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Collaterals in congenital heart disease: when and how to treat?
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Abstract: The development of collateral circulation is not that rare in patients with congenital heart
defects. These collaterals can affect cardiovascular hemodynamics and cause systemic arterial desaturation,
which arises the question whether these should be closed. To date, few if any reports have been published
on the therapeutic management of collaterals in adult patients with congenital heart disease in heart failure
(HF). The focus of this article is to provide a pragmatic approach in the assessment of collateral circulation
of the patient with HE. By considering the underlying hemodynamics and overall effects of the collateral
circulation, we aim to provide a practical tool useful in clinical decision making. The paper highlights mainly
the systemic venous to systemic venous collaterals, systemic venous to pulmonary venous (or pulmonary
venous atrium) collaterals, and pulmonary arterio-venous malformations. Systemic venous anomalies are
frequent and reported in 20% to 40% of patients who underwent Glenn or Fontan procedure. A reduction in
effective pulmonary blood flow, coupled with increasing oxygen demands with growth, as well as a pressure
difference between the higher pressure caval venous system and lower pressure atria (so called decompressing
collaterals) are potential causes of collateral formation. Whether angiogenesis de novo or reappearance of

embryological venous channels is responsible for collateral formation remains to be elucidated.
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Introduction a practical tool useful in clinical decision making. The
paper highlights mainly the systemic venous to systemic

The development of collateral circulation is not that rare .
venous collaterals, systemic venous to pulmonary venous

in patients with congenital heart defects. These collaterals
can affect cardiovascular hemodynamics and cause systemic
arterial desaturation, which arises the question whether
these should be closed.

To date, few if any reports have been published on the
therapeutic management of collaterals in adult patients with
congenital heart disease in heart failure (HF). The focus
of this article is to provide a pragmatic approach in the
assessment of collateral circulation of the patient with HE.
By considering the underlying hemodynamics and overall
effects of the collateral circulation, we aim to provide
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(or pulmonary venous atrium) collaterals, and pulmonary
arterio-venous malformations.

Systemic venous anomalies are frequent and reported in
20% to 40% of patients who underwent Glenn or Fontan
procedure (1-3). A reduction in effective pulmonary blood
flow, coupled with increasing oxygen demands with growth,
as well as a pressure difference between the higher pressure
caval venous system and lower pressure atria (so called
decompressing collaterals) are potential causes of collateral
formation. Whether angiogenesis de novo or reappearance of
embryological venous channels is responsible for collateral
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Figure 1 Schematic representation of systemic venous to systemic venous collaterals, systemic venous to pulmonary venous collaterals, and

pulmonary arterio-venous collaterals. IVC, inferior vena cava; PA, pulmonary artery; SVC, superior vena cava.

formation remains to be elucidated (1).

Collaterals in patients with a Glenn and Fontan
circulation

The article aims to focus specifically on collaterals that
develop in a Glenn and Fontan circulation. The question
that needs answering is whether it is useful to close a
collateral in the setting of signs and symptoms of HF,
here defined as systolic and/or diastolic dysfunction of the
systemic ventricle requiring a medical intervention.

Systemic venous to systemic venous collaterals

Systemic venous to systemic venous collaterals are found
in the chest and the abdominal cavity. They usually
develop in a Glenn circulation where higher pressure in
the superior vena cava (SVC) causes a collateral network
that finds its way towards a low-pressure area (4). In a
Glenn circulation, this mainly includes the system venous
vascular bed connected to the inferior van cava (IVC),
either directly or indirectly. This way, a systemic venous
to systemic venous collateral is formed and there is run-off
of blood from the SVC to the IVC. Deoxygenated blood
mixes with deoxygenated blood so that no direct effect on
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the systemic venous and arterial circulation is expected.
Nevertheless, if effective pulmonary blood flow is decreased
as deoxygenated blood flows preferentially to the IVC,
systemic arterial desaturation will occur making the Glenn
circulation less efficient. The effect on the preload of the
systemic heart is negligible because enough blood is still
offered through the IVC. Any conditions that cause high
pressures in the SVC can give rise to the development of
these collaterals. Obstructions in the hemi-Fontan or Glenn
circuit, insufficient banding of the truncus pulmonalis,
increased pulmonary vascular resistance, or an immature
pulmonary vascular bed can be considered the main causes.
Figure 1.

