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Abstract
Transcatheter aortic valve replacement is a well-established procedure for older patients with symptomatic, 
severe aortic stenosis. However, data are lacking on its durability and long-term complications, particularly in 
young patients and patients treated for aortic valve regurgitation. This article describes the case of a 27-year-
old woman with complex congenital cardiovascular disease who, after 4 previous aortic valve replacement 
procedures, presented with structural deterioration of her most recent replacement valve, which had been 
placed by transcatheter aortic valve replacement inside a failed aortic root homograft 6 years earlier. After 
the patient had undergone this transcatheter aortic valve replacement procedure to treat aortic valve regur-
gitation related to her degenerated aortic root homograft, she became pregnant and successfully carried 
her high-risk pregnancy to term. However, the replacement valve deteriorated during the late stages of preg-
nancy, resulting in substantial hemodynamic changes between the first trimester and the postpartum pe-
riod. To avoid repeat sternotomy, a redo transcatheter valve-in-valve replacement procedure procedure was 
performed through the right carotid artery. Because the patient wanted to have more children and therefore 
avoid anticoagulation, a SAPIEN 3 transcatheter valve (Edwards Lifesciences) was placed as a bridge to a 
future, more-durable aortic root replacement. The result in this case suggests that in patients with complex 
adult congenital pathology, transcatheter aortic valve replacement can be used as a temporizing bridge to 
subsequent, definitive aortic valve repair.
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Introduction

Transcatheter aortic valve replacement (TAVR) is a well-established procedure for older patients (eg, older than 
70 years) with symptomatic, severe aortic stenosis. This procedure is standard of care for patients at prohibi-
tive or high surgical risk and is considered a reasonable alternative in intermediate- and low-surgical-risk 

patients.1,2 However, data are lacking on its durability and long-term complications, particularly in young patients. 
Here, we describe the case of a 27-year-old woman who had undergone TAVR within a failed aortic root homograft 6 
years earlier.3 She presented with structural deterioration of the bioprosthetic transcatheter replacement valve and had 
recently had a successful high-risk pregnancy. The patient wanted to continue to avoid anticoagulation because she 
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planned to have more children. We decided to perform 
a TAVR-in-TAVR-in-homograft procedure as a tempo-
rizing bridge to subsequent aortic root replacement.

Case Report

This report was prepared in accordance with a clini-
cal research protocol approved by the Baylor College of 
Medicine institutional review board (BCM H-18095). 
Written informed consent was obtained from the pa-
tient.

The patient was a 27-year-old Chinese American 
woman with congenital aortic valve stenosis and con-
genital vascular anomalies, including the absence of the 
infrarenal abdominal aorta. She had a complex surgical 
history, which was described previously.3 As a child, she 
underwent repair of a ventricular septal defect via a left 
thoracotomy (at age 2 years), mechanical aortic valve 
replacement through a median sternotomy (at age 5 
years), a Konno procedure for aortic root enlargement 
and bioprosthetic aortic valve replacement via a repeat 
sternotomy (at age 10 years), and homograft aortic root 
replacement via a third-time sternotomy (at age 14 
years). At age 21 years, she underwent TAVR (with a 
26-mm SAPIEN XT [Edwards Lifesciences]) via a redo 
left thoracotomy transapical approach to treat moder-
ate to severe aortic valve stenosis and severe aortic valve 

regurgitation related to calcification and degeneration of 
the aortic root homograft, which otherwise remained in 
place. The patient was closely followed up with imaging 
surveillance and remained well for several years.

At age 27 years, the patient underwent an uncompli-
cated pregnancy, was induced at 38 weeks for cholesta-
sis, and vaginally delivered a healthy child. After her 
pregnancy, she reported increased shortness of breath 
on exertion (New York Heart Association Class II). A 
transthoracic echocardiogram revealed sudden struc-
tural valve deterioration with severe calcific degenera-
tion and stenosis. The peak gradient was 116 mm Hg, 
and the mean gradient was 79 mm Hg. There was a 
mild paravalvular leak along the posterior and anterior 
aspect of the annulus. Her left ventricle had normal size 
and function. There was eccentric, posteriorly directed 
mild to moderate mitral regurgitation and trace tricus-
pid regurgitation. A computed tomographic angiogram 
(Fig. 1) showed a 23.9- × 24.6-mm annulus at the basal 
plane of the 26-mm SAPIEN XT valve. Her congenital 
absence of the abdominal aorta precluded standard ret-
rograde deployment of the transcatheter valve. Notably, 
the carotid and subclavian arteries were patent and free 
of stenosis bilaterally and thus were suitable for trans-
catheter valve deployment.

