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Background: Idiopathic intracranial hypertension (lIH) is defined as elevated
intracranial pressure and consequent symptoms (mainly headache and visual
deterioration) occurring in the absence of secondary causes. Surgical and
interventional radiology procedures should be considered for refractory IIH and
mainly include cerebrospinal fluid (CSF) diversion techniques, optic nerve sheath
fenestration (ONSF), and venous sinus stenting (VSS). Our study aims to review
the current literature on the application of these techniques in clinical practice.
Methods: A systematic literature review on the surgical and interventional
radiology treatment of IIH was conducted, focusing on ONSF, VSS, and CSF
diversion techniques. According to PRISMA guidelines, all reports published in
PubMed in the last 30 years (1993-2023) were considered, and among 722
papers, 48 were included in the present study, resulting in a total study
population of 454 children or adolescents (11 months—17 years old).

Results: Among 454 patients, 193 underwent an invasive approach, divided into CSF
diversion (115/193), ONSF (65/193), VSS (11/193), cranial subtemporal decompression
(8/193), and internal cranial expansion (9/193). Sixteen of the 193 patients (8%) required
reintervention due to relapsing symptoms or surgical complications, particularly those
who underwent CSF diversion. Furthermore, 9/115 required shunt revision due to
shunt obstruction or malfunction. We extracted data on the outcome of each
procedure: of the 193 patients, 71 experienced a positive outcome with symptom
resolution or improvement, while 27 demonstrated a negative outcome.
Discussion and conclusions: Severe and refractory cases of IIH are eligible for
invasive treatments. CSF diversion is the most frequently used technique, despite
its high failure risk and need for reintervention. ONSF has shown good results in
terms of outcome and safety, particularly in children with visual symptoms. VSS is
the most recent approach, indicated in children with stenosis of the venous sinus.
In our study population, VSS demonstrated good results in terms of symptom
resolution and need for reintervention, but its use remains limited to a few centers.

Systematic Review Registration: https://www.crd.york.ac.uk/, PROSPERO
(CRD42024504244).
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1 Introduction

Idiopathic intracranial hypertension (ITH) is characterized by
signs and symptoms of elevated intracranial pressure (ICP), without
any pathological findings on neuroimaging (except for signs of high
ICP) and with a normal composition of the cerebrospinal fluid
(CSF) (1). The incidence of IIH in pediatric age ranges between
0.60 and 0.71 per 100,000 children (2, 3). The most frequent
symptoms in children are visual loss and headache, often associated
with diplopia, tinnitus, and VI cranial nerve palsy (4, 5).

First described by Dandy in 1937 in a work of 22 patients, the
diagnostic criteria included signs and symptoms consistent with
elevated intracranial pressure and an opening pressure >25 cm
H,0, normal cerebrospinal fluid composition, and normal to
small ventricles without evidence of an intracranial mass on
pneumoencephalography (6). These criteria were updated in 1985
by Smith to reflect advancements in neuroimaging (7). The
current diagnostic criteria include papilledema, normal
neuroimaging, elevated intracranial pressure (>28 cm H,O if the
child is under sedation in the lateral decubitus position or
>25 cm H,0 if the child is non-sedated or obese), and normal
cerebrospinal fluid constituents (8, 9).

Currently, the first-line treatment of pediatric IITH is
acetazolamide, aimed at reducing elevated intracranial pressure
(10). Most children respond to treatment with acetazolamide
[around 91% in the adult population, whereas data are not
available for children (11)]. However, some of them show
refractory intracranial hypertension or relapsing IIH after
discontinuing treatment. Some of these cases require second-line
medical treatment or surgical intervention, especially when there
is a rapid worsening in visual acuity (12).

This study aimed to review the pertinent literature about the most
frequently used invasive treatments of ITH in children: venous sinus
stenting, optic nerve sheath fenestration, lumboperitoneal and
ventriculoperitoneal shunting, and cranial decompression. We
analyzed each technique describing its prevalence in the study
population, the need for reintervention, and the outcome in terms

of resolution, persistence, or worsening of symptoms.

2 Materials and methods

We performed a systematic literature review on the invasive
treatment of pediatric ITH focusing on VSS, ONSF, and CSF
shunting techniques (i.e., ventriculoperitoneal shunt and
lumboperitoneal shunt).

The research was conducted in the PubMed database,
complying with PRISMA guidelines (13).

The search terms used were as follows: ((pseudotumor cerebri)
OR (idiopathic intracranial hypertension)) AND ((treatment) OR
(management)) AND (children). Language restrictions were
applied: papers written in English, French, Spanish, or German
were included. The available articles were manually filtered,
considering patients of pediatric age (<18 years old) who had

been diagnosed with ITH [according to the original Dandy’s
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criteria in 1937 (6, 8)] and who underwent an invasive approach
(optic nerve sheath fenestration, venous sinus stenting, CSF
shunting, cranial decompression), from 1993 to November 2023.
This
representative of current approaches to IIH and it balances

time frame was selected because we Dbelieve it is
modern and consolidated expertise on the topic. Demographic,
clinical, diagnostic, and treatment data were collected.

Studies with mixed populations (where raw data were not
clearly defined) or without CSF measurement were excluded.
Narrative reviews (those that did not report raw data) were also
A total of 722 records were identified
through literature research. Of these, 37 articles were excluded

excluded (Figure 1).

(impossible to download, written in languages other than Italian,
English, German, French, and Spanish), and 14 were duplicates
(i.e., questions to the author). Among the remaining 671 records,
we excluded 230 papers because they either referred to the adult
population (31 articles) or were not pertinent to the topic (199
studies). A total of 441 full-text articles were assessed for
eligibility. After full-text examination, 393 more records were
further excluded for various reasons: 55 did not report raw data;
175 were not relevant to the aim of our review (i.e., did not refer
to neurosurgical treatment); 32 studies did not meet the
definition of IIH (1937),
particularly if opening pressure was not measured or was inferior

according to Dandy’s criteria
than 25 cm H,O. A total of 106 records were excluded because
they referred to secondary intracranial hypertension, and 25
records were excluded because they did not differentiate the
results by age, making it impossible to extract data specific to
pediatric patients. A final number of 48 studies were included in
the current systematic review, corresponding to a study
population of 454 children or adolescents. An ad hoc dataset
containing the data collected was created (see Supplementary
Materials). Only 193 out of 454 children underwent an invasive
treatment; the result is that the study population comprises both
patients receiving medical treatment and those eligible for an
invasive approach. We aimed to broaden the study population to
better reflect the proportions found in the general population,
despite potential selection bias. We considered the different lines
and the final

outcome in terms of resolution, worsening, or persistence of

of intervention, the need for reintervention,

symptoms. In some studies, it was not possible to extract
complete information and data regarding the different aspects
analyzed in the review (e.g, fundus oculi examination,
neuroimaging, medical therapy, and outcome). In these cases, the
incomplete data were counted and reported in the results section
as missing data. Our systematic review was registered in the

PROSPERO system with protocol number CRD42024504244.

3 Results

3.1 Epidemiology, clinical presentation, and
neuroimaging

Considering the records included, a total of 454 pediatric
patients were recruited for our study population. The mean age
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FIGURE 1
Methods and materials of paper selection.

of the study population was 12 years (11 months—17 years); 305
(66%) patients were female.

The most common onset symptoms were headache (352/454,
77.5%), diplopia (104/454, 23%), visual acuity reduction (63/454,
14%), VI nerve palsy (42/454, 9%), tinnitus (74/454, 16%),
nausea and vomiting (60/454, 13%), and neck or shoulder pain
(78/454, 17%).
summarized in Table 1.

The clinical features at onset have been

Unilateral or bilateral papilledema was detected in 377 of 417
patients who underwent fundus oculi examination (90%), while it
was negative in 40 of these patients. The ophthalmologic exam
was not mentioned in the remaining 37 patients of the
total population.

We included only pediatric cases with direct measurement of
intracranial hypertension and an opening pressure of >25cm
H,0. The mean opening pressure from lumbar puncture was
37.5cm H,O based on data calculated on 393 subjects. In the
remaining 61/454 patients, data were aggregated and only
provided range values, even though they respected Dandy’s
criteria (OP >25 cm H,0).
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Neuroimaging was performed in 421/454 subjects (93%):
8/421 (2%)
computed tomography (CT), 145/421 (34%) only brain magnetic
resonance imaging (MRI), and 72/421 patients (17%) both brain
CT and brain MRI. In the remaining 196/421 (46%) patients,
details about the type of neuroimaging were not available.

A total of 217/421 patients underwent MRI showing indirect
hypertension radiological signs only in 59/421 of them (16%).

among them, subjects underwent only brain

MR cerebral venography (MRV) was performed in 117 patients
(54%) revealing abnormalities (primarily venous sinus narrowing
or stenosis) in 11% of patients. MRV was not mentioned in the
remaining patients (100/217, 46%).

