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Abstract: Background: Vein of Galen malformation (VGM) is a congenital intracranial vascular
anomaly consisting of arteriovenous fistulas and/or malformations between various arterial feeders
and the median prosencephalic vein of Markowski (MPV). Despite its rare occurrence, VGM is
of particular clinical relevance, as the excessive intracranial shunt volume leads to high mortality
without appropriate treatment. Methods: The objective of this article is to review the published
data on neurointerventional treatment and compare outcome quality in the included studies. Eight
studies were included and synthesized. One study was multicentric and the rest were retrospective
monocentric (level 4 evidence studies according to the Oxford Centre for Evidence-based Medicine).
Results: The total number of included patients was 480 and patient age ranged from 1 day to
18 years. Mild or severe heart failure, hydrocephalus, and other reasons led to the indication for
neurointerventional treatment, which was performed in all studies in the form of embolization. Under
consideration of the introduced semiquantitative multidimensional scoring system, the highest total
score, i.e., the best outcome quality, was found for the study “Houston” 2002–2018 (19 points) and the
study “Duisburg” 2001–2010 (19 points). Conclusions: Neurointerventional treatment represents the
essential pillar in the interdisciplinary management of patients with VGM, although standardization
is lacking—based on the results of the structured review. As complementary treatments, pediatric
critical care is mandatory and includes medical hemodynamic stabilization.

Keywords: vascular malformation; Vein of Galen malformation; endovascular treatment; embolization;
pediatric critical care

Key Points

• Vein of Galen Malformation (VGM) is a congenital intracranial vascular anomaly
consisting of arteriovenous fistulae and/or malformations.

• In neonates and infants with VGM, priority is given to the treatment of heart failure
caused by excess intracranial shunt volume.
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• A semiquantitative multidimensional scoring system, which allows a more objec-
tive comparison of the included studies taking into account six key dimensions,
was introduced.

• The best outcome quality was found for the study “Houston” 2002–2018 (19 points)
and the study “Duisburg” 2001–2010 (19 points).

• Neurointerventional treatment is the essential pillar in the interdisciplinary manage-
ment of patients with VGM, although standardization is lacking—based on the results
of the structured review.

• As a complementary treatment, pediatric critical care is mandatory and includes pre-,
peri-, and post-neurointerventional medical hemodynamic stabilization.

• Neurosurgery and radiotherapy currently have no role as first-line treatments due to
the high morbidity and mortality and/or lack of efficacy associated with
the procedures.

1. Introduction

Vein of Galen Malformation (VGM) is a congenital intracranial vascular anomaly [1,2].
It was first described in 1895 by Sigmund Oskar Steinheil in his dissertation paper “Über
einen Fall von Varix aneurysmaticums im Bereich der Gehirngefässe” [Study of a case of
varix aneurysmaticus in the area of the cerebral vessels] [3]. To date, the treatment of patients
with VGM remains challenging, as will be illustrated by this review of published data.

1.1. Nomenclature

During the 20th and 21st centuries, various definitions and re-evaluations of the clini-
cal picture provided by “VGM” were established [2]. However, only the embryonic aspects
were considered in the current generally accepted understanding of the complex patho-
physiological pattern: Arterial-venous fistulae and/or malformations between various
arterial feeders (typically from the anterior choroidal artery, posterior choroidal artery, as
well as thalamoperforating arteries) on the one hand and the Median Prosencephalic Vein
of Markowski (MPV) on the other [4,5]. Accordingly, the term VGM is misleading, since it
is not precisely a vascular anomaly of the Vein of Galen, but rather a vascular anomaly of
its embryonic precursor vein, the MPV [6,7].

1.2. Classification

The systematic classification of VGM can be based on angioarchitecture. The Litvak
classification from 1960 describes VGM type A (aneurysm of the Vein of Galen), VGM type
B (razematous vascular conglomerates deep in the cerebral structures with dilated venous
portions), and VGM type C (translational forms of arteriovenous midline shunts) [2]. Due
to lack of clinical relevance, the Litvak classification is not discussed further here. The
decades-old Yasargil classification distinguishes between VGM types with arteriovenous
fistulae only (types I–III) and VGM types of arteriovenous malformations with or without
additional arteriovenous fistulae (types IVA–C) [2,8]. The Yasargil classification is a surgical
classification and considers the functionally relevant aspect of venous outflow: dilated
internal cerebral veins and dilated veins of the mesencephalon in types IVA–C [2,8]. In VGM
Yasargil type I, the pericallosal artery and the P3 segment of the posterior cerebral artery
define the arterial feeders with (potential) venous outflow via the internal cerebral veins
and atrial veins. In VGM Yasargil type II, the P1 segment of the posterior cerebral artery
defines the arterial feeder with venous outflow via the dilated MPV and with (potential)
venous outflow via the internal cerebral veins and atrial veins. In VGM Yasargil type
III, the pericallosal artery, the P3 segment of the posterior cerebral artery, the P1 segment
of the posterior cerebral artery, and the thalamoperforating arteries define the arterial
feeders with venous outflow via the dilated MPV and with (potential) venous outflow
via the internal cerebral veins and atrial veins. In VGM Yasargil type IVa, a thalamic
arteriovenous malformation is present. The P1 segment of the posterior cerebral artery
and the thalamoperforating arteries define the arterial feeders with venous outflow via
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the dilated MPV. In VGM Yasargil type IVb, a mesencephalic arteriovenous malformation
is present. The posterior communicating artery, the P1 segment of the posterior cerebral
artery, as well as the P3 segment of the posterior cerebral artery define the arterial feeders
with venous outflow via the dilated MPV and (potential) venous outflow via the internal
cerebral veins and atrial veins. In VGM Yasargil type IVc, a mesodiencephalic arteriovenous
malformation and an arteriovenous fistula are present. The posterior communicating artery
and the P1 segment of the posterior cerebral artery (malformation component), as well as the
pericallosal artery and the P3 segment of the posterior cerebral artery (fistula component)
define the arterial feeders with venous outflow via the dilated MPV. For a better overview,
a tabular listing of the VGM Yasargil types I–IVc is given in Table 1. A neuroradiological
classification that has set standards and is still regularly used today is the result of research
by Pierre L. Lasjaunias and his team [2,9]. Considering the origin of the arterial inflow, the
binary classification is: type “choroidal” versus type “mural”. In the VGM Lasjaunias type 1
“choroidal”, there are numerous diffuse arterial feeders (from the anterior choroidal artery,
posterior choroidal artery, anterior cerebral artery, thalamoperforating arteries, and/or
collicular and quadrigeminal arteries) and venous outflow is to the ventral portion of the
MPV [2,9]. In the VGM Lasjaunias type 2 “mural”, there are circumscribed fistulous arterial
feeders (from the collicular or quadrigeminal artery and/or posterior choroidal artery)
and venous outflow into the inferior and lateral portions of the MPV [2,9]. For a better
overview, a tabular listing of the VGM Lasjaunias types 1 “choroidal” and 2 “mural” is
given in Table 2. The VGM Lasjaunias type 1 “choroidal” occurs more frequently and is
regularly associated with life-threatening hemodynamic decompensation in neonates and
infants due to the excessive intracranial shunt volume [2,10]. The VGM Lasjaunias type 2
“mural” can manifest later in life as hydrocephalus and neurological maldevelopment, e.g.,
in infants, children, and adolescents [2,10].

