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/ Abstract

\

This report depicts a 56-year-old female with a triad of symptoms that was diagnosed and treated for Idiopathic Normal Pressure Hydrocephalus
(iNPH). Her story is unlike many cases due to both her young age and the significant improvement after a large-volume lumbar puncture with 30
milliliters of cerebrospinal fluid removed. Both her gait and cognition significantly improved after the large volume spinal tap, including a 15-foot
gait test with a walker and a Montreal Cognitive Assessment (MOCA) test. These tests were done before the lumbar puncture, 1 hour after, and
11 hours after the therapeutic spinal tap. This case illustrates the clinical approach to evaluating, diagnosing, and managing Idiopathic Normal
Pressure Hydrocephalus (iNPH). It also reviews essential diagnostic procedures, emphasizing their roles in confirming the diagnosis, predicting
treatment outcomes, and ruling out differential diagnoses to ultimately improve patient care.
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INTRODUCTION

Normal pressure hydrocephalus is a treatable condition
characterized by an abnormal buildup of cerebrospinal fluid
(CSF) in the brain, causing cardinal symptoms of urinary
incontinence, cognitive impairment, and gait disturbance. NPH
can be classified as either idiopathic or secondary. Idiopathic
NPH has no identifiable cause, whereas secondary NPH may
result from causes such as subarachnoid hemorrhage, brain
trauma, or meningitis. The existence of iINPH has been debated,
primarily due to the co-occurrence and overlapping symptoms
with neurodegenerative conditions like Alzheimer's disease
(AD), making diagnosis difficult [1]. iINPH typically affects older
patients, with an average age of onset around 70 years [2].
Studies have found a similar prevalence of iINPH and AD of up
to 3% in patients who are over 65 years old [3], which suggests
that older patients can present with both diseases at the same
time by chance. Despite these challenges, other measures,
such as the clinical history, presenting symptoms, and the CSF
tap test, can help in identifying iNPH. In this article, we present
a patient who, despite being younger than the average age of

onset for iNPH, exhibited classic features of this condition. The
patient showed significant improvement with a large-volume
lumbar puncture and was referred for a ventriculoperitoneal
shunt. We will highlight the importance of considering iNPH
even in younger patients despite its rarity in those under 65,
emphasize the need for early diagnosis to avoid treatment
delays, and review acute treatment approaches.

CASE PRESENTATION

The patient is a 56-year-old right-handed female with a past
medical history of hypertension, type 2 diabetes mellitus,
obesity, migraines, sleep apnea, and stage 3 chronic kidney
disease who was being evaluated for confusion for the past
month.

During her stay in the hospital, she was alert; however, she
was only self-oriented and believed she was in the clinic to
check her blood glucose. She did not ambulate or void, and
when questioned, she simply stated that she just “doesn’t
want to.” The patient did not think there was any reason for
her to be at the hospital and was a poor historian.
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The patient's daughter was able to supply her medical history. Per the daughter who has been the patient’s caregiver for the
past year, the patient has been slowly declining in normal daily activities for the past two years. She has had problems cooking
and going to the bathroom. However, for the past month, her confusion has been becoming much worse; beginning a couple
of weeks ago, they would have a conversation, and the next day, the patient would completely forget the conversation.

The patient’s incontinence has been worse for the past year; however, at her baseline, she notices she leaks or is unable to
make it to the bathroom in time and can go to the bathroom and clean herself. The patient also has been receiving physical
therapy at home for the past year due to some walking issues which her daughter was unable to clarify. She required support
from her daughter for walking even within her house. She has not walked for about six weeks, as it was getting more difficult
for the daughter to help move the patient.

Upon examination, the patient was, at times, uncooperative, and alert and oriented x1. On examination of mental status, she
believed that Barack Obama was president and took time to explain where she was born and where she grew up. The patient
was able to identify the hospital and her age when given choices. The patient's language was intact with normal repetition,
naming, comprehension, and reading, although slowly. Her cranial nerve exams were unremarkable with normal extraocular
movements and no nystagmus. Motor exam of her extremities revealed normal muscle bulk, tone, and strength. Normal
symmetric reflexes were found in the upper and lower extremities, with a positive grasp sign on the right; the Babinski reflex
was negative bilaterally. Her gait was apraxic and magnetic.

