013 8 806 50 34+11 100 52.5+10.4 NR
Seiffert et al. 2014 31 749 64.50 47+16 38.7 23.6+14.5 5.4+3.6
Chiam et al. 2014 1 43 100 45 100 NR NR
Presbiteroetal. 2010 1 84 NR 49 100 23 NR
Wei et al. 2015 6 75.5+8.4 66.70 59+4 100 29.3+7.7 NR
Freker et al. 2015 22 80+7.6 54.50 NR NR 25+8 NR
Total 182 182 - - - - - -

NR, none reported; CV, CoreValve; DFV, direct flow valve; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass graft; STS, society for thoracic surgery.
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Table 2 Baseline demographic and clinical characteristics of

included studies (n=182)

Characteristic Value
Age (years) 70.1£2.6
Gender (n=182)
Male 99 (54.3)
Female 83 (45.7)
Body mass index (n=47) 22.6+3.6
History of DM (n=104) 28 (26.9)
History of HTN (n=136) 85 (62.5)
History of COPD (n=151) 42 (27.8)
LEVF (n=127) 44.95+4.03
NYHA class > Il (n=145) 123 (84.8)
CAD (n=127) 74 (58.2)
Previous CABG (n=105) 31 (29.5)
Previous CVA (n=128) 23 (17.9)
Previous Ml (n=119) 32 (26.9)
Euro SCORE (n=167) 21.8+4.5
STS score (n=133) 8+1.8
Annular diameter (mm) TTE/TEE 22.6+0.97
Annular diameter (mm) MSCT (n=131) 24.3+1.28
Number of annulus measured by TTE/TEE alone 69
Access site (n=160)
Carotid 1(0.63)
Aortic 4(2.9)
Apical 53 (33.1)
Femoral 94 (58.8)
Subclavian 8 (5.0)
Valve type (n=182)
Engager 1(0.55)
CoreValve 108 (59.3)
Symetis ACURATE neo 1(0.55)
JenaValve 45 (24.7)
Direct Flow valve 12 (6.6)
Arcuate TA 8 (4.4)
J-Valve 6 (3.3
Sapien-XT 1 (0.55)

Table 2 (continued)
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Table 2 (continued)
Characteristic Value
Valve size (n=154)
Engager
26 mm 1(0.65)
CoreValve
23 mm 1(0.65)
26 mm 17 (11.0)
29 mm 49 (31.8)
31 mm 21 (13.6)
Symetis ACURATE neo
Small 1(0.65)
JenaValve
23 mm 5(3.24)
25 mm 11 (7.14)
27 mm 28 (18.2)
Direct flow valve
25 mm 2(1.29)
27 mm 4 (2.59)
29 mm 6 (3.89)
Arcuate TA
Small 1(0.65)
Medium 3(1.94)
Large 4 (2.59)
Etiology of AR (n=182)
Native valve degeneration 133 (73.0)
Degeneration after AV repair 9(4.9)
Radiation 6 (3.3)
Traumatic 3(1.6)
Endocarditis 14 (7.7)
Aneurysm 10 (5.5)
Pseudoaneurysm 1(0.5)
Traumatic 3(1.6)
Takayasu arteritis 3(1.6)
Reason for TAVR (n=101)
High surgical risk 93 (92.0)

Table 2 (continued)
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Table 2 (continued)

Characteristic Value
Patient refused 2(2.0)
Other 3(3.0)
Bridge to LVAD 1(1.0
Porto-pulmonary HTN 1(1.0
Technically challenging 1(1.0)

Calcification of aortic valve (n=182)

Calcified 24 (13.0)
Non-calcified 158 (87.0)

The data represent “mean + SD” or “n (%)”. TAVR, transcatheter
aortic valve replacement; DM, diabetes mellitus; HTN, hypertension;
COPD, chronic obstructive pulmonary disease; LVEF, left ventricular
ejection fraction; NYHA, New York heart association; CAD,
coronary artery disease; CABG, coronary artery bypass grafting;
CVA, cerebrovascular accident; MI, myocardial infarction; STS,
Society of Thoracic Surgeons; EuroSCORE, European System
for Cardiac Operative Risk Evaluation score; TTE, transthoracic
echocardiogram; TEE, transesophageal echocardiogram; MSCT,
multi-slice computed tomography; TA, transapical; AR, aortic
regurgitation; AV, aortic valve; LVAD, left ventricular assist device.

