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The purpose of this paper is to survey the literature on Gerbode defect and provide an overview of its history,
anatomy, development, pathophysiology, diagnosis, and treatment options. The available literature on this topic,
including case reports, was thoroughly reviewed. Gerbode defect is defined as abnormal shunting between the left
ventricle and right atrium resulting from either a congenital defect or prior cardiac insults. The pathophysiology
underlying the development of Gerbode defect is a disease process that injures the atrioventricular septum and leads to
the abnormal shunting of blood. Although the most prevalent cause of Gerbode defect has historically been congenital,
an increasing trend towards acquired cases has recently been reported owing to improved diagnostic capabilities and a
greater number of invasive cardiac procedures. In conclusion, Gerbode defect is an increasingly recognized condition
that warrants further study.
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Introduction

For over 5 millennia, exploration of the human

body has been essential for understanding
the complex nature of our anatomy. The first
account of cardiovascular anatomy appeared in
the Edwin Smith papyrus of 1700 BCE and was
extended in the Ebers papyrus of 1500 BCE. These
two significant references established the founda-
tion of the anatomical sciences [1,2]. They
depicted a connection between the heart and the
vessels supplying the rest of the body, establish-
ing the heart as the centerpiece of the whole.
During the infancy of anatomy, the heart was

described as comprising three cavities: the right,
which was said to contain the most abundant
and hottest blood; the left, which had the least
amount of blood and was the coldest; and the
middle, which contained a uniform quantity but
a purer quality of blood than the other two [3].
Not until the 16th century was it recognized, by
da Vinci, that the heart comprises four chambers.
He distinguished the roles of the atria and ventri-
cles: as one filled with blood, the other expelled it,
functions we now know as diastole and systole [4].
By the 17th century the flow of blood between

the heart and lungs was becoming better under-
stood, as well as the associated abnormalities [5].
The abnormal connections between the chambers
were being classified on the basis of their location
with respect to the membranous septum dividing
the right and left sides of the heart. As we distin-
guish them today, the abnormal connections com-
prise atrial septal defect (ASD), ventricular septal
defect (VSD), patent foramen ovale, and patent
ductus arteriosus. ASD and VSD, in which there
is an abnormal opening between the atria or ven-
tricles, respectively, are the most common of these
defects; they disrupt the natural flow of blood
through the heart. However, there is another very
rare communication anomaly, a left ventricle (LV)
to right atrium (RA) connection (LV-RA), which is
called the Gerbode defect.
The congenital LV-RA connection was first men-
tioned in an autopsy report on a patient in 1838
[6,7]. Subsequently, Thurman [6] (1938), Buhl [7]
(1857), and Hillier [8] (1859) extrapolated this dis-
covery by reporting malformations between the
LV and RA [9,10]. Thereafter there was a hiatus
until Perry et al [11] (1949), after reviewing five
cases from the literature, added a sixth, and
described variations in the anatomy of this anom-
aly [10,11]. In 1955, Stahlman et al [12] reported
two more cases, which like all their predecessors
were at necropsy [10]. It was not until 1957, when
Kirby et al [13] successfully closed a left ventricu-
lar/right atrial shunt, that the diagnosis was estab-
lished in a living patient, albeit during an
operation [10].
In 1958, Gerbode et al [14] successfully per-

formed surgery on five patients with this anomaly
and named it Gerbode defect. The authors con-
cluded: ‘‘the lesion consists of a high ventricular
septal defect associated with a defect of the septal
leaflet of the tricuspid valve which allows left ven-
tricular blood to enter the right atrium.’’ This rare
anomaly accounts for only 0.08% [15] of intracar-
diac shunts and <1% of all congenital cardiac
defects [16,17]. Gerbode defect is so rare that
researchers observed only six cases at the Chil-
dren’s Memorial Hospital in Chicago between
1990 and 2008 [17–19].
Until recently, communication between the LV

and the RA was regarded as extremely rare and
of little clinical significance [10]. However, as
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documented by Yuan [20,21], acquired LV-RA
communication is increasingly being reported. In
this article we provide a complete and in-depth
review of the Gerbode defect. Our aim is to survey
the embryology, anatomy, pathophysiology, diag-
nosis, and treatment of the Gerbode defect to gain
further insights and expand our understanding of
this malady.
Embryology and pathologic anatomy

