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Abstract

Background A nonadjustable state of the programmable shunt valve is a rare phenomenon. This case report aims
to explore the cause of pressure adjustment dysfunction in a programmable shunt valve in a middle cranial fossa
arachnoid cyst-peritoneal shunt patient and to underscore this dysfunction as an indicator of shunt valve obstruction.

Case presentation A child with a ruptured giant arachnoid cyst in the left middle cranial fossa presented with acute
intracranial hypertension following head trauma. The initial cysto-peritoneal shunt surgery rapidly alleviated
symptoms, including headaches, vomiting, and left cranial nerve palsy, stabilizing the clinical condition. However,
between 20 and 24 months after the initial shunt surgery, the patient developed intermittent shunt dysfunction,
experiencing recurrent headaches and vomiting, during which the programmable valve's pressure setting had
become fixed and was no longer adjustable. A second surgery was then performed to remove the existing shunt,
excise the fibrotic cyst wall, fenestrate the basal cistern, and establish temporary subdural drainage. During this
operation, extensive fibrosis of the cyst wall in the subdural space was discovered, forming a tough and hypertrophic
fibrotic membrane that encased the cerebral hemispheres. This fibrotic material nearly filled the shunt valve chamber,
causing valve obstruction and immobilizing the pressure control rod, resulting in pressure adjustment dysfunction.
As the patient could not maintain stability without continuous drainage, a third surgery was ultimately necessary

to place a subdural-peritoneal shunt. Five years of follow-up revealed no significant clinical symptoms, and the patient
has maintained a normal life.

Conclusion Shunt valve obstruction is an underestimated cause of shunt system failure, with no current definitive
method for early diagnosis. Fibrotic deposition is a primary mechanism underlying shunt valve obstruction. Pres-
sure adjustment dysfunction in a programmable shunt valve serves as a reliable indicator of shunt valve obstruction.
Further research should prioritize the treatment and prevention of shunt valve obstructions to improve outcomes

in neurosurgical practice.
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Arachnoid cysts in the middle cranial fossa represent
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to subsequent cyst-peritoneal shunt procedures, and
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more recently, to neuroendoscopic arachnoid cyst fen-
estration. Additionally, a conservative observational
approach is now often adopted for asymptomatic mid-
dle cranial fossa arachnoid cysts [1-3]. Nonetheless,
shunt surgery remains necessary for some young chil-
dren with large arachnoid cysts in the middle cranial
fossa, particularly those exhibiting significant symp-
toms of increased intracranial pressure [4, 5].

Shunt obstruction is one of the most common and
significant complications in shunt surgery, often neces-
sitating the adjustment or replacement of the shunt
system. Existing research on the diagnosis and manage-
ment of shunt obstructions has predominantly focused
on the proximal and distal ends of the shunt system,
while studies on obstructions within the shunt valve
are notably sparse. Classical textbooks suggest that
obstructions in shunt valves are much less common
than those in the proximal or distal segments of the
shunt [6]. However, in reality, the incidence of shunt
valve obstruction is significantly underestimated, as
it is one of the most intricate and critical components
of the shunt system [7]. One of the primary reasons
for this underestimation is the lack of clear and effec-
tive diagnostic methods for identifying shunt valve
obstructions.

Shunt surgery in recent years has increasingly utilized
programmable shunt valves to achieve precise control of
cerebrospinal fluid (CSF) drainage [8]. In clinical practice,
programmable shunt valves sometimes lose their adjust-
able capability, often initially presumed to be a mechani-
cal malfunction. However, the phenomenon of pressure
adjustment dysfunction has not received sufficient atten-
tion and discussion. We believe there is a significant
correlation between this phenomenon and shunt valve
obstruction. Establishing this correlation could provide a
more reliable diagnostic criterion for clinical assessment
of shunt valve obstructions.