Table 1. VGM Yasargil Types I–IVc.

Type Arterial Feeders Venous Outflow

I
(arteriovenous fistula only)

pericallosal artery and P3 segment of the
posterior cerebral artery internal cerebral veins and atrial veins

II
(arteriovenous fistula only) P1 segment of the posterior cerebral artery dilated MPV and (potentially)

internal cerebral veins and atrial veins

III
(arteriovenous fistula only)

Pericallosal artery, P3 segment of the posterior
cerebral artery, P1 segment of the posterior

cerebral artery, and thalamoperforating arteries

dilated MPV and (potentially)
internal cerebral veins and atrial veins

IVa
(thalamic arteriovenous

malformation)

P1 segment of the posterior cerebral artery and
thalamoperforating arteries dilated MPV

IVb
(mesencephalic arteriovenous

malformation)

posterior communicating artery, P1 segment of
the posterior cerebral artery, and P3 segment of

the posterior cerebral artery

dilated MPV and (potentially)
internal cerebral veins and atrial veins

IVc
(mesodiencephalic arteriovenous
malformation and arteriovenous

fistula)

posterior communicating artery and P1 segment
of the posterior cerebral artery (malformation

component)
pericallosal artery and P3 segment of the

posterior cerebral artery (fistula component)

dilated MPV

Note: according to [2,8]. MPV: Median Prosencephalic Vein of Markowski; the (at least) partial absence of termini
technici in connection with the anatomical terminology used appears problematic.
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Table 2. VGM Lasjaunias Types 1 “Choroidal” and 2 “Mural”.

Type Arterial Feeders Venous Outflow

1 “Choroidal”
anterior choroidal artery, posterior choroidal artery, anterior cerebral

artery, thalamoperforating arteries, and/or collicular and
quadrigeminal arteries

ventral portion of the MPV

2 “Mural” collicular or quadrigeminal artery and/or posterior choroidal artery inferior and lateral portions of
the MPV

Note: according to [2,9]. MPV: Median Prosencephalic Vein of Markowski; the (at least) partial absence of termini
technici in connection with the anatomical terminology used appears problematic.

1.3. Epidemiology

VGM is a rare disorder and accounts for 30% of all pediatric vascular malforma-
tions [11]. Despite its uncommon occurrence—with an estimated true annual incidence rate
of 1:58,100 live births—VGM is of particular clinical relevance as, without adequate treat-
ment, the associated excessive intracranial shunt volume leads to high mortality in neonates
and infants, as well as neurological maldevelopment in children and adolescents [2,6–8,12].
The diagnosis is made prenatally in just under one-third of all patients, in the neonatal
period in slightly more than one-third, in infancy and early childhood in one-quarter, and
in childhood and adolescence in the remaining patients [6]. Prognosis depends on the age
of the patient and the severity of clinical symptoms. In fetuses with prenatal cardiomegaly
or neonates with heart failure without adequate treatment, the mortality rate is 100% [2,7,9].
In neonates and infants, causal treatment of heart failure, which is regularly observed in
the first hours of life, is a priority [2,8,9].

1.4. Clinical Symptoms and Challenges

In terms of a vicious circle, during the course of physiological postnatal lung mat-
uration (with reduction of pulmonary arterial resistance), there is an increase in cardiac
decompensation [2,8,9]. Hepatic and renal failure and eventually multiorgan failure are
other consequences caused by the combination of reflex arterial vasoconstriction in the
splanchnic area and venous congestion in right heart failure [10]. This vicious cycle can
be broken using neurointerventional treatment. After identification of the feeders using
high-resolution angiography, superselective embolization represents the classical causal
treatment. The Bicêtre Neonatal Evaluation Score for quantifying the severity of illness
can be used to make the indication (Table 3). If VGM is diagnosed in childhood or adoles-
cence and treated appropriately, life expectancy increases significantly [13–15]. Emphasis
is then placed on treatment of hydrocephalus and recurrent seizures and prophylaxis of
intracranial hemorrhage, with the goal of allowing normal or quasi-normal neurologi-
cal development [16,17]. Persistent venous hypertension with malabsorption of cerebral
spinal fluid and initiation of intracranial hemorrhage due to secondary changes in venous
outflow (including persistence of fetal falciform sinus, lack of development of the rectus
sinus, or dilatation of the internal cerebral veins) are pathophysiological explanations for
the exacerbation of symptoms [11,18,19]. In affected infants and adolescents, targeted
neurointerventional treatment can control and ideally eliminate these symptoms.

Table 3. Bicêtre Neonatal Evaluation Score for Quantifying the Severity of Illness.

Scoring Heart Function Brain Function Lung Function Liver Function Kidney Function

5 Points normal normal normal - -

4 Points overload, no
medical treatment

subclinical isolated
EEG abnormalities

tachypnea, does
finish bottle - -
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Table 3. Cont.

Scoring Heart Function Brain Function Lung Function Liver Function Kidney Function

3 Points failure; stable with
medical treatment

non-convulsive
treatment,

neurologic signs

tachypnea, does
not finish bottle

no hepatomegaly,
normal hepatic

functions
normal

2 Points
failure; unstable

with medical
treatment

isolated
convulsion

assisted
ventilation, normal

saturation
IO2F < 25%

Hepatomegaly,
Normal hepatic

functions
transient anuria

1 Point assisted ventilation
necessary seizures

assisted
ventilation, normal

saturation
IO2F > 25%

moderate or
transient hepatic

insufficiency

unstable diuresis
with treatment

0 Points refractory to
medical treatment

permanent
neurological signs

assisted
ventilation,

desaturation

abnormal
coagulation,

elevated enzymes
anuria

Note: IO2F: Inspiratory Oxygen Fraction; a total score of <8: no neurointerventional treatment due to severely
affected patients with an a priori very poor prognosis; a total score of 8–12: emergency neurointerventional
treatment with the goal of immediate hemodynamic stabilization due to failure of all other treatments; a total
score of >12: staged neurointerventional treatment at no earlier than 5 months of age after effective conservative
treatment with stabilization.