Between the 27th day and 37th day of develop-
ment, masses of tissue known as the endocardial
cushions approach each other from the atrioven-
tricular (AV) and conotruncal regions and eventu-
ally fuse, leading to a bifurcation of the lumen into
two distinct canals (Fig. 1). This generates the AV
membranous septum, AV canals and valves, and
the aortic and pulmonary channels [22]. The AV
septum has both muscular and membranous com-
ponents. AV defects are very common and consti-
tute about 7% of all congenital heart diseases.
They are often due to endocardial cushion defects
or failure to close the AV canal, leading to a com-
mon AV junction [23].
The membranous septum is divided by the sep-

tal leaflet of the tricuspid valve (TV) into AV and
interventricular portions. The former develops
from the dextrodorsalconus ridge, merging medi-
ally with the right tubercle of the ventral cushion
[19]. The latter is formed by the end of the 4th
week when the primitive ventricle is divided into
Figure 1. Developing heart at approximately 5 weeks (35 days). (Illustrat
LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventric
left and right by a muscular ridge near the apex
[23].
The septal leaflet of the TV is formed from the

right tubercles of the endocardial cushions, while
the anterior and posterior leaflets originate from
the endocardial tissue of the AV canal [19]. Since
the TV attaches to the membranous septum about
1 cm apical to the attachment of the mitral valve,
the AV septum separates the LV from the RA
[24]. The Gerbode defect involves the AV portion
of the interventricular septum, so it causes an
abnormal communication between the RA and
LV via the membranous part of that septum [25–
31].
The most common malformation of the septal

leaflet of the TV is a perforation of its anterior por-
tion, either near the free edge of the leaflet or
adjacent to its attachment. Wu et al [32] found that
integration of anterior leaflet tissue was strongly
associated with LV-RA shunting, and concomitant
widening of the anteroseptal commissure accom-
modated the passage of blood from the RV to
the RA [24]. Less frequently, the leaflet is mal-
formed, or one of the commissural spaces is
widened; in some cases there is a cleft in its mid
portion. The valvular malformation overlies the
septal defect and permits the LV to communicate
with the RA. Trauma from the resulting jet of
blood can cause thickening and distortion of the
malformed leaflet. Eventually, the leaflet can fuse
to the septal defect and communication between
the LV and the RA results. Partial fusion produces
ion by Jessica Holland �2016, provided under CC-BY-NC-ND 4.0.)
le.
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a shunt into both the RA and RV. Additional mal-
formations occur in about one-third of cases, ASD
of either the patent foramen ovale or secundum
type being the most commonly associated lesion
[19].

Anatomical location of defect

The classifications of the Gerbode defect corre-
spond to different anatomical relationships.
Riemenschneider and Moss [19] initially classified
the defects into two types: direct and indirect.
Direct defects transcend the membranous septum
from the LV to the RA, while indirect defects
involve a VSD with accompanying tricuspid
regurgitation (TR) [20].
This terminology was later modified to describe

the position of the anomaly in relation to the TV.
Approximately one third of such defects occur in
the AV septum and are known as supravalvular
defects [24,33]. The remaining two thirds occur
between the ventricles and are known as
infravalvular defects. Sakakibara and Konno [33]
further elaborated the classification to include a
third type with both supravalvular and infravalvu-
lar components, referred to as intermediate
defects (Fig. 2). According to Yuan [20], incidences
of the three types accounted for 76%, 16%, and 8%
of the total, respectively.
Taskesen et al [15] and Sinisalo et al [9] catego-

rized the supravalvular defects as type 1 and the
infravalvular defects as types 2 and 3 [11,14,19],
the most common congenital forms being types 2
and 3, which have many variants to septal leaflet
anomalies of the TV [34]. These variants include
a cleft, widened commissural space, perforation,
abnormal chordae [9,35] and other deformities
[36]. Such defects are believed to close by forming
an aneurysmal pouch through incorporating adja-
Figure 2. Comparison of normal heart to hearts with Gerbode defect. (A) N
of septal wall, superior to the septal leaflet of the tricuspid valve. (C) Infrav
septal leaflet. (D) Both supravalvular and infravalvular defect with sept
provided under CC-BY-NC-ND 4.0.)
cent TV tissue. This morphogenetic process has
been termed aneurysmal transformation
[24,32,37,38].
Supravalvular defects are located in the AV

