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who have a smaller aortic anatomy than Western patients.8 
In the first Japanese trial using SAPIEN XT (Edwards 
Lifesciences, Irvine, CA, USA), the Transfemoral and 
Transapical Placement of Aortic Balloon Expandable 
Transcatheter Valve Trial (PREVAIL JAPAN), a 23-mm 
TAV was used in 71.9% of patients, while only 28.1% of 
patients received a 26-mm TAV.9 This may have caused 
suboptimal clinical outcomes of redo TAVI in Japanese 
patients because a high residual transvalvular mean pressure 
gradient (mPG; >20 mmHg) is often observed in TAVI for 
small degenerative surgical aortic bioprosthesis, and is 
associated with higher mortality after the procedure.10,11 
Hence, in the current study, we report the initial results 
of redo TAVI for TAV-SVD to evaluate the safety and 
feasibility of this procedure in Japanese patients.

Methods
Patients
Between October 2009 and June 2018, 630 consecutive 

T ranscatheter aortic valve implantation (TAVI) is an 
established treatment option for severe symptomatic 
native aortic valve stenosis.1–3 Early outcomes of 

TAVI have rapidly improved over the last decade, including 
decreased rates of intraprocedural complications and 
30-day mortality.4 A report from the Placement of Aortic 
Transcatheter Valves (PARTNER) trial showed that the 
valve functions of the transcatheter aortic valve (TAV), 
evaluated on echocardiography, were well maintained for 
up to 5 years in both high and extreme surgical risk 
patients.5,6 Structural valve degeneration (SVD) of TAV 
(TAV-SVD) requiring retreatment is notably rare, with 
reported incidence rates of 0–0.6% during the 5-year follow-
up after TAVI.5–7 The number of redo TAVI, however, is 
expected to increase, with the currently increasing number 
of TAVI worldwide and as the indication for TAVI has 
been continuously broadened to patients with a longer life 
expectancy. Nonetheless, very few studies have shown the 
feasibility and outcomes of redo TAVI for TAV-SVD to 
date. Moreover, no data are available on Asian patients, 
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Background: The outcome of redo transcatheter aortic valve (TAV) implantation (TAVI) is unknown for TAV structural valve 
degeneration (SVD). This paper reports the initial results of redo TAVI for TAV-SVD in Japanese patients.

Methods and Results: Of 630 consecutive patients, 6 (1.0%) underwent redo TAVI for TAV-SVD (689–1,932 days after the first 
TAVI). The first TAV were 23-mm balloon-expandable valves (BEV, n=5) and a 26-mm self-expandable valve (SEV, n=1). All patients 
underwent multidetector computed tomography (MDCT) before redo TAVI, which showed first-TAV under-expansion (range, 19.1–
21.0 mm) compared with the label size. Two BEV and 4 SEV were successfully implanted as second TAV, without moderate/severe 
regurgitation or 30-day mortality. One of 2 patients with a BEV-inside-BEV implantation had a high transvalvular mean pressure 
gradient post-procedurally (34 mmHg) and required surgical valve replacement 248 days after the redo TAVI. This, however, was 
unnoted in patients with SEV implantation during redo TAVI. Planned coronary artery bypass grafting was concomitantly performed 
in 1 patient with a small sino-tubular junction and SEV-inside-SEV implantation because of the risk of coronary malperfusion caused 
by the first TAV leaflets. Five of the 6 patients survived during the follow-up period (range, 285–1,503 days).

Conclusions: Redo TAVI for TAV-SVD appears safe and feasible, while specific strategies based on MDCT and device selection 
seem important for better outcomes.
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patients underwent TAVI at Osaka University Hospital. 
We retrospectively reviewed patients who had undergone 
redo TAVI because of SVD of the initial TAV. We defined 
redo TAVI as a second procedure that involved implanting 
an additional TAV inside the initial one. The indication for 
redo TAVI was defined as symptomatic SVD, and all 
patients with symptomatic SVD underwent redo TAVI. 
SVD was diagnosed according to the definition of the 
Valve-in-Valve International Data report: briefly, both 
moderate stenosis and moderate regurgitation (SVD stage 
2RS), and severe stenosis or severe regurgitation (SVD 
stage 3) of TAV detected on transthoracic echocardiography 
or transesophageal echocardiography (TEE) were defined 
as SVD.12 Two patients who underwent redo TAVI 
because of device malposition early after the first TAVI 
were excluded from the SVD cohort. No patients underwent 
redo TAVI because of paravalvular regurgitation, TAV 
thrombosis, or infective endocarditis. Multi-detector 
computed tomography (MDCT) was also used to support 
the diagnosis of SVD (Figure 1). This study was conducted 
after the approval of the Institutional Review Board, 
because redo TAVI was not approved in Japan. Redo 
TAVI was performed as off-label use of balloon-expandable 
valves (BEV) or self-expandable valves (SEV) after receiving 
written informed consent from all patients in the study. In 
terms of second TAV device selection, BEV was used in the 
initial 2 cases, because SEV was not approved in Japan at 
the beginning of this study.

