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Percutaneous closure of an iatrogenic ventricular
septal defect associated with transcatheter aortic
valve implantation

Transkateter aort kapak implantasyonu sonrasinda
gorulen iatrojenik ventrikUler septal defektin perkttan
kapatilmasi

ABSTRACT

An 81-year-old man who had dyspnea was admitted to our hospital with a diag-
nosis of severe aortic stenosis. A transcatheter aortic valve implantation was suc-
cessfully performed with a 29 mm Edwards Sapien XT valve using a transfemo-
ral access. After the procedure, the echocardiography showed a restrictive ventricular
septal defect (VSD) in the membranous septum. As the patient had no symptoms,
it was decided to follow him up conservatively. However, he was readmitted with-
in three weeks with symptoms suggestive of biventricular failure. A control echo-
cardiography revealed a membranous VSD, 8 mm in size, right chambers dilata-
tion with moderate tricuspid regurgitation, and systolic pulmonary artery pressure of
60 mm Hg. The previously deployed aortic valve was normal in function. The decision to
perform a percutaneous VSD closure was made. The defect was then closed with a 10
mm muscular VSD occluder. During and after the procedure, there was no dysfunction in
the bioprosthetic aortic valve. At the one-year follow-up, the patient was still asymp-
tomatic.

Keywords: latrogenic disease, ventricular septal defect, transcatheter aortic valve replacement
OzET

81 yasinda erkek hasta nefes darligi sikayeti ile basvurdugu hastanemize ileri aort darligr tani-
siyla yatinldi. Transfemoral yolla, 29 mm Edwards Sapien XT kapakgigi basariyla implante edildi.
islernden sonra, ekokardiyografide membrandz septumda restriktif bir ventrikiler septal defekt
(VSD) gérildi. Hastanin semptomu olmadigr icin konservatif takip kararn verildi. Ancak hasta
3 hafta sonra biventrikuler yetersizlik distindiren nefes darligi ve periferik 6dem sikayetleriyle
tekrar basvurdu. Kontrol ekokardiyografisinde 8 mm boyutunda membran6z VSD, orta derecede
trikUspit yetersizligi ile sag kalp bosluklarinda dilatasyon ve 60 mm Hg sistolik pulmoner arter
basinci gériildi. Onceden yerlestirilmis biyoprotez aort kapagi fonksiyone idi. Hastaya perkiitan
VSD kapatma karar verildi. Defekt 10 mm'lik bir VSD Occluder ile kapatildi. islem sirasinda ve
sonrasinda biyoprotetik aort kapaginda herhangi bir islev bozuklugu olmadi. Bir yiluk takipte
hasta hala asemptomatikti.

Anahtar Kelimeler: iyatrojenik, ventrikliler septal defekt, transkateter aortik kapak replasmani

Transcatheter aortic valve replacement (TAVR) has emerged as an alter-
native treatment for patients with severe, symptomatic aortic stenosis
who have a high surgical risk.!"! The data from a multicenter, random-
ized trial have also recently supported TAVR as an alternative to surgery
in low-risk patients.!?! Evidence-based clinical data have led clinicians to
expand this procedure to nearly all patients who have severe aortic steno-
sis. Technological improvements, increased operator experience, and pro-
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Figure 1. (A) Transesophageal echocardiographic view of the ventricular septal defect. (B) Chest radiography showed pulmonary

Figure 2. (AR) Wire captured with snare in the pulmonary artery. (B) Defect closure with a 10 mm muscular VSD occluder.

cedural simplification have contributed to decreased
complication rates in TAVR; however, broader use of
this procedure in patients with aortic stenosis who of-
ten have coexisting conditions has resulted in an in-
creased cumulative number of complications, such as

stroke, major vascular complications, coronary occlu-

ABBREVIATIONS

LvoT Left ventricular outflow tract

STS Society of Thoracic Surgeons

TAVR Transcatheter aortic valve
replacement

VSD Ventricular septal defect

sion, and aortic annular rupture or ventricular septal
defect (VSD).[34

Diagnosing, preventing, and treating these proce-
dure-related complications have gained importance,
and more patients with severe aortic stenosis now
undergo TAVR than surgical aortic valve replacement.
Here, we describe the case of an 81-year-old patient
with iatrogenic VSD following TAVR who went on to
have a successful percutaneous VSD closure.

