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ORIGINAL RESEARCH
PEDIATRICS

Doppler Ultrasound Flow Reversal in the Superior Sagittal
Sinus to Detect Cerebral Venous Congestion in Vein of

Galen Malformation
S. Schwarz, F. Brevis Nuñez, N.R. Dürr, F. Brassel, M. Schlunz-Hendann, A. Feldkamp, T. Rosenbaum,

U. Felderhoff-Müser, K. Schulz, C. Dohna-Schwake, and N. Bruns

ABSTRACT

BACKGROUND AND PURPOSE: Vein of Galen malformation is a rare congenital cerebrovascular malformation. In affected patients,
increased cerebral venous pressure constitutes an important etiologic factor for the development of brain parenchymal damage.
The aim of this study was to investigate the potential of serial cerebral venous Doppler measurements to detect and monitor
increased cerebral venous pressure.

MATERIALS AND METHODS: This was a retrospective monocentric analysis of ultrasound examinations within the first 9 months of
life in patients with vein of Galen malformation admitted at ,28 days of life. Categorization of perfusion waveforms in the superfi-
cial cerebral sinus and veins into 6 patterns was based on antero- and retrograde flow components. We performed an analysis of
flow profiles across time and correlation with disease severity, clinical interventions, and congestion damage on cerebral MR
imaging.

RESULTS: The study included 44 Doppler ultrasound examinations of the superior sagittal sinus and 36 examinations of the cortical
veins from 7 patients. Doppler flow profiles before interventional therapy correlated with disease severity determined by the
Bicêtre Neonatal Evaluation Score (Spearman r ¼ �0.97, P ¼ , .001). At this time, 4 of 7 patients (57.1%) showed a retrograde
flow component in the superior sagittal sinus, whereas after embolization, none of the 6 treated patients presented with a retro-
grade flow component. Only patients with a high retrograde flow component (equal or more than one-third retrograde flow, n ¼ 2)
showed severe venous congestion damage on cerebral MR imaging.

CONCLUSIONS: Flow profiles in the superficial cerebral sinus and veins appear to be a useful tool to noninvasively detect and
monitor cerebral venous congestion in vein of Galen malformation.

ABBREVIATIONS: AV ¼ arteriovenous; BNES ¼ Bicêtre Neonatal Evaluation Score; cMRI ¼ cerebral MR imaging; FP ¼ flow profile; MPV ¼ median prosen-
cephalic vein of Markowski; SSS ¼ superior sagittal sinus; US ¼ ultrasound; VGAM ¼ Vein of Galen (aneurysmal) malformation

Vein of Galen (aneurysmal) malformation (VGAM) is a rare, com-
plex, congenital cerebrovascular malformation. Arteriovenous

(AV) fistulas or malformations between the persistent median
prosencephalic vein of Markowski (MPV) and various arterial

feeding vessels or both result in intracerebral shunts between the
arterial and venous systems.1 This arteriovenous connection causes
a loss of cerebral arterial resistance with redistribution of blood to
the detriment of the brain and other organ systems, sometimes cul-
minating in high-output cardiac failure. Despite modern therapeu-
tic interdisciplinary interventions, the mortality in neonatal
manifestation is approximately 40%, and 50% of survivors have
poor neurodevelopmental outcomes.2-4

Besides reduced arterial cerebral organ perfusion, increased
cerebral venous pressure plays a key role in the development of
progressive parenchymal brain damage. Arterialization of the
MPV and the cerebral sinus causes a massive increase in cerebral
venous pressure, with subsequent functional outflow obstruction,
leading to congestion, venous ischemia, and hydrocephalus mal-
resorptivus.5-8 Cerebral venous hypertension can be exacerbated
by high venous return due to excessive shunt volumes with car-
diac volume overload and backward failure of the right heart.9
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Furthermore, a maturation disorder of the sinu-jugular connec-
tion due to flow stress in the vessel wall may lead to bilateral ste-
nosis of the jugular bulb, further increasing cerebral venous
pressure.10-12 Thus, venous congestion may persist even after
marked reduction of the shunt volume.