In 362/421 (86%) patients, neuroimaging did not report any
significant pathological findings. Among the remaining patients,
the most common neuroradiological signs were narrowing/
stenosis of the cerebral venous sinuses (15/59, 25%), empty sella
sign (13/59, 22%), and optic nerve tortuosity—enlargement (16/
59, 27%). More than one radiological sign was present in 6/59
(10%). A comprehensive list of all the neuroradiological findings
is reported in Table 2.

frontiersin.org


https://doi.org/10.3389/fped.2024.1466688
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Friso et al.

TABLE 1 Clinical manifestation at onset in our study population.

Symptoms at onset Prevalence (N/454)
Headache 352 (77.5%)
Visual symptoms

« Diplopia 104 (23%)

o Reduction of visual acuity 63 (14%)

o Blurry vision 112 (25%)

« Reduction of visual field 40 (9%)

« Transient visual obscuration 69 (15%)

« Strabismus 6 (1%)
Muscular symptoms

o Neck or shoulder pain 78 (17%)

o Stiff neck 5 (1%)
Tinnitus 74 (16%)
Nausea and/or vomiting 60 (13%)
VI nerve palsy 42 (9%)
Dizziness and/or vertigo 15 (3%)
Impairment of consciousness 4 (1%)

TABLE 2 Neuroradiological signs in the study population.

Neuroradiological signs Prevalence (N/454)

Optic nerve tortuosity-enlargement 16 (3.5%)
Venous sinuses narrowing/stenosis 15 (3.3%)
Empty sella 13 (2.8%)
Small ventricles 6 (1.3%)
Flattening of the ocular globe 4 (0.8%)
Descended cerebellar tonsils 3 (0.7%)
Optic nerve atrophy 2 (0.4%)
Reduced subarachnoid space 1 (0.2%)
Prominent peri optic subarachnoid spaces 1 (0.2%)
Enlarged cisterna magna 1 (0.2%)
Cerebellar atrophy 1 (0.2%)
General increase in grooves and fissures 1 (0.2%)

3.2 Medical treatment

Regarding the management of ITH, medical treatment was the
first-line approach except for 15/454 patients (3%) who did not
receive any oral medication. In these cases, the reasons were
rarely mentioned. For instance, in one patient, medical therapy
with acetazolamide was contraindicated due to chronic renal
failure in a child undergoing peritoneal dialysis. His condition

10.3389/fped.2024.1466688

also contraindicated ventriculoperitoneal shunting, so ultimately
he wunderwent lumbo-pleural shunting with resolution
of symptoms.

The first-line medication was acetazolamide in 213/439
patients (48.5%), topiramate in 2/439 (0.5%), and corticosteroids
in 13/439 (3%) patients. The co-administration of two drugs
simultaneously as the first-line treatment was performed in
17/439 patients (4%): 13/17 patients used ACZ + corticosteroids,
3/17 ACZ + topiramate, and 1/17 ACZ + furosemide.

Second-line medical treatment was administered to 33/439
patients (7.5%): 6/33 topiramate, 2/33 ACZ, 5/33 furosemide,
16/33 steroids, and 1/33 mannitol.

Lastly, before undergoing neurosurgical treatment, 15/439
patients (3.4%) were administered a third drug (12/15
topiramate, 2/15  dexamethasone, 1/15 ACZ + steroid +
furosemide). The remaining 194/439 (44%) children were treated
with medical therapy, but the specific medication used was not
reported, or it was not possible to discriminate between first-,
second-, and third-line therapy.

3.3 First-line surgical and interventional
radiology approach

An invasive approach was performed in 193 out of 454 patients
(42.5%), typically following the failure of medical therapy, as
reported in Table 3. The most frequently used invasive
techniques for treating IIH were shunt placement
(lumboperitoneal, LP; ventriculoperitoneal, VP; or
ventriculoatrial, VA) (115/193), ONSF (65/193), and VSS
(11/193). Less commonly employed techniques included
subtemporal or cranial decompression (9/193), endoscopic third
ventriculostomy (1/193), and internal cranial expansion (8/193).

Of the 193 patients, 177 (92%) underwent only one surgical or
interventional radiology procedure. Shunt placement was applied
in 115/193 patients (60%) (Table 3), representing the most
frequent technique considering LP, VP, and VA together. Among
single-shunt procedures, LP was the most frequently used (63/
193), and in the majority of patients (52/63), it was the only
procedure required to treat IIH. VP shunting was performed in
54/193 children, and it was effective in 47/54 patients.
Ventriculoatrial shunting was carried out in only two patients,
and both were effective. Lumbo-pleural shunting was performed

TABLE 3 Surgical and interventional radiology procedures in the study population.

Procedures Single invasive ltiple approaches (the procedure Total (N/193)
ach (N/193) was a first-line approach, FL)
Venous sinus stenting 7 4 (1/4 FL) 11
Optic nerve sheath fenestration 60 5 (4/5 FL) 65
Lumboperitoneal shunt 52 11 (6/11 FL) 63
Ventriculoperitoneal shunt 47 7 (2/7 FL) 54
Ventriculoatrial shunt 2 - 2
Lumbopleurical shunt 1 - 1
Internal cranial expansion 4 5 (2/5 FL) 9
Subtemporal decompression 4 4 (3/4 FL) 8

FL, first line.
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only in one patient, where medical therapy was contraindicated due
to chronic renal failure, as described earlier.

The second most common procedure in our population was
ONSEF, which was performed in 65/193 patients, particularly in
those with visual symptoms. In the majority of patients (60/65,
92%) ONSF was effective, not requiring other interventions, and
safe (only one patient experienced a complication, specifically
bilateral myelinated retinal nerve fiber syndrome). Twelve of
the 65 patients reported the persistence of symptoms (10/12) or
the persistence of fundus oculi alterations (2/12), defining the
procedure as a failure. Three of these patients (3/12, 25%),
however, had previous underlying alterations, such as optic
atrophy or congenital cataracts.

VSS was performed in 11/193 patients treated with an invasive
(0.5%)
interventional approach. Ten out of 11 patients who underwent

approach. Only one patient required a second
VSS (90%) had documented venous sinus stenosis; for one patient,
neuroimaging data on venous sinus stenosis were not available. All
but two patients, whose data were not reported, were administered
dual

heparinization. Only 1 out of 11 patients required an additional

pre- and post-procedural antiplatelet therapy and
interventional approach.

Cranial subtemporal decompression was performed in 9/193
patients and was the first treatment in 6/9 patients; in the
remaining three patients, the procedure was conducted after
shunt failure. In 2/9 patients, LP shunt was required as a second
invasive procedure.

Eight of the 193 patients underwent internal cranial expansion,
a technique that involves removing the skull’s inner calvaria table
and cancellous bone to increase the volume of the intracranial
compartment (14). For 4/8 children, internal cranial expansion
was the only neurosurgical approach considered, while in 3/8 it
was the second-line approach following the failure of shunting or
ONSE. In only one patient, internal cranial expansion required a
second-line approach with VSS to resolve symptoms.

3.4 Second-line procedures

Sixteen of 193 (8%) children treated with an invasive approach
also required a second surgical or interventional radiology treatment.

Among the 63 patients who underwent LP shunting, this was
the first-line invasive treatment for 58 patients (92%). The
remaining 5/63 patients underwent LP shunting following
another procedure’s failure: one after VPS, two after subtemporal
decompression, two after ONSF, and one after VSS. When LP
shunting was performed as a second-line treatment, it was
always effective.

Six of 63 (9.5%) patients who underwent LP shunting required
second-line surgical treatment. Among these, one patient
underwent VP shunting due to LP shunt failure (obstruction or
malfunction), while another, with persistent visual symptoms after
LP shunting, required ONSF as the second-line approach. Three
patients required multiple reinterventions after first-line surgical
treatment with LP shunting: in one patient, it was followed by VP

shunting and later internal cranial expansion (1/63, 1.5%); in two
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patients, LP shunting was followed by VP shunting and
subtemporal decompression (2/63, 3%). The most severe case of
IIH in our study population involved a girl who presented with
recurrent headaches. She underwent nine LP shuntings, multiple
bilateral subtemporal decompressions, VP shunting with eight
revisions, a foramen magnum decompression, and finally an
endoscopic third ventriculostomy. Despite these, the patient
remained symptomatic and underwent periodic lumbar punctures
to control intracranial hypertension (15).

VP shunting showed the highest percentage of reintervention
due to obstruction, malfunction or failure, and relapsing of
symptoms (13/54, 24%). Six patients (6/54, 11%) only required
revision of VP shunting, while the remaining (7/54) required a
second invasive approach. Among patients initially treated with
VP shunting (49/54, 90%), only two required a second-line
procedure. One patient underwent reintervention with VSS and
the other with internal cranial expansion.

