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Introduction Transcatheter aortic valve implantation (TAVI) is a well-accepted alternative treatment for intermediate or high-
risk patients with symptomatic severe native aortic valve stenosis. As the use of TAVI increases, there is a continu-
ous growing insight into in the technical possibilities of the procedure and a parallel decrease in complications.
A serious but rare complication of TAVI is a ventricular septal defect (VSD).

...................................................................................................................................................................................................
Case
presentation

We report a case of a 90-year-old woman who underwent an uncomplicated TAVI procedure. She was readmitted
within 2 weeks because of dyspnoea and oedema in the legs caused by acute left- and right-sided heart failure.
Echocardiography showed a VSD of 1 cm, and mild to moderate paravalvular aortic regurgitation (PAR).

...................................................................................................................................................................................................
Discussion This is the first report in which post-TAVI both a VSD and PAR are successfully repaired via a single percutaneous

procedure.
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Introduction

Transcatheter aortic valve implantation (TAVI) is a well-accepted al-
ternative treatment for patients with symptomatic severe native aor-
tic valve stenosis, who are at intermediate or high risk for surgical
aortic valve replacement (SAVR).1 As the use of TAVI increases,

there is a continuous growing insight into the technical possibilities of
the procedure and a parallel decrease in complications. A rare but se-
vere complication of TAVI is a procedure-related ventricular septal
defect (VSD). This is due to perforation of the interventricular sep-
tum, because of a shift of calcified subvalvular tissue after implantation
of the rigid stent frame in the aortic annulus. Due to the low occur-
rence of this complication, no standardized management or treat-
ment recommendation exists. Paravalvular aortic regurgitation (PAR)
is decreasing in incidence in recent years because of improved valve
designs and implanting techniques. Occurrence of only a trace or
mild PAR has no clinical consequences, so no treatment is needed.
However, moderate or severe PAR is associated with increased
mortality risk, and should therefore be avoided or treated if possible.2

Here, we describe the percutaneous treatment of a patient with a
combined VSD and significant PAR after TAVI.

Learning points

• Successfully percutaneous closure of a ventricular septal defect

and paravalvular aortic regurgitation after transcatheter aortic

valve implantation in a single procedure.
• Haemolysis due to the high-velocity blood flow through the

devices can be self-limiting due to endothelialization.

* Corresponding author. Tel: þ31(0)88 7556167, Fax: þ31(0)887555427, Email: mvoskuil@umcutrecht.nl. This case report was reviewed by Lukas Koltowski and Nikolaos
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Timeline

Case presentation

Initial procedure
A 90-year-old woman with a medical history of atrial fibrillation,
transient ischaemic attack, hypertension, type 2 diabetes, and chronic
renal dysfunction after nephrectomy was referred to our clinic with
Class II heart failure symptoms due to severe aortic stenosis. She
used a vitamin K antagonist for atrial fibrillation (CHA2DS2-VASc
Score 7). On physical examination, a crescendo–decrescendo grade
3/6 systolic murmur was heard parasternal in the second right inter-
costal space with radiation to the carotid arteries. Coronary angiog-
raphy showed no significant stenosis, and her transthoracic
echocardiogram (TTE) showed good left ventricular function with
severe aortic stenosis (peak gradient 92 mmHg, mean gradient
60 mmHg, valve area of 0.42 cm2). Multislice cardiac computed tom-
ography (MSCT) showed an aortic valve annulus of 22.9� 26.5 mm,
area of 480 mm2, and perimeter of 77 mm. Therefore, a 29 mm of
Medtronic CoreValve prosthesis was chosen. Based on her age and
an increased operative risk demonstrated by a logistic EuroSCORE-II
of 3.74%, our multidisciplinary valve team decided to treat the patient
with TAVI.

We performed the TAVI with the self-expandable CoreValve
according to standard practice, with pre-dilation with a balloon of
25 mm. The final angiography showed only mild regurgitation and an
implantation depth of 12.9 mm on non-coronary cusp and 13.2 mm
on coronary cusp side. No post-dilation was performed. The proced-
ure was complicated by a peri-procedural complete atrioventricular
(AV) block, for which a permanent DDDR pacemaker was implanted
after 3 days. One week post-TAVI, the patient was discharged in a
clinically good condition. TTE at discharged showed a trace of PAR.

