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Abstract
Purpose of Review In this review, we reflect on the historical background, clinical features and imaging techniques used to assess
Gerbode defects and sinus of Valsalva aneurysms. We aim to review the evolution of treatment strategies and the progression
towards less invasive management for these conditions.
Recent Findings While transthoracic echocardiography is often diagnostic, transesophageal echocardiography (2D and 3D) has
improved our understanding of these defects and allowed us to more accurately define their anatomy. Cardiac MRI provides
improved assessment of the physiological impact of defects by quantifying shunt volume. Transcatheter techniques are currently
vying with surgery as the mainstay of treatment.
Summary New insights are being discovered regarding diagnostic modalities and treatment pathways. Defining criteria for
patient selection for catheter or surgical therapy is essential when deciding on the optimum intervention for the individual patient.
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Abbreviations
ADO Amplatzer duct occluder
AR aortic regurgitation
ASD atrial septal defect
CCF congestive cardiac failure
LA left atrium
LV left ventricle
PC percutaneous closure
PAH pulmonary artery hypertension
RA right atrium
SOVA sinus of valsalva aneurysm
TEE transesophageal echocardiography
TTE transthoracic echocardiography
TR tricuspid regurgitation
VSD ventricular septal defect

Gerbode Defect

Introduction

The discovery of a left ventricular (LV) to right atrial (RA)
communication was first described at autopsy by Thurman et
al. in 1838. Very little additional information was discovered
about this defect until a further autopsy series in five patients
by Perry et al. This led to the classification of the lesion in
1949 into four subtypes [1]. Frank Gerbode documented the
first series describing surgical repair of the defect in 1958, and
the lesion was subsequently named the “Gerbode defect” [2].
Sakakibara and Kono later refined the classification of the
lesion into three categories. They described a supravalvar de-
fect (type 1) with a deficiency in the atrioventricular septum
above the septal leaflet of the tricuspid valve in the region
where off setting of the atrioventricular valves occurs
(Fig. 1); an infravalvar defect (type 2), in which there is a
perimembranous ventricular septal defect (VSD) with an ad-
ditional deficiency in the tricuspid valve leaflet, and a com-
bined type of defect (type 3) [3]. Type 1 lesions allow for
direct shunting of blood from the LV to RA. In type 2 lesions,
the shunted blood crossing the VSD is directed through the
deficiency in the tricuspid valve septal leaflet into the RA.
Although type 2 (indirect) lesions were previously believed
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to be more frequent than type 1 (direct), recent reports on the
frequency of these defects state an incidence of 76% direct,
16% indirect and 8% combined [4].

Congenital Gerbode Defects

Congenital Gerbode defects are responsible for less than 1%
of all congenital heart lesions [5]. They may be either direct or
indirect LV to RA communications [6]. It is recognised that
the congenital variety of Gerbode defect is complex and mul-
tifactorial [7]. Genetics may play a role in the developmental
process. A genotype-phenotype correlation in patients with a
Gerbode VSD was investigated by Borkar et al. They per-
formed molecular studies which demonstrated that the “con-
tributing sequence variations in the NKX2-5, GAGA4 and
TBX5 gene lies in one of the highly conserved regions and
this region is responsible for encoding a functional protein”
[8]. Their team concluded that the resulting genotype variation
might be linked with the formation of the Gerbode defect.
Regression of smaller defects has been known to occur due
to tricuspid valve tissue hyperplasia and aneurysm formation
[9].

Acquired Gerbode Defects

The incidence of acquired defects is less well defined [4]. As
with congenital lesions, acquired Gerbode defects may also be
direct or indirect. A comprehensive literature review describ-
ing acquired Gerbode defects in 2015 performed by Yuan
described 237 cases with a male to female ratio of 2.2:1.
Acquired LV-RA shunts may result from a variety of causes
including: iatrogenic 51%, infective 37%, traumatic 9% and
ischemic 3%. In Yuan et al. review, 81% were direct, 12%

indirect and 7% were combined [10••]. The shunt developed
at 20.5 ± 38.1 months (median 2; range 0–408) (n = 49) after
the impact of the inducing factor.