Redo TAVI
All redo TAVI procedures were performed under general 
anesthesia and TEE guidance using commercially available 
valves in Japan, that is, BEV (SAPIEN, SAPIEN XT; 
Edwards Lifesciences) or SEV (CoreValve, Evolut R; 
Medtronic, Minneapolis, MN, USA) via the transfemoral 
or direct aortic approach. All patients underwent 4-D 
MDCT before the redo TAVI. The second TAV size was 
determined by the stent internal diameter of the first TAV 
measured at the native aortic annulus level (Figure 2), in 
order to avoid annulus rupture or newly implanted TAV 
dysfunction. For crossing the first TAV, TEE was utilized 
to confirm that the guidewire had passed through the 
correct position of the first TAV. The implantation land-
mark of the second TAV was the bottom edge of the first 
TAV on fluoroscopy (Figure 2).

Figure 1.  Multidetector computed tomography of structural 
valve degeneration of a transcatheter aortic valve. (A) Leaflet 
calcification (red arrowheads) and (B) leaflet thickening 
(yellow arrowheads).

Figure 2.  Multidetector computed tomography for preproce-
dural planning. (A) Native annulus level (- - - -) in the stretched 
aortic root. (B) Measurement of the perimeter and average 
diameter of the first transcatheter aortic valve (TAV; inside 
stent line) using the cross-sectional image at the native annulus 
level. (C) Post-implantation angiography of redo TAV implan-
tation showing a 26-mm Evolut R implantation inside a 23-mm 
Edwards-SAPIEN. Yellow arrowheads, bottom line of the first 
23-mm Edwards-SAPIEN valve. No aortic regurgitation was 
observed.

Table 1. Baseline Characteristics and Echocardiography at 
First TAVI

TAV-SVD  
patients (n=6)

Non-TAV-SVD 
patients (n=624)

Age (years)  84 (70–89) 84 (80–87)

Female 4 (66.7) 406 (65.1)　　　　　
Diabetes mellitus 1 (16.7) 190 (30.4)　　　　　
COPD 1 (16.7) 146 (23.4)　　　　　
Previous stroke 1 (16.7) 114 (18.3)　　　　　
Previous MI 1 (16.7) 77 (12.4)　　　
Previous CABG 1 (16.7) 67 (10.7)　　　
PAD 2 (33.3) 189 (30.3)　　　　　
AF 0 (0)　　　　　 103 (16.5)　　　　　
CKD 6 (100)　 457 (73.2)　　　　　
Chronic dialysis 3 (50.0) 55 (8.8)　　　　　
Liver cirrhosis 0 (0)　　　　　 41 (6.6)　　　　　
NYHA III/IV 4 (66.7) 273 (43.8)　　　　　
Malignancy 0 (0)　　　　　 13 (2.1)　　　　　
Previous pacemaker 0 (0)　　　　　 42 (6.7)　　　　　
STS score (%)     8.6 (5.8–22.5)    7.8 (5.4–11.3)

LVEF (%)  61 (38–70) 65 (55–73)

Aortic gradient (mmHg)  43 (37–80) 45 (38–57)

Data given as mean (range) or n (%). AF, atrial fibrillation; CABG, 
coronary artery bypass graft; CKD, chronic kidney disease; COPD, 
chronic obstructive pulmonary disease; LVEF, left ventricular 
ejection fraction; MI, myocardial infarction; NYHA, New York Heart 
Association; PAD, peripheral artery disease; STS, Society of 
Thoracic Surgeons; SVD, structural valve degeneration; TAV, 
transcatheter aortic valve; TAVI, transcatheter aortic valve 
implantation.
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3 patients (50.0%), regurgitation in 2 patients (33.3%), and 
both stenosis and regurgitation in 1 patient (16.7%). Five 
23-mm BEV and one 26-mm SEV were used in the first 
TAVI procedures. No patient had a high residual trans-
valvular mPG, severe PPM, or moderate/severe aortic 
regurgitation immediately after the first TAVI. The median 
interval between the first and the redo TAVI was 1,487 
days (range, 689–1,932 days).