1.5. Outcome Scores

Different scores for classifying the outcomes of patients with VGM have been pub-
lished. Two established scores are the Bicêtre Admission and Outcome Score and the Jones
Score. The Bicêtre Admission and Outcome Score classifies outcomes as follows [20]:

5—normal.
4—minimal neurological symptoms (untreated) and/or asymptomatic enlargement of

the heart silhouette.
3—temporary neurological symptoms (untreated) and/or asymptomatic heart over-

load (treated).
2—permanent minor neurological symptoms, mental retardation ≤ 20% (SNS), no

permanent neurological symptoms (treated), attending normal school (with support),
and/or stable cardiac failure (treated).

1—severe neurological symptoms, mental retardation > 20% (SNS), specialized school,
and/or unstable heart failure (although treated).

0—death.
The Jones Score is a simpler 5-point scale defined as [21]:
4—neurologically normal.
3—neurologically mildly impaired.
2—neurologically moderately impaired.
1—neurologically severely impaired.
0—dead.
These two scores can be used, independently of the treatment strategy, to describe the

clinical outcome in a reasonably standardized manner.

1.6. Objectives of This Review

The objective of this article is to review published data on neurointerventional treat-
ment and to compare outcome quality among the included studies.

2. Materials and Methods
2.1. Search Strategy, Eligibility Criteria, and Data Collection

Standardized literature searches were performed independently in PubMed by four
authors (F.B., R.L., S.S., and F.P.). The term “Vein of Galen malformation” was used in the
primary search to identify original studies published between 01/1980 and 07/2022. The
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titles and abstracts of the collected studies were independently reviewed by the same four
authors, and studies that did not contain any specific information on neurointerventional
treatment were excluded. For the remaining studies that were not excluded up to this
point, or in other words, for studies in which neurointerventional treatment was clearly
stated, the full texts were reviewed and cross-references were manually searched for in
other relevant studies. Exclusion criteria were defined to identify representative studies:
(I) VGM studies containing other forms of cerebral vascular malformations such as dural
arteriovenous fistulae, (II) VGM studies in which surgical transtorcular embolization was
performed via transosseous access, (III) VGM studies in which ≤10 patients underwent
neurointerventional treatment, and (IV) VGM studies with collectives already published. If
there were disagreements among the four authors at this stage of the structured literature
review, consensus was reached through discussion by all authors.

2.2. Summary Measures and Synthesis

The extracted data were entered and processed in an Excel sheet (Microsoft Excel
for Mac, v.15.25, Microsoft, Redmond, WA, USA). Data analysis according to the current
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines
requires the presence of studies with a high level of evidence [22]. Because none of
the identified studies met these quality criteria, a systematic review or meta-analysis
was considered impossible. Instead, extracted and analyzed data from level 4 evidence
studies (Oxford Centre for Evidence-based Medicine) were presented qualitatively and
quantitatively, either as a summary in the main body or as tables detailing the individual
studies [22,23]: clinical background, patient characteristics, indications, procedural aspects,
and technical and clinical outcome.

2.3. Comparison of Outcome Quality

As described above, the comparability of the included studies is limited for method-
ological reasons. Lack of standardization, e.g., in reporting and interpretation of results,
or different inclusion criteria and interdisciplinary approaches, exacerbates this. In order
to enable the best possible comparison and to meaningfully weight outcome quality by
taking into account the specific patient and treatment characteristics, a semiquantitative
multidimensional scoring system was introduced. Six different dimensions were covered:
(1) patient age, (2) clinical symptoms, (3) VGM angioarchitecture, (4) procedure-related
complications, (5) neurological outcome, and (6) overall survival. These dimensions were
selected because their impact on treatment outcomes has been described as significant in
various publications [2,9,10,15,19,20,24–30]. To obtain the final study ranking, two sequen-
tial transformation steps were required. In the first transformation step, percentage values
for the following conditions were determined for each study:

1. Patients younger than 1 month of age at the time of neurointerventional treatment.
2. Patients with severe heart failure as a dominant symptom (e.g., high-output heart

failure, severe congestive heart failure, or cyanotic heart failure).
3. Patients with highly complex VGM angioarchitecture (VGM Yasargil types IVa–IVc or

VGM Lasjaunias type 1 “choroidal”).
4. Neurointerventional treatment without procedure-related complications.
5. Patients with neurologically normal or quasi-normal outcomes.
6. Patients that survived.

In the second transformation step, the determined percentage values were converted
into points according to the following criteria:

0 points—percentage value cannot be derived from the study.
1 point—lowest and second lowest percentage values of all included studies.
2 points—third lowest or fourth lowest percentage value of all included studies.
3 points—fifth lowest or sixth lowest percentage value of all included studies.
4 points—seventh lowest or eighth lowest percentage value of all included studies.
5 points—ninth lowest or tenth lowest percentage value of all included studies.
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and so forth.
Finally, the total score for each study was calculated as the sum of the points awarded

for each of the six dimensions. Consequently, the theoretical minimum of the total score is
0 points and the theoretical maximum of the total score depends on the number of included
studies (e.g., for 8 included studies, the theoretical maximum of the total score is 24). The
total score of each study was used to obtain the final study ranking, with a higher total
score corresponding to a better outcome quality.

3. Results

After a comprehensive review of the literature, eight studies were included in the
synthesis and analysis [11,15,20,29,31–34]. One study was multicentric and the rest were
retrospective monocentric (level 4 evidence studies according to the Oxford Centre for
Evidence-based Medicine). The years of publication ranged from 1997 to 2019, with
the first patients undergoing treatment in 1981 and the last patients in 2018. The total
number of included patients was 480 and patient age ranged from 1 day to 18 years.
Neurointerventional treatment was performed in all studies in the form of embolization,
although it is worth noting that different embolization techniques were used in some of
the studies.

