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Abstract

Neonatal neuro-intervention is challenging. The purpose of this article is to report the neuro-intervention 
for the neonates with brain arteriovenous fistulas (AVFs), with special reference to access routes. Fifteen 
neonates (12 boys and 3 girls) who underwent neuro-intervention within the first 14 days of life were 
 included. Their diagnoses included vein of Galen aneurysmal malformation (6), dural sinus malformations 
with arteriovenous (AV) shunts (6), pial AVF (2), and epidural AVF (1). Birth weight ranged from 1,538 g to 
3,778 g (mean 2,525 g). Neuro-interventions, especially access routes, in the neonatal periods (< 1 month) 
were retrospectively reviewed. All neonates presented with severe cardiac failure. In total, 29 interven-
tions (mean 1.9) were performed within 1 month. Although 12 neonates with birth weight more than 2,700 
g could be treated through transfemoral arterial routes, 3 neonates with birth weight less than 2,200 g could 
not be treated successfully by femoral arterial routes. Interventions were performed through 19 femoral 
arterial, 3 femoral venous, 2 umbilical arterial, 3 umbilical venous, 3 transcardiac, and 2 direct carotid 
routes. Their overall outcomes were six good recovery, one moderate disability, two severe disabilities, one 
vegetative state, and five deaths with a mean follow-up period of 7 years 2 months. Neuro-intervention for 
the neonates with birth weight more than 2,700 g can be performed by femoral arterial routes using a 4F 
sheath. For those with birth weight less than 2,200 g, however, alternative access routes are required. 
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Introduction

Brain arteriovenous fistulas (aVFs) encountered in 
the neonatal period include vein of galen aneurysmal 
malformation, dural sinus malformation with aV 
shunts, and less frequently pial aVF.1–5) Whatever 
brain aVFs the neonates had in this period, they 
commonly present with severe congestive heart 
failure.6) Treatment is directed to ameliorate cardiac 
failure by reduction of shunt flow in addition to 
aggressive medical treatment. direct surgery has no 
longer any role in treatment of such neonates with 
severe heart failure.7) Neuro-intervention has an 
important role to achieve this goal.8,9 Brain damage 
at birth caused by brain aVFs is contraindication 
of treatment in europe and in the united states,3,5) 
but therapeutic abstention for such neonates is not 
always possible in Japan when the parents strongly 
wish to treat the affected baby. Further, prediction 
of the outcome in the early neonatal period is not 
always reliable.10) Transcatheter treatment is not 

straightforward in this period due to fragilities 
of the cerebrovascular system of neonates, which 
include difficulty of catheter access. The purpose 
of this study is to report the neuro-intervention for 
the neonates with brain aVFs, with special refer-
ence to the vascular access routes.

Materials and Methods

Fifteen neonates (12 boys and 3 girls) who under-
went the initial neuro-interventions within the first 
14 days of life were included in this study. indica-
tion of treatment for these 15 neonates was severe 
congestive heart failure and respiratory failure. 
all neonates were intubated and ventilated when 
we considered neuro-interventions of brain aVFs. 
Neonatologists judged from clinical status and results 
of ultrasound examination that medical treatment 
could not control their heart failure due to a large 
amount of aV shunts. Focal neurological deficits 
including hemiparesis were not apparent in all cases. 
No patients had congenital cardiac anomalies. Five 
neonates with cerebral aV shunts without severe received december 17, 2015; accepted January 11, 2016 
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heart failure during the study period were excluded 
from this study and their diagnoses included three 
veins of galen aneurysmal malformations and two 
dural sinus malformations with aV shunts. They 
were treated in 3–5 months after birth. diagnoses 
of 15 patients included six veins of galen aneu-
rysmal malformation (all choroidal types), six dural 
sinus malformations with aV shunts (all medial 
types involving the torcular herophili), two pial 
aVFs, and one epidural aVF at the craniocervical 
junction including the hypoglossal canal and intra-
muscular aVF in the cervical muscles presenting as 
Cobb syndrome. The main feeding arteries in two 
neonates with pial aVFs were middle cerebral artery 
and basilar artery, respectively. The purpose of the 
interventions in this period was not the anatomical 
cure, but to improve the clinical status. They were 
treated in the period between November 1995 and 
March 2015 and were all followed-up until september 
2015 except for the dead (Table 1). all procedures 
were performed after obtaining written informed 
consents from the patient’s parents.