On MDCT analysis before the redo TAVI, calcification 
was detected on the first TAV leaflets in 5 patients (83.3%), 
except for 1 patient in whom lone regurgitation was 
detected as the cause of SVD. The leaflets were thickened 
in 4 patients (66.7%). During follow-up, no patient had 
leaflet thrombosis, which was diagnosed based on previous 
reports.15,16 The median stent internal diameter of the first 
TAV was 20.3 mm (range, 19.1–21.0 mm), measured at the 
native aortic annulus level (Table 2). On preoperative 
MDCT the first TAV were expanded smaller than the label 
size in all patients. In 1 patient, who had a 26-mm CoreValve 
implanted at the first TAVI, preoperative MDCT also 
showed that the patient had a small sino-tubular junction 
(STJ), and it was anticipated that the leaflets of the first 
SEV would hamper blood flow to the coronary arteries 
following the second SEV implantation (Figure 3).

Redo TAVI Procedural and Clinical Outcomes
Procedural data for the first and the redo TAVI are 
reported in Table 2. The first 2 patients had a second BEV 
of an identical size (23 mm) implanted inside the first BEV. 
After these 2 cases, only SEV were used as a second TAV. 
Redo TAVI was mainly performed via the transfemoral 
approach (n=5; 83.3%), while 1 patient underwent implan-
tation via the direct aortic approach. The median volume 
of contrast media used for the redo TAVI was 25 mL 
(range, 5–104 mL). In 1 patient with small STJ as described 
in the previous section, planned off-pump coronary artery 
bypass grafting (CABG) was performed in conjunction with 
the redo TAVI because of a high possibility of coronary 
malperfusion.

Device success was achieved in 5 patients (83.3%). The 
cause of device failure in 1 patient was a high residual 

Baseline, Follow-up Data, and Endpoint Definitions
Baseline clinical, echocardiographic, and procedural details 
were recorded for all patients. All outcomes were defined 
according to the second report of the Valve Academic 
Research Consortium (VARC-2) criteria.13 The functions 
of the second TAV were assessed post-procedurally (in-
hospital) and at 30 days, 6 months, and 1 year after the 
redo TAVI according to published guidelines.14 Patient-
prosthesis mismatch (PPM) was assessed according to the 
VARC-2 criteria using the indexed effective orifice area 
(iEOA); iEOA <0.65 was considered severe PPM. High 
residual transvalvular mPG following redo TAVI was 
defined as >20 mmHg.

Statistical Analysis
Continuous variables are described as median (range) or 
median (IQR). Categorical variables are described as 
absolute number and percentage. All statistical analyses 
were performed using JMP Pro 14.0 (SAS Institute, Cary, 
NC, USA).

Results
Patient Characteristics and MDCT
A total of 7 patients (1.1%) had TAV-SVD during the 
median follow-up period of 602 days (IQR, 270–1,136 
days; 6 symptomatic and 1 asymptomatic). The 6 patients 
with symptomatic TAV-SVD (1.0%) underwent redo TAVI 
for TAV-SVD after the first redo TAVI was performed in 
March 2014. Three of the 6 patients received chronic dialysis 
(50.0%). The prevalence of SVD was 5.6% with chronic 
dialysis (n=58; median follow-up, 376 days; IQR, 192–726 
days), but was 0.5% for non-chronic dialysis (n=572; 
median follow-up, 717 days; IQR, 287–1,151 days). Baseline 
characteristics and echocardiographic data at the first 
TAVI are reported in Table 1. The prevalence of chronic 
dialysis tended to be higher in TAV-SVD patients than 
non-TAV-SVD patients. The median Society of Thoracic 
Surgeons score at redo TAVI was 15.5% (range, 10.8–
64.4%, the first TAVI was not included as a patient-related 
operative risk factor). SVD type was as follows: stenosis in 

Table 2. Change in Procedural Variables and MDCT/Echocardiography After Redo TAVI

Patient  
ID no.

Age  
(years) First TAVI MDCT before  

redo TAVI
Reason 
for redo 

TAVI

Redo TAVI Peak velocity 
(m/s)

Mean PG 
(mmHg)

iEOA  
(cm2/m2)

AR
First 
TAVI

Redo 
TAVI Access Device

Perimeter 
at NAL 
(mm)

Average 
diameter 
at NAL 
(mm)