The patient planned to have more children and wanted 
to continue to avoid anticoagulation for at least a few 
more years. For this reason, as well as the high risk as-
sociated with a fourth-time sternotomy and the patient’s 
likelihood of requiring a redo root replacement (given 
the severely calcified aortic root homograft) within the 
next several years, our multidisciplinary heart valve 
team decided to perform a TAVR-in-TAVR through 
the right carotid artery to bridge her to future aortic 
intervention.

General anesthesia was induced in the hybrid cardio-
vascular operating room. The anesthesia team placed 
a left radial artery line for continuous hemodynamic 
monitoring. A transesophageal echocardiography 
probe was inserted. Cerebral oximetry was monitored 
throughout the procedure. A 5F, balloon-tipped bipo-
lar pacing catheter was advanced through a 6F sheath 
in the left internal jugular vein and positioned in the 
right ventricle. Pacing thresholds were interrogated. A 
4-cm incision was made in the right neck, anterior to 

Fig. 1 Preoperative computed tomography angiogram 
in sagittal oblique view shows the calcified aortic root 
homograft, the prior transcatheter aortic valve (SAPIEN XL), 
and their proximity to the chest wall.

Abbreviations and Acronyms

TAVR	 transcatheter aortic valve replacement
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the sternocleidomastoid muscle. The right common 
carotid artery was exposed and controlled with vessel 
loops. Heparin was administered for an activated clot-
ting time of more than 300 seconds. Percutaneous ac-
cess was obtained in the right ulnar artery with a 6F 
sheath, and a pigtail catheter was placed in the aortic 
root. An aortic root angiogram was performed to es-
tablish the spatial relationship between the prior TAVR 
and the coronary arteries previously reimplanted onto 
the aortic root homograft (Fig. 2). Systolic blood pres-
sure was maintained at greater than 120 mm Hg. The 
right common carotid artery was accessed with a large-
bore needle, and a Glidewire (Terumo) was placed in 
the ascending aorta. A 6F sheath was placed, followed 
by an Amplatz left 2 catheter (Boston Scientific) and a 
straight wire, which was advanced into the left ventricle. 
A pigtail catheter was placed. This was exchanged for 
an Amplatz extra-stiff wire.

The delivery system sheath was inserted, and a 23-mm 
SAPIEN 3 transcatheter bioprosthetic valve (Edwards 
Lifesciences) was advanced and deployed with rapid 
ventricle pacing. After deployment, the delivery catheter 
was retracted, and angiographic contrast material was 
injected into the root to confirm the valve’s position, 
spatial orientation, and proximity to the coronary arter-
ies (Fig. 3). A transesophageal echocardiogram revealed 

satisfactory positioning and function of the TAVR. The 
patient’s left ventricular end-diastolic pressure was 24 
mm Hg at baseline and 19 mm Hg after the procedure. 
There was no gradient across the TAVR on pullback. 
The introducer sheath was removed, and the carotid 
artery was closed with 6-0 Prolene sutures (Ethicon, 
Inc). Protamine was administered. Cerebral oximetry 
was stable throughout the procedure.

The patient was extubated in the postoperative inten-
sive care unit and was neurologically intact. A trans-
thoracic echocardiogram showed that the aortic valve 
had a peak gradient of 59 mm Hg, a mean gradient of 
32 mm Hg, and a dimensionless obstructive index of 
0.3. No prosthetic aortic valve regurgitation was seen. 
The patient had no conduction abnormalities. She was 
discharged on postoperative day 2 in stable condition. 
At 14-month clinical follow-up after her bridge TAVR-
in-TAVR procedure, this patient remained well, with-
out any limitations regarding her daily activities, and 
remained employed. At 14-month echocardiographic 
follow-up, results showed that the aortic valve function 
was essentially unchanged since repair; the aortic valve 
had a mean gradient of 35 mm Hg and a dimensionless 
obstructive index of 0.3. In addition, the left ventricu-
lar ejection fraction of 55% to 60% indicated normal 
function.