as
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We analyzed a case involving a child with a post-trau-
matic ruptured giant arachnoid cyst in the middle cranial
fossa, accompanied by increased intracranial pressure,
treated with a cysto-peritoneal shunt. Between 20 and
24 months postoperatively, the patient developed shunt
dysfunction and pressure adjustment dysfunction of the
programmable valve. This condition was later confirmed
through surgery to be due to fibrotic deposition within
the shunt valve. Our findings suggest that fibrotic deposi-
tion is one of the common causes of obstruction in cysto-
peritoneal shunts for arachnoid cysts. Furthermore,
dysfunction in the pressure adjustment of a programma-
ble shunt valve serves as a typical and reliable indicator of
shunt valve obstruction. The purpose of this case report
is to provide substantial evidence demonstrating the
mechanism of pressure adjustment dysfunction in pro-
grammable shunt valves and its correlation with shunt
valve obstruction. This case report aims to establish a
new, reliable diagnostic method for identifying shunt
valve obstructions in clinical practice.

Case presentation

A 15-month-old male child presented with poor mental
responsiveness and recurrent vomiting for 8 days follow-
ing a head injury sustained from a fall off a bed. Prior to
the incident, the child was in good health. After a week
of initial treatment and abdominal assessments at a local
hospital, his condition deteriorated. A cranial CT scan
conducted at our hospital revealed a large left frontotem-
poral arachnoid cyst accompanied by subdural effusion in
the left frontotemporal parietal region (Fig. 1a & b). Sub-
sequent cranial MRI indicated floating arachnoid signals
within the subdural effusion, suggestive of a post-trau-
matic rupture of the left frontotemporal arachnoid cyst
(Fig. 2). Despite conservative management with manni-
tol for dehydration, the child’s symptoms continued to
worsen, leading to impaired function of the left abducens

b

Fig. 1 a and b Cranial CT scan showing a large left frontotemporal arachnoid cyst (a) and associated subdural effusion in the left frontotemporal

parietal region (b)
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Fig. 2 Cranial MRI demonstrating floating arachnoid signals (red
arrow) within the subdural effusion, suggestive of a post-traumatic
rupture of the left frontotemporal arachnoid cyst

nerve. Ophthalmic examination revealed bilateral optic
disc edema and engorged retinal veins, indicative of
severe and sustained intracranial hypertension. Four
days later, a follow-up cranial CT scan demonstrated an
increase in subdural effusion with a pronounced midline
shift (Fig. 3).

First surgery

Due to severe acute intracranial hypertension and
midline shift, a cysto-peritoneal shunt procedure was
performed for the arachnoid cyst. Prior to surgery,
the programmable shunt valve was carefully exam-
ined to confirm its pressure-regulating function and
patency. Intraoperatively, extremely high CSF pres-
sure was observed, resulting in the spontaneous ejec-
tion of CSE, which appeared clear to the naked eye.
CSF analysis revealed the following: total cell counts
of 30,715x1076/L, with white blood cells (WBC) at
15x1076/L, red blood cells (RBC) at 30,700 x 1079/L,
protein at 3.33 g/L, and glucose at 3.64 mmol/L. The
elevated red blood cell count and normal white blood
cell count in the CSF suggest that the subdural effusion
contained blood cells due to rupture of the arachnoid
membrane following trauma. This CSF profile could
potentially contribute to early shunt system obstruction
postoperatively. Following surgery, symptoms of abdu-
cens nerve palsy resolved within 2 weeks, and the child
ceased to experience headaches or vomiting related to
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Fig. 3 Follow-up cranial CT scan 4 days later showing increased
subdural effusion with a more pronounced midline shift

increased intracranial pressure. A follow-up cranial CT
scan showed a reduction in subdural effusion (Fig. 4).
The patient’s condition remained stable over the next
20 months.

Fig. 4 Postoperative cranial CT scan demonstrating a reduction
in subdural effusion following cysto-peritoneal shunt placement



Cao et al. Chinese Neurosurgical Journal

(2024) 10:34

Fig. 5 The superficial layer of the fibrotic membrane (black star)
exposed following dura mater incision (black arrow)

Second and third surgeries

Between 20 and 24 months after the initial shunt surgery,
the child experienced recurrent intermittent headaches
and vomiting, resulting in three hospital readmissions.
The child’s condition was closely monitored, with adjust-
ments to the treatment plan as necessary. Treatment
included administering mannitol and adjusting the shunt
valve pressure downward. Each time, the symptoms
improved, and the child was discharged. However, with
recurrent symptoms, we revised the treatment plan and
opted for surgical exploration to prevent further dete-
rioration. It was later discovered that the programmable
valve’s pressure setting had become fixed and was no
longer adjustable, raising concerns about shunt dysfunc-
tion. During the second surgery, the shunt system was
removed, and the fibrotic wall of the arachnoid cyst in
the subdural space was excised, followed by a basal cis-
tern fenestration and the placement of temporary sub-
dural drainage.