membranous septum immediately superior to
the septal leaflet of the TV and anterior to the
coronary sinus. In rare cases they extend to
involve a small portion of the septal leaflet at the
point of its attachment [19]. As the defect indicates
a location superior to the tricuspid ring, it causes a
direct shunt between the RA and LV [24].
Infravalvular defects in the membranous ven-

tricular septum are more common [24]. Such
defects are located in one of three positions imme-
diately below the septal leaflet: anteriorly within
the membranous interventricular septum; cen-
trally, involving both the membranous and the
adjoining muscular septum; or as an isolated
VSD of the AV communis type (Fig. 3). It has been
proposed that some infravalvular defects develop
from membranous VSDs as a result of structural
changes that form an aneurysmal pouch with
adjacent TV tissue and occur during spontaneous
closure [19,24,38,39].
Both the anterior and central defects are imme-

diately below the right and posterior cusps of the
aortic valve when viewed from the LV, while the
AV communis type extends either posteriorly
under the septal leaflet or anteriorly in a plane
perpendicular to the long axis of the pulmonary
outflow tract. On the left side, this defect is sepa-
rated from the aortic valve by the membranous
septum. Communis type defects are usually large
and associated with a cleft tricuspid leaflet or a
widened commissural space. They differ from
the more common forms of endocardial cushion
and abnormalities in that both the atrial septum
and the mitral valve are generally intact [19].
ormal heart, (B) Supravalvular defect involving membranous portion
alvular defect involving membranous portion of septal wall, below the
al leaflet of tricuspid valve. (Illustration by Jessica Holland �2016,
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Figure 3. Various positions of infravalvular defects below the septal leaflet. (A) Anterior defect within membranous interventricular septum. (B)
Central defect involving both the membranous and muscular septum, (C) Isolated ventricular septal defect resulting from failure of endocardial
cushion closure. (Illustration by Jessica Holland �2016, provided under CC-BY-NC-ND 4.0)
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Pathophysiology

Physiologically, shunting occurs from the LV to
RA due to the large pressure gradient that exists
between these cardiac chambers [20,24]. Shunting
of blood into the RA leads to subsequent
increased flow into the right ventricle, leading to
enlargement of the right heart chambers [24].
The markedly increased right atrial pressure
may require additional workup to distinguish
the condition from pulmonary arterial hyperten-
sion, which presents similarly [29,31]. If the shunt
is large enough, the left heart chambers will also
become enlarged due to increased blood volumes
thereby further compromising cardiac function
[24,32].
Despite primarily being classified as a congeni-

tal defect, due to the increased occurrence of inva-
sive cardiovascular procedures and improved
cardiac diagnostic techniques, the number of
acquired cases of Gerbode defect has increased
[13,17,40–45]. Acquired Gerbode defects (AGD)
are said to be an uncommon complication of sur-
gery performed near the membranous AV septum
[15,40] and are subcategorized into acquired iatro-
genic and acquired noniatrogenic (ANIGD) Ger-
bode defect. Men account for 68% of AGD with
the typical age being 49 years at the time of diag-
nosis and most commonly occurring iatrogenically
[7,18].
The two major causes for acquired iatrogenic

Gerbode defect are previous cardiac surgery (aor-
tic valve replacement [43,46–50], mitral valve
replacement [51,52], VSD-ASD repair [49,53]) and
percutaneous cardiac interventions (AV node
ablation, endomyocardial biopsy, and tricuspid
annuloplasty), which are mainly responsible for
the increase in the past 20 years. Of particular
importance is combined tricuspid annuloplasty
ring insertion and mitral valve replacement
[15,24,46,54] as this may lead to damage to the
membranous septum caused by excessive
debridement of annular calcium [20,47,51–58].
Endomyocardial biopsy has been reported to
cause transient LV-RA shunt [9,59]. These compli-
cations can be avoided through meticulous
debridement and technical preventive surgical
procedures [15,51].
The major causes for ANIGD are endocarditis,