Timing of delivery was at the gestational periods 
between 31 weeks 0 day and 41 weeks 6 days (mean 
37 weeks 1 day). Modes of delivery were two sponta-
neous deliveries and 13 caesarian sections. antenatal 
diagnoses of brain aVFs by fetal magnetic resonance 
(Mr) imaging were established in 10 neonates. Birth 
weight ranged from 1,538 g to 3,778 g (mean 2,525 g). 
There was no neonate with birth weight between 
2,200 g and 2,700 g. Ten neonates were treated in 
our hospital and the remaining five were treated in 
the outside hospitals by the senior author (M.K.). 
Brain damages (atrophy, cerebromalacia, hemor-
rhage, and infarction) on pre-treatment ultrasound 
and computed tomography (CT)/Mr images were 
observed in six neonates (Cases 2, 4, 10, 11, 13, 14), 
and no apparent brain damages were observed in 
the remaining nine neonates.

Femoral arterial approach under general anes-
thesia was principally used if feasible. When 
femoral arterial approach was not possible, the 
other approaches including umbilical approaches 
were deliberately selected. For transfemoral arterial 
and venous approaches and transumbilical arterial 
approach, a 4F sheath (7–10 cm long) was used, 
and a 4F diagnostic catheter (60–100 cm long) was 
used as a guiding catheter. For transumbilical venous 
approach, a 4–5F sheath (7–10 cm long) was used 
and a 4F diagnostic catheter (60–100 cm long) was 
used as a guiding catheter. For transumbilical or 
transfemoral venous transcardiac approach, a 5–6F 
sheath (7–10 cm long) was used, and a Tracker 38 
catheter (105 cm long, Boston scientific, Fremont, 
usa), 4–5F Cerulean catheter (125 cm long, Medikit, 

Tokyo), or 4F Fubuki catheter (120 cm long, asahi 
intecc Co., Ltd., Nagoya) was used as transcardiac 
guiding catheters (Fig. 1). For direct carotid arterial 
approach, an 18-g elastic needle was inserted into 
the common carotid artery under vision. as a coaxial 
microcatheter to deliver embolic materials, a Magic 
catheter (Balt, Montmorency, France) was used for 
glue embolization and variable 18-type microcatheters 
were used for detachable coil and/or glue emboliza-
tion. Pediatric anesthesiologists performed general 
anesthesia in all cases with endotracheal intuba-
tion. arterial blood pressure and oxygen saturation 
were monitored throughout the procedures. embolic 
materials in the arterial embolization were mostly 
glue, i.e., mixture of N-butyl cyanoacrylate (NBCa) 
and Lipiodol (guerbet, France) in addition to vari-
able sizes and shapes of 10- or 14-type electrically 
detachable platinum coils. Those in the venous 
embolization were 14- or 18-type electrically detach-
able platinum coils. Coils were used for scaffolding 
a glue cast in the feeding arteries by transarterial 
approach or for occlusion of the dural ectasia by 
transvenous approach. NBCa concentrations were 
above 33%, but high concentration such as 60–80% 
was required to occlude high flow fistulas in the 
neonatal interventions. outcomes were classified 
as good recovery (gr) when the patient developed 
almost normally, moderately disabled (Md) when 
the patient grew with moderate developmental delay, 
severely disabled (sd) when the patient is severely 
handicapped, and death (d). Clinical symptoms, 
neuro-interventions especially vascular access routes, 
and outcomes were reviewed retrospectively.

Results

all 15 neonates presented with severe cardiac failure 
due to volume overload attributable to the brain aVFs. 
No neonate had cardiac anomalies. apgar scores at  
1 min and 5 min were 2–9 and 6–9, 6.0 and 7.9 (mean), 
respectively. Thus, apgar scores at birth were not always 
correlated to the severity of heart failure. although 
the general conditions were poor due to heart failure, 
focal neurological deficits were not observed in any 
neonates as were the case with neonates with pedi-
atric stroke in this period. initial interventions were 
required on day 0 (3 neonates), on day 1 (3 neonates), 
on day 2–6 (5 neonates), and on day 7–9 (4 neonates) 
with a mean of day 3.7. The earliest intervention was 
performed 4 hours after caesarian section in Case 5. 
Three neonates with birth weight less than 2,200 g 
could not be treated successfully by femoral arterial 
routes. in one boy with body weight of 1,728 g at 
birth and 1,463 g at intervention on day 7 (Case 2), 
vascular sheath insertion caused dissection/laceration 
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of the femoral arteries bilaterally, and finally both 
arteries were ligated. The remaining two neonates 
(Cases 1 and 3) were treated through various routes, 
such as femoral venous and umbilical arterial routes 
(Figs. 2, 3). Twelve neonates with birth weight more 
than 2,700 g could be treated through femoral arterial 
routes, but for one neonate in whom bilateral femoral 
arteries were occluded by the first two interventions 
(Case 7), femoral venous and transcardiac routes had 
to be used in the subsequent interventions (Fig. 4.) 