For the remaining five patients (5/54), VPS was performed as a
second-line procedure, and it was effective only in one patient after
LP shunting. The
reinterventions, as reported in Table 3 and Table 4.

other four patients required multiple

Two children who initially underwent VPS remained
symptomatic, and resolution was obtained only with bariatric
surgery, which addressed obesity as the main risk factor in these
patients (19, 21). Bariatric surgery also proved to be an effective
option in a third case, a 15-year-old female who first underwent
LP shunting and then required placement of VP shunting and
later subtemporal decompression but eventually resolved
symptoms only with bariatric surgery (19).

Regarding ONSF, only four patients out of 65 (6%) required an
additional treatment: two children received lumboperitoneal
shunts, one underwent internal cranial expansion, and one
required VSS as a second-line surgical approach. One patient
with end-stage renal disease, who was initially treated with LP
shunting, underwent ONSF due to relapsing symptoms, but this
procedure was unsuccessful. Subsequently, kidney transplantation
was needed, and he experienced persistent blindness (18).

As for VSS, 1 of 11 patients (9%) with relapsing symptoms
underwent LP shunting. This was a female patient (6 years old.),
with severe symptoms (severe headache, decreased level of
awareness with hypertonia, and bilateral reactive mydriasis) and
an OP of 55cm H,O (17). In three patients (3/11, 27%), VSS
was a second-line procedure after ONSF, internal cranial
expansion, and VPS, respectively; in all these patients after stent
placement, ITH symptoms resolved.

Table 4 summarizes the clinical and radiological characteristics
of children who required more than one surgical or interventional

radiology approach to control their symptoms.

3.5 Focus on venous sinus stenting

VSS was performed in 11 patients and described in five papers
(four case series and one retrospective study) (16, 17, 20, 22, 23).
As summarized in Table 5, in these patients requiring VSS, MRI
showed venous stenosis, particularly in the transverse sinus,
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TABLE 4 Patients of the study population undergoing at least one second-line invasive treatment.

Author, year

BMI

Symptoms at onset

Opening pressure
(cm H,0)

Fundus
oculi

Neuroimaging

Medical
treatment

Invasive treatment

Outcome

Schwarz et al. (16) 7 16.1 | Severe headache 32 Mild VS intrinsic stenosis None 1 line: ICE Resolution
papilledema 1I line: VSS
16 25.7 | Severe headache, tinnitus, 39 Mild VS intrinsic stenosis ACZ I line: ONSF Resolution
diplopia papilledema 1I line: VSS
Cinciripini et al. (68) 5.5 - | Sensory exotropia, severe left | 31 Papilledema | Normal CS and ACZ I line: ONSF Resolution
eye visual loss 1I line: LPS
Barrero Ruiz et al. (17) 6 - Severe headache, vomits, 55 Normal Bilateral transverse VS ACZ 1 line: VSS After 5 months required
impairment of consciousness stenosis 1I line: LPS LPS revision and removal.
Chang et al. (69) 16 >25 | - 54 (mean) - - ACZ 1 line: ONSF -
(mean) 1I line: LPS
Ellis et al. (14) 16 22.8 | Headache, vertigo 36 Normal - - I line: LPS No resolution of symptoms
1I line: VPS
11T line: ICE
13 224 | Headache 36 Normal - - I line: VPS Recurrence of headache
1I line: ICE
17 45.8 | Headache, vision loss 56 Papilledema - - I line: ONSF Improvement of headache,
1I line: ICE stable vision, decreased
papilledema
Correia et al. (70) 7 - Vomit, irritability, VI nerve 50 Papilledema Normal ACZ + furosemide | I line: LPS Resolution.
palsy 1I line: VPS One revision of VPS.
Beri et al. (71) 7 15.5 | Headache, visual loss, 27 Normal Mild stenosis of left I line: ACZ I line: LPS Postoperative epilepsy
audiological impairment transverse VS 1I line: 1I line: VPS
Corticosteroids 1II line: subtemporal
11T line: decompression
Topiramate
Mandiwanza et al. (15) 16 - Headache 36-40 Papilledema Chiari I malformation 1 line: ACZ I line: LPS Recurrence of headache
1I line: 1I line: ICE requiring occasional lumbar
Corticosteroids III line: VPS punctures
1V line: foramen magnum
decompression
V line: cisterna magnum-
peritoneal shunt V line: ETV
Mourani et al. (18) 5 - | Headache, VI nerve palsy, 25 Papilledema | Normal ACZ and I line: LPS Progression to total blindness.
visual loss corticosteroids 1I line: ONSF Resolution of headache after
kidney transplantation
Hoangetal. (2017) (19) 15 36 | Headache, diplopia, back >30 Papilledema - - I line: LPS Resolution after bariatric
pain, urinary retention 1I line: VPS surgery
1II line: bilateral subtemporal
decompression
Aguilar-Pérez 17 - | Headache 50 Papilledema Stenosis of the right ACZ I line: VPS Resolution
et al. (20) transverse sinus 1I line: VSS

(Continued)
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TABLE 4 Continued
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M, male; F, female; ACZ, acetazolamide; CS, corticosteroids; VSS, venous sinus stenting; ONSF, optic nerve sheath fenestration; LPS, lumboperitoneal shunt; VPS, ventriculoperitoneal shunt; VS, venous sinus.
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superior sagittal sinus, or jugular vein. In only 6/11 patients (55%),
it was specified whether the stenosis was extrinsic (smooth
gradually narrowing tapered stenosis) or intrinsic (due to
arachnoid granulations or fibrous septae). Dual antiplatelet
therapy was administered pre-procedural in 9/11 patients, while
it was administered in the post-procedural phase in 7/11
patients (Table 5).

3.6 Outcome

We searched for the outcomes of different procedures but data
on their efficacy and effectiveness were lacking. This was due to the
types of studies included (mainly case reports and case series) and
their retrospective design, the difficulty of comparing data coming
from different centers, and the lack of complete information about
the outcome. As a matter of fact, for 95 of 193 patients treated with
neurosurgical or interventional radiology treatments (49%),
outcome information was not available (Table 6).

In children who underwent more than one invasive approach,
we counted failed procedures requiring reintervention among
negative outcomes. Sevnty-one of 193 (37%) children had a
positive outcome, showing complete resolution of symptoms,
normalization of visual acuity and papilledema (46/71, 65%), or
at least improvement of symptoms (25/71, 35%). Considering
single procedures, we observed a positive outcome in 9/11 (82%)
children treated with VSS, 26/65 (40%) ONSF, 9/63 (14%) LPS,
and 20/54 (37%) VPS.

We considered patients with a negative outcome as those with
persistence or worsening of symptoms, pathological fundus oculi, or
altered visual field examination (i.e, showing optic atrophy, pale
optic disc, enlarged blind spots). Only one patient (1/194, 0.5%)
showed bilateral myelinated retinal nerve fibers syndrome as a
collateral effect of ONSF. Overall 27/193 patients showed a negative
outcome (14%). Examining the individual procedures, a negative
outcome was reported in 2/11 (18%) children who underwent VSS,
12/65 (18%) ONSF, 9/63 (14%) LP shunting, and 14/54 (26%) VP
shunting. None of the patients died during follow-up for IIH, and
the worst outcome was blindness (in one patient) (18).

4 Discussion
4.1 Clinical presentation

Pediatric ITH is a rare and severe condition with an overall
incidence of about 1 case per 100,000 children in the general
population. The incidence increases during the second decade of
life, particularly between 12 and 15 years of age (24, 25). In our
review, we found a female sex prevalence (66%) and a median
age at onset of 12 years.

The data of our pediatric population were analyzed according to
the original Dandy criteria (6), considering an opening pressure of
>25cm H20 (rather than >28 cm H,0O). This cutoff remains
currently used for diagnosing IIH in both adults and children
without sedation during lumbar puncture and without obesity.
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TABLE 5 Patients of the study population undergoing venous sinus stenting (VSS).

