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Abstract
Brain sagging dementia (BSD), caused by spontaneous intracranial hypotension (SIH), is a rare
syndrome that is only recently recognized, mimicking the clinical findings of behavioral variant
frontotemporal dementia (bvFTD). Being aware of its signs and symptoms is essential for early
diagnosis and treatment in this potentially reversible form of dementia. Our objective was to
identify cases of BSD in the literature and present its clinical characteristics, diagnostic workup,
treatment options, and outcome. The review was reported according to PRISMA guidelines
and registered with the PROSPERO database (CRD42020150709). MEDLINE, EMBASE,
PsychINFO, and Cochrane Library were searched. There was no date restriction. The search
was updated in April 2021. A total of 983 articles were screened and assessed for eligibility.
Twenty-nine articles (25 case reports and 4 series) and 70 patients were selected for inclusion.
No cranial leak cases were identified. BSD diagnosis should be made based on clinical signs and
symptoms and radiologic findings. There is a male predominance (F:M ratio 1:4) and a peak
incidence in the 6th decade of life. The main clinical manifestation is insidious onset, gradually
progressive cognitive and behavioral changes characteristic for bvFTD. Headache is present in
the majority of patients (89%). The presence of brain sagging and absence of frontotemporal
atrophy is an absolute criterion for the diagnosis. CSF leak is identified with myelography and
digital subtraction myelography. The treatment and repair depend on the etiology and extent of
the dural defect, although an epidural blood patch is the first-line treatment in most cases. With
treatment, 81% experienced partial and 67% complete resolution of their symptoms. This
review highlights the most important clinical aspects of BSD. Due to the sparse evidence and
lack of BSD awareness, many patients are likely left undiagnosed. Recognizing this condition is
essential to provide early treatment to reverse the cognitive and behavioral changes that may
otherwise progress and fully impair the patient. Moreover, patients with longstanding SIHmust
be assessed carefully for cognitive and behavioral changes.
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Behavioral variant frontotemporal dementia (bvFTD) is an
insidious, gradually progressive neurodegenerative disorder
defined by behavioral changes and cognitive dysfunction and
characterized by predominant frontal or anterior temporal
atrophy.1,2 Unlike other neurodegenerative disorders, bvFTD
predominantly has a presenile onset (<65 years of age). Pa-
tients commonly present with changes in personality, decline in
interpersonal conduct, emotional blunting, apathy, and inertia.3

They also have poor executive function and a loss of insight and
judgment early on.With impairment in daily activities, there is a
significant burden on patients’ families and caregivers.4

Recently a new syndrome with clinical resemblance to bvFTD
has been recognized. Patients present with low CSF pressure,
sagging of the brain, and characteristics mimicking those of
bvFTD.5-8 In 2002, Hong et al.5 presented a middle-aged man
with findings of spontaneous intracranial hypotension (SIH)
and cognitive and behavioral changes similar to bvFTD that
responded to SIH targeted treatment.

SIH is a syndrome characterized by low CSF pressure–related
postural headaches associated with various other signs and
symptoms, including nausea, vomiting, neck stiffness and
pain, tinnitus, dizziness, and diplopia. CSF volume depletion
leads to ventricular collapse and “sagging” of the brain that in
rare cases cause distortion of the diencephalon and brainstem
with subsequent stupor and coma.9,10 In some patients,
however, there are additional gradual and slowly evolving
behavioral and cognitive changes similar to bvFTD. The
constellation of signs and symptoms has been referred to as
intracranial hypotension syndrome, frontotemporal brain
sagging syndrome, behavioral variant frontotemporal de-
mentia as a complication of SIH, or brain sagging syndrome.
The aim of this review is to establish the current knowledge
about this entity, which we refer to as brain sagging dementia
(BSD). From the existing literature, we aimed at defining
diagnostic criteria for BSD.

Methods
This review was reported according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guideline and registered with the PROSPERO database
(CRD42020150709) (see eTables 1–3, links.lww.com/WNL/
B892).11 The search strategy and methodology were designed
in collaboration with a librarian experienced in literature
searches for systematic reviews. We searched MEDLINE,
EMBASE, PsychINFO, and Cochrane Library for all relevant
synonyms and variations of the terms: SIH, brain sagging, de-
mentia, and behavioral and cognitive changes. References of

screened full-text articles were also considered for inclusion.
There was no date limitation. Only articles in English language
were included. The search was updated on April 21, 2021. The
search strategy in its entirety is provided as supplementary
material (see eTables 1–3, links.lww.com/WNL/B892).

The eligibility criteria were mainly based on the presence of
SIH clinical findings and diagnosis, brain sagging on imaging,
and the presence of cognitive and behavioral changes in-
dicative of bvFTD (see eTable 1, links.lww.com/WNL/
B892). Based on a preliminary search of current literature, the
following broad inclusion criteria were used: patients with
SIH (or CSF leak) and brain sagging, with dementia, or early-
onset dementia, or frontotemporal dementia, or bvFTD, or
any behavioral and cognitive changes characteristic for the
condition. Our current understanding of the pathophysiology
of this syndrome was considered when deciding the exclusion
criteria (see Figure 1).