3.1. Summary of Measures and Synthesis
3.1.1. Study “New York” 2004–2015 [35]

Based on the inclusion and exclusion criteria, a total of 45 patients were enrolled in
this monocentric study, all of whom underwent neurointerventional treatment. At the
time of the first neurointerventional treatment, no patient was younger than one month
of age. Mild heart failure, pulmonary arterial hypertension, headache, cognitive decline,
and other reasons led to the indication for neurointerventional treatment. VGM Lasjaunias
type 1 “choroidal” was present in 33 patients, consistent with a highly complex VGM
angioarchitecture in 73% of patients. Neurointerventional treatment was performed prefer-
ably as transarterial embolization, and only as a last resort as transvenous embolization
(note: the authors reported an increased rate of cerebral hemorrhage after transvenous
embolization). Different embolic materials such as glue/iodized oil and EthyleneVinyl Al-
cohol Copolymer (EVOH) were used regularly, whereas coils were used only in exceptional
cases. Staged embolization was performed regularly, with the number of embolizations
ranging from 1 to 11 per patient. In six and two patients, respectively, implantation of
a ventriculo-peritoneal shunt and ventriculostomy were performed as a local treatment
in addition to neurointerventional treatment. The degree of VGM obliteration was com-
plete in 82% and partial in 13% of patients. The procedure-related complication rate was
11%. Complications included intracranial hemorrhage, cerebral ischemia, and subarchnoid
hemorrhage. The follow-up period was not specified. The percentage of patients with
neurologically normal or quasi-normal outcome was 87%. The percentage of patients with
severe neurological impairment was 0%. A total of two patients died.

3.1.2. Study “London” 2003–2008 [34]

Based on the inclusion and exclusion criteria, a total of 33 patients were enrolled in
this monocentric study, 28 of whom underwent neurointerventional treatment. In five
patients, neurointerventional treatment was not performed because of diffuse ischemic
brain injury or a stable clinical condition. The age of the patients at the time of the first
neurointerventional treatment was not specified. Severe heart failure, macrocephalus,
unnatural gait, and other reasons led to the indication for neurointerventional treatment.
VGM Lasjaunias type 1 “choroidal” was present in 20 patients, consistent with a highly
complex VGM angioarchitecture in 61% of patients. Neurointerventional treatment was
exclusively performed as transarterial embolization. Only glue (presumably together
with iodized oil) was used as embolic material. Staged embolization was performed
regularly, with the number of embolizations ranging from 1 to 7 per patient. In five, four,
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and two patients, respectively, ventriculostomy, positioning of an external ventricular
drainage, and implantation of a ventriculo-peritoneal shunt were performed as a local
treatment in addition to neurointerventional treatment. The degree of VGM obliteration
was complete in 39% and partial in 54% of the patients. The procedure-related complication
rate was 43%. Complications included glue migration, ventricular hemorrhage, iliac
artery occlusion, microcatheter adhesion with arterial rupture, microcatheter adhesion
with arterial rupture and death, interhemispheric hemorrhage with venous ischemia in
cortical venous thrombosis, cardiac arrest, combined ventricular/thalamic hemorrhage,
and glue-associated aseptic meningitis. The follow-up period was 33 months (mean). The
percentage of patients with neurologically normal or quasi-normal outcome was 61%. The
percentage of patients with severe neurological impairment was 18%. A total of seven
patients died.

3.1.3. Study “Houston” 2002–2018 [33]

Based on the inclusion and exclusion criteria, a total of 18 patients were enrolled in
this monocentric study, 15 of whom underwent neurointerventional treatment. In three
patients, neurointerventional treatment was not performed because of a critical clinical
condition with bad prognosis, parental choice, or a stable clinical condition. At the time of
the first neurointerventional treatment, 10 patients were younger than 1 month of age (note:
the number of patients younger than 1 week of age was not specified). Severe heart failure,
seizures, motor deficits, and other reasons led to the indication for neurointerventional
treatment. VGM Lasjaunias type 1 “choroidal” was present in 14 patients, consistent with a
highly complex VGM angioarchitecture in 78% of patients. Neurointerventional treatment
was exclusively performed as transarterial embolization. Different embolic materials such
as glue (presumably together with iodized oil), EVOH, and balloon were used regularly.
Staged embolization was performed regularly, with the number of embolizations ranging
from 1 to >4 per patient. Local treatment in addition to neurointerventional treatment was
not specified. The degree of VGM obliteration was complete in 20% and partial in 80% of
the patients. The procedure-related complication rate was 24%. Complications included
coil migration, ventricular hemorrhage, femoral artery occlusion, and subarachnoidal
hemorrhage. The follow-up period was 38 months (mean). The percentage of patients with
neurologically normal or quasi-normal outcome was 67%. The percentage of patients with
severe neurological impairment was 17%. Only one patient died.

3.1.4. Study “Duisburg” 2001–2010 [29]

Based on the inclusion and exclusion criteria, a total of 14 patients were enrolled
in this monocentric study, all of whom underwent neurointerventional treatment. At
the time of the first neurointerventional treatment, eight patients were younger than one
month of age and six patients were younger than one week of age. Severe heart failure,
seizures, cerebral ischemia, and other reasons led to the indication for neurointerventional
treatment. VGM Lasjaunias type 1 “choroidal” was present in 12 patients, consistent
with a highly complex VGM angioarchitecture in 86% of patients. Neurointerventional
treatment was performed as a combined transarterial and transvenous embolization in
all patients (“kissing mucrocatheter technique”; also see below). Only coils were used
as embolic materials. Staged embolization was performed regularly, with the number of
embolizations ranging from 1 to 13 per patient. In two patients, implantation of an external
ventricular drainage was performed as a local treatment in addition to neurointerventional
treatment. The degree of VGM obliteration was complete in 57% and partial in 43% of
the patients. The procedure-related complication rate was 9%, Complications included
unproblematic vascular perforation, ventricular hemorrhage after vascular perforation,
and subarachnoidal hemorrhage after perforation of an embolization coil. The follow-up
period was 53 months (mean). The percentage of patients with neurologically normal
or quasi-normal outcome was 64%. The percentage of patients with severe neurological
impairment was 14%. Only one patient died.
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3.1.5. Study “Mumbai” 1998–2012 [11]

Based on the inclusion and exclusion criteria, a total of 26 patients were enrolled in
this monocentric study, all of whom underwent neurointerventional treatment. At the
time of the first neurointerventional treatment, one patient was younger than one month
of age and one patient was younger than one week of age. Severe heart failure, dyspnoe,
developmental delay of neurocognitive functioning, failure to thrive, and other reasons led
to the indication for neurointerventional treatment. VGM Lasjaunias type 1 “choroidal”
was present in 11 patients, consistent with a highly complex VGM angioarchitecture in
42% of patients. Neurointerventional treatment was exclusively performed as transarterial
embolization. Different embolic materials such as glue/tantalum mixture and EVOH were
used regularly. Whether or not staged embolization was performed was not specified.
In one patient, implantation of a ventriculo-peritoneal shunt was performed as a local
treatment in addition to neurointerventional treatment. The degree of VGM obliteration
was not specified. The procedure-related complication rate was 31%. Complications
included glue-associated granuloma, visual impairment, apnoe, sinus thrombosis, glue
migration into the superior sagittal sinus, heart failure, and ventricular hemorrhage. The
follow-up period was not specified. The percentage of patients with neurologically normal
or quasi-normal outcome was 85%. The percentage of patients with severe neurological
impairment was 4%. A total of three patients died.