Author, Sex Symptoms at onset | OP (cm  Fundus Prior Anticoagulant Trans-stenotic gradient | Outcome
year H,0) oculi treatment pre- vs. post-stenting
(mmHg)
Schwarz et al. F 15 Severe headache, tinnitus, 65 Papilledema VS extrinsic ACZ Dual antiplatelet for 1 month; 34 vs. 1 Resolution
(16) diplopia stenosis then aspirin for 1 year
M 4 Severe headache 32 Mild papilledema | VS intrinsic ICE Dual antiplatelet for 1 month; 7-7 vs. 1-2 (bilateral stenosis) Resolution
stenosis then aspirin for 1 year
F 16 Severe headache 39 Normal VS intrinsic ACZ Dual antiplatelet for 1 month; 14 vs. 0 Persistence of mild
stenosis then aspirin for 1 year headache
F 17 Severe headache 26 Normal VS extrinsic ACZ Dual antiplatelet for 1 month; 10 vs. 1 Resolution
stenosis then aspirin for 1 year
M 16 Severe headache, tinnitus, 39 Mild papilledema | VS intrinsic ONSF Dual antiplatelet for 1 month; 19 vs. 1 Resolution
diplopia stenosis then aspirin for 1 year
M 14 Severe headache 33 Normal VS intrinsic ACZ Dual antiplatelet for 1 month; 9vs. 0 Resolution
stenosis then aspirin for 1 year Topiramate after
stenting
Carter et al. (22) | F 15 Headache, blurry vision 57 Papilledema - ACZ - 32vs. 6 Resolution
Dotan et al. (23) | No raw | No raw | Headache, no raw data on No raw Bilateral severe VS stenosis ACZ + steroids - No raw data Resolution
data data other symptoms data papilledema
Barrero Ruiz F 6 Severe headache, vomits, 55 - Bilateral transverse | ACZ Dual antiplatelet therapy 23 vs. 3 Required LP shunting
et al. (17) impairment of consciousness VS stenosis
Aguilar-Pérez M 17 Headache 50 Papilledema TS, SSS, jugular ACZ and VPS Dual antiplatelet therapy pre- 14 vs. 0 Resolution
et al. (20) vein hypoplasia stent
F 13 Headache 60 Papilledema Bilateral VS ACZ Dual antiplatelet therapy pre- 4 vs./(not available) Persistent but
stenosis stent improving headache

M, male; F, female; ACZ, acetazolamide; VS, venous sinus; ONSF, optic nerve sheath fenestration; VPS, ventriculoperitoneal shunt; TS, transverse sinus; SSS, superior sagittal sinus; ICE, internal cranial expansion.
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TABLE 6 Clinical outcome by procedure.

Outcome

Surgical and

interventional
radiology procedures

_____ Positive Negative Not specifed

Venous sinus stenting 9/11 2/11

Optic nerve sheath fenestration 26/65 12/65 27165
Lumboperitoneal shunt 9/63 9/63 45/63
Ventriculoperitoneal shunt 20/54 14/54 20/54
Ventriculoatrial shunt - - 212
Lumbopleurical shunt 1/1 - -
Internal cranial expansion 4/8 4/8 -
Subtemporal decompression 2/9 5/9 2/9

Positive outcome, resolution or improvement of symptoms; negative outcome, persistence or
worsening of symptoms.

The papers included in this review never specified whether patients
were sedated and only occasionally mentioned obesity, and this lack
of information could represent a potential bias. Risk factors such as
obesity, medical treatments (i.e., growth hormone, corticosteroid
withdrawal, lithium, all-trans retinoic acid, or isotretinoin), and
systemic conditions (i.e., endocrinological and celiac disease) are
quite common in patients presenting with ITH symptoms (26). In
most of our study population, symptom resolution was achieved
after the removal of risk factors (i.e., discontinuing growth
hormone administration or treating obesity). The most frequent
symptoms at onset included headache with or without nausea and
vomiting, visual symptoms (such as diplopia, blurry vision, and
transient visual obscuration), neck/shoulder pain, and tinnitus,
while the most common clinical signs included reduced visual
acuity or visual field and VI nerve palsy, as previously reported (9).

Unilateral or bilateral papilledema was found in the majority of
our patients (90%), but it is important not to exclude ITH diagnosis
in the case of normal fundus oculi and to suspect it based on
clinical presentation. literature,
detected even less frequently, ranging from 66% to 82.2% (27, 28).
Although optic nerve swelling is a nonspecific finding and may be

In previous papilledema was

absent (e.g., in children with optic atrophy), the diagnostic role of
this examination is well acknowledged (24, 29). Some studies in
adults have documented a relationship between the grade of optic
disc edema and intracranial pressure values (30-32), while these
data are not available for pediatric series nor in our study population.

4.2 Neuroimaging and other diagnostic
techniques

Revised diagnostic criteria for ITH diagnosis require the
presence of five criteria: papilledema, raised intracranial pressure
(>25 cm H,O in unsedated and not obese children, or >28 cm
H,O if sedated or obese), a normal neurological examination
except for cranial nerve abnormalities, normal CSF composition,
and the exclusion of secondary causes with neuroimaging (8).
Neuroimaging is mandatory to exclude secondary causes of
increased intracranial pressure. Furthermore, the progressive
improvement of MRI has permitted over time the identification
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of neuroradiological signs that are suggestive of ITH (33). If the

aforementioned criteria are not fulfilled (i.e., absence of
papilledema or sixth nerve palsy), a definite diagnosis is also
possible if at least three of the following neuroradiological signs
are present: empty sella (Figure 2), flattening of the posterior
aspect of the globe, transverse sinus stenosis (Figure 3), and
distension of the perioptic subarachnoid space with or without a
tortuous optic nerve (Figure 4). The presence of more than three
of the abovementioned neuroimaging features has been correlated
to the severity of visual impairment. According to the literature,
optic nerve tortuosity was the most sensitive sign of IIH, while the
flattening of the posterior globe and distension of the perioptic

subarachnoid space displayed the highest specificity (34). Our

FIGURE 2
A 12-year-old male patient with partial empty sella aspect in the
sagittal sequence

FIGURE 3

An 1l-year-old female patient with reduced flow signal in the
transverse sinuses and at the passage between transverse and
sigmoid sinuses at the MR venography.
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FIGURE 4
An 1l-year-old female patient with optic nerve tortuosity and
bilateral protrusion of the papillae in the axial T2w sequence

results confirm that the most frequent neuroradiological findings are
optic nerve tortuosity or enlargement and empty sella but also
Venous sinus narrowing or stenosis.

Some of these MRI abnormalities may be partially attributed to
the effects of general anesthesia (35-37); therefore, the presence of
three or more features is less likely to be influenced by sedation and
can be considered more specific for IIH (35), increasing the
likelihood of an ITH diagnosis (38).

Recently, cerebral angiography and venography have also
demonstrated an important diagnostic role in measuring
intracranial venous pressure prior to VSS, confirming the presence
of a pressure gap between the jugular vein and transverse or
sagittal venous sinuses. This evaluation is typically performed after
non-invasive imaging to rule out other etiologies of increased ICP.
Based on this examination, they are eligible for VSS (39, 40).
While no specific pressure gradient threshold has been established
in the literature, most studies report using a pressure gradient of
>8 mmHg as a criterion to consider venous sinus stenting in the
adult population (40). No data are available for pressure gradient
and eligibility for VSS in IIH in children. In our experience, the
mean trans-stenotic gradient pre-VSS is 15.18 mmHg (range,
4-34), and only 3/11 patients showed a gradient of <8 mmHg.

Finally, as in many other diagnostic processes of pediatric
pathologies, ultrasound has gained widespread approval also in the
diagnosis of IIH thanks to its safety, repeatability, and lack of
radiation exposure (41). Ultrasound finds application in this setting
through measurement of optic nerve sheath diameter (ONSD) and
transcranial Doppler. Both methods are useful in the diagnostic
setting, showing how the variation of ONSD and baseline blood

flow in brain blood vessels correlate significantly with an increase
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of intracranial pressure (42, 43), but might also be valid non-
invasive methods for longitudinal monitoring in the follow-up of
pediatric patients with a previous diagnosis of ITH (44, 45).

4.3 Medical treatment

For patients with IIH and visual symptoms, acetazolamide is
used as first-line treatment in the majority of patients (25, 46).
This approach was also commonly applied in our population:
52.4% of patients were treated with acetazolamide either as a
single (48.5%) or combined therapy (3.9%). Acetazolamide can
improve symptoms and visual outcomes by reducing the rate of
CSF production [by 6% to 50% (9)].

Acetazolamide is considered the best drug to treat IIH
symptoms. More specifically, the IIH randomized controlled
treatment trial conducted by the NORDIC consortium (9, 47) on
adult patients demonstrated that acetazolamide was effective for
mild visual loss with improvements in perimetric mean deviation,
papilledema severity, CSF opening pressure, weight loss, and
quality of life. Ball et al. (48) documented a positive effect of the
drug on headaches and visual disturbances such as transient visual
obscuration and binocular contrast sensitivity. However, no
significant differences were found in papilledema, headache
severity, visual acuity, and visual field. In conclusion, both trials
showed a lack of evidence for effectiveness in improving visual
acuity and reducing headache severity (9, 48, 49).

Patients who do not respond or cannot tolerate acetazolamide
due to its multiple side effects (metallic taste, tingling sensation in
the mouth, paresthesia, and nausea) may require other drugs (10,
50).
corticosteroids have also been administered (much less frequently

In our study population, topiramate, furosemide, and

than acetazolamide), either as monotherapy or as combination
therapy. However, none of these treatments have been evaluated in
randomized controlled trials and the majority of the available data
comes from case reports or series. Topiramate has weak carbonic
anhydrase inhibition properties, making its mechanism of action
similar to that of acetazolamide; it may work better as an “add-on”
to acetazolamide (50).

Furosemide has weak carbonic anhydrase inhibiting properties,
but its main mechanism is probably due to its diuretic effect
combined with a reduction of sodium transport into the brain (51).

Corticosteroids are used in cases of worsening or persistent
visual symptoms or refractory severe headaches despite treatment
with acetazolamide. They should be administered for short
courses of no more than a few weeks. Corticosteroids are
thought to reduce vasogenic edema and intracranial pressure but
their efficacy remains unproven (52).