The data were screened and assessed for eligibility by the 2
authors independently in all steps. The CARE guidelines were
used to assess the quality of case reports.12 The JBJ critical
appraisal tool was utilized by the authors.13 Any discrepancies
were discussed and resolved by consensus, although with a high
threshold for exclusion. Due to the rarity of the disease and the
phenomenon in question, we agreed on a predetermined
strategy of low threshold for full-text review to identify articles
that may describe the clinical and radiologic findings of brain
sagging and bvFTD, but without the explicit labeling.

Results
The literature search identified 1,454 articles. After deleting
duplicates, 983 articles remained and underwent screening and
assessment for eligibility (see Figure 1; PRISMA flow diagram).
Twenty-nine articles were included in the current study: 25
case reports (level 5 quality of evidence)14,15 and 4 series (level
4 quality of evidence).14,15 A total of 70 patients were selected
for inclusion. Our results are summarized in eTable 4 (links.
lww.com/WNL/B892; case reports) and Table 1 (case series).

Pathophysiology
CSF has a crucial function in providing mechanical buoyancy as a
protective cushion for the brain. A CSF volume depletion by any
means can disturb this function, causing a gravitational sink of the
brain structures, resulting in the classical brain sagging seen in
patientswith SIH.Although themost common cause of intracranial
hypotension is iatrogenic, caused by lumbar puncture, many cases
lack a known etiology or a history of traumatic puncture responsible
for the disease, hence denoted as “spontaneous.”

Glossary
BSD = brain sagging dementia; bvFTD = behavioral variant frontotemporal dementia; EBP = epidural blood patch; PRISMA =
Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SIH = spontaneous intracranial hypotension.
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Regardless of the etiology, the brain’s gravitational downward
displacement causes traction in meningeal pain fibers,
resulting in the classical orthostatic headache in SIH.

In rare cases, the CSF hypovolemia and ensuing brain sag is so
severe and progressive that it distorts brainstem reticular
formation function, with subsequent alteration in level of
consciousness and eventually coma.9,10 In patients with BSD,
however, this process seems to evolve slowly and over a more
extended time. The main mechanism responsible for the
cognitive and behavioral changes in BSD is not fully un-
derstood. Because the prototypical frontotemporal atrophy
seen on imaging in bvFTD is lacking in patients with BSD,
other pathophysiologic mechanisms must be sought. Several
theories have been postulated. One concept is based on the
stretching and mechanical forces upon frontotemporal corti-
cal structures or their circuits.6,16,17 This may also explain the
development of accompanying signs and symptoms of deep
midline and brainstem structures seen in most patients with
BSD. Another theory builds on the decreased perfusion ob-
served in the frontotemporal, parietal, and cerebellar cortical
areas caused by venous stagnation due to stenosis at the
confluence of the vein of Galen into the straight sinus.18,19

The reason behind this theory is twofold. One, according to
the Monro-Kellie doctrine,20 the loss of CSF volume will
subsequently lead to venous engorgement in order to com-
pensate for the volume loss, resulting in brain swelling and
sagging at the level of tentorial incisura. Two, the brain
swelling is itself caused by the sagging, causing reduced ve-
nous drainage due to stenosis at vein of Galen confluence into
straight sinus. These 2 processes are naturally not mutually
exclusive.

Clinical Presentation
The classic clinical presentation of a patient with BSD is a man
in his 50s seeking medical attention either voluntarily or at
request of his family members complaining of headache
(mostly orthostatic), insidious onset of cognitive decline, and
progressive behavioral alteration.

Although the female:male ratio in SIH is 2:1, only 16/70
(23%) of the BSD cases presented in the literature are female
patients. Also, BSD’s peak incidence seems to be about 10
years older than in SIH. Themedian age at either presentation
or disease onset for case reports were 55 years (range 38–66).
One case report presented the patient as “in his mid-50s.”7

The median age for the 4-case series was between 50.6 and 57
years (range 34–65).

The majority of patients (62/70 [89%]) reported some form of
headache, ranging from mild to severe, positional and nonposi-
tional, and occurring early or at a later stage of the disease. Unlike
SIH, many patients with BSD have their first clinical evaluation
due to cognitive or behavioral changes and not headaches, al-
though often headache is an additional burden. Interestingly, in
some patients, the headache may be absent or may not occur
until in later stages of the disease.8,16,19,21-23

Although signs and symptoms mimicking bvFTD were an
inclusion criterion, most cases with an insidious onset and
gradual progression,1 without an acute event that triggered
immediate medical attention (more than 3–4 weeks), were
included in the analysis. Some common characteristics were
outlined in most reports: antegrade amnesia,22,24-26 distract-
ibility and impersistence,23,24,27-30 preservative and stereotyped
behavior,7,8,21,30-33 and altered speech output.8,16,21,27-33 A de-
cline in social and interpersonal conduct, including bizarre
behavior and social and sexual inappropriateness, was a
prominent future in most reports.5-8,16,17,29-37 In contrast to
bvFTD, 60% of patients with BSD also presented with cere-
bellar symptoms such as ataxia, gait disturbance, and
dysarthria.6-8,16,17,21,22,24,25,27-30,32,36-39 Therefore, the clinical
pictures of BSD and bvFTD differ. Nevertheless, although
rare, one should be aware of bvFTD mimicking signs and
symptoms that may as well occur in the autosomal dominant
disorder spinocerebellar ataxia type 17.40