Cerebral venous congestion leads mainly to white matter
injury and subependymal atrophy, making it one of the main fac-
tors for progressive brain damage in VGAM.3,10 To date, there is
no tool for early noninvasive detection and serial assessment of
cerebral venous congestion. Currently, the best method is cere-
bral MR imaging (cMRI), which only shows indirect signs and
direct parenchymal damage due to chronic venous congestion,
such as congested veins, congestive edema, microhemorrhages,
calcifications, and atrophy.13-15

The aim of this study was to investigate the potential of serial
venous ultrasound (US) Doppler measurements to detect and
monitor increased cerebral venous pressure in VGAM.

MATERIALS AND METHODS
This retrospective, monocentric study included all neonates with
VGAM younger than 28days admitted to the tertiary care neonatal
intensive care unit at the Sana Hospital Duisburg between January
and June 2022. All examinations were performed by a board-certi-
fied neonatologist with.10 years of experience in cerebral US and
Doppler US (S.S.) according to a standardized local protocol.

Eligible patients were identified via the electronic patient admin-
istration system, and clinical data were collected from the digital
patient management systems including the PACS. The Bicêtre
Neonatal Evaluation Score (BNES), a validated clinical score with
therapeutic and prognostic significance, was recorded before the
first cMRI to assess disease severity (Online Supplemental
Data).16,17

Approval of the study was granted by the Ethics Committee
of the Medical Faculty of the University Hospital Essen (22–
10801-BO).

US Protocol
To assess the time course of US Doppler flow profiles (FPs), we
analyzed the examination before the first cMRI (T1), after the
first cMRI/embolization (T2), after 5–7 days (T3), and before dis-
charge (T4) of each patient during the first inpatient stay. After
discharge, the available examinations were evaluated on an indi-
vidual basis.

All US scans were obtained using 1
of 2 high-end US machines (LOGIQ S8/
LOGIQ E10s R3; GE Healthcare)
equipped with high-resolution linear
transducers (ML5-15-D or ML4-20-D;
GE Healthcare). Venous cerebral US
Doppler flow measurements were docu-
mented only in calm, preferably sleep-
ing, infants. US Doppler FPs in the
superior sagittal sinus (SSS) were recor-
ded using a median sagittal section (Fig
1). First, the SSS was visualized in a longi-
tudinal section at a low penetration depth
in B-mode and color-coded Doppler US
with flow displayed over the entire vessel

section. Next, an angle-corrected pulsed Doppler time-frequency
analysis of intravascular flow in a far posterior vessel segment before
the junction of any VGAM drainage veins was performed. The sam-
ple volume was adapted until the entire width of the vessel was cap-
tured. Visual and acoustic reassurance of an optimal time-frequency
Doppler signal ensured that the sample volume passed through the
center of the vessel. Doppler FPs in the cortical veins were measured
with the same transducer, following the same optimization steps
(Fig 2B). The FPs were only evaluated for this study if the Doppler
flow curves had sufficient image quality, ie, correct positioning of
the sample volume, correct wall filter, correct pulse repetition fre-
quency, and sufficient Doppler signal for at least 5 seconds.

Classification of US Doppler FPs
Following Ikeda et al,18 the FPs were classified into 6 different
types (Fig 2): FP1: low alterations of the flow amplitude, mini-
mum velocity never less than half of the maximum velocity; FP2:
increased undulation, minimum speed less than half of the maxi-
mum speed; FP3: increased undulation, minimum speed dropping
to 0 cm/s or retrograde flow; FP4: retrograde flow component
with pulsatile retrograde flow; FP5: high retrograde flow, equal or
more than one-third retrograde flow of the total Doppler flow;
and FP6: complete retrograde flow.

MR Imaging
Timing of endovascular therapy was determined by interdiscipli-
nary consensus based on clinical and sonographic findings. The
first cMRI was performed with the patient under the same anes-
thesia as in the first procedure. Assessment of the first cMRI and
the follow-up cMRI after 1–10months was retrospectively per-
formed by an experienced neuroradiologist (N.R.D.), blinded to
the clinical course using a structured report and a previously
described scoring system for structural brain abnormalities.19

Damage to the brain parenchyma was classified as no lesion, mild
lesion, moderate lesion, and severe lesion. All structural abnor-
malities were documented, especially signs of brain atrophy,
medullary lesions, ischemic or hemorrhagic infarcts or their rem-
nants, hemorrhages, and damage due to venous congestion.