3.1.6. Study “Philadelphia” 1994–2007 [32]

Based on the inclusion and exclusion criteria, a total of 13 patients were enrolled in
this monocentric study, 11 of whom underwent neurointerventional treatment. In two
patients, neurointerventional treatment was not performed because of a critical clinical
condition with bad prognosis, parental choice, or a stable clinical condition. At the time of
the first neurointerventional treatment, six patients were younger than one month of age
and three patients were younger than one week of age. Severe heart failure, leukomalacia,
cerebral atrophy, and other reasons led to the indication for neurointerventional treatment.
VGM Lasjaunias type 1 “choroidal” was present in seven patients, consistent with a highly
complex VGM angioarchitecture in 62% of patients. Neurointerventional treatment was
exclusively performed as transarterial embolization. Different embolic materials such as
glue (presumably together with iodized oil) and coils were used regularly. Staged emboliza-
tion was performed regularly, with the number of embolizations ranging from 1 to 3 per
patient. In four patients, implantation of a ventriculo-peritoneal shunt was performed as a
local treatment in addition to neurointerventional treatment. The degree of VGM oblitera-
tion was not specified. The procedure-related complication rate was 36%. Complications
included combined intracranial hemorrhage, subarachnoid hemorrhage, intraventricular
hemorrhage, cerebral venous thrombosis with thalamic hemorrhage, transient Parinaud
syndrome, and postinterventional hemorrhage. The follow-up period was 50 months
(mean). The percentage of patients with neurologically normal or quasi-normal outcome
was 54%. The percentage of patients with severe neurological impairment was 8%. A total
of two patients died.

3.1.7. Study “Le Kremlin-Bicêtre” 1981–2002 [20]

Based on the inclusion and exclusion criteria, a total of 317 patients were enrolled
in this multicentric study, 216 of whom underwent neurointerventional treatment in Le
Kremlin-Bicêtre (Paris, France). Since detailed data for the patients in the other centers
were not specified, the following statements must refer in particular to Le Kremlin-Bicêtre
(216 patients). In 84/317 patients, neurointerventional treatment was not performed be-
cause it was technically not feasible, or because of a critical clinical condition with bad
prognosis. At the time of the first neurointerventional treatment, 83/216 patients were
younger than 1 month of age (note: the number of patients younger than 1 week of age
was not specified). Heart failure (note: whether this also included severe heart failure
was not specified), sinus thrombosis, pial reflux, and other reasons led to the indication
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for neurointerventional treatment. VGM angioarchitecture was not specified. Neuroin-
terventional treatment was performed as transarterial embolization in 208/216 patients
and as transvenous embolization in 8/216 patients. Only a glue/tantalum/iodized oil
mixture was used as embolic material. Staged embolization was performed regularly, with
the number of embolizations ranging from 1 to 5 per patient. Local treatment in addition
to neurointerventional treatment was not specified. The degree of VGM obliteration was
not specified. The procedure-related complication rate was 17%. Detailed data on the
complications were not specified. The follow-up period was not specified. The percentage
of patients with neurologically normal or quasi-normal outcome was 66%. The percentage
of patients with severe neurological impairment was 9%. A total of 23 patients died. In
the other centers, embolization was performed in 17 patients (note: detailed data on these
patients were not specified).

3.1.8. Study “Paris” 1988–1994 [31]

Based on the inclusion and exclusion criteria, a total of 14 patients were enrolled in
this early monocentric study, 13 of whom underwent neurointerventional treatment. In
one patient, neurointerventional treatment was not performed because it was technically
not feasible. At the time of the first neurointerventional treatment, five patients were
younger than one month of age and four patients were younger than one week of age.
Severe heart failure, hydrocephalus, seizures, developmental delay, and other reasons
led to the indication for neurointerventional treatment. VGM Yasargil types I–III were
present in all patients, consistent with a highly complex VGM angioarchitecture in 0% of
patients. Neurointerventional treatment was performed as transarterial embolization in
11 patients and as transvenous embolization in 2 patients. Different embolic materials such
as glue/iodized oil mixture, nylon filaments, and coils were used. Staged embolization
was performed in seven patients. In one patient, radiotherapy was performed as a local
treatment in addition to neurointerventional treatment. The degree of VGM obliteration
and the procedure-related complication rate were not specified. The follow-up period
was not specified. The percentage of patients with neurologically normal or quasi-normal
outcome was not specified. The percentage of patients with severe neurological impairment
was not specified. A total of four patients died.

More detailed qualitative and quantitative data can be found in Tables 4–6.

Table 4. Clinical Background and Patient Characteristics.

Study Proportion of Patients Undergoing
Neurointerventional Treatment

Age of Patients
(Percentage of Patients

Younger than 1 Month of
Age at the Time of

Neurointerventional
Treatment *)

Clinical Indications
(Percentage of Patients with

Severe Heart Failure as a
Dominant Symptom)

Study
“New York”
2004–2015

45/45 1 month–>5 years
(0%)

heart failure; pulmonary arterial
hypertension; macrocephalus;

hydrocephalus; headache; pulsatile
dilated facial veins; cognitive

decline; seizures
(0%)

Study
“London”
2003–2008

28/33 1 day–18 months
(n.s.)

heart failure; macrocephalus;
seizures; vomiting; unnatural gait

(58%)

Study
“Houston”
2002–2018

16/18 n.s.
(67%)

heart failure; seizures; motor
deficits; dilated scalp veins;

hydrocephalus; headache/nausea
(50%)
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Table 4. Cont.

Study Proportion of Patients Undergoing
Neurointerventional Treatment

Age of Patients
(Percentage of Patients

Younger than 1 Month of
Age at the Time of

Neurointerventional
Treatment *)

Clinical Indications
(Percentage of Patients with

Severe Heart Failure as a
Dominant Symptom)

Study
“Duisburg”
2001–2010

14/14 1 day–17 months
(57%)

heart failure; macrocephalus;
hydrocephalus; seizures; cerebral

ischemia
(57%)

Study
“Mumbai”
1998–2012

26/26 1 day–18 years
(4%)

heart failure/dyspnea on feeding;
macrocephalus; developmental

delay of neurocognitive functioning;
seizures; failure to thrive; dilated
scalp veins; visual disturbances;

focal neurological deficits; headache
(4%)

Study
“Philadel-

phia”
1994–2007

11/13 1 day–31 months
(55%)

heart failure; seizures; cerebral
ischemia; intracranial hemorrhage;

leukomalacia; cerebral atrophy
(45%)

Study
“Le Kremlin-

Bicêtre”
1981–2002

216 1/317 <1 month–16 years 1

(38% 1)

heart failure; macrocephalus;
hydrocephalus; seizures; mental

retardation; cerebral atrophy; sinus
thrombosis; pial reflux 1

(n.s. 1)

Study
“Paris”

1988–1994
13/14 1 month–5.5 years

(38%)

heart failure; hydrocephalus;
streaming skull murmur; dilated

facial veins; cerebral atrophy; visual
disturbances (nystagmus,

strabismus, papilledema); seizures;
developmental delay

(21%)

Note: * related to the number of patients and not to the total number of procedures; n.s.: not specified; 1 performed
in Le Kremlin-Bicêtre (and not performed in the other centers in this multicentric study); further details can be
obtained from the first author.