Fig. 2 Predeployment aortic root angiogram shows the 
prior transcatheter aortic valve in relation to the aortic root 
and coronary arteries. Fig. 3 Postdeployment aortic root angiogram shows satis-

factory positioning of the transcatheter aortic valve (SAPIEN 
3) inside a previously placed SAPIEN XL within a calcified 
and degenerated aortic root homograft.
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Discussion

The patient was a young woman in the third decade of 
life with a failing transcatheter bioprosthetic aortic valve 
within a stenotic, calcified, and degenerated aortic root 
homograft. Because of her congenital disease, she had a 
complex surgical history that included 3 sternotomies. 
The following treatment strategies were considered: (1) 
redo sternotomy, bioprosthetic aortic valve replacement, 
and possible aortic root replacement; (2) redo sternoto-
my, pulmonary autograft (ie, Ross) procedure to replace 
the degenerated aortic root homograft, and additional 
homograft replacement in the pulmonary position; and 
(3) valve-in-valve TAVR within the aortic root homo-
graft (to avoid redo sternotomy).

Undoubtedly, the patient will eventually require a redo 
sternotomy to replace her aortic root. The best long-
term strategy would be to use a mechanical composite 
valve graft to replace the aortic root because mechani-
cal valves have well-established durability. However, the 
patient expressed a desire to have more children and 
avoid vitamin K antagonists in the short term, despite 
understanding the long-term risks. Bioprosthetic aor-
tic valve replacement (or aortic root replacement with 
a bioprosthetic composite valve graft) would only be a 
short-term solution because the lifespan of bioprosthetic 
valves is generally limited to 10 to 15 years.4 A pulmo-
nary autograft procedure in a prior Konno enlargement 
would be complicated by a calcified right ventricular 
outflow patch anchored to the pulmonic valve, so we 
were not certain that that approach would offer a du-
rable long-term result.

Valve-in-valve TAVR is an alternative to surgical re-re-
placement. Some studies have shown better short-term 
outcomes with this procedure than with redo surgical 
aortic valve replacement.5 We decided to do a redo valve-
in-valve TAVR as a temporizing bridge to definitive 
long-term intervention. This would allow the patient 
to avoid anticoagulation and expose her to the least risk 
in the short term.

Although standard valve-in-valve TAVR has a favorable 
operative risk profile, it carries potential complications. 
It is a risk factor for patient-prosthesis mismatch, which 
is associated with poorer survival, functional status, left 
ventricular mass regression, and quality of life.6 Our 
patient had some patient-prosthesis mismatch, with a 
postprocedure mean gradient of 32 mm Hg.

Coronary access is also a concern after redo valve-in-
valve TAVR. When the second TAVR is deployed, the 

leaflets of the first prosthesis are vertically displaced, 
resulting in a covered cylinder that can interfere with 
blood flow into the coronary arteries. A recent study 
found that coronary angiography was not feasible in 
more than 30% of patients after TAVR-in-TAVR.7 
However, our patient was unlikely to undergo proce-
dures requiring coronary access in the near future, given 
her young age and lack of atherosclerotic comorbidities.

Explanting TAVR valves is considerably more challeng-
ing than explanting surgically placed valves because of 
the crowded aortic root and endothelization of the im-
planted valve.8 In a study of Medicare-insured patients, 
TAVR explantation was associated with a 30-day mor-
tality rate of 13% and a 1-year mortality rate of 23%, al-
beit in an older adult patient cohort.9 Our patient would 
probably require a root-replacement procedure, given 
the calcified aortic root homograft, and we believe that 
explanting an intra-annular TAVR-in-TAVR would not 
greatly increase the complexity of a future intervention. 

Our result in this case suggests that although TAVR can 
be used as a temporizing bridge to subsequent, definitive 
aortic repair in patients with complex adult congenital 
pathology, pregnancy can place bioprosthetic trans-
catheter valves at great risk that is possibly related to 
hemodynamic changes, hormonal changes, or immune 
system changes that could cause rapid leaflet degenera-
tion. This case is highly unusual and raises concern 
about future applications of TAVR in young patients.
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