myocardial infarction (MI) in the right coronary
artery distribution [9,15,24,37,60–62], and blunt
cardiac trauma [13,63–65]. Though rare, endo-
carditis ranks second among causes for acquired
LV-RA [7]. Infective endocarditis associated
ANIGD has more than doubled in occurrence in
the past 10 years. From 1994–2004, there were
eight reported cases, compared to 2005–2014,
when there were 20 new cases [13]. These cases
included prosthetic valve endocarditis (7 cases)
and native valve endocarditis [9,37,66–70] of the
aortic valve (14 cases), TV (9 cases), and mitral
valve (5 cases).
Endocarditis has been shown to cause LV-RA

shunt by reopening a congenital defect, widening
a small, insignificant shunt or by destructive per-
foration of the septum [51,71]. For endocarditis
patients with fever and septicemia, these general
symptoms may mask a new shunt, making it easy
to miss [9]. The most common bacteria are Staphy-
lococcus aureus (41%) and Streptococcus species
(17%) [15,40]. It has been reported that LV-RA
shunts in association with VSDs increases the risk
of endocarditis (58 per 10,000 patient–years) in
comparison to typical VSDs or mitral regurgitation
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(5.2 per 10,000 patient–years) [15,32]. MI associ-
ated ANIGD has been reported with inferior wall
MI with the LV-RA shunt located in the basal sep-
tum but not anterior wall MI [37,39,72,73]. LV-RA
shunt caused by MI has a mortality rate of 80%
[9]. However, MI and trauma have not contributed
significantly to the increase in incidence of AGD.
Diagnosis

Symptoms

Manifestation of Gerbode defect varies from
asymptomatic to severe heart failure and ulti-
mately to death, depending on the volume and
duration of the LV-RA shunt [9]. Small congenital
and acquired shunts are usually asymptomatic
[15]. However, the systematic review by Yuan
[20] revealed that most patients are symptomatic,
dyspnea and fever being the prevalent clinical
symptoms. Dyspnea occurs when the connection
from the high-pressure to the low-pressure RA
overwhelms the pulmonary circulation, causing
congestion [9]. Larger shunts often present as
chest pain and nonspecific left and/or more com-
monly right heart failure symptoms including
shortness of breath, fatigue, weakness, and lower
extremity edema [15]. Some of these symptoms,
particularly fever, shortness of breath, and ankle
swelling can also be due to associated conditions
such as septicemia in endocarditis, making a
shunt more difficult to diagnose [9,46,74].

Physical examination

The most noticeable physical examination find-
ing of an LV-RA shunt is a characteristic murmur
similar to that of a VSD: loud, harsh pansystolic,
Grade III–VI, unvarying with respiration and
often associated with a thrill along the left sternal
border [9,10,20,75,76]. Among all Gerbode patients
with a heart murmur, nearly 72% displayed a sys-
tolic murmur [20], which is often audible over the
entire precordium and radiates posteriorly [15]. It
can be difficult to distinguish the systolic mur-
murs of a VSD from a Gerbode defect, but Vogel-
poel et al [77] reported that VSD murmurs can
have a higher frequency quality that varies with
respiration, becoming softer during inspiration.
Elevated jugular venous pressure, liver pulsa-

tion, and peripheral edema indicating right heart
failure, are also common [9,47]. They result from
longstanding moderate to severe LV to RA shunts
causing right heart volume strain and overload
[15]. In acute cases, rales can be auscultated [40],
when rapid onset of hypotension and jugular vein
distension can mimic acute cardiac tamponade [9].
Imaging modalities

Transthoracic echocardiography
The signs and symptoms in addition to a physi-

cal examination are not enough to confirm a diag-
nosis of Gerbode defect. The similarities in clinical
presentation between Gerbode and other LV-RA
shunts can delay diagnosis or result in misdiagno-
sis. The main clue to identifying Gerbode defect
comes from transesophageal echocardiography
(TEE), which has emerged as the diagnostic proce-
dure of choice [76]. Two-dimensional TEE is the
most sensitive method for detecting LV-RA shunts
[20], especially in patients with prosthetic heart
valves [15,24,76,78]. Gerbode defect is highly likely
when echocardiographic interrogation, in addition
to the history and physical examination, reveals
an unusually dilated RA [18].
Color flow Doppler is valuable for revealing