Assessment and Diagnosis
The diagnosis of BSD should be made based on clinical
findings and neuroimaging. The primary diagnostic tools for
assessment and diagnosis of BSD are shown in Table 2. Pa-
tients should fulfill the clinical diagnostic criteria for bvFTD
based on signs and symptoms. Although not necessary for
manifesting a diagnosis, a thorough neuropsychological as-
sessment is often performed to gain insight into patients’
behavioral changes and serve as an objective measure during
the follow-ups. A careful interview with the patients and their
relatives is crucial to detect subtle behavioral and personality
changes. Moreover, signs and symptoms of SIH, pre-
dominantly orthostatic headache, and low lumbar puncture
opening pressure support the diagnosis. Nevertheless, their
absence does not exclude a possible BSD.41-43

Brain MRI is the gold standard to rule out imaging findings of
bvFTD, such as atrophy of frontal and anterior temporal
cortices, and to confirm the presence of brain sag.1,2,17,18,33

MRI findings of intracranial hypotension are shown in
Figure 2. In addition, patients with BSD may demonstrate
pachymeningeal enhancement (reported in 44/70 patients
[63%]) and subdural effusion (reported in 15/70 patients
[22%]) as well as pituitary hyperemia and venous engorge-
ment. A decreased angle between vein of Galen and straight
sinus (normal value = 73° ± 12°) measured in a midline sag-
ittal section is highly suggestive of brain sagging.18,19 Hypo-
perfusion in the frontotemporal, parietal, and cerebellar
cortical regions may be seen in SPECT studies.19

Although PET has been performed only in a few patients,
there is evidence of hypometabolism in the frontal and tem-
poral lobe in these patients.6,16 Schievink et al.16 performed
PET on 8 patients with BSD, of whom 6 showed hypo-
metabolism in the frontotemporal region.

A systematic search for the CSF leakage site is essential not only
for diagnosing BSD but also for the treatment approach. The
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imaging should start with a craniospinal contrast-enhanced
MRI searching for evident traces of CSF leak.44 This step
should be followed by myelography (either CT or MRI) to
further identify and localize the CSF leak.45 Nonetheless, in the
current review, a CSF leak was detected in only 9/70 (13%)
patients. The majority of leaks were located at the thoracic
level24,27,28,31,38,46; only 2 lumbar/sacral6,28 and 1 at the cervical
level8 were noted. No cranial CSF leak cases were identified.

If no extradural CSF leaks are identified, one should look for
indirect findings suggestive of a possible leak, such as spinal
meningeal diverticula. In 1 series, a spinal meningeal di-
verticulum (type 2a CSF leak47) was found in 15/29 (52%)
patients.16 During recent years, digital subtraction myelog-
raphy has also been added to the diagnostic armamentarium
of SIH in case of possible direct CSF–venous fistulae.39,48

Treatment
The traditional conservative treatment regimen usually pre-
scribed for SIH, with hydration, bed rest, caffeine, theophyl-
line, and analgesics, seems to have no effect on BSD. The first-
line treatment in BSD should therefore be a lumbar epidural
blood patch (EBP). Only a transient improvement is achieved
the majority of times, and the lumbar EBP should therefore be
repeated. If a CSF leak site is identified, a targeted blood patch

can replace the second lumbar EBP. In case of structural
abnormality or a focal CSF leak site that indicates surgical
repair, then this should be pursued. The surgical approach
depends entirely on the cause of the CSF leak and the
magnitude of the dural defect.35,49 Although many surgical
techniques targeting the underlying cause of the leak have
been described in the literature, most times the dural tear
can be sutured or concealed by dural patch graft. Blood
patch has not shown to be successful in the treatment of
CSF–venous fistulae; surgical disruption of these fistulae is
necessary.39,48

A course of steroids has shown to be successful in some pa-
tients and may be tried in case of failed EBP.5,7,22,35 In-
trathecal saline infusion has been tried and may be beneficial;
however, its effect is only temporary.8,24,38

Prognosis
With treatment strategies mentioned in the previous section,
47 of 70 patients (67%) with BSD in the literature had a good
outcome with complete resolution of their symptoms
(Table 1 and eTable 4, links.lww.com/WNL/B892). An ad-
ditional 10 patients (14%) experienced transient effect of the
treatment. Therefore, as many as 81% of patients had some
form of effect of the treatment, either transient or complete.

Figure 1 PRISMA 2009 Flow Diagram55

bvFTD = behavioral variant frontotemporal de-
mentia; PRISMA = Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; SIH =
spontaneous intracranial hypotension.
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The transient treatment responses reported vary from a few
days to months to several years.6 In these cases, a repeat EBP
or course of steroid treatment was usually required to boost
the treatment effect.