Table 3 Etiology of aortic regurgitation in included studies

Etiology Percentage (%)
Native aortic valve degeneration 68
Endocarditis 9
Aortic aneurysm 7
Degeneration post valve repair 6

Pseudoaneurysm 1

regurgitation was reported less with the JenaValve (6.7%)
(Table 5) (10,21-23). The JenaValve, which is made of a
self-expandable nitinol stent appears to overcome many
of the issues encountered by other valve types due to its
unique clip fixation to the native leaflets and feeler guided
positioning system that attaches to the native aortic valve
leaflets, stabilizing implantation even in the absence of
annular or leaflet calcifications (22). Over-sizing of the
CoreValve may reduce post-procedural regurgitation,
however this is still insufficient in eradicating it as shown in
the reviewed reports. The majority (56%) of the included
studies (9,11,24) in our analysis utilized the CoreValve self-
expanding device because of the ability of self-expandable
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Table 4 Procedural outcomes of included studies (n=154)

Characteristic (mean) Value (%)
Aortic regurgitation pre (n=160)
Moderate (I1I) 26 (16.3)
Severe (IV) 134 (83.7)
Aortic regurgitation post (n=99)
None/absent (n=0) 53 (563.5)
Trivia/trace (n=1) 27 (27.3)
Mild (n=2) 16 (16.1)
Moderate (n=3) 2 (2.0)
Severe (n=4) 1(1.0)
Vascular complications (n=182) 6 (3.3)
Permanent pacemaker ( n=182) 17 (9.3)
Valve malposition (n=182) 9 (4.9)
Stroke post procedure (n=182) 4(2.2)
In hospital mortality (n=182) 0 (0.0
30-day mortality (n=177) 21 (11.9)
1-year mortality (n=37) 6 (16.2)
Conversion to open procedure (n=182) 2(1.1)
Need for second valve (n=182) 17 (9.34)
Device success (n=182) 157 (86.3)

valves to offer high and permanent recoil forces, making
it better suited for treating aortic regurgitation. However,
the percentage of post-TAVR regurgitation is high showing
that the first generation CoreValve may not be adequate for
this function. Although, the oversizing of the CoreValve is
necessary for valve anchoring especially in the absence of
calcification, it is known to be a predictor of conduction
abnormalities post procedure and need for pacemaker
implantation (25-27). Also, oversizing carries the risk of
annular rupture especially with aggressive post-dilatation,
which is a rare event that can be fatal. In addition to Aortic
stenosis (28), JenaValve has shown good preliminary results
for aortic regurgitation as well (4,5). The JenaValve is now
the only TAVR device approved for the treatment of high-
risk or inoperable patients with severe AR. The Direct
Flow Valve System (Direct Flow Medical, Santa Rosa,
California, USA), which can be implanted via transfemoral,
subclavian, or direct aortic access, has a unique anchoring
mechanism with two inflatable ring balloons filled with a
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Table 5 Post TAVR outcomes reported according to valve type

Page 7 of 9

Valve type Post TAVR AR >2 30-day mortality Pacemaker implantation Post TAVR CVA Malposition Device success
(%) (%) (%) (%) (%) (%)
CoreValve (n=108) 13.0 13.8 15.7 2.3 6.5 78.7
JenaValve (n=45) 6.70 8.9 4.4 4.4 2.2 97.7
J-Valve (n=6) 16.6 0 0 0 0 100
Direct flow valve (n=12) 8.30 8.3 0 0 8.3 100

TAVR, transcatheter aortic valve replacement; AR, aortic regurgitation.
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Figure 2 Funnel plot of 30-day all-cause mortality.