Twenty-nine interventions in total consisted of 
25 arterial, 3 venous, and 1 both arterial/venous 
embolization through 19 femoral arterial, 3 femoral 
venous, 2 umbilical arterial, 3 umbilical venous, 3 
transcardiac (femoral or umbilical venous), and 2 
direct carotid arterial routes. excluding the lethal 
cases, aV shunts were disappeared or not visualized 
on the following Mr angiography in all cases except 
for Cases 7 and 15, in which further treatment were 
scheduled for the small residual aV shunts. 

Complications included leg ischemia (1), laceration 
or occlusion of femoral arteries (3), and intraoperative 
hemorrhage including intracranial vessel rupture and 
perforation (4). Leg ischemia after umbilical arterial 

Fig. 1 Transumbilical approaches. A: Transumbilical 
arterial approach is shown as a solid line with an 
arrowhead. Transumbilical venous, transcardiac arterial 
approach is shown as an interrupted line while transum-
bilical venous, jugular venous approach is depicted as a 
fine interrupted line. (Modified illustration from Journal 
of Neurosurgery with permission.14)) B: Intraprocedural 
photograph of the transumbilical arterial approach 
(Case 1). The microcatheter and diagnostic catheter are 
coaxially introduced into the 4F sheath in the umbilicus. 
Interrupted blue line indicates an expected course of the 
catheter system through the umbilical artery – internal 
iliac artery – common iliac artery – descending aorta. 
The patient’s head is on the right side of the figure. 

approach responded well to medical treatment and 
recovered completely (Case 1). unilateral and bilat-
eral femoral artery occlusion in two cases (Cases 6 
and 7) did not cause leg ischemia, but forced to use 
alternative access routes for the subsequent interven-
tions in the latter case. intra-procedural hemorrhages 
resulted in four deaths. Post-procedural hemorrhage 
after the third intervention at 7 months resulted in 
one vegetative state (Case 13). 

Their overall outcomes were six good recovery, 
one moderate disability, two severe disability, one 
vegetative state, and five deaths. outcomes of six 
neonates with pre-treatment brain damages on 
CT/Mr were five deaths and one vegetative state. 
Follow-up period counted from birth ranged from 
7 months to 17 years 9 months (mean 7 years 2 
months) except for the lethal cases. 

Discussion

I. Neonates with high-flow brain AVFs
high-flow brain aVFs in the neonatal periods 

include vein of galen aneurysmal malformation, 
dural sinus malformation with aV shunts, and less 

A B
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frequently pial aVF.1–5) Their symptoms in this period 
are inevitably severe congestive heart failure.6,8) if 
heart failure is so severe during the fetal period, 
fetal death in utero occurs due to hydrops fetalis. 
soon after delivery, ultrasound evaluation of the 
cardiac function may prompt early intervention 

often within the first few days of life, occasionally, 
on the day of delivery in some case. actually in 
our series, neonates were treated initially on day 
3.7 in average. Birth weights may indicate maturity 
of neonates, which define the availability of the 
vascular access for intervention. Large aV shunts 

Fig. 2 Case 1, a girl with birth weight of 1,538 g. Transumbilical arterial approach for dural sinus malformation 
with arteriovenous (AV) shunts. A: T1-weighted sagittal magnetic resonance (MR) image on day 1 shows mark-
edly dilated dural ectasia at the torcular herophili (arrows). B: Left common carotid injection from a 4F catheter 
introduced from right umbilical artery. Arrows indicate large left middle meningeal artery, which was embolized 
with glue. Arrowhead points at left tentorial artery. C: Fluid-attenuated inversion recovery image obtained at the 
age of 2 years and 6 months shows no brain damage or dural ectasia at the torcular herophili. MR angiography 
(not shown) demonstrates no AV shunt.  