Endovascular Therapy
In most centers, endovascular therapy of a VGAM is performed
via a transarterial approach with exclusive embolization of the ar-
terial feeders apart from the point of shunting. According to our
clinical routine, combined therapy with arterial and venous

FIG 1. Doppler imaging protocol of the SSS and cortical veins in a median sagittal section. A, SSS in
median sagittal section in color-coded Doppler US with tilted Doppler beam (dotted line) and cor-
responding angular correction (white line). B, Cortical arteries and veins in sagittal section in color-
coded Doppler US show possible measurement points (white lines).
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access was performed for precise occlusion of AVFs, with high
flow exactly at the shunting point with coils and/or ethylene-vinyl
alcohol. To obtain direct access to the inflowing artery at the
entry point of the dilated persistent MPV, we introduced superse-
lective arterial feeder probing in combination with retrograde
transvenous access using the “looping technique” or “kissing
microcatheter technique.”20

Statistical Analyses
Categoric variables are summarized as counts and relative fre-
quencies; continuous variables are presented as median and
range. The Spearman r was calculated to assess the association of
FPs in the SSS and BNES. SAS Enterprise Guide 8.3 (SAS
Institute) was used to perform statistical analyses.

RESULTS
A total of 7 neonates with VGAM with a median gestational age
of 38 1/7 (range, 34 2/7–41 6/7) and a median birth weight of
3380 g (range, 2220–4250 g) were admitted in the study period
(Fig 3 and Online Supplemental Data). They were admitted as

inpatients at a median age of 2 days (range, 1–13days) with a me-
dian BNES of 18 (range, 7–21). According to Lasjaunias,16 3 of 7
(42.9%) of the AV malformations were choroidal, 3 of 7 (42.9%)
were mural, and 1 of 7 (14.3%) was a mixed type.17

One patient was treated palliatively due to severe brain paren-
chymal damage at the initial presentation and died in the second
week of life. All other patients underwent endovascular therapy
at a median of 4.5 days (range, 1–14 days) after birth in the
Department of Interventional Neuroradiology and were dis-
charged alive. One neonate experienced intraventricular hemor-
rhage and posthemorrhagic hydrocephalus after the intervention.
No other neonates developed complications from the procedure
(Online Supplemental Data).

US Doppler Flow Measurements during Initial Therapy
All 7 patients underwent a standardized US before and 1 day after
the first embolization and after cMRI in the palliative case (T1 1
T2). All survivors were examined before discharge (T4), and 5
of the 6 survivors underwent an additional examination 5–7 days
after embolization (T3). Thus, 26 Doppler US examinations of

FIG 2. Classification of Doppler FPs of the SSS in neonates with vein of Galen malformation. A, FP1: Doppler FP with low fluctuation, minimum
velocity, never less than half of the maximum velocity. B, FP2: Increased fluctuations of the flow velocities with minimum velocity less than half
of the maximum velocity. C, FP3: Doppler FP with intermittent retrograde flow. D, FP4: Doppler FP with pulsatile retrograde flow. E, FP5: Doppler
FP with a high retrograde flow (equal or more than one-third retrograde flow of the total Doppler flow). F, FP6: Doppler FP with complete retro-
grade flow.
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the SSS and 25 examinations of the cortical veins were included
in this analysis (Fig 4A).

Overall, 4 of 7 (57.1%) of the Doppler flow measurements at
T1 showed a retrograde flow component in the SSS. After embo-
lization, no patient had a retrograde flow component. One week
after the first embolization, patient 5 developed an increasing ret-
rograde flow component that progressed to complete retrograde
flow in the SSS and cortical veins until discharge.

At all time points, correlating abnormal FPs in the cortical
veins were observed only when the SSS had a high retrograde
flow component (FP51 6) (Online Supplemental Data).