4.4 Surgical and interventional radiology
procedures

An invasive approach should be pursued in cases of refractory
ITH despite a maximum medical therapy, particularly in cases of
significant visual loss at onset and declining visual function
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(47, 53). Currently, the main surgical options described in the
literature for IIH treatment include ONSF, VSS, and CSF
diversion (mainly lumboperitoneal and ventriculoperitoneal
shunt). Since there is no evidence favoring any specific
treatment, both in adult and pediatric populations, the choice of
technique mostly depends on local availability and expertise (54).

CSF diversion with shunt placement (LP, VP, ventriculoatrial,
or lumbo-pleural) is one of the most frequently applied
approaches in both children and adults with medically refractory
ITH cases, providing immediate improvement in both headaches
and visual involvement (24, 25, 55).

This trend is reflected in our study as well: CSF diversion was the
most commonly employed technique (115 patients for a total of 120
procedures), and, considering the specific procedure, LP shunt (63/
120, 53%) slightly prevailed over VP shunt (54/120, 45%). These
procedures carried a notable risk of complications: in pediatric
patients, shunt failure is experienced in 30%-40% of cases within
1 year and approximately 50% within 2 years (56). In our review,
the need for revision or retreatment was much lower (20/115,
17%) and concerned 8/63 (11%) LP shunt and 12/54 (23%) VP
shunt-treated patients. The reasons for revision or retreatment
reported in our cases align with those reported in the literature
(shunt failure, dislocation, obstruction, infection, and overdrainage).

ONSE is considered in several papers as the first-line procedure
when vision involvement is the primary concern (4, 47). This
technique provides drainage of cerebrospinal fluid from the
subarachnoid space around the optic nerves (57), reducing
pressure on the optic disc at the level of the lamina cribrosa.
Moreover, this technique has the advantage of leading to a
bilateral visual recovery even when only one eye is operated on; in
fact, the visual outcome frequently improves in the non-operated
eye too, avoiding the necessity for a second surgery and all the
associated risks (58). In our series, it was the second most applied
approach with 65 described cases (first, if considering each CSF
diversion procedure separately). In our study, this technique has
fewer complications than CSF diversion [only one case of acquired
bilateral myelinated retinal nerve fibers has been described (59)].
6/65 (9%) patients experienced persistence of visual symptoms
after ONSF, likely because the intervention was performed when
visual deterioration had already progressed to a severe stage and
was associated with permanent damage. Moreover, 3/6 patients
had underlying optic alterations (optic nerve atrophy, congenital
cataracts) Finally, the
assessment and monitoring of optic nerve dysfunction in children

that likely influenced the outcome.

are challenging, which may contribute to delays in intervention.
VSS is the most recently developed technique, and it has shown
promising results in improving both visual and headache outcomes
(60). Its role in ITH treatment is supported by the presence of areas
of focal stenosis within the dural venous sinus system in 68%-93%
of patients, as described in recent studies (22). The etiology of this
stenosis is still a matter of open discussion: some studies suggest
the presence of undiagnosed structural lesions of the venous
sinuses (61), and others propose a possible role of non-occlusive
microthrombosis lining dural vessels that might impede CSF
absorption (62). This may lead to cerebral venous hypertension,
which could be the cause rather than a consequence of a raised
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CSF pressure (63). In our study, stenosis of the venous sinus
system was documented by MRI in almost all the studied
patients (10 out of 11 total VSS cases). The stenosis has been
implicated as either a primary or contributory cause of IIH and
targeted treatment of the stenotic sinus through stent placement
or venoplasty alone has emerged as a new promising treatment
strategy (64). In our review, among the 11 patients treated with
VSS, 9/11 (82%) showed good efficacy resulting in complete
resolution or remarkable improvement in their onset symptoms,
and only one patient out of 11 required a second-line invasive
approach. As highlighted by recent meta-analyses conducted in
the adult population (65, 66), the VSS approach is associated
with a lower revision rate compared to other procedures (such as
CSF diversion procedures), thus reducing the potential morbidity
and mortality of IIH. In our study population, no procedural
complications or revisions were described, suggesting that VSS is
also safe in the pediatric population. However, the studies
included in our review are mostly based on case reports or small
series of VSS placement recently performed [except for that of
Aguilar et al. (20), which is the most dated]. Therefore, data on
long-term patency in pediatric patients remain limited.

4.5 Qutcome

In our study population, with comparison limits, VSS appears
to yield the most favorable results in terms of headache resolution
and visual outcome (9/11, 82%), followed by ONSF (26/65, 40%),
VPS shunting (20/54, 37%), and LPS shunting (9/63, 14%). Our
results align with those presented by A. Kalyvas et al. in their
most recent systematic review of the surgical approach to IIH
treatment in the adult population (60). Based on a substantial
number of observational studies, the authors concluded that VSS
provided the best results in terms of symptom resolution and
visual outcome, and ONSF appeared to be efficient in preventing
further visual deterioration and improving visual outcome while
CSF shunting, despite being the most commonly performed
procedure, associated with high failure and complication rates.

The most concerning outcome in pediatric ITH is irreversible
visual impairment, with permanent visual loss or visual field deficit
that may affect up to 20% of children (67). In our study, persistent
visual dysfunction despite medical and/or surgical therapy was
observed in a minority of cases [19/454, (4%)], all of whom
presented with visual symptoms at onset. Complete blindness at
follow-up was the worst visual outcome and it occurred in one
patient (1/194%-0.5%) (18); none of the patients died during
follow-up. These data highlight once again the importance of
enhanced awareness, early diagnosis, and prompt treatment to
avoid a negative outcome and, particularly, permanent visual damage.

5 Study limitations

We conducted a literature review over a wide time range (the
last 30 years) and observed that the available papers only refer to
case series and single case reports. These papers refer to different
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centers, where patients were treated with variable invasive
approaches based on individual center experience and on the
clinical presentation. This represents the main limitation of the
study. However, the intrinsic characteristic of the pathology, with
severe and acute presentation, makes it difficult to conduct
multicentre prospective randomized controlled studies.

Another limitation of our study is the small sample size of
patients included and the incomplete data in some studies, where
detailed information was not available. In some papers (i.e., wide
case series), we also had to rely on pooled data or average values.
Aware of this limitation and to be as clear as possible, we always
specified when data was not complete in our results section.
Moreover, when available, we always extracted as much data as
possible from the tables and supplementary materials, thus
maintaining the paper in the selection.

In conclusion, to focus on neurosurgical and interventional
approaches to IIH, we selected articles including data about pediatric
patients surgically treated. These works concern the most severe cases
or the most difficult to treat with medical therapy alone and do not
reflect the general population of patients with ITH. As a result, in our
review, it seems that there is an elevated percentage of invasive
intervention compared to real life, whereas the medical approach is
considered the first-line treatment and is generally effective.

6 Conclusion

IIH is typically a benign condition that can generally be
managed and resolved with medical therapy alone if an early
diagnosis is correctly made. Nevertheless, not infrequently and
particularly in the most severe cases (characterized by significant
neurological and visual deterioration at onset), invasive
approaches such as neurosurgery and/or interventional radiology
are needed. In pediatric cases, similarly to adults, the most
commonly used techniques include CSF shunting, ONSF, and VSS.

CSF shunting is the longest-established technique and remains
the most frequently applied as it is easily accessible in most centers.

ONSF has demonstrated good results in terms of safety also in
the pediatric population. According to our literature review, this
could be the preferred approach when a rapid decline in visual
function occurs and the probability of a full recovery depends on
the promptness of the intervention.

VSS is the most recently introduced approach in the
management of pediatric IIH and is primarily indicated in cases
with stenosis of the intracranial venous system. In our review, VSS
showed good results in terms of symptom resolution and the need
for reintervention, although the number of cases remains limited
and its application is still restricted to a few centers.

The VSS technique appears to have a promising outcome, but
much remains to be studied regarding its superiority over the
established approaches for which international experience is
more solidly grounded.

Further

physiopathology underlying ITH to optimize therapeutic strategies

studies are needed to better understand the
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for pediatric ITH and to individualize treatment, with a rational
approach based on patient stratification.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

Author contributions

SE: Data curation, Formal Analysis, Project administration,
Writing - original draft, Writing - review & editing. VG: Data
curation, Formal Analysis, Project administration, Writing -
original draft, Writing — review & editing. LMT: Writing — original
draft, Writing - review & editing. BB: Writing - original draft,
Writing - review & editing. CG: Writing — original draft, Writing -
review & editing. FL: Writing — original draft, Writing - review &
editing. JNP: Supervision, Writing - original draft, Writing -
review & editing. CA: Formal Analysis, Supervision, Writing —
original draft, Writing - review & editing. SS: Conceptualization,
Formal Analysis, Supervision, Writing — original draft, Writing -
review & editing. FC: Formal Analysis, Supervision, Validation,
Writing - original draft, Writing - review & editing. IT:
Methodology,
administration, Supervision, Validation, Writing - original draft,

Conceptualization, Formal Analysis, Project

Writing - review & editing.