Systemic venous to pulmonary venous collaterals

Most of the systemic venous to pulmonary venous
collaterals are found in the chest, but they can also develop
in the abdominal cavity or occur in both. One or more
collaterals might originate from any part of the systemic
venous circulation (IVC, SVC, the innominate vein,
and the azygos and hemiazygos system) and end in the
pulmonary venous circulation or the pulmonary venous
atrium (5). Multiple collaterals are not uncommon in a
single ventricle circulation. In the context of a Glenn (1)
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or Fontan circulation, the direction of blood flow is from
deoxygenated blood to oxygenated blood. If a relatively
large vessel is involved, this can cause increased preload
of the systemic ventricle as well as progressive systemic
arterial oxygen desaturation. Systemic arterial desaturation
has functional repercussions. Exercise capacity is reduced,
and central cyanosis may give rise to long-term organ
damage.

It is believed that this type of collaterals arises from
increased systemic venous pressures and that blood is
seeking for a low-pressure circulation. The collateral then
functions like a bypass. From a theoretical standpoint,
increased pressures might be caused by an obstruction in
the pulmonary arterial circuit, an immature pulmonary
circulation (6), or increased pulmonary vascular resistance.
Moreover, the presence of such collaterals also appears to be
associated with more common hepatic fibrosis (7). In case of
large systemic venous to pulmonary venous collaterals the
risk to develop secondary erythrocytosis and the paradoxical
embolism is increased (8,9) (Figure I).

Pulmonary arterio-venous malformations

These collaterals, or rather called malformations in this
case, occur in the lung parenchyma. These malformations
bridge the pulmonary arterial and the pulmonary venous
circulation. There are usually multiple malformations. In
the context of a Glenn or Fontan circulation, blood flow
is from deoxygenated blood to oxygenated blood. The
hemodynamic effect is similar to the systemic venous to
pulmonary venous collaterals. A relatively large blood vessel
may cause increased preload of the systemic ventricle and
progressive systemic desaturation. Also, high output has
been documented in the presence of these collaterals (10).
In case of a more restrictive ventricle, ventricular filling
pressures of the systemic ventricle will increase and
negatively impact over Fontan physiology. Moreover,
the resultant systemic arterial desaturation can also have
functional repercussions. Exercise capacity is reduced,
and central cyanosis may give rise to organ damage in the
longer term. In 84% of patients undergoing catheterization
in preparation for a Fontan procedure these collaterals are
found (11). Some collaterals represent vessels that pre-exist,
while others consist of de novo vessels. The most suggested
stimuli are cyanosis and decreased pulmonary flow volume,
lower velocities, and decreased pulsatility (12). These
collaterals usually develop in a lung that does not adequately
participate in gas exchange in the attempt to improve
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oxygenation (9). Another explanation is that the occurrence
of these collaterals has probably its origin in the absence of
the hepatic factor “X” in the pulmonary circulation (13). It
has been shown that in the lung receiving less blood that has
passed through the liver circulation, these malformations
develop more quickly. There is a lot of speculation about
this hepatic factor ‘X’ and several molecules have already
been put forward as explanations (13). It is almost certain
that factor ‘X’ prevents the growth of new blood vessels. As
such, these malformations appear to develop independently
of an obstructed pulmonary circulation; consequently,
pulmonary vascular resistance may be normal or increased
in these patients. The preload in the systemic ventricle
increases and the systemic saturation progressively
decreases. In case of a large pulmonary arterio-venous
malformation the risk to develop secondary erythrocytosis
and the paradoxical embolism is increased (Figure I).

Aortopulmonary collaterals

Aortopulmonary collaterals occur frequently in congenital
heart defects. When the pulmonary vascular bed does not
develop adequately, blood vessels are stimulated to remain
open or to develop from the aorta intending to support the
pulmonary circulation (14). These collaterals may connect
with the native pulmonary arteries, thus causing a volume
overload in the pulmonary circulation and the systemic
ventricle. This occurs most often in a Glenn or Fontan
circulation (15-17), tetralogy of Fallot (18) and pulmonary
atresia with ventricular septal defect. In the latter these
collaterals might be quite large and are described as
major aortopulmonary collateral arteries (MAPCAs). A
volume load in the pulmonary circulation can also lead to
an additional pressure load. Therefore, this left-to-right
shunt might be responsible for systemic ventricular failure
(volume related), subpulmonary ventricular failure (pressure
related) in case of the presence of a subpulmonary pump or
increased systemic venous pressures in a Glenn or Fontan
circulation.