high-velocity systolic flow (> 4 m/s) originating
from the upper membranous septum and directed
toward the RA [16,24,76]. The high flow velocity is
best visualized using multiple transducer posi-
tions [44] including the parasternal short-axis, api-
cal short-axis, and subcostal views [53], which
reflect the gradient between the high-pressure
LV and the low-pressure RA [79]. This characteris-
tic stream is highly suggestive of a LV-RA shunt.
However, it must be distinguished from other
conditions such as ruptured sinus of Valsalva
aneurysms, endocardial cushion defects, VSD,
and TR [15,34–36,38,39,53,74–81].
To prevent misdiagnosis, the echocardiogram

must be interpreted carefully [79]. Silbiger et al
[24] specified several key echocardiographic clues
suggesting Gerbode defect, including: (1) atypical
jet direction; (2) persistent shunt flow into dias-
tole; (3) lack of ventricular septal flattening; (4)
no right ventricular hypertrophy; and (5) normal
diastolic pulmonary artery pressure as estimated
from the pulmonic regurgitant velocity.
Differences in the timing of the shunt flow can

help to distinguish Gerbode defect from a rup-
tured sinus of Valsalva. During systole, Gerbode
defect typically produces a left to right shunt,
while ruptured sinus of Valsalva aneurysms will
also produce diastolic shunting resulting from
the diastolic gradient between the aorta and RA
[24]. The locus of the high systolic flow from the
membranous septum helps to distinguish Ger-
bode defect from TR, which originates from the
valve [24,76]. If this systolic flow is misinterpreted
as TR, severe pulmonary arterial hypertension
(PAH) will be incorrectly diagnosed [24]. A normal
diastolic pulmonary arterial pressure identified
from the pulmonic regurgitation jet is helpful for
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distinguishing true PAH from the high velocity jet
in the RA caused by Gerbode defect [37,76,82].
Two-dimensional TEE has limitations as it is

often difficult to pinpoint the anatomical location
of the anomaly and its relationship to adjacent
structures [15]. For example, it is difficult to visual-
ize a TV defect in a patient with an infravalvular
Gerbode lesion using two-dimensional imaging
[24], although M-mode echocardiography can
reveal an indicative high-frequency systolic flut-
tering of the TV [24,83]. Real-time (RT) three-
dimensional (3D) echocardiography is more suit-
able for these anatomical anomalies [15,24,84].
RT 3D TEE yields rapid, high resolution anatomi-
cal characterization of the shunt [15] while provid-
ing accurate assessment of the defect’s origin,
shape, and size; it can also reveal a hidden shunt
[50,80,84,85]. Additionally, it has become an inte-
gral part of percutaneous and catheter-based
treatment [15], making it the imaging modality of
choice for both diagnosis and procedural guid-
ance. Zhang et al [86] recognized the value of 3D
TEE in the percutaneous closure of multiple
secundum atrial septal defects [20].
Cardiovascular magnetic resonance imaging
As an adjunct to echocardiography, even more

advanced cardiac imaging techniques such as car-
diac magnetic resonance (CMR) can reveal further
detailed anatomical and physiological information
[15]. CMR can enhance the shunt anatomy, mea-
sure left and right heart volumes, and quantify
shunt flow [49,81,87–89]. This allows shunt ratios
and differential flow volumes to be measured
accurately [15]. Cheema et al [87] first described
the CMR features of Gerbode defect, which
demonstrated a flow originating from the mem-
branous portion of the interventricular septum
and extending into the RA. Furthermore, phase-
contrast CMR imaging enabled the blood shunt-
ing across the defect to be quantified, helping clin-
ical decision-making [87].
This imaging modality has disadvantages as

well as advantages: high cost, limited availability,
and limited portability [15]. CMR is also con-
traindicated in patients with noncontemporary
pacemakers and implantable cardioverter defibril-
lators [15].
Cardiac catheterization
With increasing awareness of more refined and

precise methods of cardiac investigation by car-
diac catheterization and angiocardiography, more
Gerbode defect cases have been diagnosed pre-
operatively [14]. Cardiac catheterization was once
the gold standard for assessing hemodynamic sta-
bility, especially for clarifying improperly-
characterized TR flow and PAH [15,87]. Recent
advances in noninvasive cardiac imaging technol-
ogy have allowed for cost-efficient and painless
visualization of anatomical structures, thus replac-
ing catheterization as the preferred modality for
diagnosing LV-RA shunts. Nonetheless, cardiac
catheterization can be used to confirm the pres-
ence of the communication and the shunt size
[15,40]. Cases in the literature that used catheteri-
zation revealed increased oxygen saturation from
the superior vena cava to the RA [10,90]. The diag-
nosis of a LV-RA shunt was confirmed by left ven-
triculography, which demonstrated opacification
of a dilated RA prior to the right ventricle [15,19].
Treatment