Discussion
BSD is a form of dementia that for many years has been
unrecognized and underreported in part because of its com-
plex and obscure pathophysiologic mechanisms and lack of
proper diagnostic workup and in part due to its insidious
progression with a broad specter of signs and symptoms.
Therefore, the reported cases in the literature are limited, with
the first report from just about 2 decades ago.24 This review
provides insight into this condition.

Dementia, especially when occurring in presenile age, has a
significant disease burden for patients and their families.4

BvFTD is the most common type of FTD and has no cure. A
fraction of these patients, however, might have BSD that can
be cured. Most patients with bvFTD are in presenile age
(before 65 years of age).2,50 In 2011, Rascovsky et al.2 showed
that the criteria for possible bvFTD were significantly more
sensitive in early onset disease (<65 years of age). Likewise, in
our preliminary search, we found that all patients with certain

signs of BSD had an early onset disease. The 2 largest cohort
studies about bvFTD as a serious complication of SIH did not
report any patients with late disease onset (>65 years of
age).6,51 Moreover, in elderly patients, several factors may
contribute to cognitive changes mimicking bvFTD, making
the BSD diagnosis more challenging and at risk of bias.2,52

Recognizing the signs and symptoms of BSD and being able
to differentiate it from bvFTD is of utmost importance as the
2 conditions have different outcomes and prognoses. How-
ever, the insidious and subtle behavioral changes in patients
with SIH can be easily overlooked and not infrequently re-
lated to a reduced level of consciousness due to collection of
subdural effusion, resulting in consequent burr-hole surgery
with variable outcomes.9,53 The fact that most articles in the
literature refer to the case reported by Hong et al. in 20025 as
the first report on BSD illustrates how easily this condition is
overlooked.7,8,16 In the current review, we found that the first
report on a patient with findings of BSD was in 1998 by
Pleasure et al.24

In contrast to patients with SIH, in whom the symptoms are
predominated by orthostatic headache, BSD is mainly dom-
inated by behavioral and cognitive changes indistinguishable
from bvFTD. In BSD, however, about 90% of patients report
some form of headache, although its gravitational component

Table 1 Summary of the Included Series

Reference

Patients
with
dementia, n M/F

Age, y,
median
(range)

Headache and other symptoms,
duration, median (range) Behavioral/cognitive changes Diagnosis and treatment

Vetrugno
et al.23

(2008)

3/3 2/1 57
(49–60)

No orthostatic headache, 11 mo
(6–48 mo)

Hypoactive-hypoalert behavior
(psychic akinesia); chronic state of
decreased behavioral initiative,
persistent somnolence, impaired
attention, and stereotyped motor
activity; mild impairment on
attention or memory tasks

BS 3/3, PME 0/3, SDH 0/3; no CSF
leak identified; EBP resulted in
transient improvement in 2/3 and
repeated EBP resulted in complete
resolution in 1/3

Wicklund
et al.6

(2011)

8/8 7/1 53
(45–59)

Headache, with onset occurring
either before or concurrently with
the behavioral changes; 4/8 with
orthostatic headache (significant in
1/8); symptoms related to deep
midline, cerebellum, and brainstem
dysfunction, in various degrees

Behavioral changes characterized
by disinhibition and apathy; all
had cognitive impairment,
although behavioral disturbance
was always more prominent; 4/8
exhibited inappropriate sexual
behavior

BS 8/8, PME 3/8, SDE 1/8; CSF leak
site found in only 1/8 (lumbar
spine); nerve root diverticula in 5/8;
treatment in 4/8; surgery, EBP, and
steroids with various effect, but
none with complete resolution

Capizzano
et al.17

(2016)

4/8 4/0 54
(48–64)

Orthostatic headache in 3/4 (2 only
mild), 1/4 with brainstem and
cerebellar symptoms; hypersomnia
in all; tics in 2/4; 30 mo (12–48 mo)

Behavioral change and
disinhibition in 3/4; cognitive
deficit in forms of memory
impairment in all

Complete resolution in 2/4; 1
improved with targeted EBP and
another with spinal surgery

Schievink,
W. I. 201816

29/29 21/8 50.6
(34–65)

Headache 27/29 (20/29 orthostatic),
auditory symptoms 21/29,
disequilibrium/gait dysfunction 19/
29, tremor 15/29, dysphagia/
dysarthria 9/29

Disinhibition and apathy/inertia
29/29, exhibited inappropriate
sexual behavior 14/29, impulsive
purchase 11/29; memory
impairment 22/29; mild/
moderate impairment on MMSE
(mean 22.4/30; SD 2.1)

BS 29/29, PME 20/29, SDE 3/29; no
leak identified in any patient; spinal
meningeal diverticula found in 15/
29; single EBP in 29/29, complete
resolution in 1/29, and transient
improvement in 24/29; steroids
improved symptoms in 2/6; surgery
with good outcome in 12/26 overall
good outcome in 21/29