Assessment of collaterals

If there is suspicion of the presence of collaterals, there are
a few questions that require consideration. Location, size,
direction of blood flow along with the type of vessels that
are connected, and the hemodynamic consequences will
determine if percutaneous closure has a beneficial effect in
that specific patient.
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Figure 2 Example of (A) systemic venous to PVA collateral (*); (B) pulmonary arterio-venous malformation (**). IVC, inferior vena cava;

PVA, pulmonary venous atrium; PA, pulmonary artery.

What is the location of the collateral vessel?

Collateral blood vessels are found in the extremities,
in the abdominal cavity, or in the chest. In congenital
heart defects, most collaterals are found within the chest:
systemic venous to systemic venous collaterals, systemic
venous to pulmonary venous (or pulmonary venous atrium)
connections, and pulmonary arterio-venous malformations.
Arterio-venous fistula are mainly found in the peripheral
extremities whereas aorto-to-pulmonary collaterals are
found in the chest. It is important to realize that in some
congenital heart defect patients, there may be more than 1
collateral or a combination of types of collaterals.

Although collaterals can be directly visualized using
axial imaging, such as cardiac magnetic resonance (CMR)
(10,19) or using cardiac computed tomography (CCT)
(19,20), careful angiographic evaluation during cardiac
catheterization is still the gold standard to assess collateral
blood vessels, especially determining their origin and course
(Figure 2). Saline contrast echocardiography is less invasive
and can be used to detect the presence of right-to-left
shunts, more specifically when searched for systemic venous
to pulmonary venous collaterals or pulmonary arterio-
venous malformations (21). Agitated saline which is injected
in a brachial vein, is almost immediately visualizable in
the pulmonary venous atrium and suspect the presence of
collaterals with a right-to-left shunt.

Which blood vessels connect to each other?

Basically, a vein can connect to a vein, an artery can connect
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to a vein, and finally a high-pressure artery can connect to a
low-pressure artery. As such, each collateral has an afferent
and efferent part. Prior to Fontan repair, systemic venous
to systemic venous collateralization is often to the lower-
pressure IVC, either directly or through intermediaries
of the azygos-hemiazygos system, pericardial veins,
paravertebral veins, internal mammary veins, hepatic veins,
or mediastinal veins. Other collaterals connect to the
coronary sinus. Another typical veno-venous connection
that is commonly observed is systemic venous to pulmonary
venous (or pulmonary venous atrium). In terms of arterio-
venous connections, for the purpose of this manuscript,
we will focus on pulmonary arterio-venous malformations
which typically occur in patients who have a classic Glenn
shunt. These patients have non-confluent pulmonary
arteries with the SVC connected to the right pulmonary
artery. Table 1 provides a summary.

What is the direction of blood flow in the collateral?

Blood flows from a high pressure to a low-pressure
environment, representing the “run-off” of contrast seen
on cardiac catheterization (Figure 2). Various imaging
techniques are helpful to determine the direction of blood
flow within the collateral blood vessel. The direction of
blood flow in the collateral in conjunction with the type
of blood vessels that are connected (and their respective
position in the circulation) will determine the effect of the
collateral on the systemic arterial saturation. Only when
there is blood running from the systemic venous circulation
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Table 1 Collaterals in congenital heart disease

Veno-venous
Systemic venous to systemic venous
Systemic venous to pulmonary venous
Arterio-venous
Systemic arterial to systemic venous
Pulmonary arterial to pulmonary venous
Arterio-arterial

Systemic arterial to pulmonary arterial

(i.e., deoxygenated blood) to the arterial circulation (i.e.,
oxygenated blood) there will be systemic desaturation.
Collateral blood flow can cause volume overload to the
efferent part of the circulation, independent of the direction
of blood flow, but directly related to the amount of blood
flow shunted.

What is the size of the collateral?

In clinical practice, the size of collateral blood vessels is
extremely variable, ranging from tiny to relatively large
blood vessels. This is an important consideration given that
large collaterals can be readily appreciated using various
imaging techniques (CMR, CCT, angiography), whereas
others are very small, but in combination they can cause
systemic arterial desaturation. In general, those small
vessels have a limited hemodynamic impact, whereas the
impact of a large vessel is usually greater. Still, although
large vessels have a larger hemodynamic potential, it is the
degree of flow through that collateral that will determine
its impact. Finally, in the presence of multiple collaterals,
it is the combined effect of number of collaterals, size of
the collaterals and flow through the collaterals that will
determine the overall impact. In addition, the size and shape
of the collateral vessel are important determinants for which
devices and what sizes of devices will be used for closure.