Readmission
However, 12 days post-TAVI, the patient presented to our emer-
gency department with dyspnoea and oedema in the legs caused by
acute left- and right-sided heart failure. On examination, a harsh holo-
systolic grade 3/6 murmur was heard along the sternal border and on
the apex.

Transoesophageal echocardiogram (TOE) and TTE showed a mild
to moderate PAR near the non-coronary cusp, and a VSD of 1 cm,
just under the pericardial skirt of the CoreValve stent, with a flow
from the left ventricular outflow tract (LVOT) to the right ventricular
outflow tract [Vmax 4 m/s, diastolic vena contracta (VC) width 5 mm],
and systolic pulmonary artery pressure of 44 mmHg. The rupture did
not extend to the aortic root or to the right atrium (Figure 1).
Retrospectively, on echocardiography 4 days after TAVI a small left
to right shunt was already visible.

During admission, the patient was haemodynamically and respira-
tory stable. However, kidney function and diuresis were deteriorating
by left-sided heart failure. Since conservative treatment would mean
a low chance of survival, decision was made to close the VSD and the
PAR with a transcatheter closure device.

Closure procedure
Ventricular septal defect and PAR closure was performed under
general anaesthesia through the right femoral artery. At the start of
the procedure, TOE showed an increased VSD flow (Vmax 2.9 m/s,
diastolic VC width 5 mm) and increased moderate PAR, compared
to the previous TOE 2 days earlier (Figure 2). Angiography showed a
significant flow from the right coronary sinus to the right ventricle
(Figure 3A).

At first, a 5 French catheter of Cordis JR was used to pass the VSD
from the aortic side with a 35 softwire. The wire was advanced to the
left pulmonary artery where it was snared. A loop was created by
pulling back the softwire to the femoral vein. At second, the VSD was
sized at 9 mm with a 20 mm PTSVR sizing balloon. Subsequently, a 10-
mm AmplatzerVR atrial septal occluder (ASO) was positioned through
the VSD by the use of an AmplatzerVR patent ductus arteriosus (PDA)
ductus delivery catheter of 6 French. The disc was on the left ven-
tricle side located half inside the LVOT-part of the CoreValve and
half on the muscular intraventricular septum and on the right ven-
tricular side just above the tricuspid valve.

After ASO implantation, angiography showed a further increase of
regurgitation through the paravalvular opening at the right coronary
sinus and through the struts of the ASO to the right ventricle. To ad-
dress the regurgitation, an Amplatzer vascular plug II was placed: a 6
French long-sheath braided of Cook was used to approach the valve
from the aortic side. The CoreValve stent was passed through the

.................................................................................................
Day Events

1 Transcatheter aortic valve implantation (TAVI) proced-

ure, complicated by complete atrioventricular block.

4 Pacemaker implantation due to complete atrioventricu-

lar block.

8 Discharged.

13 Readmission: dyspnoea and oedema caused by acute

left- and right-sided heart failure.

Transthoracic echocardiogram (TTE) and transoeso-

phageal echocardiogram (TOE) showed mild to

moderate paravalvular aortic regurgitation (PAR),

and a ventricular septal defect (VSD).

15 Percutaneous closure: atrial septal occluder (ASO) was

placed to close VSD and Amplatzer vascular plug II

was placed for closure of PAR in a single procedure.

19 TTE showed no PAR, and mild flow over VSD.

20 Discharged.

27 Readmission with fatigue and Hb of 3.5 mmol/L—most

likely by haemolysis due to high-velocity blood flow

through the devices. Red cell transfusions and iron

suppletion were given. Patient could be discharged

after Hb was stabilized.

TOE: mild PAR and mild flow over ASO.

80 Still red cell transfusion depended—stop use of phen-

procoumon, to reduce contributing factors for

anaemia.

6 months

and 1 year

TTE: stable mild PAR and mild flow over ASO. No

need for red cell transfusion. Doing clinically well.