Fig. 3 Case 3, a boy with birth weight of 2,135 g. Femoral venous approach and direct carotid arterial approach 
for dural sinus malformation with arteriovenous shunts. A: Fetal T2-weighted axial magnetic resonance image 
obtained 2 days before delivery shows dilated dural ectasia at the torcular herophili (arrows). B: Lateral venog-
raphy of markedly dilated dural ectasia on day 1. Transfemoral venous embolization to the dural ectasia was 
performed without angiographic control. Large amount of coils was deposited in the ectasia. C: On day 7, left 
common carotid artery was surgically exposed, and direct puncture of an 18-gauge elastic needle allowed direct 
carotid arterial access. Needle tip (arrow) was in the left external carotid artery. Selective injection of left middle 
meningeal artery (lateral view) was followed by glue embolization. Arrowheads indicate the previously deposited 
coil mass in dilated dural ectasia.

AA

A B C

B C
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in the brain are associated with compromised blood 
flow in the descending aorta. Consequently, blood 
flow to the femoral arteries is also compromised. 
even under this condition, femoral arterial approach 
could be applied for neonates with birth weight 
more than 2,700 g. however, neonates with birth 
weight less than 2,700 g carry a risk of occlusion of 
femoral artery even if treatment could be successfully 
performed. in fact, insertion of a 4F sheath to the 
femoral arteries of the neonate with birth weight 
of 1,728 g under direct vision resulted in dissec-
tion/laceration of bilateral femoral arteries (Case 2). 
similarly, a 4F sheath insertion resulted in bilateral 
femoral arteries occlusion in a neonate with birth 

Fig. 4 Case 7, a boy with birth weight of 2,778 g. 
Transfemoral venous, transcardiac approach for dural 
sinus malformation with arteriovenous shunts. A: 
Fetal T2-weighted sagittal magnetic resonance image 
obtained 10 days before delivery shows dilated dural 
ectasia at the torcular herophili (arrows). B: On day 
0, right lateral external carotid angiography shows 
dilated middle meningeal arteries. Femoral arterial 
embolization to the middle meningeal arteries was 
performed. C: On day 16, due to occlusion of bilateral 
femoral arteries after the first and second interven-
tions, right femoral venous, transcardiac approach 
was required. Chest X-ray shows a 4F catheter navi-
gated from right femoral vein through right atrium, 
left atrium, left ventricle, and ascending aorta to 
common carotid artery. This approach enabled arterial 
embolization of many dural feeders. Cardiomegaly 
with a cardiothoracic ratio of 73% is apparent.

weight of 2,778 g (Case 7). in neonates with birth 
weight less than 2,200 g, secure femoral arterial 
access is not anatomically possible. Consequently, 
the other access routes have to be selected. These 
might be umbilical access, transcardiac access, or 
direct carotid arterial access at the neck. 

II. Transfemoral arterial approach
For neonates with severe heart failure, transfemoral 

arterial approach is a standard practice.5) Catheteri-
zation to femoral artery in neonates is challenging 
and is associated with thromboembolic complications 
and subsequent occlusion of the femoral arteries.11) 
however, femoral arterial access is generally possible, 

A C

B
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in our experiences, for neonates with birth weight 
more than 2,700 g. Femoral arterial sheath could be 
left in femoral artery for the subsequent intervention 
within several days, but this method is not recom-
mended.12) instead, the sheath should be removed 
soon after the intervention to avoid ipsilateral leg 
ischemia. all femoral arteries inserted with 4F sheaths 
lose antegrade blood flow during the procedures, 
but collateral flow supplies the distal segment of 
femoral arteries immediately. Temporary occlusion 
of femoral artery with a vascular sheath does not 
cause serious leg ischemia, but prolonged engage-
ment of the sheath might cause compromised flow 
to the ipsilateral leg. although occlusion of femoral 
artery at the puncture site does not always lead to 
the leg ischemia or chronic shortening of the leg, 
loss of the ipsilateral femoral arterial access for the 
subsequent interventions is present.