NEUROIMAGING

Image 1. Head MRI Transverse Axis T2 FLAIR Sequence.

Image 2. Head MRI Coronal Axis.
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Image 3. Head MRI Coronal Axis, with Callosal Angle Measured.

Image 4. Head CT Transverse Axis, with Lateral Ventricle Measurements.
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IMAGE FINDINGS

1. Ventriculomegaly increased Evans index >0.3:
52.8/126mm= 0.42

2. Increased ALVI (anteroposterior diameter of the lateral
ventricle index) >0.5: 98.7/160.2= 0.61

3. Widening of the temporal horns of the lateral ventricles

>6 mm not accounted for by hippocampal atrophy: 10.8

Acute callosal angle (less than 90 degrees): 65.3

Upward bowing of the corpus callosum: mildly

Dilated Sylvian fissures and insular cisterns: yes

N o vk

Effacement of the sulci and subarachnoid spaces at the

vertex and medial/parafalcine region: yes

8. Cingulate sulcus sign: posterior half of cingulate sulcus is
narrower than the anterior half: n/a

9. Focal/isolated dilation of individual sulci over the medial

surface or convexity (sometimes called transport sulci)

MANAGEMENT

The clinical diagnosis with her clinical and neuroimaging
findings is most consistent with iNPH. The next step we did was
to perform a large-volume lumbar puncture to remove 30-50
milliliters of CSF. In order to gauge the patient'simprovement,
a Montreal Cognitive Assessment (MOCA) test and a gait test
were administered before the large-volume lumbar puncture,
one hour status post procedure, and the next day (11 hours
status post procedure). The gait test involved walking
approximately 15 feet with a walker, observing the gait, and
recording the time it took her to walk this distance.

Before the lumbar puncture, the patient's MOCA score was
1/30, and her time to walk 15 feet was 86 seconds. The

CASE PRESENTATION TIMELINE

patient's gait was magnetic. She would often push the walker
too far from her body and more with her right arm, which
would cause her to turn more to the left. The patient had a
much difficult time turning around and needed some help
from the nurse to keep her balance. She became very tired
and wanted to quit towards the end of her walk.

30 milliliters of CSF were removed during the lumbar
puncture. The opening pressure of the spinal tap could not be
measured because the patient was uncooperative. One-hour
status post lumbar puncture, the patient's MOCA score was 7
out of 30, and her time to walk 15 feet was 45 seconds. The
patient's gait was much faster and more normal. She was able
to lift her feet off the floor higher compared to the previous
attempt. The patient was walking straight and did not take as
many steps when turning around. The patient did not ask or
require a nurse to help guide her and was able to always keep
the walker close to her.

After 11 hours (the next day), status post lumbar puncture,
the patient's MOCA score was 11 out of 30, and her time to
walk 15 feet was 44 seconds. The patient's family was at the
bedside before evaluating the patient and discussed how they
noticed cognitive improvement from yesterday, as the patient
was talking more and “made more sense.” Her gait was very
similar to the previous test but slightly faster.

Finally, neurosurgery was consulted and updated on the
patient's presentation and examinations. Neurosurgery
agreed to place a ventriculoperitoneal shunt. She was
transferred to neurosurgery and a ventriculoperitoneal shunt
was performed. The patient's cognitive function and gait
returned to normal during follow-up one month after surgery.
He did not have any more urine incontinence.

Last 2 years Last 1 year Last 6 weeks

Worsened urine
incontinence,
problems walking

Problems cooking,
urge urine
incontinence

Not walking even at
home

Last 1 month Post spinal tap Post-surgery
Intermittent Significant Cognition and
confusion, frank improvement gait returned to
memory impairment | in MOCA score, normal. No urine
Significant incontinence.
improvement in
walking

DISCUSSION

Clinical Features of Normal Pressure Hydrocephalus

To initiate the investigation of Normal Pressure Hydrocephalus (NPH), it is crucial to understand the clinical features. This will
allow a high index of suspicion and consequently contribute to many patients’ improvement rather than exploring an incorrect
diagnosis that could be detrimental to the patient's health. NPH's primary three characteristics are cognitive impairment,
progressive gait impairment, and urinary urgency or incontinence, known as the Hakim-Adams Triad [2].