Funding

The authors declare financial support was received for the
The
publication of this work is being supported by the Research4Resident

research, authorship, and/or publication of this article.

project within the Residency Program in Pediatrics at the University
of Padova, Italy. Open-access funding provided by Universita degli
Studi di Padova, University of Padua, Open Science.

Conflict of interest

The authors declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the
peer review process and the final decision.

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of
the authors and do not necessarily represent those of

frontiersin.org


https://doi.org/10.3389/fped.2024.1466688
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Friso et al.

their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made
by its manufacturer, is not guaranteed or endorsed by
the publisher.

References

1. Kilic K, Korsbek JJ, Jensen RH, Cvetkovic VV. Diagnosis of idiopathic
intracranial hypertension—the importance of excluding secondary causes: a
systematic review. Cephalalgia. (2022) 42(6):524-41. doi: 10.1177/03331024211056580

2. Matthews YY, Dean F, Lim MJ, Mclachlan K, Rigby AS, Solanki GA, et al.
Pseudotumor cerebri syndrome in childhood: incidence, clinical profile and risk
factors in a national prospective population-based cohort study. Arch Dis Child.
(2017) 102(8):715-21. doi: 10.1136/archdischild-2016-312238

3. Bursztyn LLCD, Sharan S, Walsh L, LaRoche GR, Robitaille J, De Becker 1. Has
rising pediatric obesity increased the incidence of idiopathic intracranial hypertension
in children? Can J Ophthalmol. (2014) 49(1):87-91. doi: 10.1016/j.jcjo.2013.09.015

4. Rangwala LM, Liu GT. Pediatric idiopathic intracranial hypertension. Surv
Ophthalmol. (2007) 52(6):597-617. doi: 10.1016/j.survophthal.2007.08.018

5. Bassan H, Berkner L, Stolovitch C, Kesler A. Asymptomatic idiopathic
intracranial hypertension in children. Acta Neurol Scand. (2008) 118(4):251-5.
doi: 10.1111/j.1600-0404.2008.01007.x

6. Dandy WE. Intracranial pressure without brain tumor: diagnosis and treatment.
Ann Surg. (1937) 106(4):492-513. doi: 10.1097/00000658-193710000-00002

7. Smith JL. Whence pseudotumor cerebri? J Clin Neuroophthalmol. (1985) 5
(1):55-6.

8. Friedman DI, Liu GT, Digre KB. Revised diagnostic criteria for the pseudotumor
cerebri syndrome in adults and children. Neurology. (242013) 81(13):1159-65. doi: 10.
1212/WNL.0b013e3182a55f17

9. Wall M, McDermott MP, Kieburtz KD, Corbett JJ, Feldon SE, Friedman DI, et al.
Effect of acetazolamide on visual function in patients with idiopathic intracranial
hypertension and mild visual loss: the idiopathic intracranial hypertension
treatment trial. JAMA. (232014) 311(16):1641. doi: 10.1001/jama.2014.3312

10. Gaier ED, Heidary G. Pediatric idiopathic intracranial hypertension. Semin
Neurol. (2019) 39(06):704-10. doi: 10.1055/5-0039-1698743

11. Mollan SP, Mytton ], Tsermoulas G, Sinclair AJ. Idiopathic intracranial
hypertension: evaluation of admissions and emergency readmissions through the
hospital episode statistic dataset between 2002 and 2020. Life. (2021) 11(5):417.
doi: 10.3390/1ife11050417

12. Tovia E, Reif S, Oren A, Mitelpunkt A, Fattal-Valevski A. Treatment response in
pediatric patients with pseudotumor cerebri syndrome. J Neuroophthalmol. (2017) 37
(4):393-7. doi: 10.1097/WNO.0000000000000516

13. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Br Med J. (2021) 372:n71. doi: 10.1136/bmj.n71

14. Ellis JA, Anderson RCE, O’Hanlon ], Goodman RR, Feldstein NA, Ghatan S.
Internal cranial expansion surgery for the treatment of refractory idiopathic
intracranial hypertension: clinical article. J Neurosurg Pediatr. (2012) 10(1):14-20.
doi: 10.3171/2012.3.PEDS11228

15. Mandiwanza T, Zakaria Z, Khalil A, Crimmins D, Caird J. ETV As a last resort.
Childs Nery Syst. (2014) 30(5):859-66. doi: 10.1007/s00381-013-2330-2

16. Schwarz J, Al Balushi A, Sundararajan S, Dinkin M, Oliveira C, Greenfield JP, et al.
Management of idiopathic intracranial hypertension in children utilizing venous sinus
stenting. Interv Neuroradiol. (2021) 27(2):257-65. doi: 10.1177/1591019920976234

17. Barrero Ruiz E, Iglesias Morofo S, Ros Lopez B, Morales Martinez A, Diaz T,
Arrédez Sanchez MA. Life-threatening idiopathic intracranial hypertension: the role
of venous sinus stenting. Childs Nerv Syst. (2022) 38(8):1433-43. doi: 10.1007/
500381-022-05564-x

18. Mourani CC, Mallat SG, Moukarzel MY, Akatcherian CY, Cochat P. Kidney
transplantation after a severe form of pseudotumor cerebri. Pediatr Nephrol. (1998)
12(9):709-11. doi: 10.1007/s004670050532

19. Hoang KB, Hooten KG, Muh CR. Shunt freedom and clinical resolution of
idiopathic intracranial hypertension after bariatric surgery in the pediatric
population: report of 3 cases. | Neurosurg Pediatr. (2017) 20(6):511-6. doi: 10.3171/
2017.6.PEDS17145

20. Aguilar-Pérez M, Martinez-Moreno R, Kurre W, Wendl C, Bézner H, Ganslandt
O, et al. Endovascular treatment of idiopathic intracranial hypertension: retrospective
analysis of immediate and long-term results in 51 patients. Neuroradiology. (2017) 59
(3):277-87. doi: 10.1007/s00234-017-1783-5

Frontiers in Pediatrics

13

10.3389/fped.2024.1466688

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.2024.
1466688/full#supplementary-material

21. Chandra V, Dutta S, Albanese CT, Shepard E, Farrales-Nguyen S, Morton J.
Clinical resolution of severely symptomatic pseudotumor cerebri after gastric bypass
in an adolescent. Surg Obes Relat Dis. (2007) 3(2):198-200. doi: 10.1016/j.soard.
2006.11.015

22. Carter LM, Chakraborty AR, McCoy-Stephens TM, Strickland AE, Bohnstedt
BN, Gross NL. Venous Sinus stenosis treatment in pediatric idiopathic intracranial
hypertension: illustrative case and literature review. World Neurosurg. (2021)
149:2-7. doi: 10.1016/j.wneu.2021.01.029

23. Dotan G, Hadar Cohen N, Qureshi HM, Shapira Rootman M, Nevo Y, Kershenovich
A. External lumbar drainage in progressive pediatric idiopathic intracranial hypertension.
J Neurosurg Pediatr. (2021) 28(4):490-6. doi: 10.3171/2021.2.PEDS2143

24. Malem A, Sheth T, Muthusamy B. Paediatric idiopathic intracranial
hypertension (ITH)—a review. Life. (2021) 11(7):632. doi: 10.3390/1ife11070632

25. Ko MW, Liu GT. Pediatric idiopathic intracranial hypertension (pseudotumor
cerebri). Horm Res Paediatr. (2010) 74(6):381-9. doi: 10.1159/000321180

26. Chen J, Wall M. Epidemiology and risk factors for idiopathic intracranial
hypertension. Int Ophthalmol Clin. (2014) 54(1):1-11. doi: 10.1097/II0.
0b013e3182aabfl1

27. Faz G, Butler IJ, Koenig MK. Incidence of papilledema and obesity in children
diagnosed with idiopathic “enign” intracranial hypertension: case series and review.
J Child Neurol. (2010) 25(11):1389-92. doi: 10.1177/0883073810364853

28. Varma H, Aylward SC. Pediatric intracranial hypertension: a review of
presenting symptoms, quality of life, and secondary causes. Ann Child Neurol Soc.
(2024) 2(1):15-26. doi: 10.1002/cns3.20057

29. Ahmad SR, Moss HE. Update on the diagnosis and treatment of idiopathic
intracranial hypertension. Semin Neurol. (2019) 39(06):682-91. doi: 10.1055/s-0039-
1698744

30. Pollak L, Zohar E, Glovinsky Y, Huna-Baron R. Reevaluation of presentation and
course of idiopathic intracranial hypertension—a large cohort comprehensive study.
Acta Neurol Scand. (2013) 127(6):406-12. doi: 10.1111/ane.12060

31. Smith SV, Friedman DI. The idiopathic intracranial hypertension treatment trial:
a review of the outcomes. Headache | Head Face Pain. (2017) 57(8):1303-10. doi: 10.
1111/head.13144

32. Sultan LI, Elnekidy AM, Elfatatry AM, Sayed A. A clinical and radiological study
in patients with idiopathic intracranial hypertension. Egypt J Neurol Psychiatry
Neurosurg. (2020) 56(1):71. doi: 10.1186/s41983-020-00189-w

33. Degnan AJ, Levy LM. Pseudotumor cerebri: brief review of clinical syndrome
and imaging findings. AJNR Am ] Neuroradiol. (2011) 32(11):1986-93. doi: 10.
3174/ajnr.A2404

34, Beizaei B, Toosi FS, Shahmoradi Y, Akhondian J, Ashrafzadeh F, Toosi MB, et al.
Correlation between diagnostic magnetic resonance imaging criteria and cerebrospinal
fluid pressure in pediatric idiopathic intracranial hypertension. Ann Child Neurol.
(2023) 32(1):1-7. doi: 10.26815/acn.2023.00241

35. Lim M]J, Pushparajah K, Jan W, Calver D, Lin J-P. Magnetic Resonance Imaging
Changes in Idiopathic Intracranial Hypertension in Children. (2010). Available online at:
https://journals.sagepub.com/doi/10.1177/08830738093388742url_ver=239.88-2003&rfr_
id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed (accessed May 16, 2024).