Common surgical causes of Gerbode defects include: VSD
closure, mitral and aortic valve procedures [11]. Other report-
ed procedural causes include myomectomy and coronary ar-
tery bypass grafting. The review by Yuan also highlighted
cardiac catheterisation as a potential cause of Gerbode defects.
Radiofrequency catheter ablation of the atrioventricular node
was noted in four patients and endomyocardial biopsy after
heart transplantation in one patient [12–14]. Infective endo-
carditis (IE) is another significant contributor to the develop-
ment of these communications. The latency period for the
formation of an infective LV-RA shunt can be very short
[10••]. IE must always be considered in newly diagnosed
lesions.

Clinical Presentation

Although the anatomy of direct and indirect defects is unique
and important to define on imaging, the physiological impli-
cations are very similar. With direct communications, blood
shunts directly from the LV to the RA. In indirect defects,
blood shunts from the LV across the VSD and into the RA
via a deficient tricuspid valve septal leaflet. The large pressure
gradient can result in a large volume of shunted blood into the
right heart [15].

Symptoms vary dramatically depending on the size of the
defect and volume of additional pulmonary blood flow
(Qp:Qs) [4]. Small defects may be asymptomatic [16], but
most patients will present with symptoms of pulmonary
over-circulation including: dyspnea, fatigue and weakness,
with chest pain also described. Fever is a relatively frequent

Fig. 1 Transesophageal image
demonstrating a direct (type I)
Gerbode defect. The red jet
reveals the left ventricular to right
atrial shunt
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finding and care must be taken to out rule IE [4, 10]. The
typical examination finding is of a harsh pansystolic murmur
along the left sternal border. This is demonstrated in 72% of
patients [10••, 17]. Features of elevated RA pressures include
elevated jugular venous pulsations, hepatomegally and pe-
ripheral oedema [18].

Investigations

Transthoracic echocardiography (TTE) is frequently per-
formed as a first-line imaging modality for Gerbode defects.
However, caution must be exercised when performing echo-
cardiography in these patients. The high velocity LV-RA jet
may be misdiagnosed as tricuspid regurgitation (TR) with
pulmonary artery hypertension (PAH) [19]. Mahajan et al.
noted that if two separate TR jets with different timings in
systole are present, this may help in “differentiating an
infravalvular (indirect) type of Gerbode defect from an
Eisenmenger VSD with TR” [20].

The physiology of LV-RA shunts will typically result in
RA dilation clearly visible on TTE [5]. If large shunts are
present, i.e. those with a Qp:Qs > 2:1, over-circulation of
blood to the lungs and increase venous return to the left atrium
(LA) may also lead to left heart volume overload. A signifi-
cant left to right shunt may precipitate PAH over time [21].
Several additional lesions must be assessed when imaging
patients with a Gerbode defect including: valvular leaflet per-
foration and subannular abscess [5].

Transesophageal echocardiography (TEE) (Fig. 1) has
displayed a greater precision than transthoracic imaging. A
large literature review demonstrated that TEE was the most
sensitive diagnostic technique for assessing Gerbode defects,
with “less diagnostic bias in the diagnosis of this lesion” [5].
In a review of imaging modalities utilised in Gerbode defects,
Taskesen et al. highlight the merit of 3D TEE to visualise the
defect in the “en face” view. They describe it as the main
modality in diagnosis and decision making for this defect
and identify its role in transcatheter closure of the defect [16].

Further definition of shunt anatomy, quantification of shunt
ratio and accurate measurement of ventricular volumes may
be ascertained with the use of cardiac magnetic resonance
imaging which is frequently performed [22]. It is, however,
more costly and time consuming, with limited availability in
some centres [16].