Table 5. Technical Results of Neurointerventional Treatment.

Study
VGM

Angioarchitecture
(Classification)

Treatment Technique
(Embolic Material)

Degree of VGM
Obliteration *

Procedure-Related
Complication Rate

Study
“New York”
2004–2015

highly complex: 73% 1

(VGM Lasjaunias type 1
“choroidal”)

transarterial and/or
transvenous

(glue/iodized oil,
tantalum, EVOH, coils
in exceptional cases)

complete: 82%, partial:
13%

n.s.: 4%
11% 2

Study
“London”
2003–2008

highly complex: 61% 1

(VGM Lasjaunias type 1
“choroidal”)

transarterial
(glue, presumably

together with iodized
oil)

complete: 39%, partial:
54%

n.s.: 7%
43% 2
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Table 5. Cont.

Study
VGM

Angioarchitecture
(Classification)

Treatment Technique
(Embolic Material)

Degree of VGM
Obliteration *

Procedure-Related
Complication Rate

Study
“Houston”
2002–2018

highly complex: 78% 1

(VGM Lasjaunias type 1
“choroidal”)

transarterial
(glue, presumably

together with iodized
oil, EVOH, coils,

balloon)

complete: 20%, partial:
80% 24% 3

Study
“Duisburg”
2001–2010

highly complex: 86% 1

(VGM Lasjaunias type 1
“choroidal”)

combined transarterial
and transvenous

(coils)

complete: 57% > 90%:
21%

50%: 21%
9% 3

Study
“Mumbai”
1998–2012

highly complex: 42% 1

(VGM Lasjaunias type 1
“choroidal”)

transarterial
(glue/tantalum

mixture, glue/iodized
oil mixture, EVOH)

n.s. 31%2

Study
“Philadelphia”

1994–2007

highly complex: 62% 1

(VGM Lasjaunias type 1
“choroidal”)

transarterial
(glue, presumably

together with iodized
oil, coils)

n.s. 36% 2

Study
“Le Kremlin-Bicêtre”

1981–2002
n.s. 3

transarterial and/or
transvenous 3

(glue/tantalum/iodized
oil mixture3)

>90%: 55% 4

50–90%: 39% 4

<50%: 6% 4
17% 2,4

Study
“Paris”

1988–1994

highly complex: 0% 1

(VGM Yasargil types
I–III)

transarterial or
transvenous

(glue/iodized oil
mixture, nylon
filament, coils)

n.s. n.s.

Note: * rounding error for total value < 100%, because the decimal place was not taken into account; EVOH:
Ethylene Vinyl Alcohol Co-Polymer; n.s.: not specified; 1 related to the total number of patients included and not
to the number of patients who received neurointerventional treatment; 2 related to the number of patients who
received neurointerventional treatment and not to the total number of procedures; 3 related to the total number of
procedures and not to the number of patients (used because of missing patient-related data in the original work);
4 performed in Le Kremlin-Bicêtre (and not performed in the other centers in this multicentric study); further
details can be obtained from the first the author.

Table 6. Clinical and Neurological Outcome after Neurointerventional Treatment.

Study

Neurologically Normal or Quasi-Normal
Neurologically Moderately Impaired

Neurologically Severely Impaired
Dead

Overall Survival Rate Follow-Up Period

Study
“New York”
2004–2015

87%
9%
0%
4%

96% 1 n.s.

Study
“London”
2003–2008

61% 1

0% 1

18% 1

7% 1

79% 1 mean of 33 months

Study
“Houston”
2002–2018

67% 1

n.s. 1

17% 1

6% 1

94% 1 mean of 38 months
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Table 6. Cont.

Study

Neurologically Normal or Quasi-Normal
Neurologically Moderately Impaired

Neurologically Severely Impaired
Dead

Overall Survival Rate Follow-Up Period

Study
“Duisburg”
2001–2010

64%
14%
14%
7%

93% 1 mean of 53 months

Study
“Mumbai”
1998–2012

85%
0%
4%

12%

88% n.s.

Study
“Philadelphia”

1994–2007

54% 1

8% 1

8% 1

15% 1

77% 1 mean of 50 months

Study
“Le Kremlin-Bicêtre”

1981–2002

66% 2,3

14% 2,3

9% 2,3

11% 2,3

89% 2,3 n.s.

Study
“Paris”

1988–1994

n.s
n.s
n.s.

29%

71% 1 n.s.

Note: n.s.: not specified; 1 related to the total number of patients included and not to the number of patients who
received neurointerventional treatment; 2 related to the number of patients who received neurointerventional
treatment and not to the total number of patients included; 3 Neurointerventional treatment performed in Le
Kremlin-Bicêtre (and not performed in the other centers in this multicentric study; further details can be obtained
from the authors.

3.2. Comparison of Outcome Quality

Regarding the introduced semiquantitative multidimensional scoring system, the
highest total score, i.e., the best outcome quality, was found for the study “Houston” 2002–
2018 and the study “Duisburg” 2001–2010, with 19 points each, and the study “New York”
2004–2015 with 16 points. The lowest total score, i.e., the worst outcome quality, was found
for the oldest study, the study “Paris” 1988–1994, with 6 points. For the remaining studies,
intermediate total scores, i.e., intermediate outcome quality, was determined. The tabular
and graphical representation of the outcome quality can be found in Table 7 and Figure 1.
As mentioned earlier, the results must be interpreted in light of the limited comparability
of the included studies for methodological reasons, as illustrated in Figure 2.

Table 7. Comparison of Outcome Quality of the Included Studies.

Study 1 1 2 2 3 3 4 4 5 5 6 6 Total Score Final Study Ranking

Study
“New York”
2004–2015

1 1 3 3 4 4 16 sole #3

Study
“London”
2003–2008

0 4 2 1 1 2 10 shared #4

Study
“Houston”
2002–2018

4 3 3 2 3 4 19 shared #1
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Table 7. Cont.

