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Abstract

A series of 5 patients treated with the fourth ventricle to spinal subarachnoid space stent (FVSSS) is presented. Indication for
surgery, surgical technique, pre-operative and post-operative images, and outcome are analyzed. A systematic review of the
pertinent literature has also been performed. This is a retrospective cohort review of a series of 5 consecutive patients with
refractory syringomyelia who underwent a fourth ventricle to spinal subarachnoid space shunt surgery. The surgical indica-
tion was based on the presence of refractory syringomyelia in patients already treated for Chiari malformation or in patients
who developed scarring at the level of the outlets of the fourth ventricle following posterior fossa tumor surgery. The mean
age at FVSSS was 11.30+5.88 years. Cerebral MRI revealed crowded posterior fossa, with a membrane at the level of the
foramen of Magendie. Spinal MRI showed syringomyelia in all patients. Before surgery, the averages of the craniocaudal and
the anteroposterior diameter were 22.66 and 1.01 cm, respectively, whereas the volume was 28.16 cm®. The post-operative
period was uneventful in 4 out of 5 patients; one child died on the 1st post-operative day due to complications unrelated to
surgery. In remaining cases, syrinx marked improvement. The post-operative volume was 1.47 cm® with an overall reduc-
tion of 97.61%. With regard to literature, 7 articles with a total of 43 patients were analyzed. After FVSSS, syringomyelia
reduction was observed in 86.04% of cases. Three patients underwent reoperation due to syrinx recurrence. Four patients
presented a catheter displacement, one a wound infection and meningitis and one CSF leak requiring placement of a lumbar
drain. FVSSS is highly effective in restoring CSF dynamics, with dramatic improvement of syringomyelia. In all our cases,
the volume of the syrinx was reduced by at least 90%, with improvement/resolution of accompanying symptomatology.
This procedure should be reserved to patients in which other causes of gradient pressure between the fourth ventricle and
subarachnoid space are excluded, for example, tetraventricular hydrocephalus. Surgical procedure is not simple, because it
requires meticulous microdissection of cerebello-medullary fissure and upper cervical spine, in already operated patients.
To avoid migration of the stent, it should be carefully sutured to the dura mater or thick arachnoid membrane.

Keywords Cranio-cervical junction - Trapped fourth ventricle - Magendie’s foramen debridement - Posterior fossa
decompression - Arachnoiditis - Pediatric

Introduction

Syrinx is the Greek name for a cavity of tubular shape. Ollivier

>4 Francesca Vitulli D’Angers firstly introduced this term in 1827 for cystic cavita-
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tions of the spinal canal [1]. Syringomyelia is a disorder char-
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the appropriate management is unclear. The present study
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aimed to present a case series of 5 patients treated with the
fourth ventricle to spinal subarachnoid space stent (FVSSS)
because refractory syringomyelia, with a closer analysis of
indication for surgery, surgical technique, pre-operative and
post-operative images, and outcome. A systematic review of
the pertinent literature has also been performed.

Methods

This was a retrospective cohort review of a series of 5 consec-
utive patients with refractory syringomyelia who underwent
a fourth ventricle to spinal subarachnoid space shunt surgery
during the last decade. The surgical indication was based on
the presence of refractory syringomyelia in patients already
treated for Chiari malformation type 1 (2 patients) or type 2
(1 patient), or in patients who developed scarring at the level
of the outlets of the fourth ventricle following posterior fossa
surgery. In all cases, radiological investigation showed a clear
obstruction between the fourth ventricle and subarachnoid
space of the cisterna magna. All patients had been previously
treated for hydrocephalus and had a ventriculo-peritoneal
shunt (4 patients) or spino-peritoneal shunt (1 patient) in situ.
All patients were evaluated with craniospinal magnetic reso-
nance imaging (MR) before shunt surgery, as well the day
after, in association with computed tomography (CT) and at
regular follow-up. Syringomyelia was diagnosed by the pres-
ence of intramedullary hypointensity in T1-weighted midsag-
ittal MRI and hyperintensity in T2-weighted MRI, extending
over more than 1 spinal segment with distension of spinal
cord. The maximum craniocaudal and anteroposterior syrin-
gomyelia diameter were calculated before and after the shunt
procedure. The spinal syrinx volume was calculated in cubic
centimeters for each patient by using a freely available seg-
mentation software (HOROS Project, GNU Lesser General
Public License version 3.0).