Management

Because of the rarity of Gerbode defects, much of what we
know regarding treatment is based on case reports or series.
Yacoub et al. proposed that all LV-RA defects should be
repaired, regardless of their size, to prevent the risk of IE and
due to the low probability of spontaneous closure. In addition,
surgical repair is considered relatively safe with a very low

morbidity and mortality [23]. Toprak et al., however, proposed
that patients with an insignificant LV-RA shunt, who were
asymtopmatic, with no echocardiographic features of right ven-
tricular volume or pressure loading did not mandate surgical
closure and could be closely followed [24]. This is somewhat
supported by the evidence of spontaneous closure of Gerbode
defects by surgical exploration [25]. The closure of congenital
defects may occur due to tricuspid septal leaflet aneurysm trans-
formation walling off the defect; however, the incidence of IE is
high [26]. It is important to note that spontaneous closures has
been reported to be less likely in type I LV-RA defects andmore
likely in acquired than in congenital shunts [27].

Surgical Closure

Surgical repair of Gerbode defects has demonstrated excellent
outcomes [7]. When surgical closure is performed, smaller
defects may be closed by suture repair alone, with patch repair
utilised for moderate to large defects. It is recommended that
the patch be sutured on to the right atrial side of the defect in
order to prevent postoperative heart block and to reduce the
risk of recurrence [7, 10]. Several different surgical ap-
proaches have been described including: Dacron patch closure
with septal leaflet re-implantation; annuloplasty ring implan-
tation or tricuspid valve replacement [7, 28]. Of note, in pa-
tients with infective endocarditis, paravalvular extension is
associated with a high mortality if managed medically without
surgical intervention [29]. As a result, surgical management of
all acquired Gerbode defects secondary to IE is advised [30].

Percutaneous Closure

The first device closure of an acquired LV-RA communication
was reported in 2006 [21]. Since then, percutaneous closure
(PC) of Gerbode defects has become a more frequent proce-
dure, avoiding the need for sternotomy and bypass. Avariety of
devices have been employed depending on defect size, proxim-
ity to conduction tissue and operator preference. These devices
include the: Amplatzer ductal occluder (ADO) I, ADO II,
Amplatzer muscular VSD occluder device, Cera ductal
occluder and Nit-occlud Le VSD coil [4, 30–34]. It has been
suggested that the ADO may be more suitable than the muscu-
lar VSD device because of its low radial force [34]. In addition,
Vijayalakshmi et al. strongly advocate for the ADO II device
when performing PC due to its low profile and soft retention
discs. They report a series of 12 successful cases of closure in
patients from 10 months to 16 years of age using a retrograde
approach [35•]. Device closure is not limited to the adult or
adolescent population and has recently been reported in a 3-
month-old infant weighing 3 kg using an ADO [6]. In a review
of 234 patients by Yuan, PC of Gerbode defects were only
performed in patients with iatrogenic defects. Surgical treat-
ment was the main approach in those with IE. Forty patients
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did not receive an intervention. Yuan noted that the PC group
had higher rates of complication, mainly relating to a higher
incidence of residual shunts. Post-operative heart block was
higher in the surgically treated group. Mortality was highest
in those receiving no intervention [10••].

Conclusion

Although a rare disease, Gerbode defects have important clin-
ical implications with a high mortality rate if left untreated.
Understanding the mechanism of disease is important and care
must be taken to determine the presence of IE. Several imag-
ing modalities are available to help define the precise anatomy
of the defect, essential when considering appropriate interven-
tion. Surgical closure is well described with a high success rate
and should be pursued for complex lesions or those with IE.
The development of new devices has allowed for safe and
successful device closure in select patient groups.