36. Gallagher A. Beware CSF pressure measured under general anaesthesia. Arch Dis
Child. (2004) 89(7):691. doi: 10.1136/adc.2003.032177

37. El Mekabaty A, Gottschalk A, Moghekar A, Obusez E, Khan M, Chung C, et al.
General anesthesia alters intracranial venous pressures during transverse Sinus
stenting. World Neurosurg. (2020) 138:¢712-7. doi: 10.1016/j.wneu.2020.03.050

38. Maralani PJ, Hassanlou M, Torres C, Chakraborty S, Kingstone M, Patel V, et al.
Accuracy of brain imaging in the diagnosis of idiopathic intracranial hypertension.
Clin Radiol. Lluglio. (2012) 67(7):656-63. doi: 10.1016/j.crad.2011.12.002

39. Fargen KM, Coffman S, Torosian T, Brinjikji W, Nye BL, Hui F. “Idiopathic”
intracranial hypertension: an update from neurointerventional research for clinicians.
Cephalalgia. (2023) 43(4):03331024231161323. doi: 10.1177/03331024231161323

40. Fargen KM, Liu K, Garner RM, Greeneway GP, Wolfe SQ, Crowley RW.
Recommendations for the selection and treatment of patients with idiopathic
intracranial hypertension for venous sinus stenting. | Neurolnterventional Surg.
(2018) 10(12):1203-8. doi: 10.1136/neurintsurg-2018-014042

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fped.2024.1466688/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2024.1466688/full#supplementary-material
https://doi.org/10.1177/03331024211056580
https://doi.org/10.1136/archdischild-2016-312238
https://doi.org/10.1016/j.jcjo.2013.09.015
https://doi.org/10.1016/j.survophthal.2007.08.018
https://doi.org/10.1111/j.1600-0404.2008.01007.x
https://doi.org/10.1097/00000658-193710000-00002
https://doi.org/10.1212/WNL.0b013e3182a55f17
https://doi.org/10.1212/WNL.0b013e3182a55f17
https://doi.org/10.1001/jama.2014.3312
https://doi.org/10.1055/s-0039-1698743
https://doi.org/10.3390/life11050417
https://doi.org/10.1097/WNO.0000000000000516
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3171/2012.3.PEDS11228
https://doi.org/10.1007/s00381-013-2330-2
https://doi.org/10.1177/1591019920976234
https://doi.org/10.1007/s00381-022-05564-x
https://doi.org/10.1007/s00381-022-05564-x
https://doi.org/10.1007/s004670050532
https://doi.org/10.3171/2017.6.PEDS17145
https://doi.org/10.3171/2017.6.PEDS17145
https://doi.org/10.1007/s00234-017-1783-5
https://doi.org/10.1016/j.soard.2006.11.015
https://doi.org/10.1016/j.soard.2006.11.015
https://doi.org/10.1016/j.wneu.2021.01.029
https://doi.org/10.3171/2021.2.PEDS2143
https://doi.org/10.3390/life11070632
https://doi.org/10.1159/000321180
https://doi.org/10.1097/IIO.0b013e3182aabf11
https://doi.org/10.1097/IIO.0b013e3182aabf11
https://doi.org/10.1177/0883073810364853
https://doi.org/10.1002/cns3.20057
https://doi.org/10.1055/s-0039-1698744
https://doi.org/10.1055/s-0039-1698744
https://doi.org/10.1111/ane.12060
https://doi.org/10.1111/head.13144
https://doi.org/10.1111/head.13144
https://doi.org/10.1186/s41983-020-00189-w
https://doi.org/10.3174/ajnr.A2404
https://doi.org/10.3174/ajnr.A2404
https://doi.org/10.26815/acn.2023.00241
https://journals.sagepub.com/doi/10.1177/0883073809338874?url_ver=Z39.88-2003&amp;rfr_id=ori:rid:crossref.org&amp;rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/0883073809338874?url_ver=Z39.88-2003&amp;rfr_id=ori:rid:crossref.org&amp;rfr_dat=cr_pub%20%200pubmed
https://doi.org/10.1136/adc.2003.032177
https://doi.org/10.1016/j.wneu.2020.03.050
https://doi.org/10.1016/j.crad.2011.12.002
https://doi.org/10.1177/03331024231161323
https://doi.org/10.1136/neurintsurg-2018-014042
https://doi.org/10.3389/fped.2024.1466688
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Friso et al.

41. Vitiello L, Salerno G, De Bernardo M, D’Aniello O, Capasso L, Marotta G, et al.
Ultrasound detection of intracranial hypertension in brain injuries. Front Med. (2022)
9:870808. doi: 10.3389/fmed.2022.870808

42. Irazuzta JE, Brown ME, Akhtar J. Bedside optic nerve sheath diameter
assessment in the identification of increased intracranial pressure in suspected
idiopathic intracranial hypertension. Pediatr Neurol. (2016) 54:35-8. doi: 10.1016/j.
pediatrneurol.2015.08.009

43. R P, Gupta D, Shetty N, Bhushan AK, Haskar K, Gogineni S, et al. Transcranial
Doppler for monitoring and evaluation of idiopathic intracranial hypertension.
J Neurosci Rural Pract. (2020) 11(2):309-14. doi: 10.1055/s-0040-1710086

44. Tekin Orgun L, Atalay HT, Arhan E, Aydin K, Serdaroglu A. Optic nerve
ultrasonography in monitoring treatment efficacy in pediatric idiopathic intracranial
hypertension. Childs Nerv Syst. (2020) 36(7):1425-33. doi: 10.1007/s00381-019-
04497-2

45. Hunter G, Voll C, Rajput M. Utility of transcranial Doppler in idiopathic
intracranial hypertension. Can ] Neurol Sci J Can Sci Neurol. (2010) 37(2):235-9.
doi: 10.1017/S0317167100009987

46. Distelmaier F, Sengler U, Messing-Juenger M, Assmann B, Mayatepek E,
Rosenbaum T. Pseudotumor cerebri as an important differential diagnosis of
papilledema in children. Brain Dev. (2006) 28(3):190-5. doi: 10.1016/j.braindev.
2005.07.003

47. Mollan SP, Davies B, Silver NC, Shaw S, Mallucci CL, Wakerley BR, et al.
Idiopathic intracranial hypertension: consensus guidelines on management. J Newurol
Neurosurg Psychiatry. (2018) 89(10):1088-100. doi: 10.1136/jnnp-2017-317440

48. Ball AK, Howman A, Wheatley K, Burdon MA, Matthews T, Jacks AS, et al. A
randomised controlled trial of treatment for idiopathic intracranial hypertension.
J Neurol. (2011) 258(5):874-81. doi: 10.1007/s00415-010-5861-4

49. Portelli M, Papageorgiou PN. An update on idiopathic intracranial hypertension.
Acta Neurochir (Wien). (2017) 159(3):491-9. doi: 10.1007/s00701-016-3050-7

50. Aylward SC, Reem RE. Pediatric intracranial hypertension. Pediatr Neurol.
(2017) 66:32-43. doi: 10.1016/j.pediatrneurol.2016.08.010

51. Babiker MOE, Prasad M, MacLeod S, Chow G, Whitehouse WP. Fifteen-minute
consultation: the child with idiopathic intracranial hypertension. Arch Dis Child Educ
Pract Ed. (2014) 99(5):166-72. doi: 10.1136/archdischild-2013-305818

52. Salman MS, Kirkham FJ, MacGregor DL. Idiopathic «Benign» intracranial
hypertension: case series and review. J Child Neurol. (2001) 16(7):465-70. doi: 10.
1177/088307380101600701