contrast saline mixture and a polymer that solidifies after
inflation (19). The Direct Flow valve’s full functionality
during positioning allows real time repositioning and
reduces residual regurgitation noticed after placement. The
stability of the Direct Flow valve can be ascertained after
implantation using the positioning wires before performing
the polymer exchange and permanently fixing the device.
Like the CoreValve, adequate oversizing of the Direct
Flow valve helps to secure it in place especially in the non-
calcified annulus. Two of the studies included in our analysis
(19,29), although with small sample sizes, used the Direct
Flow valve with impressive outcomes with a relatively
low 8.3% post-TAVR regurgitation, 100% device success
and no post-TAVR stroke or pacemaker implantation
was seen (Table 5). However, the Direct Flow valve is not
commercially available presently.

The self-expandable Symetis ACURATE TA device
(Symetis, Ecublens, Switzerland) features a self-positioning
system, which offers tactile feedback and comes with the
unique feature of self-positioning at a supra-annular level (20).
Our review contained eight patients from one study (6) with
good outcomes.

Other valves types such as the J-Valve system (JC

© Annals of Translational Medicine. All rights reserved.

Medical, US), Engager valve (Medtronic) (1%), and Sapien
XT (Edwards Lifesciences, Irvine, California, USA) (1%)
were rarely used in our reviewed reports. Although they
all showed encouraging results with minimal post-TAVR
regurgitation and acceptable 30-day mortality, it is difficult
to draw conclusions from single case reports (30-32) or a
singular patient in a case series (24). They however show
the future possibilities of a wide array of TAVR devices that
can be used and further developed in aortic regurgitation
patients.

Certain factors may make patients with native aortic
regurgitation particularly suitable for transcatheter
therapies. In aortic stenosis, catheter manipulations of
the calcified aortic valve and the diseased aorta seem to
be associated with an increase in stroke risk (33). The
absence of aortic leaflet calcifications in many cases of
aortic regurgitation may therefore lower the risk for
thromboembolic events during TAVR. However, the
relatively high rate of stroke in this patient population
may be related to other non-cardiac factors such as atrial
fibrillation and cardiac septal defects. Secondly, balloon
aortic valvuloplasty pre-TAVR or post dilatation of
implanted prosthesis is rarely needed and may lower the
risk for conduction disturbances related to the procedure
compared to TAVR for calcified aortic valve stenosis (6).
Contrary to the theoretical risk of instability of the TAVR in
the absence of device landing zone calcifications in NAVR,
the lack of calcification did not hinder device success, which
was 86% in our analysis despite 87% of included patients
having no valvular calcification.

Limitations of study

This is a retrospective analysis of 30 separate clinical
studies; hence it retains the limitations of each individual
study design. There was a wide variation in the number of
patients enrolled in the individual studies, from 43 patients
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in Roy et 4l. (11) where mean outcomes were calculated and
analyzed, to several case reports that described single patient
outcomes. Six prosthetic valve types were assessed with
five different access sites (transfemoral, apical, subclavian,
carotid and transaortic), but outcomes were not always
reported along these lines. This may be a confounding
factor to patient outcomes, although we think short-term
mortality would be similar among these groups. Included in
this analysis were clinical studies from 2002 to September
2016. Hence only outcomes using 1st generation CoreValve
(FDA approved Nov 2007) are included. There were no
published studies using the second-generation CoreValve
Evolut R or the Edwards Sapien 3 in high-risk patients
to treat Aortic regurgitation. Finally, the inherent lack of
randomization in the design of the included studies means
that the current analysis is susceptible to selection bias.

Conclusions

TAVR in NAVR is associated with acceptable pacemaker
implantation rate, in-hospital and 1-year mortality rate.
However, there is room for improvement. Randomized
control trials will be needed to validate the findings of
our study. There is surprisingly good device success
even with the lack of aortic calcifications in majority of
included patients (84%) thought to be integral to prosthesis
stabilization in NAVR. However larger studies are still
needed to properly analyze and assess long-term structural
and mortality outcomes associated with TAVR in this
patient population before we can generalize results.
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