III. Transumbilical arterial approach
umbilical arterial access for neuro-intervention was 

first introduced by alex Berenstein in 1997.13) This 
approach allows catheter access even for neonates with 
birth weight less than 2,000 g. actually, Berenstein 
et al. treated a neonate with birth weight of 1,930 g. 
umbilical route can be used within several days 
after birth. it is recommended to catheterize both 
umbilical artery and vein soon after delivery when-
ever possible for possible transumbilical approach 
in the cases with brain aVFs.14–16) umbilical arterial 
approach has, however, an inherent risk of vessel 
perforation, thromboembolic complications including 
leg ischemia, infection, aortic aneurysm, air embo-
lism, hemorrhage, bladder rupture, and intestine 
perforation.17,18) using this approach, a neonate with 
dural sinus malformation with birth weight of 1,538 g 
was successfully treated.16) When umbilical arterial 
and femoral arterial accesses are not feasible, the 
last resorts are as follows: (1) direct carotid arterial 
access at the neck, (2) femoral venous access, (3) 
umbilical venous access, and (4) internal jugular 
venous access.

IV. Direct carotid arterial approach
Carotid arteries are usually large due to increased 

blood flow due to aV shunts. We performed direct 
carotid arterial access in a neonate with birth weight 
of 2,135 g by small surgical exposure of cervical 
common carotid artery and puncturing it with an 
18-g needle under direct vision with the help of 
pediatric cardiac surgeons (Case 3). Percutaneous 
puncture could be performed under ultrasound 
monitoring, but it has a risk of puncturing the arte-
rialized internal jugular vein and any suboptimal 
puncture of common carotid artery. drawback of this 

carotid approach is that this allows only ispilateral 
carotid access.19) The contralateral carotid arterial 
access requires the other puncture of the carotid 
artery in the separate session. 

V. Transvenous approaches (femoral, umbilical, 
and jugular venous approaches)

The purely venous approaches include umbilical 
venous, femoral venous, and jugular venous routes.14,19) 
Transvenous embolization of the venous side of aV 
shunts in vein of galen aneurysmal malformation, 
i.e., occlusion of the enlarged aneurysmal varix 
with coils is classically used as an alternative treat-
ment.20,21) however, we believe this approach carry 
a potentially high risk of hemorrhage especially in 
the neonatal periods, as was repeatedly pointed out 
by Lasjaunias.3) in a neonatal boy with birth weight 
of 2,135 g (Case 3), femoral venous coil emboliza-
tion to the dural ectasia was performed without 
control angiography because arterial access was not 
available.19) Contrast injection in the dural ectasia 
through a microcatheter showed flow inside, from 
which possibility of coil occlusion of a given portion 
of dural ectasia had to be judged. in this neonate, 
temporary occlusion by the femoral venous sheath 
caused ipsilateral leg ischemia due to compromising 
venous return of the leg, and prompted quick 
removal of the sheath. 

VI. Transcardiac approach
Femoral and umbilical venous approaches enable 

not only occlusion of the venous side of aV shunts, 
but occlusion of the arterial side by “transcardiac 
approach” also as used in Cases 7 and 9. Transcar-
diac approach requires navigation of the balloon 
catheter from right atrium to left one, and then to 
left ventricle and ascending aorta by the experienced 
pediatric cardiologists.14,22) Then, this balloon catheter 
is replaced with 4F distal access catheter, which is 
further advanced into the carotid or vertebral artery. 
in the neonatal period, transseptal passage of the 
balloon catheter is through the foramen ovale, which 
is always widely open. Possible complications of 
transcardiac approach include infection, cardiac 
tamponade and pericardial effusion, cardiac arrest, 
air embolism, and esophageal varices.18) although 
we had no experience in trans-ductus arteriosus 
approach, it might be a theoretical option in the early 
neonatal period. This approach allows a catheter to 
enter descending aorta through ductus arteriosus. 
however, mechanical stimuli to the patent ductus 
arteriosus may close this duct rapidly, which may 
cause adverse effect to the neonatal cardio-pulmonary 
system. in addition, direction of catheter navigation 
is in the cranial direction, i.e., against blood flow 
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in the descending aorta, which might make this 
approach more difficult.

Conclusion

The neonates with birth weight more than 2,700 g are 
commonly treated through femoral arterial routes. 
however, neonates with birth weight less than 
2,200 g require alternative access routes other than 
femoral arterial routes, such as umbilical arterial/
venous, femoral venous, transcardiac, and/or direct 
carotid arterial access routes. Those with birth weight 
between 2,200 g and 2,700 g may also require the 
alternative access routes when femoral artery is too 
small for a 4F sheath, which could be estimated by 
the size of the lower extremities. 
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