However, the triadic symptoms are nonspecific and not all NPH patients present with all three features, complicating diagnosis.
The most common symptoms are urinary incontinence and gait impairment. Cognitive impairment is more subtle and a later
clinical feature. Our patient was admitted to the hospital due to her altered mental status, which could have easily been
mistaken for neurodegeneration, sepsis, or an iatrogenic effect. However, with further examination, it could be seen that
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the patient had the complete triad. NPH typically occurs
in geriatric patients and often overlaps with age-related
confusion and Alzheimer's disease (AD) [1,2]. However, this
age association aids in differentiation; younger patients (such
as the 56-year-old patient presented here) are less likely to
have dementia, as Alzheimer's prevalence almost doubles
every 5 years after the age of 65, thus pointing more towards
cognitive impairment as a result of NPH [4]. The diagnosis of
NPH in this patient was strengthened by the co-existence of
the classical clinical triad.

Although the patient’s age is unusually young, her dramatic
improvement with a large-volume lumbar puncture is actually
quite uncommon. Many studies disagree whether large-
volume lumbar punctures help depict NPH or if it is a good
indicator for treatment, while others state that it could help
the patient’s gait impairment [5,6]. One hour following the
removal of 30 milliliters of CSF, her MOCA score improved,
from being unable to answer almost every question to
understanding and answering 7 out of 30 questions.
Eventually, after one day, her score improved to 11 out of 30.
Her gait showed similar improvements. The speed at which
she was able to walk significantly improved one hour after the
lumbar puncture, with it now taking the patient about half of
the time to walk the same distance. Although progress slowed
the day following the lumbar puncture, this was an important
improvement, as being less bed-bound decreases the risk of
comorbidities developing. Moreover, the ability to ambulate
greatly improves overall quality of life.

An important factor to also evaluate is if large-volume
lumbar punctures is a good indicator for treatment, when
should it be done and when should the MOCA and gait test
be performed. There is also a lack of studies that help depict
the best time to perform tests as in our case, improvement
was significant on day 2. Although our patient had an overall
excellent response to the lumbar puncture, where both her
cognitive impairment and gait improved very rapidly and
then somewhat plateaued, we were unable to see this unless
her MOCA and gait was repeated consistently. One studied
showed increased sensitivity after the seventh day of a large-
volume lumbar puncture [7].

IMPORTANT RADIOLOGICAL FEATURES AND THEIR
SIGNIFICANCE

Ventriculomegaly

One crucial component to ensure the correct diagnosis of
NPH is to understand the radiological features of the unique
ventriculomegaly that can be seen. As mentioned previously,
it can at times be difficult to differentiate between iNPH and
other neurodegenerative diseases, as well as overlap in the
same patient [1,8]. To correctly determine the diagnosis,
it is pivotal to understand the Evans Index, Callosal angle,

and DESH (Disproportionately Enlarged Subarachnoid-space
Hydrocephalus) Criteria. It is pivotal to understand the
influence these radiological findings have on your diagnosis
and plan of action.

The Evans Index is a ratio that can be seen on the transverse
axis of the brain by measuring the maximal width of the
frontal horns over the maximal inner skull diameter [9]. A
valve of greater than 0.3 highly suggests hydrocephalus.
While the Callosal angle is the angle between the two lateral
ventricles on the coronal slice, a value of 63 degrees was
found by studies to be the best indicator that a patient
has hydrocephalus [10]. Both features can be calculated
on any coronal MRI for a patient suspected of having NPH.
However, these findings are not specific and must be used
in conjunction with the DESH pattern and clinical features to
make a diagnosis.