The second surgery revealed extensive and severe fibro-
sis of the arachnoid cyst wall in the subdural space, form-
ing a tough and hypertrophic fibrotic membrane that
encased the cerebral hemispheres. This fibrotic mem-
brane comprised superficial and deep layers, together
creating a sealed fibrous capsule filled with clear, trans-
parent fluid. The superficial layer, which adhered to the
inner surface of the dura mater, was easily peeled away.
However, the deep layer, more tightly adhered to the sur-
face of the cerebral hemisphere, required meticulous sep-
aration, especially around the superficial cortical veins, to
avoid unnecessary harm to the patient. Removal of most
of the fibrotic membrane successfully freed the affected
cerebral hemisphere from its encasement (Figs. 5, 6, 7,
8,9 and 10).

Examination of the removed shunt system revealed
no significant obstruction at either the proxi-
mal or distal ends of the shunt tube. However, the
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Fig. 6 The superficial and deep layers of the fibrotic membrane
formed a sealed capsule containing clear, transparent fluid. Incision

of the superficial layer (black star) exposed the deep layer (yellow star)
and the fluid within

Fig. 7 The deep layer (yellow star), which adhered to the surface
of the cerebral hemisphere, required meticulous separation,
particularly around the superficial cortical veins (V)

»

Fig. 8 Adhesions surrounding the superficial cortical veins (V)

transparent chamber of the valve (Sophysa SM8) was
filled with fibrotic deposits similar to those observed
in the arachnoid cyst. This accumulation led to valve



Cao et al. Chinese Neurosurgical Journal

(2024) 10:34

Fig. 9 Basal cistern fenestration (yellow arrow). C, carotid artery; ON,
optic nerve; OMN, oculomotor nerve

obstruction and immobilization of the pressure con-
trol rod, resulting in pressure adjustment dysfunction
(Fig. 11).

An experimental subdural external drainage pro-
cedure was performed to drain the bloody and turbid
fluid from the surgical area, aiming to assess the child’s
adaptation after shunt system removal. After 1 week
of intermittent clamping of the external drain and
observing that the child could not maintain stability
without continuous drainage, a third surgery to place a
subdural-peritoneal shunt was deemed necessary.

Follow-up

After the subdural-peritoneal shunt, the child’s clinical
symptoms resolved. Over 5 years of follow-up, he has
maintained good health, attended school, and led a nor-
mal life. Follow-up cranial CT scans show stable intrac-
ranial conditions, with a reduction in both the arachnoid
cyst and subdural effusion (Fig. 12a and b).

b —
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Fig. 11 The transparent chamber of the Sophysa SM8 valve
(red arrow) was filled with fibrotic deposits similar to those
observed in the cyst wall, leading to obstruction of the valve
and immobilization of the pressure control rod

Discussion

The treatment of arachnoid cysts in the middle cranial
fossa remains highly controversial. In the early stages,
microscopic resection was commonly employed [9]; how-
ever, it was often accompanied by complications such as
infection, hemorrhage, and subdural effusion [10]. With
advancements in shunt surgery, cysto-peritoneal shunt-
ing gradually gained popularity. In the early postop-
erative period, shunt surgery generally resulted in stable
outcomes without the complications typically associated
with microscopic surgery. Notably, the significant radio-
logical cyst reduction achieved by shunt surgery [5] made
it particularly attractive to neurosurgeons. However,
over time, complications associated with cysto-perito-
neal shunting began to emerge, particularly challenging
issues such as shunt dependency and overdrainage syn-
drome. These complications led to a decline in enthusi-
asm for shunt procedures among neurosurgeons, with
some even entirely rejecting shunt surgery. In recent
years, the development of neuroendoscopic techniques
has increased the favorability of neuroendoscopic fenes-
tration for treating arachnoid cysts [11]. This approach
is simple and minimally invasive, and although it shares
some complications with craniotomy, these complica-
tions are generally mild and easier to manage. Impor-
tantly, neuroendoscopic surgery can avoid the issue of
shunt dependency associated with shunt procedures [12].