Abbreviations: BS = brain sagging; EBP = epidural blood patch (lumbar level if not otherwise specified); MMSE = Mini-Mental State Examination; PME =
pachymeningeal enhancement; SDE = subdural effusion.
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may be lacking. Upon further scrutiny, one may reveal that the
symptoms started with severe headaches several months to
years before cognitive decline.22,27,29,30,35 Like patients with
SIH who may feel worsening of headaches towards the end of
the day, patients with BSD may feel behavioral and cognitive

decline towards the evening.16 However, we are not sure
whether an acute (within minutes) positional worsening and
improvement of behavioral and cognitive symptoms are re-
lated to BSD.16 In these cases, a reduced level of conscious-
ness due to disruption of the reticular formation and acute
compression of the brainstem should be considered.9,10

Nevertheless, the signs and symptoms alone are not enough
to distinguish BSD from bvFTD. Although lumbar puncture
can be informative about the opening pressure and the CSF
content to rule out infection and other degenerative diseases,
such as Alzheimer disease, it cannot confirm a BSD
diagnosis.42,43 In case of high clinical suspicion for BSD, one
should be cautious with using lumbar puncture as the primary
diagnostic workup. It may lead to an iatrogenic CSF leak,
causing confusion in localizing the main leak. This is perhaps
more important in these patients than in patients with SIH, as
only a minority (13%) of leaks are successfully localized.

To establish the diagnosis, an IV contrast-enhanced craniospinal
MRI should be obtained. The presence of brain sag is absolute for
the diagnosis. The accompanying pachymeningeal enhancement
(present in the majority) and subdural effusion (present in the
minority) are supportive, but their absence does not alone ex-
clude the diagnosis. Moreover, the radiologic characteristics of
FTD, namely frontotemporal atrophy on MRI, must be ruled
out.1,2 Frontotemporal hypoperfusion or hypometabolism on
PET or SPECT, on the other hand, should be evaluated carefully
in conjunction with other BSD findings because these changes
might be present in patients with BSD as well.19 The fronto-
temporal findings may be absent in the early stages of bvFTD.54

The first-line treatment, that is, conservative measures, used
in the treatment of SIH should be skipped when treating
BSD. In the latter condition, the intracranial hypotension
has persisted for so long that its reversal with conservative
measures seems unlikely. Also, these patients have a more
severe illness. Although their minor complaints of headache
may mask the seriousness of the disease, patients with BSD
have behavioral changes and lack of insight that can lead to
poor decision-making with serious actions such as sexual
assault and felony.5-7,16,32,34,35,37

Table 2 Diagnostic Criteria for Brain Sagging Dementia

Absolute clinical and imaging criteria

Signs and symptoms of bvFTD1,2,a

Absence of bvFTD imaging findings; frontotemporal atrophyb

Imaging findings of brain sagging

Insidious onset, slowly progressing (>3/4 wk)

No history of recent trauma or lumbar puncture

Symptom onset before 65 years of age

Symptoms cannot be explained by altered level of consciousness alone

At least 1 of the supporting clinical criteria (SIH) or 3 of the additional criteria

Supporting clinical criteria

Orthostatic headache41

Low lumbar puncture opening pressure

Improvement of symptoms after blood patch

Additional criteria

Headache

Cerebellar signs and symptoms

Hypersomnolence

Choreiform movements

Pachymeningeal enhancement on imaging

Subdural effusion on imaging

Evidence of CSF leak on myelogram

Abbreviations: bvFTD = behavioral variant frontotemporal dementia; SIH =
spontaneous intracranial hypotension.
a Signs and symptoms must meet the diagnostic criteria of bvFTD.
b Frontotemporal atrophymust be ruled out; findings on PET and SPECT will
not alter the diagnosis.

Figure 2 Neuroimaging Findings of Brain Sagging Dementia

Brain MRI T1-weighted images of a middle-aged
person with spontaneous intracranial hypoten-
sion and brain sagging show in (A) sagittal,
(B) coronal, and (C) axial planes typical signs of
intracranial hypotension, such as pituitary (P)
enlargement, sagging brainstem (BS) towards the
clival bone, downward tonsillar (T) ectopy,
smaller pontomesencephalic angle (indicated by
an asterisk), enhancement of the dura (D), which
may be accompanied by subdural effusions and
eventually hematoma, dural venous engorge-
ment (here indicated by rounding of the cross-
section of the dural venous sinuses [S]), and re-
duced space for the mesencephalon (M).
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Some limitations to this review should be noted. First, given the
rarity and limited awareness of BSD among physicians, reports
might have been missed or excluded due to lack of proper case
presentation, especially regarding behavioral and cognitive
changes and duration of the symptoms. Deciphering actual
cognitive impairment from a reduced level of consciousness
based on the reports can sometimes be demanding. Second,
most studies included are case reports and retrospective series
with a limited number of patients and a low quality of evidence.
Third, the case presentations’ retrospective nature limits a
thorough neuropsychological assessment before and after
treatment. Thus, the reversibility of BSD is unknown.