Written informed consent was obtained from all the parents
of the patients for publication of this case series report and any
accompanying images. All identifying information was stripped
off. The manuscript was conducted ethically in accordance with
the World Medical Association Declaration of Helsinki.

Online databases MEDLINE (PubMed) and SCOPUS were
searched for English-language articles published between
January 1976 and December 2022 containing the following
keywords alone or in combination: “’fourth ventricle,” “suba-
rachnoid space,” “shunt,” “‘Chiari malformation,” and “syrin-
gomyelia.” As recommended in the PRISMA statement, we
reviewed all abstracts, and each article of interest was marked
for further review. The full text of the marked studies was
retrieved, and studies that satisfied our inclusion criteria were
included in this review. The references listed in each article of
interest were also reviewed for pertinent articles.
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Results

The clinical details of the 5 patients are listed in Table 1.
Three patients had Chiari malformation as initial diagnosis
(Figs. 1-2). Two patients developed syringomyelia
following posterior fossa tumor surgery (foramen magnum
meningioma and acoustic neurinomas in one patient, affected
by neurofibromatosis type 2 (Fig. 3) and medulloblastoma
in the other (Fig. 4)).

The mean age at FVSSS was 11.30 +5.88 years
(2.2-17.2). The average of months between previous
posterior fossa surgery and FVSSS was 18 +10.56 (7-35).
Standard surgical procedure for initial posterior fossa
decompression performed at our institution included
occipital craniectomy with C1 posterior arch ablation,
extending beyond the lateral aspect of the spinal cord,
removal of the outer layer of the dura, or in alternative,
opening of the dura, duraplasty with either autologous
pericranium or Neuro-Patch® (B-Braun, Saint-Cloud,
France). Three patients had single posterior fossa operation
before stenting (2 Chiari patients, and 1 medulloblastoma
patient). The remaining patients underwent multiple
surgeries (Fig. 1). All patients had already been
shunted for hydrocephalus at time of stenting: four with
ventriculo-peritoneal shunts and one with third ventriculo-
cisternostomy plus lumboperitoneal shunt.

At time of stent placement one patient presented progres-
sive worsening of pre-existing paraparesis (lipomyelomenin-
gocele patient), one patient worsening of pre-existing bilat-
eral facial nerve palsies, two patients asthenia and mild
motor difficulties, and one was completely asymptomatic.

Cerebral MRI revealed crowded posterior fossa, with
a recognizable membrane at the level of the foramen of
Magendie. In all cases, the fourth ventricle was moderately
enlarged, despite a working shunt. Spinal MRI showed
syringomyelia between cervico-dorsal segment in 4 patients
(C1-D7; C2-D10; C1-D9; C2-D4) and cervico-dorsal-lom-
bar in another one (C1-L1), with a mean of 15 +3.74 levels.

Before surgery, the averages of the craniocaudal and the
anteroposterior diameter were 22.66 cm=11.02 cm (11.03-37)
and 1.01 cm=+0.26 cm (0.8—-1.4), respectively, whereas the vol-
ume was 28.16 cm®+27.40 cm? (9.45-75.94) (Table 2).

Surgical technique (Fig. 5; Video 1)

Under general anesthesia, in a prone position, with the head
positioned in a horseshoe headrest, the previous midline skin
incision, extending from the inion to C7, was reopened. The
muscular masses were dissected along the avascular white
line. Suboccipital craniotomy was enlarged to expose at
least 4 cm x4 cm of the posterior fossa dura. The cervical
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Table 1 Clinical details of 5 patients with Chiari malformation

Syringomyelia
progression

Hydrocephalus Hydrocephalus

Laminectomy Months

Age at PCF  Age at shunt

surgery
(year)

Neurological Comorbidity

examination

Sex Diagnosis

treatment

between

surgery
(year)

surgeries

Clinical (worsening

VP shunt

35 Yes

C2 (partial)