Sinus of Valsalva Aneurysm

Introduction

Sinus of Valsalva aneurysms (SOVA) are a congenital cardiac
defect that arise due to a lack of continuity between the aortic
media and annulus fibrosa secondary to incomplete fusion.
They may also form due to a structural defect within the aortic
annulus. SOVA was first reported in the mid-nineteenth cen-
tury. In 1840, Thurnam described the clinical features of the
condition and noted the high prevalence of aneurysm forma-
tion within the right and non-coronary cusps [36]. In 1957,
Edwards and Burchell provided further morphological data on
the condition in their work on autopsy specimens [37]. They
believed that the lack of continuity between the aortic media
and annulus fibrosa predisposed these patients to the develop-
ment of SOVAs. Progression to rupture at this weakened site
may evolve if left unrepaired. The first surgical repair was
described by Lillehei et al. in 1957 [38]. Traditionally, surgical
repair has been the mainstay of treatment although since the
first PC in 1994, a transcatheter approach has become a viable
option for certain cases [39].

Background of Sinus of Valsalva Aneurysms

SOVA are present in approximately 0.15–1.5% of patients
undergoing bypass. They are more often congenital than ac-
quired in origin. Acquired causes include infective endocardi-
tis (IE), syphilis, trauma, atherosclerosis, cystic medial necro-
sis and connective tissue disorders including Marfans syn-
drome. In one study, Marfans syndrome was present in 9%
of patients [40]. The commonest acquired cause reported in
the literature is IE [40, 41]. There is a male preponderance,

with a male to female ratio between 2:1 and 3:1 [40, 42]. The
incidence of SOVA is significantly higher among the Asian
population with a 5-fold increase in reported cases than west-
ern populations. The onset of rupture also appears to be earlier
in Asian patients with a reported age of rupture between 27
and 32 years in Japanese and Chinese patients, respectively,
compared with 42 years in American patients [43, 44]. Takach
et al. reviewed 129 patients over a 40-year period and noted a
rupture rate of 49.6% in their cohort [40]. Moustafa et al.
reported their experience of SOVA in the Mayo clinic.
Within their patient cohort, they identified 70% arising from
the right coronary sinus, 26% from the non-coronary sinus
and 5% from the left coronary sinus.

Clinical Presentation

The clinical presentation of patients with this defect is varied.
Prior to rupture, patients will frequently demonstrate no clin-
ical manifestations. When symptoms do arise, it is typically
due to compression or rupture of the aneurysm. This most
commonly occurs in young adult life but has been reported
at any age [45]. Once rupture of the aneurysm has occurred,
the onset of symptoms may be abrupt with nearly 80% of
patients demonstrating symptoms. [46]. As the typical loca-
tion of rupture occurs in the right or non-coronary sinus (into
the RA or RV), the classic physiology is of a left to right shunt
[40]. This may have profound hemodynamic effects, resulting
in symptoms of congestive cardiac failure (CCF), including
exertional dyspnea and fatigue. Palpitations and chest pain are
also described [45, 47]. Clinical examination may reveal the
presence of a continuous murmur.

If left untreated, progression to heart failure and sudden
death in nearly 80% may occur [31]. Death from CCF will
often occur within 1 year of rupture, although longer survival
times have been described in those with slow perforation. Less
typical presenting features of SOVA are due to complications
of the defect and include acute coronary syndrome, cardiac
tamponade, aortic regurgitation (AR), heart block and right
ventricular outflow tract obstruction [48]. Case reports in the
literature have also described cerebral and coronary thrombus
embolization caused by unruptured aneurysms [49, 50]. The
risk of thrombus is believed to be due to the “abnormal vortex
flow in the sinus of Valsalva aneurysm” [51].

Investigations

Transthoracic echocardiography (TTE) is diagnostic, although
TEE is a helpful adjunct to define the anatomy of the defect
(Fig. 2). Prior to rupture, the classic “windsock” appearance is
seen. Following rupture, left to right shunting across the defect
is visualised. Echocardiography may also unveil associated
lesions, including atrial septal defects (ASDs), bicuspid aortic
valves in 16%, VSDs in 12% and aortic root dilation [40, 45,
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47, 52, 53]. In a review by Moustafa et al., 65% of patients
were diagnosed by echocardiography and the remainder by
cardiac catheterisation [45]. Studies have demonstrated that
in patients with SOVA of Chinese and Indian ethnicity, an
associated VSD was almost always subarterial, whereas
perimembranous defects predominate in western patients [41].