What is the hemodynamic effect of the collaterals?

In principle, collaterals between systemic veins have little
hemodynamic implications. There are some exceptions (1)
where the drainage of the SVC and the drainage of the
IVC must be kept separate (mainly in hemi-Fontan
patients and patients with a Glenn—either prior to Fontan
completion or as a definite palliation). The systemic venous
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to pulmonary venous (and pulmonary venous atrium)
connections are usually responsible for increased preload of
the systemic ventricle and for systemic arterial desaturation.
However, if reversed, the shunt through the collateral acts
as a decompressing blood vessel for the subaortic pump
with left right shunt and consequent volume and pressure
overload of the sub-pulmonary circulation (22). Collaterals
from systemic arterial to systemic venous blood vessels
cause increased preload of both the sub-pulmonary and
subaortic circulation with a potential risk for high output
failure. Intrapulmonary collaterals from pulmonary arterial
to pulmonary venous blood vessels cause increased preload
of the systemic ventricle and induce systemic arterial
desaturation. Finally, systemic arterial to pulmonary
arterial collaterals may be responsible for an additional
volume load of the pulmonary circulation and an additional
pressure load for the sub-pulmonary ventricle and leaving
systemic arterial saturation unaffected. Increased preload
of (mainly restrictive) ventricles can cause increased filling
pressures (shifting the pressure-volume loop to the right)
and eventually induce or aggravate HF. The hemodynamic
consequences are briefly summarized in Table 2.

How and why did the collateral develop?

It is important to find out and to understand how the
collateral occurred. Some collateral vessels are present from
birth, whereas others develop de novo (through angiogenesis,
or by reopening of previously closed venous channels). If
collaterals develop after birth, there is usually a specific
cause, often a specific hemodynamic situation. Finally, a
collateral/fistula may also have an iatrogenic etiology. The
reason why the abnormal blood vessel arose is helpful in
determining the most appropriate therapeutic decision.

What bappens when the collateral is closed?

The effect of collateral closure is a crucial consideration in
the therapeutic management of any collateral and is directly
related to all the considerations made above. If the collateral
has been present from birth or was iatrogenic, closure will
usually have a favorable hemodynamic effect. On the other
hand, if the collateral is due to unfavorable hemodynamics,
closure is questionable. If the effect of closure is unclear, a
trial occlusion with a balloon is helpful in determining the
immediate hemodynamic effect: does the systemic arterial
saturation improve or not; does the closure effect preload
and hemodynamics of the heart; does the closure have any
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Type Shunt Effect on circulation

Systemic venous > systemic venous No Decreased flow via Glenn

Systemic venous > pulmonary venous Deoxy > Oxy Increased preload SV; (high output state); systemic desaturation
Oxy > Deoxy Increased preload SPV

Systemic arterial > systemic venous Oxy > Deoxy Increased preload SV and SPV

Pulmonary arterial > pulmonary venous Deoxy > Oxy Increased preload SV; high output state; systemic desaturation

Systemic arterial > pulmonary arterial Oxy > Deoxy Increased afterload SPV

Deoxy, deoxygenated; Oxy, oxygenated; SV, system ventricle; SPV, subpulmonary ventricle.

effect on afterload. Even though the immediate effect of a
closure can be estimated, the long-term effect will remain
somewhat unclear.

In hemi-Fontan or Glenn patients, the closure of the
systemic venous to systemic venous collateral may increase
systemic arterial oxygen saturation indirectly by increasing
effective pulmonary blood flow (4). The flip side being that
pressure in the supplying system venous circulation (SVC)
may increase, significantly impacting hemodynamics and
causing symptoms for the patient. In the case of HE, closing
the collaterals is not going to provide a hemodynamic
benefit.

Progressive desaturation and/or increased preload of the
systemic ventricle in a symptomatic patient may raise the
question whether systemic venous to pulmonary venous
collaterals should be closed. Data in the literature looking
at outcome are rather limited. Closure can improve the
systemic oxygen saturation (5,23). However, if the collateral
originated as a bypass because of obstructive flow, closure
is expected to have a potentially pernicious effect (24).
After closure of the collateral, pressure in the systemic
venous circulation will increase, preload will decrease, and
eventually cardiac output may become compromised. For
system venous pressures higher than 18 mmHg, closure of
collaterals seems to lead to higher mortality rates (25) and
confirms that if the collateral arose because of obstruction,
closure needs to be avoided. Only at lower systemic venous
pressures closure can have a net positive effect on symptoms
and hemodynamics. In the case of HEF, closure of such
collaterals is not going to provide a hemodynamic benefit,
quite the contrary.