The need for treatment of Gerbode defect
depends on severity of symptoms, which depend
upon factors such as magnitude of shunt, flow vol-
ume, development time, concomitant anatomical
abnormalities, and comorbidities (e.g., congestive
heart failure, valvular leaflet perforation, suban-
nular abscess, and complete heart block) [15,20].
Chronic, asymptomatic, or small defects can be
managed conservatively [18]. Toprak et al [91] pro-
posed that asymptomatic patients with insignifi-
cant intracardiac shunt, no associated circulatory
overload, and no right ventricular volume or pres-
sure overload due to a small LV-RA shunt be kept
under close follow-up rather than undergo sur-
gery [20,21].
Conversely, Yacoub et al [92] suggested that all

LV-RA defects be repaired, regardless of their size
to preclude infective endocarditis. Congenital and
acquired LV-RA shunts have traditionally been
corrected surgically. Surgical closure has been
demonstrated to be feasible with excellent out-
come and recommended for closure of all direct
Gerbode defects [18,37]. During surgical closures,
a patch repair is often performed on the right
atrial side in order to prevent recurrence and com-
plications such as AV block [18,20,21,68]. Tatewaki
et al [93] reported such a patch repair with sutures
from the ventricular side of the TV through the
leaflets. Others reported a Dacron patch closure
with septal leaflet reimplantation onto the patch
[71], an annuloplasty ring implantation, or TV
replacement [40,67,71]. Prifti et al [37] noted the
usage of two single pledgeted prolene sutures
and reconstructed the septal and anterior TV leaf-
lets using an autologous pericardial patch. Their
technique allows for reconstruction of the TV, if
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necessary, while repairing the defect with one
patch that might be beneficial in an infectious pre-
sentation [37].
Long-term follow-up results have shown that a

small fraction of the LV-RA shunts close sponta-
neously, while a few develop infective endocardi-
tis during follow-up [20]. It is suggested that
patients with an acquired LV-RA shunt receive
interventional therapy with the use of the Amplat-
zer duct occluders to close the shunts [20]. The
Amplatzer occluder device is a mainstay in treat-
ment as it provides less radial force [15] than the
muscular ventricular septal defect closure device
causing fewer complications [37].
Additionally, acquired LV-RA shunts especially

the infective and iatrogenic subtypes, are often
associated with multiple comorbidities, including
congestive heart failure (usually within 6 months
if left untreated properly), valvular leaflet perfora-
tion, subannular abscess, and complete heart
block [21]. These shunts must be operated on,
because percutaneous devices cannot be inserted
during infection [9].
The development of percutaneous closure

options such as the transcatheter closure
approach [20,90] has led to fewer surgical proce-
dures [15]. The use of percutaneous transcatheter
closure techniques has been used mostly in high-
risk surgical candidates due to previous valve
replacement, advanced age, anticoagulation, and
multiple comorbidities [37].
Conclusion

The Gerbode defect was originally described in
1838, with further refinements in nomenclature
and taxonomy that expanded the classification
until the current modifications were in place that
accounted for defect type and position with
respect to the TV. The etiology is typically congen-
ital with irregularities emerging by perforation of
anterior intraventricular septum, malformation of
leaflets, or widening of the commissural space.
These embryological deviations subsequently per-
mit an abnormal communication that begins the
physiological processes leading to pathology.
Pathophysiological states that occur subsequent
to the defect may require differentiation from
other pathologies such as pulmonary arterial
hypertension, but such diagnoses can be deter-
mined through modalities including echocardiog-
raphy and CMR. Surgical treatment is performed
contingent upon severity of symptoms, manage-
ment of comorbidities, and other findings as
determined by clinical judgment.
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