2 N.H.M. Kooistra et al.
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..stent struts just above the valve. Next the paravalvular opening was
passed with a PT2 0.01400 300 cm wire over which a Cordis Adroit
MP1 of 5 French followed by a Cook CXI 4 French support catheter of
125 cm were advanced into the right ventricle using the telescope
technique. An Amplatzer vascular plug II of 8 mm was placed in the par-
avalvular regurgitation trajectory from the VSD to the right coronary
sinus. The final angiography showed no obstruction of the right coron-
ary artery and only trace regurgitation through the vascular plug and
septal occluder (Figure 3B). TOE showed a good position of the ASO

and a marked reduction of both systolic and diastolic flow through the
VSD, with a systolic VC width of 3 mm (Figure 4), without a sign of
LVOT obstruction.

After the procedure, the patient was immediately asymptomatic
and kidney function and diuresis improved within a few days. Four
days after the procedure, TTE showed no PAR and a further de-
crease of the VSD flow (Vmax 3.7–4.4 m/s) and lower systolic pulmon-
ary artery pressures (28 mmHg) (Figure 5). The following morning,
the patient could be discharged without any symptoms.

Figure 2 Transoesophageal echocardiogram aortic short axis with colour compare, showing the increased left to right shunt through the ventricu-
lar septal defect.

Figure 1 (A) Transthoracic echocardiogram: Apical view of the severe left to right shunt through the ventricular septal defect. (B)
Transoesophageal echocardiogram aortic short-axis view of the ventricular septal defect at the lower edge of the CoreValve stent.

Percutaneous closure of a VSD and PAR after TAVI 3
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Follow-up
Seven days after discharge, patient presented to our emergency de-
partment with severe fatigue and possible melena. She appeared to
have a severe anaemia with an Hb level of 3.5 mmol/L (reference
value 7.4–9.6 mmol/L), LD 2563 U/L (reference value 0–250 U/L),

and haptoglobin <0.05 g/L (reference value 0.3–2 g/L). Prothrombin
time-international normalized ratio (PT-INR) was 4.42 (reference
value 0.9–1.15). TOE showed mild PAR through the Amplatzer de-
vice and a mild left to right shunt, both through and past the ASO
(Vmax > 4 m/s), and normal left ventricle function. Working diagnosis

Figure 3 Angiography. (A) Before closing ventricular septal defect and PAR: flow of contrast (arrows) from the right coronary sinus to the right
ventricle. (B) After placement of atrial septal occluder and vascular plug, showing only mild flow through the devices.

Figure 4 Transoesophageal echocardiogram showing the atrial septal occluder in the ventricular septal defect. It shows a marked reduction of the
flow through the ventricular septal defect after placement of the atrial septal occluder.

4 N.H.M. Kooistra et al.
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for the cause of anaemia was haemolysis due to the high-velocity
blood flow through the devices. Gastrointestinal causes were
excluded, since gastrointestinal endoscopy showed no abnormalities.
After six units red cell transfusion, patient was discharged with oral
iron suppletion. The following weeks, she received red cell transfu-
sions in outpatient setting twice (first time 3 units, second time 8
units). Furthermore, darbepoetin alfa was started and the phenpro-
coumon was stopped completely. Cessation of anticoagulation does
not improve endothelialization, and therefore not directly influences
haemolytic anaemia in a positive way. However, we still decided to
interrupt the anticoagulation use in order to minimize other possible
contributing factors to a worsening of the anaemia. One year after
the complicated TAVI procedure, patient is doing well, living at home
without the need of red cell transfusions, and without any antiplate-
let/anticoagulant treatment or embolization problems. The mild PAR

and mild left to right shunt across the VSD has remained stable, with-
out any haemodynamic or clinical consequences or haemolysis.