Management

Historically, surgical repair was advocated in all patients when
a diagnosis of SOVAwas found [40, 45]. Other groups have
discussed a more conservative approach, favouring repair on-
ly in patients with symptoms, compression of adjacent struc-
tures or when the aneurysm is more than 50% of the average
size of the other sinuses. These groups suggest that those with
unruptured, stable aneurysms should receive anticoagulation
and 6-month review [54].

Surgical Repair

Surgical options include direct suture approximation or the
integration of patches (pericardial or prosthetic). The risk of
recurrence with either approach is debated [43, 47, 52, 53, 55].
Mortality rates have been low with 25-year survival reported
at 86% [52], with a further improvement in more recent sur-
vival figures (43). The survival rate at 10 years after surgery
could now reach up to 90% [56, 57]. In a retrospective review
assessing long-term outcomes in patients with surgically
corrected SOVA, Moustafa et al. noted a median age of repair
of 45 years with pre-operative rupture identified in 34% of the

cohort. Eighty-four percent underwent an additional cardiac
procedure during the initial repair. The majority of aneurysm
rupture occurred into the RV [45]. Additional procedures at
the time of aneurysm repair include the need for concurrent
aortic valve repair secondary to cusp prolapse into the aneu-
rysm carrying an increased risk of mortality [40, 45, 53].

Yasuda et al. reported freedom from postoperative grade 3 or
worse AR at 10 years to be 93% [43]. Surgical procedures
included plication (47%), patch repair (40%) or aortic root re-
placement (13%). They noted a higher incidence of late post-
operative complications in patients needing aortic valve re-
placement. These included: prosthetic valve malfunction, endo-
carditis, recurrence of aneurysm and thrombosis (0.8%). They
recommended early aggressive treatment of endocarditis [40].
In the review of patients by Kuriakose et al., the need for repeat
surgical intervention for aneurysm recurrence was reported at
3.2%, with 4.2% requiring re-operation for AR; however, 6.8%
had developed new or progressive AR on follow-up [58••].

Percutaneous Closure

Since Cullen et al. attempted the first PC of a SOVA using a
Rashkind umbrella in 1994, the less invasive approach has
become a viable treatment option for this defect [59]. Since
this novel procedure, many other devices have been employed
including: ADO [60], Amplatzer septal occlude, PDA and
VSD duct occluders (Shanghai memory alloy) [61, 62],
Cocoon ductal occluder [63] and Gianturco coils [64]
(Table 1). Kuriakose et al. noted that most operators prefer
devices with a double disk design. The approach can be

Fig. 2 Transesophageal
echocardiogram demonstrating a
ruptured sinus of Valsalva
aneurysm in 2D and colour
Doppler imaging. a, c 2D images
of a classic windsock appearance
of a SOVA protruding into the
right atrium in the 4 chamber (a)
and short axis (c) views,
respectively. b, d Colour Doppler
images in the same views
demonstrating rupture of the
aneurysm with high velocity
shunting from the aorta into the
right atrium
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retrograde arterial or transvenous and the device should be 2–
4 mm larger than the defect [58••].

The procedure is most commonly performed under general
anaesthesia. Access is obtained via the femoral vein and artery.
The use of heparin (100 units/kg) is recommended during in-
sertion of the device [60, 65••] to reduce the potential for throm-
bus formation and stroke, and antibiotics (i.e. Cefazolin) should
be given to reduce the risk of peri-procedural IE [60]. In order to
visualise the defect during intervention, several groups have
utilised TTE [65••, 66]. Other groups including Kerkar et al.
have preferred TEE guidance, believing that the procedure was
made “more comfortable” and allowed them to avoid the need
for balloon sizing of the defect [60, 66]. Techniques for device
insertion include the use of an Amplatz gooseneck snare to
create an exteriorised guidewire loop [61].