CASE REPORT

An 81-year-old man with a history of coronary by-
pass surgery, hypertension, and diabetes mellitus was
admitted with dyspnea. As the New York Heart Asso-
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ciation Class Ill symptoms and systolic murmur in the
aortic area were suggestive of an aortic stenosis, the
patient underwent a transthoracic echocardiography
that revealed decreased left ventricular ejection frac-
tion (30% by Modified Simpson's rule) and severe aor-
tic stenosis with peak and mean aortic valve gradients
of 62 mm Hg and 41 mm Hg, respectively. The calcu-
lated aortic valve area was 0.89 cm?. The mean diam-
eter of the aortic annulus was 26 mm by multi-slice
computer tomography. The subsequent coronary an-
giogram revealed that all bypass grafts were still pat-
ent. His calculated Society of Thoracic Surgeons (STS)
risk score was 25.4%. The patient was evaluated by the
heart team and referred for TAVR.

The procedure was performed using a transfemoral
access. The aortic valve was pre-dilated with a ZMED
I' 25 mmx5 cmx100 cm valvuloplasty balloon. A 29
mm Edwards Sapien XT valve was deployed during
rapid ventricular pacing. Post-procedural echocar-
diography showed a well-seated aortic valve with a
mild paravalvular leak, a peak transvalvular gradient
of 9 mm Hg, and a new VSD on the membranous
septum (Figure 1A). The defect was 8 mm in size,
and there was a shunt directed from the left to the
right ventricle with a peak systolic velocity of 5 m/s
across the defect. The decision to manage the pa-
tient conservatively was made by the heart team.
Subsequently, the patient showed symptomatic im-
provement and was discharged home on medical
therapy after five days.

Three weeks after discharge, he was admitted with
symptoms suggestive of biventricular failure (short-
ness of breath and peripheral edema). On examina-
tion, he was found to be in marked respiratory distress
with oxygen saturation of 85%. The chest radiog-
raphy showed pulmonary congestion (Figure 1B).
The transthoracic echocardiography revealed mem-
branous VSD, 8 mm in size, dilatation of the right
chambers with moderate tricuspid regurgitation, and
systolic pulmonary artery pressure of 60 mm Hg. The
previously deployed aortic valve was normal in func-
tion. A subsequent transesophageal echocardiogra-
phy confirmed the VSD (Video 1*). Cardiac cathe-
terization revealed a large VSD with pulmonary to
systemic blood flow ratio (Qp/Qs) of 1.6 (Video 2*).
The decision to perform a percutaneous VSD closure
was made. Under general anesthesia, the right fem-
oral artery and vein were cannulated. The defect was
crossed from the LV side with a Judkin's 6 Fr right
catheter and Terumo wire. This wire was advanced
into the left pulmonary artery, snared, and external-
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ized from the right femoral vein to form a wire rail
(Figure 2A). A 7 Fr delivery catheter was advanced
through the defect from the femoral vein to the aor-
ta. A 10 mm VSD Occluder (AGA Medical Corp, Plym-
outh, MN, USA) was loaded onto its delivery system,
and the distal tip of the device was partially unload-
ed in the ascending aorta. The entire delivery sys-
tem was withdrawn until the device was placed at an
appropriate site across the defect and then released
(Figure 2B, Video 3*). The transesophageal echocar-
diography confirmed there was no residual shunting
through the device. The patient reported pronounced
improvement in his symptoms and was discharged
home after three days. He remained stable at the
one-year follow-up.

DISCUSSION

With favorable results from sequential randomized
clinical trials, TAVR has been increasingly performed in
nearly 66,000 patients annually in USA, and the occur-
rence of rare complications has become more appar-
ent.!! In retrospective analyses, iatrogenic VSD occurs
in 0.4% to 1.5% following TAVR.!*-71 However, to date,
only 37 cases of those have been published in English
literature.!*-'21 Owing to late or uncertain presentation
and lack of suspicion, the diagnosis of VSD after TAVR
in most patients is thought to have been missed. Here,
we report a case of VSD after TAVR, the first event in
a 220 case series performed at our center, which was
successfully treated by percutaneous VSD closure. We
have also sought to describe reported literature, the
patient characteristics, possible risk factors, procedural
details, and clinical outcomes. The clinical features of
the reported cases are summarized in Tables 1 and 2.