The effects of the pulmonary arterio-venous collaterals
on the systemic ventricle and the systemic saturation raise
the question of whether these collaterals must be closed.
Data in the literature looking at outcome are rather limited.
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With low systemic venous pressures and a low pulmonary
resistance, closure can have a net positive effect on the
hemodynamics. Saturation increases and preload decreases
so that filling pressures in the systemic ventricle decrease.
Especially in a restrictive ventricle, the effect of closure
will be beneficial. The pressure volume loop shifts to the
left and allows the systemic circulation to operate at lower
filling pressures. Lower filling pressures favor a Glenn and
Fontan circuit. With high systemic venous pressures and
high pulmonary vascular resistance, closure is probably less
favorable. System saturation does increase, and preload will
decrease. But because of high pulmonary vascular resistance,
system venous pressures will also increase. In case of an
additional restrictive ventricle, the effect of closure is more
likely to be unfavorable (26). The pressure volume loop
might shift too much to the left and compromises the
effective stroke volume. In this view, it is better to leave the
collateral unaffected. Living a with lower systemic oxygen
saturation is better than having a low cardiac output. As
such, in the case of HE, collateral closure is only going to be
of benefit if pulmonary vascular resistance is sufficiently low
to reduce cardiac preload.

Figure 3 summarizes the potential benefit of the closure
of the systemic venous to pulmonary venous collaterals and
the closure of the pulmonary arterio-venous collaterals.

Closure of collaterals

Preferably, collaterals are closed percutaneously (9). A
surgical approach can be complex, and a responsible
collateral can be difficult to identify or access during a
surgical procedure.

Nowadays there are many percutaneous devices
available to close collaterals (Figure 4). A commonly used
device is the vascular plug (27,28). This device is easy to
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Etiology |

| Effect on heart failure ‘

| Benefit |

Systemic to pulmonary venous

Increased PVR/obstruction

Decrease in preload
Increase in oxygen saturation

Increase in systemic venous pressure

Questionable
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Pulmonary arterio-venous

Absence of hepatic factor

High systemic
venous pressure

Low systemic
VENouUs pressure

Decrease in preload
Increase in oxygen
saturation

Positive

Figure 3 Potential benefit of the closure of the systemic venous to pulmonary venous collaterals and the closure of the pulmonary arterio-

venous collaterals.

Figure 4 Example of closure systemic venous to pulmonary venous
collateral with coil (*), pulmonary arterio-venous malformation

with vascular plugs [Amplatzer type I (**), IT (***), and IV (****)].

implant and has a high probability of closure. Ventricular
septal defect plugs might also be applied in case of larger
vessels (29). Besides the plugs, coiling (3,30,31) is also
preferred. This device is easy to place and has a high
probability of closure. The collaterals can be closed on both
their inlet and outlet sides. It is suggested to occlude from
the distal to the proximal part of the collateral in order to
avoid recanalization (32). Especially in adults, temporary
treatment with oral anticoagulation may be indicated after
closure to counteract mobilizing clots in the distal trajectory
of the collateral. The latter could give rise to systemic
embolization and cerebral infarction. Overall, the closure of
the collaterals is a low-risk intervention and the long-term
complications related to the devices used are low (or even
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not reported). However, percutaneous closure remains an
invasive procedure. Literature reports complications such
as the development of back pain (33) and the occurrence of
hemoptysis (34), especially when fairly large collaterals are
closed.

Finally, it should be kept in mind that if the trigger
of the occurrence of the collateral does not disappear or
isn’t treated, re-occurrence may occur so that repeated
interventions emerge.

Conclusions

Data on management of collaterals in typical systemic
ventricular failure are scarce (or even non-existing).
Collaterals in Fontan or Glenn circulation are common
and are mainly closed for systemic desaturation. The long-
term effect of closure of collaterals in a single ventricle
physiology is unknown. Increased systemic venous pressures
is considered as a contraindication for closure of collaterals.
In case of low systemic venous pressures, occluding
collaterals might be useful to decrease the preload of the
systemic ventricle.
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