Study 1 1 2 2 3 3 4 4 5 5 6 6 Total Score Final Study Ranking

Study
“Duisburg”
2001–2010

3 3 4 4 2 3 19 shared #1

Study
“Mumbai”
1998–2012

1 1 1 2 3 2 10 shared #4

Study
“Philadel-

phia”
1994–2007

3 2 2 1 1 1 10 shared #4

Study
“Le

Kremlin-
Bicêtre”

1981–2002

2 0 0 3 2 3 10 shared #4

Study
“Paris”

1988–1994
2 2 1 0 0 1 6 sole #8

Note: final study ranking after two sequential transformation steps considering the introduced semiquantitative
multidimensional scoring system; 1 patients younger than 1 month of age at the time of neurointerventional
treatment; 2 patients with severe heart failure as a dominant symptom (e.g., high-output heart failure, congestive
heart failure, or cyanotic heart failure); 3 patients with highly complex VGM angioarchitecture (e.g., VGM Yasargil
types IVa–IVc or VGM Lasjaunias type 1 “choroidal”); 4 Neurointerventional treatment without procedure-related
complications; 5 patients with normal or quasi-normal neurological outcome; 6 patients that survived; #: place in
the ranking.
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dimensions on the ordinate; 0 points: percentage value cannot be derived from the study; 1 point:
lowest and second lowest percentage values of the eight included studies; 2 points: third lowest or
fourth lowest percentage value of the eight included studies; 3 points: fifth lowest or sixth lowest
percentage value of the eight included studies; 4 points: seventh lowest or eighth lowest percentage
value of the eight included studies; the total score for each study was calculated as the sum of the
points awarded for each of the six dimensions.
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Figure 2. Limited Comparability of the included Studies for Methodological Reasons. Note: per-
centage values plotted on the ordinate (if the percentage value cannot be derived from the study, a
placeholder with a percentage value of −10% is used); six dimensions (first transformation step):
1: percentage value for patients younger than 1 month of age at the time of neurointerventional
treatment; 2: percentage value for patients with severe heart failure as a dominant symptom; 3:
percentage value for patients with highly complex VGM angioarchitecture (VGM Yasargil types IVa–
IVc or VGM Lasjaunias type 1 “choroidal”); 4: percentage value for neurointerventional treatments
without procedure-related complications; 5: percentage value for patients with neurologically normal
or quasi-normal outcome; 6: percentage of patients that survived. In order to enable the best possible
comparison and to meaningfully weight outcome quality by taking into account the specific patient
and treatment characteristics, the semiquantitative multidimensional scoring system was introduced.

4. Discussion

Neurointerventional treatment of patients with VGM remains a challenge, as illus-
trated by this review of peer-reviewed and published data. The lack of standardization
in methodology (e.g., reporting and terminology) and treatment (e.g., patient selection,
baseline clinical characteristics, and embolization technique) makes the comparison of
outcome quality among the studies difficult. By using the introduced semiquantitative
multidimensional scoring system, however, a more objective comparison should be possi-
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ble, considering the six key dimensions in the interdisciplinary management of patients
with VGM: (1) patient age, (2) clinical symptoms, (3) VGM angioarchitecture, (4) procedure
related complications, (5) neurological outcome, and (6) survival. After exact analysis of the
data, the following facts become evident. Patients with severe heart failure who received
neurointerventional treatment at an age younger than one month show worse neurological
outcome compared with patients with no severe heart failure but who received neuroin-
terventional treatment at an age older than one month. Because both aforementioned
dimensions seem to show no effect on the procedure-related complication rate, they can
be discussed as procedure-independent negative predictors of a neurologically normal or
quasi-normal outcome. On the other hand, the combination of severe heart failure and pa-
tient age younger than one month does not seem to affect survival after neurointerventional
treatment, as shown by the high survival rates in the studies “Houston” 2002–2018 and
“Duisburg” 2001–2010, despite the high complexity of the patients treated. It remains to be
seen to what extent innovative embolization techniques will lead to further improvements
in technical and clinical outcomes in the future. To achieve the goal of optimized patient
care, complementary treatments also play an important role. Those are discussed in the
following paragraphs.

4.1. Conservative Treatment

Neonatology, pediatric critical care, and neuropediatrics form the second essential
pillar in the interdisciplinary management of patients with VGM. As described earlier, the
primary therapeutic goal in neonates and infants is immediate hemodynamic stabilization.
Pediatric critical care includes drug approaches to improve cardiac function, such as re-
ducing preload (e.g., diuretics) and increasing contractility (e.g., catecholamines) [2,10].
According to the literature, treatment of pulmonary arterial hypertension is performed
with vasopressin and/or nitric oxide and, if necessary, in combination with invasive ven-
tilation [2,10]. As described below under “Practical Insights according to Institutional
Standard”, the treatment of pulmonary arterial hypertension with nitric oxide must be criti-
cally questioned nowadays. Optimization of renal, hepatic, and intestinal function should
prevent multiorgan failure [36]. In children and adolescents, the focus is on neurological
stabilization. The multidisciplinary and sometimes complex specific therapeutic regimens
can be found in the relevant scientific papers, guidelines, and recommendations.

4.2. Neurosurgery

Neurosurgery as a first-line causal treatment is a thing of the past. Yasargil and
colleagues have extensively engaged in microsurgical approaches, with notable success in
the field. However, in a 2013 review article, Yasargil himself pointed out that neurosurgery
in VGM Yasargil types IVa–c should be considered risky because of the involvement of
the diencephalic and mesencephalic arterial feeders [2,10]. On a sober basis, mortality
rates of 88–100% in neonates and 20–25% in infants and young children can be reported
for first-line neurosurgery [11,33,37–42]. On the contrary, complementary neurosurgical
procedures such as placement of a ventricular drain or ventriculostomy are safe and
effective symptomatic treatments for hydrocephalus [2,37,43].