Discussion

Ventricular septal defect is a known but rare complication of TAVI.
To our best knowledge, only 20 patients with acquired VSD post-
TAVI have been reported in literature. Only six of these patients
were treated with a percutaneous intervention for closure.3

Ando et al.3 describes in his systematic review the reports of those
20 patients with VSD post-TAVI. The main findings of this review are
that in 85% of the cases a balloon expandable valve was used, and
that the proposed potential risks for VSD post-TAVI are; severe,
asymmetric calcification of the native valve; elliptic aortic annulus;
oversizing of the valve; or higher placement of the valve, since a com-
mon factor in many of the cases is a direct trauma to the septum
from the implanted valve, compounded by further annulus dilation.
Noteworthy, none of these potential risk factors were present in our
case. On the pre-procedural MSCT-scan, a small calcification is seen
on the septum side of the LVOT about 10 and 13 mm of the annulus
(Figure 6). Although the calcification is positioned quite a distance
from the annulus, the implantation depth of the valve on the non-
coronary cusp side was 12.9 mm (Figure 6). Therefore, we cannot ex-
clude that this calcification might have contributed to the occurrence
of the VSD during balloon or stent expansion. To find out the exact
mechanism of injury of the ventricular septum, a post-operative
MSCT-scan could have been of additive value. However, this scan is
not routinely performed and therefore not available.

According to the ACC guidelines,4 closure of VSD via percutan-
eous or surgical procedures in these high-risk patients should only be
performed in case conservative treatment has failed. As reported by
Ando et al.,3 of the known patients with a VSD following TAVI, only
one-third of the patients underwent closure of the VSD, mostly
by a percutaneous intervention. Also in our case, a percutaneous
intervention was performed, because the patient was symptomatic
with deterioration of kidney function and decreasing diuresis due to
left-sided heart failure, as well as the size of her shunt (1 cm) being
too large for conservative treatment. The percutaneous technique is

Figure 5 Transthoracic echocardiogram showing mild flow over
the ventricular septal defect, 4 days after placement of the atrial sep-
tal occluder.

Figure 6 (A–C) Pre-procedural multislice cardiac computed tomography from different angles, showing small calcification on the septum side of
the left ventricular outflow tract about 10 and 13 mm of the annulus. (D) Valve implantation depth on peri-procedural angiography.

Percutaneous closure of a VSD and PAR after TAVI 5
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..an attractive approach compared to a surgical closure technique,
since TAVI patients are high-surgical risk patients. However, a known
concern of this percutaneous approach is that the effect of the VSD
closure device on the valve function is unpredictable, since the VSD
is often located proximal to the implanted valve. Furthermore, the
implanted valve might dislodge during implantation of the VSD clos-
ure device. Despite these possible complications, a low mortality rate
after VSD closure and no technical difficulties have been reported for
VSD closure post-TAVI.3

Traumatic intravascular haemolysis is a known complication in pa-
tients with prosthetic device implantations. This haemolysis is mainly
caused by mechanical trauma to red blood cells from turbulent blood
flow due periprosthetic leakage.5,6 This turbulence creates high shear
stress forces on red blood cells resulting in their destruction.7 This
shear stress is most severe directly post-implantation, and decreases
gradually when endothelialization progresses. In animal models of
valve or non-valvular device implantation, the process of endotheliali-
zation starts about 1 month after implantation, and is completed
within 3–6 months after implantation.8 Therefore, haemolysis caused
by mild periprosthetic leakage can be self-limiting due to endotheliali-
zation. In general, downsizing antiplatelet/anticoagulant therapy is ad-
visable in similar cases; a patient-tailored regiment is advised,
depending on the severity of the anaemia and the pro-thrombogenic
risk of each individual patient.

In contrast to VSD, PAR post-TAVI is a more common complica-
tion, although decreasing in recent years. A trace or mild PAR has no
clinical consequences. However, our patient had at least moderate
PAR. We had two reasons to treat this paravalvular regurgitation.
First, it has been shown that moderate PAR is associated with
increased risk of mortality, and should therefore be avoided or
treated if possible.2 Second, both the VSD and the PAR may cause
haemolytic anaemia, which also occured in our patient. Therefore,
pragmatically we have treated both. If significant PAR is present peri-
procedural, post-dilation of the prosthetic valve is often performed. If
it occurs post-procedural and there are no contra-indications for
interventional treatment, the procedure is often performed by clos-
ure of the defect with vascular plugs.9

Conclusion

This is the first report in which post-TAVI both a VSD and PAR are suc-
cessfully repaired via a single percutaneous procedure. Furthermore,
this case shows that haemolysis due to high-velocity blood flow through
the devices can be self-limiting due to endothelialization.
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