14.5

11.5

Worsening of

P.G M Lipomyelomenin-

of paraparesis,

pre-existing
paraparesis

gocele and
Chiari 2

headache) radio-

logical

Radiological

13.6 Cl1 18 Yes VP shunt

12

Asthenia and mild GH deficit

motor difficulties

M  Chiari 1

P.S

Radiological

VP shunt

Yes

17.2 C2

Worsening of pre- NF2 — Fora- 16.6

PCF tumor

F

N.M

men magnum
meningioma

existing bilateral
facial nerve e

palsies

— bilateral VIII

neurinoma
Medulloblastoma

Asthenia and mild ~ Scaphocephaly

motor difficulties

Radiological

VP shunt

Yes

12
18

22

1.2

9

Normal

PCF tumor

C.M F

Radiological-clini-

ETV +LP shunt

Yes

Cl1

A.M M Chiaril

cal (asthenia)

and C1=C2
instability

dura was exposed removing the posterior arch of C1 (if
not already performed at previous surgery). A linear-
shaped durotomy (or opening of a dural patch, positioned
at previous surgery) was done to expose the cerebellar
tonsils and the cisterns surrounding the upper spinal cord.
Dissection was extended caudally, until normal arachnoid
was found. In two cases, it was necessary to remove also
the posterior arch of C2 to expose normal arachnoid. In all
patients, arachnoid adhesions were observed between the
dura mater and the cerebellar tonsils/cranio bulbar junction.
To avoid damage of posteroinferior cerebellar artery
(PICA) or the floor of the 4th ventricle, under microscopic
magnification, arachnoidolysis with sharp dissection was
done to identify the foramen of Magendie (Fig. 5A). At least
from one side, dissection continued caudally in the cerebello
medullary fissure to create space for placing the distal end of
the catheter in a subarachnoid space where CSF can freely
flow (Fig. 5B): clear visualization of posterior inferior
cerebellar artery, lower cranial nerves, and superior cervical
roots are necessary. The obstructed foramen of Magendie
was reopened and IV ventricle was assessed. A 7-cm stent,
composed by a fragment of standard ventricular catheter as
proximal end, connected to a fragment of spinal catheter
(as distal end), was harvested (Fig. 5D). The proximal end
was positioned inside the fourth ventricle, through the
re-opened Magendie foramen. The distal end was placed
down to the upper cervical subarachnoid space, laterally to
the spinal cord. The stent was fixed with non-absorbable
sutures to the dura mater or thickened arachnoid membrane
(Fig. 5C). Dura mater or pre-existing dural patches were
re-closed. Layered-fashioned standard closure was achieved.
In one case, this procedure was associated with revision of
the occipito-cervical fixation system, with repositioning of
screws and bar from one side (Video 1).

Outcome

The post-operative period was uneventful in 4 out of 5
patients. The patient, in which the occipito-cervical fixation
system was revised, died on the 1st post-operative day due to
complications unrelated to surgery (accidental tracheostomy
dislodgement).

In remaining cases, syrinx marked improvement, with
almost complete resolution in two. At post-operative MRI,
syringomyelia levels decreased by 71.59% with an average
of 4.75 +4.86 levels. The mean of the craniocaudal and the
anteroposterior diameter were 8.53 cm=+ 10.78 cm (0-24)
and 0.2 cm+0.2 cm (0-0.47), with an average decrease of
72.46% for the former and 81.58% for the latter, whereas the
volume was 1.47 cm®+2.72 cm® (0-5.55) with an overall
reduction of 97.61%.
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Fig. 1 A: MRI of a patient

with GH deficiency and Chiari
malformation and syringomy-
elia at first presentation; the
patient underwent suboccipital
craniectomy, laminectomy of
C1, and removal of the outer
layer of the dura. B: Following
stability of syrinx for 3 years,
the cavity enlarged again, and
the patient underwent a second
operation (broader opening of
the bone and dura expansion
using autologous pericranial
graft). C: The syrinx continued
to enlarge, the patient developed
hydrocephalus and was shunted.
Finally, he underwent stenting
from the fourth ventricle to the
spinal subarachnoid space, with
resolution of the syrinx (D)
(Patient 2, in Table 1)

Fig.2 A, B: Recurrence of syringomyelia following foramen magnum decompression and duraplasty with non-absorbable dural patch, in a
patient operated at birth for lypomyelomeningocele. C, D: Marked improvement of the syrinx following FVSSS (C, D) (Patient 1, in Table 1)

The average follow-up was 31.25 +20.50 months ranging
between 13 and 59. No complications such as ventricular
infection or catheter migration were reported over the whole
time-frame (Table 2). Symptoms improved in two patients,
and disappeared in one.

After screening 24 articles, 7 were analyzed, having sat-
isfied our inclusion criteria [2—8]. The main features of 43
patients are summarized in Table 3.