4.3. Radiotherapy

Case reports and mini-series on radiotherapy exist, but no studies with relevant case
numbers or long-term outcomes could be identified. Stereotactic radiosurgery studies were
published by Payne et al. in 2000 and Triffo et al. in 2014, with no specific clinical outcomes
reported [44,45]. The unsuccessful strategy of radiotherapy was demonstrated as early as
1995 by Lasjaunias’ group, with no decisive change in VGM angioarchitecture observed
18–24 months after treatment [46]. The radiogenic effects, if therapeutic at all, occur far too
slowly in the maturing brain, so that neurological maldevelopment is preprogrammed by
the persistence of a relevant intracranial shunt volume. For the above reasons, radiotherapy
should only be considered as a last option in refractory VGM cases [47].
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4.4. Molecular Treatment

The VGM develops between the sixth and eleventh week of gestation, with the physi-
ological transformation of both the anterior part of the MPV into the internal cerebral veins
and the posterior part of the MPV into the Vein of Galen failing to occur [4,5]. There is
now evidence that various gene mutations may cause VGM. According to a 2018 review
article, there is an association with RASA1 gene mutation (including the so-called “capillary
malformation-arteriovenous malformation syndrome”) or ENG/ACVRL1 gene mutation
(including the so-called “hereditary hemorrhagic telangiectasia”) [48]. The increasing
molecular understanding is opening new therapeutic opportunities. For example, it has
become known that the ACVRL1 gene controls a TGF-beta-mediated signaling pathway
that is important for normal vascular development, which in turn may make the use of
TGF-beta-modulating drugs useful in patients with VGM [49]. Should a drug for molecular
treatment become available in the future, the narrow prenatal therapeutic window remains
another challenge.

4.5. “Practical Insights According to Institutional Standard”

As discussed above, medical hemodynamic stabilization before and after neuroint-
erventional treatment is key to clinical success. The following clinical cases show what
optimal interdisciplinary management may look like in patients with VGM Lasjaunias type
1 “choroidal” and type 2 “mural”.

4.5.1. “Pediatric Critical Care-Medical Hemodynamic Stabilization with Prostaglandin E1”

A pregnant woman diagnosed with VGM Lasjaunias type 1 “choroidal” in her unborn
child was admitted at 36 weeks of gestation for controlled delivery. The preterm infant,
with a birth weight of 2570 g, suffered from hemodynamic instability on the first day
of life due to the excessive intracranial shunt volume: suprasystemic increased right
ventricular pressure, patent ductus arteriosus botalli with predominant right-to-left shunt,
and retrograde flow in the descending aorta (the so-called “aortic steal effect”) (Figure 3).
Primary pediatric critical care consisted of noninvasive respiratory support with low
oxygen delivery (IO2F 30%), volume restriction, and administration of furosemide to
lower the preload. At this point, systemic administration of prostaglandin E1 was an
important measure to keep the ductus arteriosus botalli open during ductus-dependent
systemic perfusion. Neurointerventional treatment was performed on the second day of
life and resulted in a significant reduction in the intracranial shunt volume. Clinically,
this was documented by a decrease in right ventricular pressure and normalization of
flow in both the descending aorta and the ductus arteriosus botalli. At that stage, it was
possible to discontinue the administration of prostaglandin E1. Milrinone (as a positive
inotropic and vasodilator), in combination with epinephrine, served for several days to
further support the circulation. Before neurointerventional treatment, the focus is on
treating right heart failure and maintaining the ductus-dependent systemic perfusion.
After neurointerventional treatment, the focus is on preventing left ventricular dysfunction.
Two recent papers discuss in detail the critical care management of patients with VGM, with
particular emphasis on the factor of “severe heart failure” [50,51]. It should be reiterated that
the use of nitric oxide can lead to rapid deterioration of pulmonary status with concomitant
impairment of the systemic perfusion. Therefore, when transferring patients from other
hospitals, we recommend discontinuing nitric oxide treatment or, at most, using it with
extreme caution and as a last option. After neurointerventional treatment, attention must
also be paid to adequate analgesia (ideally intubation anesthesia for 48 h) to avoid arterial
blood pressure spikes and associated complications such as intracranial hemorrhage (the
so-called “normal perfusion pressure breakthrough syndrome”). Taking into account the
clinical course as well as the intracranial Doppler signals, a decision can then be made on
whether and when another neurointerventional treatment is required.
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as a sign of right ventricular decompensation; (B) insufficiency of the tricuspid valve as an indirect
sign of increased pulmonary arterial pressure; (C) patent ductus arteriosus botalli with predominant
right-to-left shunt; (D) retrograde flow in the descending aorta (so-called “aortic steal effect”).

4.5.2. “Neurointerventional Treatment-Hemodynamic Stabilization with Embolization”

Nowadays, modern and innovative techniques are available for neurointerventional
treatment of VGM. A list of materials that can be used, such as sheaths, catheters, mi-
crocatheters, coils, and liquid embolics, can be found in a book chapter [52]. In addition,
the same publication presents the embolization strategy, taking into account the complex
VGM angioarchitecture and ethical aspects of treatment [52]. Based on almost 30 years
of experience of the first author, we are allowed to present selected technical aspects
of embolization in the form of two cases: repeated combined transarterial and transve-
nous embolization using the “kissing microcatheter technique” (Figure 4) and single-stage
transvenous retrograde embolization using the “looping technique” and the “wedging
technique” (Figure 5) [29,52,53].
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Figure 4. Neurointerventional Treatment–Hemodynamic Stabilization with Repeated Combined
Transarterial and Transvenous Embolization in a 1-day-old Patient with VGM Lasjaunias Type 1
“Choroidal”. Note: repeated combined transarterial and transvenous embolization (“kissing micro-
catheter technique”) with subsequent hemodynamic stabilization and neurological improvement;
(A,B) MRI before embolization showing multiple arteriovenous fistulas and malformations; (C–E)
angiography of the arterial feeders (so-called “choroido-thalamic collateral network”); (F–J) repeated
combined transarterial and transvenous embolization from different strategic targets with coils
and/or EVOH; (K–P) unremarkable MRI at 6-month follow-up.
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coils; (J–L) angiography after embolization with confirmation of obliteration of the arteriovenous 
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Figure 5. Neurointerventional Treatment–Hemodynamic Stabilization with One-stage Transvenous
Embolization in a 4-month-old Patient with VGM Lasjaunias Type 2 “Mural”. Note: one-stage
transvenous retrograde embolization (“looping technique” and “wedging technique”) with sub-
sequent neurological improvement; (A,B) MRI before embolization showing single arteriovenous
fistulas and venous outflow via the dilated MPV; (C–E) angiography of the arterial feeders (posterior
pericallosal artery); (F–I) one-stage transvenous retrograde embolization from one strategic target
with coils; (J–L) angiography after embolization with confirmation of obliteration of the arteriove-
nous fistula and complete elimination of the shunt volume; (M–P) unremarkable MRI at 23-month
follow-up.

5. Conclusions

Neurointerventional treatment represents the essential pillar in the interdisciplinary
management of patients with VGM, although standardization is lacking, based on the
results of the structured review. As complementary treatments, pediatric critical care is
mandatory and includes pre-, peri-, and post-neurointerventional medical hemodynamic
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stabilization. Neurosurgery and radiotherapy currently have no roles as first-line treatments
due to high procedure-related morbidity and mortality and/or lack of efficacy.
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