Access Device
Before 
Redo 
TAVI

After 
Redo 
TAVI

Before 
Redo 
TAVI

After 
Redo 
TAVI

Before 
Redo 
TAVI

After 
Redo 
TAVI

1 HD 76 78 TF ES 
23-mm

66.7 21.0 AS TF SXT 
23-mm

4.9 3.8 62 34 0.31 0.79 Mild

2 Non 
HD

83 88 TA SXT 
23-mm

63.3 20.3 AS TF SXT 
23-mm

4.3 2.8 41 17 0.65 1.04 Mild

3 Non 
HD

86 91 TI ES 
23-mm

63.4 20.3 AR TF ER 
26-mm

2.4 1.5 13   5 0.85 1.07 None

4 Non 
HD

89 94 TS CV 
26-mm

66.3 20.9 AR DA ER 
26-mm

1.0 1.7   7   7 1.38 1.24 None

5 HD 84 87 TA SXT 
23-mm

61.5 19.6 AS+AR TF ER 
23-mm

3.6 1.9 27   8 0.72 1.05 Mild

6 HD 70 73 TA SXT 
23-mm

63.3 20.2 AS TF ER 
26-mm

4.5 2.6 50 15 0.53 0.87 Mild

AR, aortic regurgitation; AS, aortic stenosis; CV, CoreValve; DA, direct aorta; ER, Evolut R; ES, Edwards-SAPIEN; HD, hemodialysis; iEOA, 
index effective orifice area; MDCT, multidetector computed tomography; NAL, native annulus level; PG, pressure gradient; SXT, SAPIEN XT; 
TA, transapical; TAVI, transcatheter aortic valve implantation; TF, transfemoral; TI, transiliac; TS, transubclavian.
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Figure 3.  Mechanism and prediction of coronary malperfusion in self-expandable valve (SEV) implantation inside SEV. (A) Schematic 
diagram in the case of a native sino-tubular junction (STJ)/ascending aortic diameter smaller than the outer diameter of the first 
SEV. TAVI, transcatheter aortic valve implantation. (B) Multidetector computed tomography (a) stretched aortic root image of a 
26-mm CoreValve in patient 4; and (b,c) cross-sectional images at (b) the commissure level, and (c) the STJ level. Red arrowheads, 
native STJ calcification. There was no room outside the 26-mm CoreValve at the STJ level because the native STJ diameter was 
smaller than the original outer diameter of the 26-mm CoreValve.

Figure 4.  Clinical course after the first 
transcatheter aortic valve implantation 
(TAVI). SAVR, surgical aortic valve 
replacement.
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established and the outcomes of this procedure for TAV-
SVD have been rarely reported. Barbanti et al investigated 
the safety and midterm efficacy of redo TAVI in 25 patients 
with TAV-SVD in the largest international multicenter 
study to date, and reported no in-hospital mortality and 
low rates of periprocedural complications such as stroke 
(0%), valve embolization (0%), coronary occlusion (4.0%), 
and major vascular complications (12.0%).17 The authors 
observed similar midterm survival (median follow-up, 635 
days) and valve function to other recent TAVI (for native 
aortic valve) series. In a few other case reports, redo TAVI 
for stenosis of TAV provided an immediate decrease of the 
transvalvular gradient, no significant complications, and 
early home discharge,18,19 which is compatible with the 
present results of no 30-day mortality or stroke, and very 
low periprocedural complication rates. In addition, most 
patients had good second TAV function (residual transval-
vular mPG <20 mmHg) and no significant paravalvular 
regurgitation between the first and second TAV throughout 
the 1-year follow-up except for the 1 patient who died from 
a non-cardiovascular cause. Therefore, the current study 
suggests that redo TAVI is a favorable treatment option 
for TAV-SVD, because those patients who were implanted 
with TAV were generally at high risk for surgical aortic 
valve replacement.20

All the patients in the present study underwent 23-mm 
BEV implantation during the first procedure, whereas only 
half of the European and US patients receive that same 
BEV size at the first TAVI.17 On directly comparison of 
Asian and European TAVI patients using BEV for native 
aortic valves,21 71.9% of Asian patients received 23-mm 
devices, whereas only 26.2% of European patients received 
23-mm devices. In the current study, 1 of 2 patients who 
had the second BEV implanted inside the first BEV had a 
high residual transvalvular mPG after redo TAVI. At that 
time when we started the redo TAVI after approval of the 
in-hospital ethics committee, BEV was the only approved 
TAVI prosthesis in Japan. Therefore, we used BEV for 
redo TAVI in the first 2 cases. It has been shown, however, 
that a small surgical valve, stenosis-type SVD, and BEV 
implantation are risk factors for a high residual trans-
valvular mPG in TAVI for degenerative surgical biopros-
thesis.10,22 Therefore, after the approval of SEV in Japan, 
we used SEV as the second TAV in the other 3 patients 

transvalvular mPG of 34 mmHg after the redo TAVI (BEV 
implantation inside BEV). No patients had severe PPM, 
embolization of the second TAV, or coronary obstruction. 
In-hospital complications were rare, except for 1 major 
bleeding complication observed in the patient who under-
went concomitant CABG as described earlier. There were 
no conduction disturbances requiring permanent pacing.