The DESH pattern can be seen in NPH, as imaging shows sulci
crowding superiorly near the vertex and inferiorly near the
Sylvian fissure due to enlarged CSF spaces, and this pattern is
currently being used in Japanese diagnostic guidelines. DESH
is a good radiological indicator of increased CSF pressure in
the cerebral sulci, or outside of the ventricular system. Many
studies also found DESH to be predictive of shunt-response
in patients with iNPH [11,12]. A previous study used a DESH
index where a 3D T1-weighted MRI would be obtained to
calculate the combined total volume of the ventricles, Sylvian
fissure, and basal cistern to divide by the high-convexity part
of the subarachnoid space volume. This calculation provided
a sensitivity and specificity of 95.0% and 91.5%, respectively
[13]. Imaging like this may be more specific and sensitive
than the others and could have a lot of benefits; however, it is
important not to solely depend on this metric. One downside
is that not every facility has the resources to calculate the
DESH as an index. Due to those limited resources, it is also
key to apply the main purpose of DESH when viewing imaging
as was done in our iNPH patient. It is important to treat the
patient’'s symptoms and not solely the CT or MRI findings,
as there are many cases where a patient has NPH without
these radiologic features and vice versa [14]. Another basis
to not overly depend on the DESH pattern or other radiologic
indexes as even if the patient has iNPH, these are not one of
the predictors of a successful surgery, and more should be
done to determine the treatment plan for the patient [12,15].
As seen in Image 1 in our patient, there is crowding of the
anterior sulci that could have possibly explained the patient's
grasp reflex, as pressure on the frontal lobe can translate
to possible primitive reflexes in the physical examination.
In Image 2, the DESH pattern is apparent as the ventricles
are enlarged and there is crowding both in the superior sulci
and the sulci near the Sylvian fissure, causing effacement. It
is also apparent that the Sylvian fissures were enlarged when
compared to the average 56-year-old female brain MRI. These
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DESH patterns can be seen both in the coronal and transverse
views with no cerebral atrophy. Image 3 depicts the Callosal
angle of 65.3 degrees, which would suggest NPH rather than
other causes of enlarged ventricles. Finally, the Evans Index
can be calculated with Image 4 with 52.8/126 with an index
equaling 0.42. The combination of radiological features along
with her clinical clues allowed a high index of suspicion for
iNPH, thus prompting further investigation to determine if the
patient had any predictors that would indicate that surgery
would be the best course of action.

Abnormal Cerebrospinal Fluid Flow Dynamics

Another radiological feature that helps guide us is depicting a
picture of the abnormal CSF flow dynamics. Unlike obstructive
hydrocephalus, where CSF is unable to flow throughout the
ventricular system, NPH has issues with overproduction or
blockage of CSF. This creates an imbalance in the CSF flow,
which can at times be seen on CT or MRI, as well be depicted
with Radionuclide Cisternography.

Although it can be seen in all the images, Images 1 and 2 best
illustrate the abnormal CSF flow not only due to the already
mentioned ventriculomegaly, but also the changes outside
the ventricles. NPH can be seen on the outer surface of the
brain as the sulci are narrowed due to the increased pressure
[16]. This is an effect of the abnormal flow dynamics, which
results in a somewhat opposite effect of hydrocephalus ex
vacuo. This can be understood as the head has a finite
amount of space, and if there is too much CSF, there is less
room for the brain matter itself. In hydrocephalus ex vacuo,
the primary problem is that there is less brain matter, which
causes increased CSF to be produced to compensate.

Finally, a Radionuclide Cisternography can also be used to
understand the particular flow abnormality in each patient.
This is strongly correlated to the DESH pattern; however, it
also allows for a possible view of causes of secondary NPH
by allowing visualization of possible structural or functional
abnormalities [17].

Predictors of Successful Surgeries

While pharmacologic treatments have been explored, surgical
shunt placement remains the most effective treatment option
for iNPH patients [18,19]. The presence of diagnostic markers
can be used as predictors of successful shunt placement.

For example, patients with early-stage iNPH with mild
symptoms and a disease duration of less than one year were
more likely to show positive outcomes after surgery [20].
Similarly, another study found that shorter durations of gait
disturbances were a good predictor of gait improvement
post-surgery [21].