BSD is a newly recognized syndrome mimicking bvFTD with
treatment possibilities and cure potential with an excellent
outcome. Early recognition and diagnosis allow effective in-
tervention before disease progression to fulminant dementia
with tragic costs for patients and their families. Despite the
rarity, it is essential to have the signs and symptoms of SIH in
mind when evaluating a patient for bvFTD. The current study
should raise awareness so patients with SIH undergo a thor-
ough neuropsychological assessment and follow-up.

Acknowledgment
The authors thank Hilde Iren Flaatten, librarian at the Medical
Library at Rikshospitalet–University of Oslo, for developing the
search strategy and performing the database searches.

Study Funding
The authors report no targeted funding.

Disclosure
The authors report no disclosures relevant to the manuscript.
Go to Neurology.org/N for full disclosures.

Publication History
Received by Neurology August 7, 2021. Accepted in final form
February 28, 2022. Submitted and externally peer reviewed. The
handling editor was Linda Hershey, MD, PhD.

References
1. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal lobar degeneration: a

consensus on clinical diagnostic criteria. Neurology. 1998;51(6):1546-1554.
2. Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised diagnostic criteria

for the behavioural variant of frontotemporal dementia. Brain. 2011;134(pt 9):
2456-2477.

3. Piguet O, Hornberger M, Mioshi E, Hodges JR. Behavioural-variant frontotemporal
dementia: diagnosis, clinical staging, and management. Lancet Neurol. 2011;10(2):
162-172.

4. Chemali Z, Withall A, Daffner KR. The plight of caring for young patients with
frontotemporal dementia. Am J Alzheimers Dis Other Dement. 2010;25(2):109-115.

5. Hong M, Shah GV, Adams KM, Turner RS, Foster NL. Spontaneous intracranial
hypotension causing reversible frontotemporal dementia. Neurology. 2002;58(8):
1285-1287.

6. Wicklund MR, Mokri B, Drubach DA, Boeve BF, Parisi JE, Josephs KA. Fronto-
temporal brain sagging syndrome: an SIH-like presentation mimicking FTD. Neu-
rology. 2011;76(16):1377-1382.

7. Walker L, DeMeulemeester C. Spontaneous intracranial hypotension masquerading
as frontotemporal dementia. Clin Neuropsychol. 2008;22(6):1035-1053.

8. Sayao AL, Heran MK, Chapman K, Redekop G, Foti D. Intracranial hypotension
causing reversible frontotemporal dementia and coma. Can J Neurol Sci. 2009;36(2):
252-256.

9. Loya JJ, Mindea SA, Yu H, Venkatasubramanian C, Chang SD, Burns TC. Intracranial
hypotension producing reversible coma: a systematic review, including three new
cases. J Neurosurg. 2012;117(3):615-628.

10. Schievink WI, Maya MM, Moser FG, Jean-Pierre S, Coma Nuño M. A serious
complication of spontaneous intracranial hypotension. Neurology. 2018;90(19):
e1638–e1645.

11. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71.

12. Gagnier JJ, Kienle G, Altman DG, et al. The CARE guidelines: consensus-based
clinical case reporting guideline development. Headache. 2013;53(10):1541-1547.

13. Moola SMZ, Tufanaru C, Aromataris E, et al. Chapter 7: systematic reviews of
etiology and risk. In: Aromataris E, Munn Z, eds. JBI Manual for Evidence Synthesis.
JBI; 2020.

14. Howick J, Glasziou P, Greenhalgh T, et al. The 2011 Oxford CEBM Levels of Evidence
(Introductory Document). Oxford Centre for Evidence-Based Medicine; 2011.

15. OCEBM Levels of Evidence Working Group. The Oxford Levels of Evidence 2. Oxford
Centre for Evidence-Based Medicine.

16. Schievink WI, Maya MM, Barnard ZR, et al. Behavioral variant frontotemporal de-
mentia as a serious complication of spontaneous intracranial hypotension. Oper
Neurosurg. 2018;15(5):505-515.

17. Capizzano AA, Lai L, Kim J, et al. Atypical presentations of intracranial hypotension:
comparison with classic spontaneous intracranial hypotension. AJNR Am J Neuro-
radiol. 2016;37(7):1256-1261.

18. Savoiardo M, Minati L, Farina L, et al. Spontaneous intracranial hypotension with
deep brain swelling. Brain. 2007;130(pt 7):1884-1893.

19. Vetrugno R, Vella A, Mascalchi M, et al. Patching improves perfusion of the sagged
brain in intracranial hypotension. J Neurol. 2011;258(1):146-148.

20. Mokri B. The Monro-Kellie hypothesis: applications in CSF volume depletion.
Neurology. 2001;56(12):1746-1748.

21. Kearney S, Flynn P, Hughes S, Spence W, McCarron MO. Hypoactive-hypoalert
behaviour and thalamic hypometabolism due to intracranial hypotension. Pract
Neurol. 2017;17(4):289-292.