One-year clinical follow-up was achieved in all patients. 
All patients were alive at 30 days after the procedures, but 
1 patient (16.7%) died at 285 days after redo TAVI due to 
a non-cardiovascular cause (aspiration pneumonia). That 
patient, who had a high residual transvalvular mPG of 
34 mmHg after redo TAVI, underwent surgical aortic valve 
replacement after 248 days following the redo TAVI because 
of the recurrence of significant aortic stenosis of the second 
TAV. At a median follow-up of 455 days (range, 285–1,503 
days), 5 of the 6 patients were alive (Figure 4).

Valve Function of Redo TAVI Prosthesis
Moderate/severe aortic regurgitation after the redo TAVI 
was not reported; 4 (66.7%) and 2 patients (33.3%) had 
mild and none/trace aortic regurgitation, respectively 
(Table 2). No regurgitation occurred between the first and 
second TAV. Redo TAVI reduced the median transvalvular 
mPG from 27 mmHg (range, 7–62 mmHg) before the redo 
TAVI to 11 mmHg (range, 4–34 mmHg). No high residual 
transvalvular mPG was observed in the patients who 
underwent SEV implantation as a second TAV. In all other 
patients, transvalvular mPG was <20 mmHg, and it was 
maintained throughout the 1-year follow-up (Figure 5).

Discussion
This study demonstrates the following 3 important findings. 
First, redo TAVI was safely performed with low rates of 
periprocedural complications and no 30-day mortality, and 
most patients had good second TAV function throughout 
the 1-year follow-up. Second, the patients with SEV 
implantation during the redo TAVI had no high residual 
transvalvular mPG after the redo TAVI, although they 
had a small aortic anatomy. Third, preprocedural MDCT 
was useful for redo TAVI device size selection and implan-
tation strategy.

The procedural strategy of redo TAVI has not been 

Figure 5.  Chronological changes in mean trans-
valvular pressure gradient. SAVR, surgical aortic 
valve replacement; TAVI, transcatheter aortic valve 
implantation.
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between 16% and 23%.15,24,25 Unlike in the case of SVD, 
leaflet thrombosis can be treated with anticoagulant; thus, 
precise detection is necessary. The aforementioned findings 
indicate the importance of preprocedural MDCT in redo 
TAVI.

In the present study the incidence of redo TAVI was 
1.0% during a median follow-up period of 602 days, 
although follow-up period differed between the patients. 
Notably, the patients who underwent redo TAVI had a 
high prevalence of chronic dialysis. One patient with dialysis 
underwent surgical aortic valve replacement due to the 
recurrence of significant aortic stenosis of the second TAV 
in ≤1 year, which is compatible with reports indicating that 
chronic renal failure is a risk factor for SVD.26,27 Renal 
failure can accelerate the progression of TAV degeneration, 
similar to the native aortic valve, mainly due to reactive 
hyperparathyroidism and resultant hypercalcemia.28,29 
This emphasizes the importance of carrying out a large 
study with a long-term follow-up on the efficacy of TAVI 
in dialysis patients. Currently, a prospective clinical trial of 
TAVI for Japanese dialysis patients is ongoing (Clinical 
Trials.gov: NCT02903420).

Study Limitations
This study had some limitations. First, this was a single-
center observational study with a limited number of 
patients. To the best of our knowledge, however, this is 
the first study to report the periprocedural and clinical 
outcomes of redo TAVI for the treatment of TAV-SVD in 
Japanese patients. Second, this study was also the first to 
show TAV under-expansion compared with the label size 
in patients who underwent redo TAVI. We could not, 
however, compare the stent internal diameter immediately 
after the first TAVI with that before the redo TAVI, 
because we did not routinely perform MDCT immediately 
after the TAVI due to the high prevalence of chronic kidney 
disease. Furthermore, the MDCT data for non-TAV-SVD 
patients after TAVI were limited. Therefore, the relation-
ship between TAV under-expansion and TAV-SVD could 
not be clarified, and further studies are required to elucidate 
this relationship.

Conclusions
Redo TAVI for TAV-SVD appears safe and feasible, but 
specific strategies based on MDCT assessment and device 
selection will be important for better outcomes in Japanese 
patients. Future large multicenter studies are necessary to 
confirm the present results.
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