Thirty-six patients had Chiari malformation as initial
diagnosis. Four patients developed syringomyelia following

@ Springer

a head trauma; one had a neonatal ventricular hemorrhage;
one had a posterior fossa surgery for an aneurysm; and one
developed a lumbar spinal arachnoiditis, following an epi-
dural anesthesia for childbirth.

After FVSSS, syringomyelia reduction was observed in
37 out of 43 patients (86.04%), whereas it was unchanged
in the others. Three patients underwent reoperation due to
syrinx recurrence. Four patients presented a catheter dis-
placement, one a wound infection and meningitis, and one
CSF leak requiring placement of a lumbar drain.
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Fig.3 A: Appearing of holo-
cord syringomyelia in 18-year-
old NF2 patient operated for
foramen magnum meningioma
at the age of 7, removal of left
acoustic neurinoma at the ages
of 13 and 16, and removal of
right acoustic neurinoma at the
age of 17. B: Almost com-
plete resolution of the syrinx

3 months following FVSSS. C,
D: Sagittal CT scan showing
position of the stent in the IV
ventricle (arrow in C) and spi-
nal subarachnoid space (arrow
in D) (Patient 3, in Table 1)

Fig.4 A: Appearing of rosary bead-like multiloculated syringomyelia 1 year following removal of medulloblastoma. The patient underwent
FVSSS. B: Reduction of the syrinx immediately post-op. C: Complete resolution at 3-month follow-up. (Patient 4, in Table 1)

@ Springer
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Table2 Spinal MRI on syringomyelia between cervico-dorsal segment in 4 patients (C1-D7; C2-D10; C1-D9; C2-D4) and cervico-dorsal-lombar in another one (C1-L1), with a mean of

15+3.74 levels

@ Springer

% lenght % diameter % volume  Ventricular ~ Follow-up
reduction infection

reduction

Syringomyelia

lenght post-op ~ diameter post-op volume after

No. of Syringomyelia Syringomyelia

levels

Syringomyelia
level post-op

Syringomyelia
volume before

surgery

Syringomyelia
diameter cm

Syringomyelia No.of Syringomyelia

level

reduction

lenght cm

levels

surgery (cm?)

(cm)

(cm)

19m

34

No

92.69%
97.97%
99.77%
100.00%

66.43%
76.54%
83.33%
100.00%

35.14%
63.16%
91.56%
100.00%

5.55
0.28
0.06
0.00

0.47
0.19
0.15

24
75
2.6

11

C1-D4
C3-D1

75.94
13.99

26.12

1.4
0.81

0.9

37

20
13
16
16

Cl-L1

P.G
P.S

m

No

20.36

C2-D7

13 m
59 m

No

2

D9-D10

30.8

N.M C2-DI10
C.M CI1-D9

No

Complete

9.45

0.8

14.1

resolution

N/A

N/A

No

N/A N/A N/A

N/A

N/A

N/A

N/A

1.15 15.28

11.03

10

A.M C2-D4

Discussion

Fourth ventricle to cervical spinal subarachnoid space stent-
ing is a procedure rarely reported in literature with only 43
cases (Table 3), that include only two large series. These have
been recently published by Riordan and Scott (consisting of
14 pediatric patients) [3] and Lou et al. [8] (consisting of 15
adults). FVSSS is indicated in the case of recurrent, persist-
ing, or expanding syringomyelia, mainly in patients with Chi-
ari malformation, who had already undergone cranio-cervical
decompression. Less common indication is syringomyelia,
secondary to arachnoiditis at the craniocervical junction
(post-traumatic, post-infective or post-hemorrhagic) [2, 9].
We used FVSSS also in two cases of patients previously oper-
ated for posterior fossa tumors. Common link between these
conditions is the presence of an obstruction to CSF flow from
the fourth ventricle to the spinal subarachnoid space. Diagno-
sis is often presumptive, based on pre-operative MRI that can
show attenuation of the cisterna magna and foramen magnum
subarachnoid space, cerebellar ectopia, and entrapment of the
fourth ventricle. Dynamic sequences may demonstrate tether-
ing of posterior fossa structures to the overlying dura, as well
as limited movement of the cerebellar tonsils and no evidence
of CSF flow in the dorsal subarachnoid space at the level of
the cerebellar tonsils [2]. However, in most cases, the diagno-
sis is only intraoperatively confirmed with the finding of thick
arachnoid bands. Riordan and Scott [3] reported that their
decision to place a stent at re-do surgery was based on the
reported findings at the primary procedure, knowledge of any
complications occurred after the first operation, (infections
or bleeding) and the intraoperative finding of fourth ventricle
outflow obstruction, which was believed to likely recur if
simply lysed. Our experience suggests that FVSSS is highly
effective in restoring CSF dynamics, with dramatic improve-
ment of syringomyelia on post-operative imaging. In all our
cases the volume of the syrinx was reduced by at least 90%,
with improvement/resolution of accompanying symptomatol-
ogy. Data from the literature also confirms this data: Riordan
and Scott [3] reported complete resolution of the syrinx in
93% of patients. Lou et al. [8] reported significant reduction
of syrinx on 13 out of 15 patients. No complications occurred
in our series. In literature, the rate of complication is low: 3
catheter displacements (7%), 1 infection, and 1 CSF leak.
Syringomyelia recurred in 3 patients, in addition to those
with stent displacement. Further surgery for recurrence/com-
plication was performed in 7 out of 45 cases (including our
patients). Nevertheless, this should be considered a complex
surgery and only performed by an expert surgeon in order to
avoid damaging PICA or the floor of the 4th.