22. Devine MJ, Mehta A, O’Riordan S. Spontaneous intracranial hypotension manifesting
as an amnestic syndrome. J Neurol. 2009;256(6):1002-1003.

23. Vetrugno R, Mascalchi M, Chierichetti F, et al. Hypoactive-hypoalert behavior
("psychic akinesia") in intracranial hypotension syndrome. Neurology. 2008;71(18):
1452-1454.

24. Pleasure SJ, Abosch A, Friedman J, et al. Spontaneous intracranial hypotension
resulting in stupor caused by diencephalic compression. Neurology. 1998;50(6):
1854-1857.

25. Peng PW. Intracranial hypotension with severe neurological symptoms resolved by
epidural blood patch. Can J Neurol Sci. 2004;31(4):569-571.

26. Staudt MD, Pasternak SH, Sharma M, et al. Multilevel, ultra-large-volume epidural
blood patch for the treatment of neurocognitive decline associated with spontaneous
intracranial hypotension: case report. J Neurosurg. 2018;129(1):205-210.

27. Mokri B, Ahlskog JE, Luetmer PH. Chorea as a manifestation of spontaneous CSF
leak. Neurology. 2006;67(8):1490-1491.

28. Mokri B. Movement disorders associated with spontaneous CSF leaks: a case series.
Cephalalgia. 2014;34(14):1134-1141.

29. Kent L, Butterworth R, Butler C. Lessons of the month 3: spontaneous resolution of
frontotemporal brain sagging syndrome. Clin Med. 2019;19(4):336-337.

30. Ortega-Porcayo LA, Perusquia Ortega E, Quiroz-Castro O, et al. Frontotemporal
brain sagging syndrome: craniospinal hypovolemia secondary to a T6-T7 cerebro-
spinal fluid-venous fistula. Surg Neurol Int. 2020:11.

31. Tsai PH, Wang SJ, Lirng JF, Fuh JL. Spontaneous intracranial hypotension presenting
as mental deterioration.Headache. 2005;45(1):76-80.

32. Khan JA, McAtamney D, Farling PA. Epidural blood patch for hypoactive-hypoalert
behaviour secondary to spontaneous intracranial hypotension. Br J Anaesth. 2010;
104(4):508-509.

33. Slattery CF, Malone IB, Clegg SL, Warren JD, Fox NC. Reversible frontotemporal
brain sagging syndrome. Neurology. 2015;85(9):833.

Appendix Authors

Name Location Contribution

Aslan
Lashkarivand,
MD

Department of
Neurosurgery, Oslo
University
Hospital–Rikshospitalet,
Norway

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
analysis or interpretation of
data

Per Kristian
Eide, MD, PhD

Institute of Clinical
Medicine, Faculty of
Medicine, University of
Oslo, Norway

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
analysis or interpretation of
data

804 Neurology | Volume 98, Number 19 | May 10, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://n.neurology.org/lookup/doi/10.1212/WNL.0000000000200511
http://neurology.org/n


34. Mulroy E, Caldwell J, Anderson NE, Snow B. Brain sagging syndrome presenting with
chorea. Neurology. 2017;7(5):407-408.

35. Mostofi E, Schievink WI, Sim VL. Dural reduction surgery: a treatment option for
frontotemporal brain sagging syndrome. Can J Neurol Sci. 2016;43(4):593-595.

36. Gupta HV, Sharma VD, Schievink WI. Reversible parkinsonism and FTD due to
spontaneous intracranial hypotension. Rev Neurol 2020.

37. Mandal AKJ, Ryatt A, O’Hare K, Missouris CG. Lessons of the month: HLA-B27-
associated syndrome and spontaneous intracranial hypotension resulting in behavioural
variant frontotemporal dementia. Clin Med J R Coll Physicians. 2020;20(3):E10–E11.

38. Weisfelt M, Van Den Munckhof P, Majoie CB, Bouma GJ, Bosch DA. Reversal of
acute neurological deterioration from spontaneous intracranial hypotension by
lumbar subarachnoidal infusion with normal saline [2]. Arch Neurol. 2004;61(3):
444-445.

39. Kumar N, Diehn FE, Carr CM, et al. Spinal CSF venous fistula: a treatable etiology for
CSF leaks in craniospinal hypovolemia. Neurology. 2016;86(24):2310-2312.

40. Olszewska DA, Fallon EM, Pastores GM, et al. Autosomal dominant gene negative
frontotemporal dementia-think of SCA17. Cerebellum. 2019;18(3):654-658.

41. Headache classification committee of the international headache society (IHS) the
international classification of headache disorders, 3rd ed. Cephalalgia. 2018;38(1):
1-211.

42. Kranz PG, Tanpitukpongse TP, Choudhury KR, Amrhein TJ, Gray L. How common
is normal cerebrospinal fluid pressure in spontaneous intracranial hypotension?
Cephalalgia. 2016;36(13):1209-1217.

43. Hani L, Fung C, Jesse CM, et al. Insights into the natural history of spontaneous
intracranial hypotension from infusion testing. Neurology. 2020;95(3):e247–e255.