Complications from percutaneous device occlusion include
the risk of new onset AR, haemolysis from residual shunt and
myocardial infarction [61]. One group suggested that selective
coronary angiography should be performed to exclude
coexisting coronary artery disease or encroachment of the
occluder on the coronary ostia. To avoid haemolysis, Arora
et al. emphasise the importance of complete occlusion at the
time of device insertion [66]. Post-procedural thrombosis pro-
phylaxis with aspirin 3–5 mg/kg for 6 months is recommend-
ed following device insertion [61]. Contraindications to PC
are large defect size, moderate to severe AR, fistulous aneu-
rysmal tract, presence of IE or congenital anomaly.

Comparison of Surgical Versus Percutaneous
Transcatheter Repair

A large systematic review by Kuriakose et al. was recently
performed and included 34 studies and 877 patients treated
for sinus of Valsalva aneurysm between 1957 and 2014. They
compare outcomes in those treated with a catheter guided
versus a surgical approach. They noted that comparison

between the groups was challenging as patients with more
complicated lesions including those with IE, bicuspid aortic
valves, tunnel type narrowing, larger defects or multiple rup-
tures sites were preferentially managed surgically. Although
they did note that the New York Heart Association class and
Qp:Qs mean 2.3 (range 1.2 to 4.3) was similar between the
catheter and surgical closure groups, 60 versus 52% class 3 to
4. They concluded that patients too unwell to tolerated bypass
runs, with mild or less AR and more simple associated lesions
(ASD, VSD, PDA) can be safely and effective managed with
device closure [58••]. Other groups have suggested that PC
may be a viable option in high-risk surgical patients [66, 67].

A non-randomised study by Xiao et al. in 2017 enrolled 85
patients with SOVAwho underwent repair, including 30 with
PC and 55 with surgical repair. Surgical repair was undertaken
with a patch technique. Device closure was performed with
Shanghai produced VSD and PDA occluders [65••]. A true
comparison cannot be made as the groups were selected into
each arm based on enrolment criteria. They did, however, state
that the PC group showed “no IE, residual shunt, thrombosis,
occluder abscission, or other serious complications. Good
long-term outcomes and lower complication rates were found
compared to the surgical group”. However, they also recom-
mend that if there are significant complicating lesions, a sur-
gical approach should be performed [65••]. The advantages of
PC lie in minimal invasiveness, a shorter time of hospital stay,
an avoidance of extracorporeal circulation and blood transfu-
sion, and potentially economic benefits compared with surgi-
cal repair [68]. PC procedural times have been described in
eight patients at 42 min with in hospital stay at 2.9 days [67].

Conclusions

Following rupture, sinus of Valsalva aneurysms may result in
the rapid development of CCF due to a large volume L–R
shunt. TTE is diagnostic in most cases. Surgical repair yields

Table 1 Summary of percutaneous device use in previous studies

Study group Device used Number Margins (mm) Imaging Defect size (mm) Percentage success

Guan et al PDA ductal occluder 10 2–4 TTE 7–15 100

VSD occluder
(shanghai memory alloy)

3–5

Sinha et al Cocoon ductal occluder 8 2–4 TEE 9–17 100

Chang et al Amplatzer ductal occluder 3 2–4 TEE 4–8 100

Gianturco coil 1

Kerkar et al Amplatzer ductal occluder 20 2–4 TEE 4–11 90

Arora et al Amplatzer ductal occluder 5 TTE 7–12 86

Amplatzer septal occluder 1

Rashkind umbrella 2

Xiao VSD occluder 18 2–7 TTE 4–10 96.7

PDA occluder 11
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good long-term results, although in select patient’s percutane-
ous closure may avoid the need for sternotomy and bypass,
reducing recovery times. Debate still exists regarding theman-
agement of unruptured defects in asymptomatic patients.
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