a  T e = b

Fig. 10 a and b Fibrotic membrane sample (a) and histological section (b), showing predominant fibrocollagenous hyperplasia



Cao et al. Chinese Neurosurgical Journal

(2024) 10:34

AN pd.

Page 6 of 9

Fig. 12 aand b Cranial CT scans obtained 5 years after the subdural-peritoneal shunt, demonstrating a decrease in both the arachnoid cyst

and subdural effusion

However, some studies have noted that compared to cra-
niotomy, endoscopic fenestration may be less thorough,
with a potentially higher incidence of early complica-
tions [13]. These findings have led some researchers to
reconsider and support craniotomy. Choosing the appro-
priate surgical approach for arachnoid cysts remains
challenging. The ongoing debate highlights the complex-
ity of treatment options. Recently, a more conservative
approach has gained favor, often opting for neuroendo-
scopic fenestration or maintaining conservative observa-
tion when feasible [4]. However, for children with large
cysts and significant symptoms of increased intracra-
nial pressure, cysto-peritoneal shunting remains a safe,
effective, and, in some cases, indispensable interven-
tion [5]. Although the use of shunt surgeries should be
minimized, they have not been abandoned in managing
arachnoid cysts in the middle cranial fossa. Nonetheless,
choosing shunt surgery requires confronting the inherent
risk of complications [13, 14].

Shunt dysfunction primarily results from infection
and obstruction. While obstructions at the proximal and
distal ends of the shunt system are well-documented
and frequently discussed, obstructions within the shunt
valves tend to be overlooked. Diagnosing obstructions at
the proximal and distal ends can be relatively straightfor-
ward with a comprehensive analysis of clinical symptoms,
physical examination, manipulation of the ante-reser-
voir, and imaging studies. However, there remains a lack
of objective methods specifically tailored to diagnose
obstructions within the shunt valves [15]. These valves,
particularly the programmable shunt valves, are among
the most delicate components of the shunt system and are
especially susceptible to obstructions from blood, cellu-
lar debris, or fibrotic deposits. Theoretically, if the shunt
surgery is optimally performed, the valve is the compo-
nent most likely to experience obstruction. Research,

including histological and electron microscopic stud-
ies, has shown that fibrotic deposition within the shunt
valve is relatively common, although the extent varies
[7, 16]. In this case, the child began exhibiting recur-
rent symptoms such as headaches and vomiting between
20- and 24-month post-shunt, yet imaging revealed no
obstructions. Initially, shunt valve obstruction was not
confirmed until persistent symptoms and failure of the
pressure adjustment mechanism led to surgical explora-
tion, which ultimately diagnosed valve obstruction. This
case highlights the challenges in early diagnosis of shunt
valve obstructions. For patients presenting with recur-
ring headaches, vomiting, or other signs of intracranial
hypertension after shunt surgery, close monitoring and
timely adjustments to the treatment plan are essential
to prevent further deterioration. Various methods have
been explored for diagnosing shunt system obstructions.
Morgan Broggi proposed a detailed clinical diagnostic
algorithm [17]. Sergej Rot investigated shuntography for
diagnosing mechanical obstructions in ventriculoperi-
toneal shunts [18]. Ariana Adamski discussed the utility
of shuntograms in predicting future shunt failures [19].
Christoph Bettag conducted in vitro testing of explanted
shunt valves in hydrocephalic patients with suspected
valve malfunctions, demonstrating significant altera-
tions in flow rates [15]. Jeffrey J. Quezada reported on
the reliability of radiopharmaceutical shunt flow stud-
ies for detecting CSF shunt malfunctions [20]. However,
diagnosing shunt system obstructions, especially shunt
valve obstructions, remains challenging. Most available
research focuses on valve obstructions in ventriculoperi-
toneal shunts. In contrast, this case provides substantial
evidence of fibrin deposition-induced valve obstruction
following cysto-peritoneal shunting for an arachnoid
cyst, a scenario rarely reported in the literature. This
case also highlights the differences in CSF environments
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between the ventricular and subdural spaces, suggest-
ing that the subdural space may be more prone to fibrin
deposition-related obstructions due to its unique envi-
ronment. Further research is warranted to explore
the differences between ventricular and cyst/subdural
shunting.