53. Wolf A, Hutcheson KA. Advances in evaluation and management of pediatric
idiopathic intracranial hypertension. Curr Opin Ophthalmol. (2008) 19(5):391-7.
doi: 10.1097/ICU.0b013e328309f1b6

54. Feldon SE. Visual outcomes comparing surgical techniques for management of
severe idiopathic intracranial hypertension. Neurosurg Focus. (2007) 23(5):E6. doi: 10.
3171/FOC-07/11/E6

55. Heyman J, Ved R, Amato-Watkins A, Bhatti I, Te Water Naude J, Gibbon F,
et al. Outcomes of ventriculoperitoneal shunt insertion in the management of
idiopathic intracranial hypertension in children. Childs Nerv Syst. (2017) 33
(8):1309-15. doi: 10.1007/s00381-017-3423-0

56. Hanak BW, Bonow RH, Harris CA, Browd SR. Cerebrospinal fluid shunting
complications in children. Pediatr Neurosurg. (2017) 52(6):381-400. doi: 10.1159/
000452840

57. Thuente D, Buckley E. Pediatric optic nerve sheath decompression.
Ophthalmology. (2005) 112(4):724-7. doi: 10.1016/j.0phtha.2004.11.049

Frontiers in Pediatrics

14

10.3389/fped.2024.1466688

58. Landau Prat D, Liu GT, Avery RA, Ying GS, Chen Y, Tomlinson LA, et al.
Recovery of vision after optic nerve sheath fenestration in children and adolescents
with elevated intracranial pressure. Am ] Ophthalmol. (2022) 237:173-82. doi: 10.
1016/j.2j0.2021.11.019

59. Prakalapakorn SG, Buckley EG. Acquired bilateral myelinated retinal nerve
fibers after unilateral optic nerve sheath fenestration in a child with idiopathic
intracranial hypertension. ] Am Assoc Pediatr Ophthalmol Strabismus. (2012) 16
(6):534-8. doi: 10.1016/j.jaapos.2012.08.006

60. Kalyvas A, Neromyliotis E, Koutsarnakis C, Komaitis S, Drosos E, Skandalakis GP,
et al. A systematic review of surgical treatments of idiopathic intracranial hypertension
(ITH). Neurosurg Rev. (2021) 44(2):773-92. doi: 10.1007/s10143-020-01288-1

61. Silberstein SD, McKinstry RC. The death of idiopathic intracranial
hypertension? Neurology. (2003) 60(9):1406-7. doi: 10.1212/01.WNL.0000070103.
72017.1D

62. Sussman ], Leach M, Greaves M, Malia R, Davies-Jones GA. Potentially
prothrombotic ~ abnormalities ~ of  coagulation in  benign  intracranial
hypertension. J Neurol Neurosurg Psychiatry. (1997) 62(3):229-33. doi: 10.1136/
jnnp.62.3.229

63. Owler BK, Parker G, Halmagyi GM, Dunne VG, Grinnell V, McDowell D, et al.
Pseudotumor cerebri syndrome: venous sinus obstruction and its treatment with stent
placement. ] Neurosurg. (2003) 98(5):1045-55. doi: 10.3171/jns.2003.98.5.1045

64. Albuquerque FC, Dashti SR, Hu YC, Newman CB, Teleb M, McDougall CG,
et al. Intracranial venous Sinus stenting for benign intracranial hypertension:
clinical indications, technique, and preliminary results. World Neurosurg. (2011) 75
(5-6):648-52. doi: 10.1016/j.wneu.2010.11.012

65. Satti SR, Leishangthem L, Chaudry MI. Meta-analysis of CSF diversion
procedures and dural venous Sinus stenting in the setting of medically refractory
idiopathic intracranial hypertension. Am ] Neuroradiol. (2015) 36(10):1899-904.
doi: 10.3174/ajnr.A4377

66. Scherman DB, Dmytriw AA, Nguyen GT, Nguyen NT, Tchantchaleishvili N,
Maingard J, et al. Shunting, optic nerve sheath fenestration and dural venous
stenting for medically refractory idiopathic intracranial hypertension: systematic
review and meta-analysis. Ann Eye Sci. (2018) 3(6):26. doi: 10.21037/aes.2018.05.01

67. Gospe SM, Bhatti MT, El-Dairi MA. Anatomic and visual function outcomes in
paediatric idiopathic intracranial hypertension. Br ] Ophthalmol. (2016) 100(4):505-9.
doi: 10.1136/bjophthalmol-2015-307043

68. Cinciripini GS, Donahue S, Borchert MS. Idiopathic intracranial hypertension in
prepubertal pediatric patients: characteristics, treatment, and outcome. Am ]
Ophthalmol. (1999) 127(2):178-82. doi: 10.1016/50002-9394(98)00386-9

69. Chang MY, Yim CK, Borchert MS. Increase in pediatric pseudotumor cerebri
syndrome emergency department visits, inpatient admissions, and surgeries during
the COVID-19 pandemic. J Neuroophthalmol. (2022) 42(1):e87-92. doi: 10.1097/
'WNO.0000000000001480

70. Correia JA, Schweder PM, Mews PJ, Patel R, Law AJ. Lennox-Gastaut syndrome
and idiopathic intracranial hypertension. J Clin Neurosci. (2010) 17(9):1208-9. doi: 10.
1016/j.,jocn.2010.01.025

71. Beri S, Chandratre S, Chow G. Familial idiopathic intracranial hypertension with
variable phenotype. Eur ] Paediatr Neurol. (2011) 15(1):81-3. doi: 10.1016/j.ejpn.2010.
02.005

72. Kessler LA, Novelli PM, Reigel DH. Surgical treatment of benign intracranial
hypertension-subtemporal decompression revisited. Surg Neurol. (1998) 50(1):73-6.
doi: 10.1016/s0090-3019(97)00359-5

frontiersin.org


https://doi.org/10.3389/fmed.2022.870808
https://doi.org/10.1016/j.pediatrneurol.2015.08.009
https://doi.org/10.1016/j.pediatrneurol.2015.08.009
https://doi.org/10.1055/s-0040-1710086
https://doi.org/10.1007/s00381-019-04497-2
https://doi.org/10.1007/s00381-019-04497-2
https://doi.org/10.1017/S0317167100009987
https://doi.org/10.1016/j.braindev.2005.07.003
https://doi.org/10.1016/j.braindev.2005.07.003
https://doi.org/10.1136/jnnp-2017-317440
https://doi.org/10.1007/s00415-010-5861-4
https://doi.org/10.1007/s00701-016-3050-7
https://doi.org/10.1016/j.pediatrneurol.2016.08.010
https://doi.org/10.1136/archdischild-2013-305818
https://doi.org/10.1177/088307380101600701
https://doi.org/10.1177/088307380101600701
https://doi.org/10.1097/ICU.0b013e328309f1b6
https://doi.org/10.3171/FOC-07/11/E6
https://doi.org/10.3171/FOC-07/11/E6
https://doi.org/10.1007/s00381-017-3423-0
https://doi.org/10.1159/000452840
https://doi.org/10.1159/000452840
https://doi.org/10.1016/j.ophtha.2004.11.049
https://doi.org/10.1016/j.ajo.2021.11.019
https://doi.org/10.1016/j.ajo.2021.11.019
https://doi.org/10.1016/j.jaapos.2012.08.006
https://doi.org/10.1007/s10143-020-01288-1
https://doi.org/10.1212/01.WNL.0000070103.72017.1D
https://doi.org/10.1212/01.WNL.0000070103.72017.1D
https://doi.org/10.1136/jnnp.62.3.229
https://doi.org/10.1136/jnnp.62.3.229
https://doi.org/10.3171/jns.2003.98.5.1045
https://doi.org/10.1016/j.wneu.2010.11.012
https://doi.org/10.3174/ajnr.A4377
https://doi.org/10.21037/aes.2018.05.01
https://doi.org/10.1136/bjophthalmol-2015-307043
https://doi.org/10.1016/s0002-9394(98)00386-9
https://doi.org/10.1097/WNO.0000000000001480
https://doi.org/10.1097/WNO.0000000000001480
https://doi.org/10.1016/j.jocn.2010.01.025
https://doi.org/10.1016/j.jocn.2010.01.025
https://doi.org/10.1016/j.ejpn.2010.02.005
https://doi.org/10.1016/j.ejpn.2010.02.005
https://doi.org/10.1016/s0090-3019(97)00359-5
https://doi.org/10.3389/fped.2024.1466688
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	A systematic review of surgical and interventional radiology procedures for pediatric idiopathic intracranial hypertension
	Introduction
	Materials and methods
	Results
	Epidemiology, clinical presentation, and neuroimaging
	Medical treatment
	First-line surgical and interventional radiology approach
	Second-line procedures
	Focus on venous sinus stenting
	Outcome

	Discussion
	Clinical presentation
	Neuroimaging and other diagnostic techniques
	Medical treatment
	Surgical and interventional radiology procedures
	Outcome

	Study limitations
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