Before interventional therapy, US Doppler FPs correlated
with disease severity determined by BNES (r ¼ �0.97; 95% CI,
�0.995 to �0.787; P ¼ , .0001). Pathologic FPs occurred more
frequently with low BNESs (Fig 4B).

Correlation to Congestion Damage on cMRI
Only 2 patients showed severe venous congestion damage on
cMRI (Online Supplemental Data). Patient 1 showed severe cere-
bral damage on the first cMRI. Patient 5 showed cerebral injury
with moderate atrophy, white matter damage, and hydrocephalus
ex-vacuo and malresorptivus due to venous congestion on the sec-
ond MR imaging. Both patients had high or complete retrograde
flow in the SSS and cortical veins before cMRI. No other patient
showed similarly abnormal US Doppler FPs in the SSS or the cere-
bral veins at any time (Fig 5).

US Doppler Flow Measurements during Follow-up
Only in patient 5 could serial Doppler measurements be eval-
uated after discharge. In the other patients, no or only single

examinations were performed during follow-up. None of these
examinations showed retrograde flow components in the SSS or the
cortical veins. Finally, 21 examinations could be included in this
analysis.

Patient 5 showed a highly pathologic, retrograde, arterialized
FP in both the SSS and cortical veins at re-admission. This patho-
logic FP developed during the first hospital stay (Fig 6A and
Online Supplemental Data). At discharge (at the age of 9weeks)
and re-admission (at the age of 14weeks), the SSS showed an arte-
rialized FP toward the frontal base. At re-admission, there was also
retrograde arterialized flow in the cortical veins. Direction of flow
in the SSS and the cortical veins remained unchanged even after
further embolization. Severe occlusion of the venous outflow due
to bilateral stenosis of sinu-jugular junctions was finally diagnosed
by MR imaging and invasive angiography, followed by endovascu-
lar therapy with bilateral balloon dilation and additional stent im-
plantation on the left side. With each dilation step, the Doppler US
flow direction in the SSS and cortical veins became less arterialized
until almost complete normalization at the end of the intervention
(Fig 6B). The examination at re-admission due to status epilepticus
at 9months of age showed again an arterialized, retrograde flow in
the SSS and cortical veins with a significant increase of cerebral
damage due to venous congestion on cMRI (Online Supplemental
Data). Restenosis of the sinu-jugular junction could be excluded.
After.90% occlusion of the VGAM, complete normalization of
the FP in the SSS was observed.

DISCUSSION
This retrospective observational study evaluated the use of US
Doppler FPs of the superficial cerebral sinus and veins to detect
venous congestion in VGAM serving as a bedside, broadly avail-
able, and noninvasive method for serial assessment during ther-
apy. Sufficient occlusion of the VGAM corresponded to
normalization of US Doppler FPs. Vice versa, persistent patho-
logic flow correlated with cerebral damage as measured on cMRI.

Normal US Doppler flow patterns of the cerebral veins are
characterized by a continuous flat or sometimes slightly undulat-
ing profile. In the cerebral sinus, amplitude fluctuations up to a
triphasic forward flow are more common.21-23 These fluctuations
correspond to the cardiac action and respiratory movements.24

Recent advances in US technology allow the assessment of small
cortical and medullary veins and analysis of intravascular flow
even at low venous flow velocities.25

In this study, infants with VGAM frequently showed patho-
logic spectral US Doppler waveforms in the SSS with retrograde
flow components, preinterventionally correlating with disease se-
verity measured by the BNES. The proportion of pathologic FPs
in the SSS decreased after partial superselective embolization,
likely due to effective shunt reduction with concomitant pressure
reduction in the cerebral venous system.5

In 1 patient, retrograde arterialized flow in the SSS occurred
before discharge. Retrospectively, the increasing flow reversal
resembled a venous outflow occlusion caused by bilateral stenosis
of the jugular bulb. Serial US examinations during the endovas-
cular reopening demonstrated the resolution of the FP abnormal-
ities in real-time. After 5months, complete retrograde flow in the
SSS as well as in the cortical veins reoccurred, accompanied by