The unadjustable state of the programmable valve is
uncommon and may occasionally result from a mechani-
cal malfunction of the valve itself [21]. Reports on dys-
function in pressure adjustment of shunt valves are
exceedingly rare. Uwe Max Mauer first reported this
issue in 2007 [22], yet subsequent literature shows lim-
ited attention to the problem, with no studies specifically
addressing its correlation with shunt valve obstruction.
In this patient, surgical exploration confirmed that the
dysfunction was due to a substantial accumulation of
fibrotic deposits. Among the many shunt patients in clin-
ical practice, we occasionally encounter cases where the
pressure adjustment function of a programmable valve
fails, suggesting that this phenomenon may not be as rare
as it seems. This case study not only provides substantial
evidence confirming the cause of the pressure adjustment
dysfunction but also supports the notion that dysfunc-
tion in pressure adjustment of a programmable valve,
often due to fibrotic deposits, should be considered a reli-
able indicator of shunt valve obstruction.

Regarding the treatment of shunt valve obstructions,
valve replacement is typically required in most cases.
However, some studies, including in vitro experiments,
have actively explored alternative treatments and pre-
ventive measures for shunt system obstructions. Michael
Vinzani suggested that in high-risk children with shunt
system obstructions, a preventive retrograde flushing
device could be used to prevent blockages [23]. Emilio
Gomez-Gonzalez, through in vitro experiments, pro-
posed that contactless ultrasonic cavitation technology
could potentially be used routinely as a noninvasive, pre-
ventive cleaning procedure to reduce the likelihood of
obstruction [24]. Saja Al-Saloum reported that a catheter
with an N-acetyl-cysteine layer increases the wettability
of the surface, thereby reducing the incidence of shunt
system obstructions [25]. Currently, in terms of prevent-
ing shunt system obstructions, placing the ventricular
and peritoneal segments in optimal positions can help
minimize the risk. However, the only reliable method to
prevent shunt valve obstructions is to improve the qual-
ity of CSF before shunting. This can be achieved through
external drainage, allowing the CSF to improve before
performing the shunt surgery. Nevertheless, there is
ongoing debate regarding the specific CSF parameters
that should be met before proceeding with shunt surgery.
Additionally, the high risk of infection associated with
external drainage must be carefully considered.
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The rupture of an arachnoid cyst leads to the forma-
tion of a subdural effusion, which subsequently results
in the formation of a tough and hypertrophic fibrotic
membrane, due to an activated fibrogenic mechanism in
the subdural space. Cystic fluid leaks into the potential
subdural space, often accompanied by subdural hemor-
rhage [26, 27]. Even minimal hemorrhage can stimulate a
fibrogenic response, leading to the formation of a fibrotic
membrane, a process that occurs slowly. If the arachnoid
cyst does not rupture, such a fibrotic membrane does
not develop. Interestingly, in this case, surgery revealed
a hypertrophic fibrotic membrane in the subdural space
and fibrotic tissue deposits of a similar nature within the
shunt valve, suggesting a common origin for both types
of fibrotic tissue. This fibrotic material can dissolve in the
CSEF, and as the fluid flows through the shunt system, it is
prone to depositing in the most delicate parts of the sys-
tem, potentially leading to obstructions within the shunt
valves.

In contrast, the ventricular system lacks the subdural
fibrogenic mechanism observed in the subdural space.
Therefore, we hypothesize that arachnoid cyst/sub-
dural-peritoneal shunts are more prone to fibrotic valve
obstruction than ventriculoperitoneal shunts. In our
clinical practice, we have observed that fibrotic obstruc-
tions in ventriculoperitoneal shunt valves generally occur
within 10-20 years (unpublished data). Hydrocepha-
lus and subdural effusion often occur postoperatively in
patients with complex intraventricular tumors, and these
conditions can transform into one another. When man-
aging such cases, if feasible, a ventriculoperitoneal shunt
is preferred over a subdural-peritoneal shunt due to its
lower risk of fibrotic obstruction.