The patients were between 57 and 93 years old with
a median age of 86 years, and 60% of them were
women. The mean STS and Logistic Euro Scores risk
scores were 9.4+3.9, n=13 and 21.1+£9.4, n=16, re-
spectively. In patients for whom access site data were
available (n=26), the femoral artery was the most
widely (n=22, 84%) used access site for TAVR. The
balloon-expandable valves were predominantly used
than self-expandable valves (75% vs. 25%, respec-
tively). Post-dilatation data were available for 16 pa-
tients where post-dilatation was performed in five of
them (31%).

Several potential risk factors have been implicated
for VSD following TAVR including elliptic aortic an-
nulus; severe, asymmetric calcification of the aortic
annulus; oversizing or higher placement of the valve;
and direct trauma of the rigid wire.["3 In most cas-
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es, it is thought to emerge by perforation of the in-
terventricular septum after implantation of the rigid
stent frame into the aortic annulus. The injury can be
associated with a wide variety of manifestations in-
cluding extension into the RV outflow tract and the
right or left atria and focal rupture of the annulus
underneath the left coronary artery in which an aor-
ta-ventricular gap occurs.[*8731 The most vulnerable
sections to injury can be predicted by assessing the
severity and symmetry of calcification of the aorta
and the adjacent structures.l’3! In a previous study
evaluating the variables that increase the risk for
aortic root rupture in patients who had undergone
TAVR, the authors reported that the risk of sub-an-
nular rupture was high if a narrow and bulky calci-
fication of the left ventricular outflow tract (LVOT)
was present.!'4

After reviewing the previous cases, 19 patients had data
on the grade of LVOT calcification of whom 13 (68.4%)
had severe calcification. Both annulus and valve size
were reported in 16 patients; however, oversizing had
been detected in only three (18%) of them. The higher
placement of the aortic valve was speculated to be a
predisposing factor in only one case.!"”]

The location of VSD was predominantly membranous
(n=16, 42%) or peri-membranous (n=10, 26%), and
most of those (n=15, 39%) were diagnosed during or
immediately after the procedure. Nine patients were
asymptomatic at the time of diagnosis; however, dys-
pnea was the most common symptom (n=14, 36%).
Management was generally conservative (n=23, 60%).
One patient was treated by valve in valve therapy and
two were treated by open heart surgery.'In 11 (28%)
patients, including our case, the preferred therapy was
a percutaneous VSD closure, performed four days to
six months following TAVR. An antegrade approach
was used more than retrograde approach in patients
treated with percutaneous closure (n=8 vs. n=3, re-
spectively). Only in one patient with percutaneous
closure, the femoral artery occluded during the pro-
cedure, and that patient was successfully treated with
peripheral bypass surgery.l'®! The rest of the patients
who underwent percutaneous closure had no compli-
cations of either vascular access or valve dysfunction.

In previous reports, follow-up periods for patients diag-
nosed with VSD following TAVR were variable in length,
12 days to two years. Total mortality was 18% (n=7)
of which most were reported as in-hospital mortali-
ty (n=4). At the end of the follow-up periods, median
nine months, 81% of the patients were still alive. Mor-
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tality was 9% (n=1) in patients treated with percuta-
neous VSD closure.

In this case report, we present a patient with iatro-
genic VSD, a rare complication following TAVR, who
was successfully treated by percutaneous VSD clo-
sure. We also reviewed the reported literature and
the patient characteristics, possible risk factors, pro-
cedural details, and clinical outcomes. It is, now, the
current review on iatrogenic VSD following TAVR. The
insights gained from this report are that most pa-
tients with iatrogenic VSD following TAVR were he-
modynamically stable and did not require VSD clo-
sure. The management was generally conservative;
however, percutaneous closure seemed to be an ap-
plicable strategy.

*Supplementary video files associated with this ar-
ticle can be found in the online version of the jour-
nal.
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