FIG 3. Scheme and MR imaging of a VGAM. A, Simplified scheme of
VGAM. B, Sagittal T2-weighted MR image. C, Arterial TOF-MRA. D,
Venous TOF-MRA. 1) internal carotid artery; 2) basilar artery; 3) ante-
rior cerebral artery; 4) pericallosal artery; 5) posterior cerebral artery;
6) dilated MPV; 7) falcine sinus; 8) straight sinus; 9) accessory conflu-
ence; 10) SSS; 11) transverse sinus; 12) internal jugular vein.
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FIG 4. A, Individual course of the FPs in the SSS across time per patient. T1 ¼ US Doppler measurement before embolization/first cMRI; T2 ¼
US Doppler measurement 1 day after embolization/first cMRI; T3 ¼ US Doppler measurement 5–7 days after embolization; T4 ¼ US Doppler
measurement before discharge. B, Association between Doppler FPs and BNES before therapy. Spearman rank correlation coefficient r ¼
�0.97 (95% CI,�0.995 to�0.787; P, . 0001). Pat. indicates patient.

AJNR Am J Neuroradiol 44:707–15 Jun 2023 www.ajnr.org 711



exacerbation of the cMRI findings. Consequently, almost com-
plete embolization of the AV malformation resulted in a perma-
nent normalization of the FPs.

A potential explanation for retrograde US Doppler flow com-
ponents is the fluctuation of right atrial pressure during the car-
diac cycle in patients with elevated central venous pressure.
Tanaka et al26 described pathologic FPs in the corresponding in-
ternal cerebral veins in 2 preterm infants with high-grade intra-
ventricular hemorrhage. They attributed the retrograde flow
components to increased venous pulsation caused by increased
atrial contraction waves. The reverse flow corresponded to A and V
waves, probably generated by an increase in right atrial pressure.26

This may also play an important role in patients with VGAM with
backward failure of the right heart. Another reason for insufficient
venous outflow of the SSS in VGAM could be arterialized pressure
in the confluence of sinuses or accessory confluence of sinuses.
Quisling andMickle6 performed invasive venous pressure measure-
ments within the Galen aneurysm/straight sinus complex in
patients with Galen AVFs and vein of Galen aneurysms. The pres-
sure was above the normal range (,5 cmH2O) in all cases and var-
ied between 9 and 55 cm H2O. Values .20 cm H2O were
associated with an increased incidence of cerebral calcifications as a
typical sign of congestion damage. Venous outflow obstruction
might be exacerbated by peak pressure during systole, possibly
explaining the pulsatile reflux into the SSS sometimes observed.

Fluctuations in central venous pressure can be transmitted
into the intracranial veins only in the absence of mechanical out-
flow obstruction. Probably, mechanical outflow obstruction ini-
tially leads to rising prestenotic pressure, increasing the pulsatile
reflux into the SSS. Later, the complete or partial venous outflow
from the AV malformation across the SSS directs the arterialized
retrograde flow toward the frontal base. If the pressure in the SSS

exceeds the pressure in the afferent cortical veins, this scenario
may result in a loss of normal ventriculocortical venous flow
direction in the cortex and subcortical white matter. In the ab-
sence of sufficient collateral outflow tracts, this loss leads to ve-
nous congestion with subsequent parenchymal damage.
Therefore, highly retrograde Doppler flow in the SSS is associated
with pathologic FPs in the cortical veins and cerebral congestion
damage on cMRI.

Real-time assessment of cerebral venous pressure is a diagnos-
tic challenge. Accurate measurement can only be performed
intracranially during angiography and is, therefore, not feasible as
a routine diagnostic method for serial assessment. Currently, the
only noninvasive tool to detect venous congestion is the appear-
ance of indirect signs or direct parenchymal damage due to
chronic venous congestion measured by cMRI.6,13-15 Alterations
on cMRI occur as late signs when damage has already occurred. In
addition, cMRI scans cannot be repeated serially due to logistic and
financial limitations and frequently require sedation or even anes-
thesia. Noninvasive methods for serial screening, monitoring, and
follow-up of venous congestion would, therefore, be of great benefit
for individual therapeutic management in VGAM.