Arachnoid cysts in the middle cranial fossa typically
do not cause increased intracranial pressure; how-
ever, their rupture due to trauma can lead to an acute
increase. This risk is especially significant for large
cysts in infants, which are more susceptible to rup-
ture following trauma. We hypothesize that the acute
increase in intracranial pressure is primarily due to a
significant volume of cyst fluid entering the CSF cir-
culation, resulting in impaired CSF absorption. Addi-
tionally, subdural effusions alter the anatomical and
physiological structures of the cerebral convexity, and
the presence of subdural hemorrhage further impairs
CSF absorption, simulating conditions akin to acute
hydrocephalus. Consequently, a cysto-peritoneal shunt
was selected for the initial surgery. During the proce-
dure, although the CSF appeared clear, laboratory tests
showed elevated levels of red blood cells and proteins,
common indicators of subdural fluid following cyst
rupture. While these CSF findings might seem to pose a
risk to shunt function, the actual obstruction occurred
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significantly later, 24 months postoperatively. The slow
progression of fibrotic deposition suggests that the ini-
tial abnormal CSF laboratory results did not directly
impact the shunt system. Instead, the direct cause of
the obstruction was identified as the long-term, gradual
deposition of fibrotic material, a conclusion also sup-
ported by the literature [28].

The hypertrophic fibrotic membrane underwent
pathological examination, confirming that the predom-
inant component was fibrocollagenous hyperplasia. The
transparency of the Sophysa SM8 valve made it possible
to observe that it was filled with fibrotic membranes,
which appeared similar to those in the subdural space.
These membranes immobilized the pressure control
rod, rendering the valve’s pressure-regulation feature
ineffective. However, a small gap remained between the
fibrotic membrane and the chamber wall, allowing CSF
to still flow through this narrow passage, resulting in
only partial obstruction. This phenomenon explains the
child’s recurrent symptoms of increased intracranial
pressure.

There are varied outcomes concerning the removal of
shunts in patients with arachnoid cysts. Some patients
develop shunt dependency, rendering the removal of the
shunt infeasible. However, there are cases where patients
have stabilized after the necessary removal of the shunt
[29]. In this particular case, a trial of experimental sub-
dural external drainage was conducted following the
second surgery, but the results were disappointing, neces-
sitating another subdural-peritoneal shunt procedure.

After the subdural-peritoneal shunt procedure, the
child has been followed up for 5 years, maintaining a sta-
ble condition and good health. We hypothesize that the
thorough removal of the fibrotic membrane significantly
reduced the fibrogenic factors within the subdural space,
thereby allowing the shunt system to maintain unob-
structed function for an extended period. Of course, this
hypothesis necessitates further long-term follow-up.

The primary limitation of this study is the small sam-
ple size and the lack of further research on the fibrotic
deposition within the valve. For instance, scanning elec-
tron microscopy (SEM) could be employed to study the
structure of the obstructed valve and the nature of the
deposits in more detail. We hope that these aspects can
be addressed in future research. Shunt valve obstruction
is an important issue, and to date, there is no definitive
method for diagnosing this condition in vivo. As for the
treatment of valve obstructions, the only option cur-
rently available is valve replacement. Current research
is moving towards addressing these challenges, and we
hope that shunt system manufacturers will intensify their
efforts to develop reliable methods for diagnosing and
treating shunt valve obstructions.
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Conclusion

Shunt valve obstruction is an underestimated cause of
shunt system failure, with no current definitive method
for early diagnosis. Fibrotic deposition is a primary
mechanism underlying shunt valve obstruction. Pressure
adjustment dysfunction in a programmable shunt valve
serves as a reliable indicator of shunt valve obstruction.
Further research should prioritize the treatment and pre-
vention of shunt valve obstructions to improve outcomes
in neurosurgical practice.
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