Other surgical strategies have been proposed to treat
refractory syringomyelia. Actually, literature focusing on
revision surgery is scarce. In a systematic review, including
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Fig.5 Intraoperative images. A: Placement of the proximal end of the
stent into the fourth ventricle through the foramen of Magendie. B:
Placement of the distal end in the lateral cervical subarachnoid space.

a total of 616 patients undergoing foramen magnum decom-
pression for Chiari malformation, Schuster et al. found a
6.7% rate of persistent or recurring syringomyelia [10].
Most patients have been treated with revision surgery at
the level of the foramen magnum, with a broader opening
of the bone and/or dura expansion (using a graft), with/
without tonsillar shrinking or resection, or directly shunting
the syrinx, by the means of syringo-peritoneal, syringo-
pleural, or syringo-subarachnoid shunting [11, 12]. Extra-
axial shunting of the syrinx (syringo-pleural or syringo-
peritoneal shunt) appears to be burdened by a high rate
of dysfunction [8, 11]. Syringo-subarachnoid shunting has
been proposed by Soleman et al. as a safe and effective
strategy [11]. They suggest this operation after having ruled
out all obvious reasons for a persistent syrinx (e.g., insta-
bility of the spine, tethered cord, prominent retroflexion
of the dens, basilar invagination, and hydrocephalus) that
should be treated accordingly. We agree with this point of
view, but encourage to stress the pathogenetic role of fourth
ventricle outflow obstruction in pathogenesis of syringomy-
elia and to carefully evaluate pre-operative MR images in
order to identify this condition, using very thin slides T2
or dynamic sequences [4]. Only in the case of anatomical

C: Final position of the stent, fixed to a thicker arachnoid membrane.
D: The stent is composed by a standard 7Fr ventricular catheter as
proximal end, and a 4 Fr lumbar catheter as distal end

contraindication to FVSSS, the patient should undergo
syringo-subarachnoid shunt. This procedure appears to be
less physiologic and (at least theoretically) more invasive as
it requires violation of the neural tissue. In fact, the proxi-
mal end of the catheter is placed inside the syrinx through
a dorsal myelotomy.

Future trend is to correctly understand pathogenesis of
syringomyelia, so as to adequately treat each case at first
surgery and avoid recurrences. Patients with atlanto-axial
instability, for example, should be recognized and treated
with C1-C2 fixation, avoiding intradural dissection that
may contribute to development of scarring at the level of
the fourth ventricle outlets, worsening CSF dynamics [13].

Conclusions

FVSSS is an effective strategy to treat refractory syringomy-
elia, not only in patients with Chiari malformation, but also
in other conditions that affect the free flow of CSF from the
fourth ventricle to spinal subarachnoid space. This procedure
should be reserved to patients in which other causes of gradi-
ent pressure between the fourth ventricle and subarachnoid
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space are excluded, for example, tetraventricular hydroceph-
alus. Surgical procedure is not simple, because it requires
meticulous microdissection of cerebello-medullary fissure
and upper cervical spine, in already operated patients. To
avoid migration of the stent, it should be carefully sutured
to the dura mater or thick arachnoid membrane.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10143-023-01972-y.
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