Our study is limited by the sample size and retrospective
design. This limitation is because VGAM is extremely rare, with
approximately 1:58 100 live births per year in Germany.27 The
limited number of patients limits the possibility of conducting
advanced statistical analyses. Furthermore, the criterion standard
used to diagnose venous congestion in this study, namely cMRI,
has a time lag between the onset of venous congestion and the
manifestation of parenchymal damage detectable by this method.

Intracranial venous pressure is particularly influenced by cen-
tral venous pressure, which, in turn, depends on volume status,
cardiac function, and right ventricular and pulmonary artery

FIG 5. Relationship between the FP in the SSS at T1 and T4 and the damage due to venous congestion detectable in the first and second cMRI.
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FIG 6. A, Timeline of the FPs in the SSS during 9 life months in patient 5. B, Course of Doppler FPs in the SSS under endovascular interventional
therapy of stenosis of the jugular bulb in patient 5 (in the angiography room at the age of 16weeks). A (upper left), An US Doppler FP in the SSS
directly before balloon dilation on the left showing an arterialized retrograde flow. B (upper right), After balloon dilation and stent implantation
on the left side decrease in flow velocities with reduced retrograde flow. C (bottom left), After additional balloon dilation on the right side, fur-
ther reduction of the retrograde flow component and normalization of the flow direction. D (bottom right), At 24 hours after the procedure,
further normalization of the US Doppler FP and increased undulation with minor retrograde components. Vmax indicates maximum velocity;
Vmin, minimum velocity.
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pressures. Therefore, both central venous pressure and cerebral
venous US Doppler FPs may be affected not only by embolization
itself but also by supportive measures or changes of the cardiocir-
culatory status. These include drug therapies (preload-lowering
agents, inotropes, vasodilators, and sedation) and changes in cir-
culatory conditions due to spontaneous closure or reopening of
the ductus arteriosus (including prostaglandin E1 therapy) and
must indispensably be considered when interpreting serial
measurements.

Direct sonographic determination of the actual venous pressure
is impossible. In VGAM, Doppler US in the SSS and cortical veins
allows only a semiquantitative assessment of current hemodynam-
ics caused by obstructed outflow of the superficial veins and thus
an indirect estimate of venous congestion in the cerebral cortex.
The outflow from the deep cerebral veins, which are directly
affected by the increase in pressure in the persistent MPV, cannot
be estimated with this method. Venous congestion leads to the for-
mation of various venous collaterals. The veins involved in the col-
lateral circuits exhibit sectional retrograde flow and may persist
even after complete closure of all AV shunts of the VGAM, con-
tributing to physiologic drainage of the brain parenchyma.

Yet, in patients with VGAM, US Doppler flow measurements
of the superficial cerebral sinus and veins appear to have great
potential to improve patient care and possibly neurologic out-
come by providing the possibility of noninvasively monitoring
cerebral venous hemodynamics in real-time. The data presented
suggest that it is reasonable to integrate the US assessment of ve-
nous cerebral outflow in patients with VGAM into routine care.
Further prospective studies should investigate the relevance of
cerebral venous Doppler measurements for intensive care and
endovascular therapy management in these neonates and in the
prenatal diagnostics of fetuses with VGAM.

Besides this specific patient group, our study also points to the
general potential of cerebral venous US Doppler flow measure-
ments toward an understanding of cerebral venous hemodynamics
in neonates. Abnormalities of venous US Doppler FPs cannot be
expected only in VGAM but also in other diseases with cerebral ve-
nous outflow or upper cardiac inflow congestion. With ongoing
technical advancements,28 the cerebral venous system deserves
increased attention both scientifically and in clinical practice to
evaluate the clinical relevance of different venous Doppler wave-
forms in neonates with complex hemodynamic conditions.

CONCLUSIONS
Flow reversal in the SSS measured with spectral Doppler US is a
promising new diagnostic parameter for the assessment of venous
congestion in VGAM. Relevant retrograde flow may indicate cer-
ebral venous outflow obstruction due to increased central or cere-
bral venous pressure or mechanical occlusions and should
prompt further diagnostic measures. As US techniques evolve,
the potential of cerebral venous Doppler waveforms should be
more systematically explored.
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