44. Starling A, Hernandez F, Hoxworth JM, et al. Sensitivity of MRI of the spine com-
pared with CT myelography in orthostatic headache with CSF leak. Neurology. 2013;
81(20):1789-1792.

45. Akbar JJ, Luetmer PH, Schwartz KM, Hunt CH, Diehn FE, Eckel LJ. The role of MR
myelography with intrathecal gadolinium in localization of spinal CSF leaks in patients
with spontaneous intracranial hypotension. AJNR Am J Neuroradiol. 2012;33(3):
535-540.

46. Binder DK, Sarkissian V, Dillon WP, Weinstein PR. Spontaneous intracranial hypo-
tension associated with transdural thoracic osteophyte reversed by primary. dural
repair. Case report. J Neurosurg Spine. 2005;2(5):614-618.

47. Schievink WI, Maya MM, Jean-Pierre S, Nuno M, Prasad RS, Moser FG. A classifi-
cation system of spontaneous spinal CSF leaks. Neurology. 2016;87(7):673-679.

48. Schievink WI, Moser FG, Maya M. CSF-venous fistula in spontaneous intracranial
hypotension.Neurology. 2014;83(5):472-473.

49. Schievink WI. A novel technique for treatment of intractable spontaneous intracranial
hypotension: lumbar dural reduction surgery. Headache. 2009;49(7):1047-1051.

50. The Lund and Manchester Groups. Clinical and neuropathological criteria for fron-
totemporal dementia.J Neurol Neurosurg Psychiatry. 1994;57(4):416-418.

51. Schievink WI, Maya MM, Barnard ZR, et al. Behavioral variant frontotemporal de-
mentia as a serious complication of spontaneous intracranial hypotension. Oper
Neurosurg. 2018;15(5):505-515.

52. Baborie A, Griffiths TD, Jaros E, et al. Pathological correlates of frontotemporal lobar
degeneration in the elderly. Acta Neuropathol. 2011;121(3):365-371.

53. Inamasu J, Moriya S, Shibata J, Kumai T, Hirose Y. Spontaneous intracranial hypo-
tension manifesting as a unilateral subdural hematoma with a marked midline shift.
Case Rep Neurol. 2015;7(1):71-77.

54. Perry RJ, Graham A, Williams G, et al. Patterns of frontal lobe atrophy in fronto-
temporal dementia: a volumetricMRI study.Dement Geriatr Cogn Disord. 2006;22(4):
278-287.

55. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLOSMed. 2009;6(7):e1000097.

The Neurology® Null Hypothesis Online Collection…

Contributing to a transparent research reporting culture!

The Neurology journals have partnered with the Center for Biomedical Research Transparency (CBMRT)
to promote and facilitate transparent reporting of biomedical research by ensuring that all biomedical
results–including negative and inconclusive results–are accessible to researchers and clinicians in the
interests of full transparency and research efficiency.

Neurology’s Null Hypothesis Collection is a dedicated online section for well conducted negative, inconclusive, or replication
studies. View the collection at: NPub.org/NullHypothesis

Share Your Artistic Expressions in Neurology ‘Visions’

AAN members are urged to submit medically or scientifically related artistic images, such as photographs, photomicrographs,
and paintings, to the “Visions” section of Neurology®. These images are creative in nature, rather than the medically instructive
images published in the NeuroImages section. The image or series of up to six images may be black and white or color and
must fit into one published journal page. Accompanying description should be 100 words or less; the title should be a maximum
of 140 characters including spaces and punctuation.

Please access the Author Center at NPub.org/authors for full submission information.

Neurology.org/N Neurology | Volume 98, Number 19 | May 10, 2022 805

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


DOI 10.1212/WNL.0000000000200511
2022;98;798-805 Published Online before print March 25, 2022Neurology 

Aslan Lashkarivand and Per Kristian Eide
Diagnosis, Treatment, and Outcome: A Review−−Brain Sagging Dementia

This information is current as of March 25, 2022

Services
Updated Information &

 http://n.neurology.org/content/98/19/798.full
including high resolution figures, can be found at:

References
 http://n.neurology.org/content/98/19/798.full#ref-list-1

This article cites 50 articles, 20 of which you can access for free at: 

Subspecialty Collections

 http://n.neurology.org/cgi/collection/frontotemporal_dementia
Frontotemporal dementia

 http://n.neurology.org/cgi/collection/cerebrospinal_fluid
Cerebrospinal Fluid

 http://n.neurology.org/cgi/collection/amyotrophic_lateral_sclerosis_
Amyotrophic lateral sclerosis
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/about/about_the_journal#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.
1951, it is now a weekly with 48 issues per year. Copyright © 2022 American Academy of Neurology. All 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 

http://n.neurology.org/content/98/19/798.full
http://n.neurology.org/content/98/19/798.full#ref-list-1
http://n.neurology.org/cgi/collection/amyotrophic_lateral_sclerosis_
http://n.neurology.org/cgi/collection/cerebrospinal_fluid
http://n.neurology.org/cgi/collection/frontotemporal_dementia
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