Tap tests or large-volume lumbar punctures are commonly
used to gauge candidacy for shunt placement. Removing
a large volume of CSF mimics the effects of a shunt, and a

resultant improvement in symptoms has been shown to be
a strong predictor of shunt success [22]. However, tap tests
have low negative predictive value, and therefore, negative
tap tests do not rule out the benefit of shunt placement [23].
Lumbar drainage, a more invasive procedure in which CSF
is removed constantly over a course of two to three days
via a catheter, is an alternative to tap tests and provides a
better mimic of a shunt. Similar to tap tests, improvement
in symptoms following lumbar drainage has been shown to
provide great positive predictive value while providing low
negative predictive value [24].

Imaging markers such as DESH and a callosal angle less than
90 degrees are often used as markers to diagnose NPH.
However, these markers alone have not been shown to be
predictors of successful surgery [25].

Overall, the best predictors of successful surgery have been
shown to be a combination of imaging, procedural, and
clinical symptoms. Patients who present with early onset
NPH, with relatively mild and short duration of symptoms,
with DESH and a narrow callosal angle on imaging, and with a
positive tap test or lumbar drainage have been shown to have
the best outcomes post-surgery [26].

Following these predictors, our patient was chosen as a
candidate for shunt placement due to the combination of an
early onset of the disease, positive response to a large-volume
lumbar puncture, presence of the DESH pattern, and a callosal
angle of greater than 63 degrees. As the main benefit of shunt
placement is long-term relief, the post-operative outcome for
our patient remains to be seen.

Ruling out Neurodegenerative Diseases

NPH can be misdiagnosed as neurodegenerative conditions
like AD due to similar symptoms, radiological findings,
and prevalence in older patients. While NPH presents with
the typical clinical triad of urinary incontinence, cognitive
impairment, and gait disturbances, this triad is only found
in <60% of patients [8]. Similar symptoms can be seen in
neurodegenerative diseases such as Alzheimer's disease
and Parkinson’'s disease. The CSF tap test is usually done
in suspected NPH patients to determine if the patient
would benefit from a shunt. This is a useful tool because
improvement after removal of CSF usually supports NPH;
however, patients with neurodegenerative diseases have
shown some transient clinical improvement as well [8].
Therefore, other factors should also be considered, including
cortical signs, brain imaging, and CSF studies.

NPH usually does not present with cortical signs like apraxia,
agnosia, and aphasia, and the absence of these signs makes
AD less likely [27]. On neurological exams, including the
MOCA test, our patient showed cognitive decline and memory
impairment, but no signs of cortical impairment, which is
consistent with NPH.
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As discussed previously, brain MRl and CT are useful for ruling
out neurodegenerative diseases. AD is characterized by brain
atrophy with widening of sulci and decreased volume of gyri
[28]. Our patient had a brain MRI and CT, neither of which
showed signs of atrophy. Another useful imaging technique
includesan FDG-PET scan, whichuses 18-F-fluorodeoxyglucose
to visualize metabolism. FDG-PET scan in iNPH patients shows
hypometabolism in the caudate and putamen with preserved
cortical metabolism [29]. While an FDG-PET scan can help rule
out neurodegenerative diseases, this was not done in our
patient due to the patient's young age, clear clinical signs of
NPH, good response to a large-volume lumbar puncture, and
insurance coverage.

While CSF studies were notdone in our patient due to the same
reasons mentioned above, they can be useful in ruling out AD.
CSF biomarkers such as phosphorylated Tau (p-Tau), total Tau
(t-Tau), and 42 amino acid forms of amyloid-f3 (AB42) can be
abnormal in AD. High T-tau indicates neuronal damage, while
high P-tau indicates the formation of neurofibrillary tangles in
the brain [30]. AB42 is reduced in AD patients because of its
aggregation into plaques and is therefore less available in the
CSF [30]. Thus, in AD patients, there is elevated T-tau, elevated
P-tau, and decreased AB42. However, studies have found that
AB42 can be elevated in patients with iNPH; thus, using an
AB42/AB40 ratio can better reflect amyloid pathology [31].
AB40 is the most abundant form of amyloid- in the CSF, and
its levels do not correlate with AD [30]. Therefore, AD patients
have a lower AB42/AB40 ratio than patients without AD and
can be used as a measure to distinguish whether a patient
has AD or iNPH.

CONCLUSION

Here we present a unique case of a 56-year-old right-
handed woman diagnosed with idiopathic Normal Pressure
Hydrocephalus (iNPH) that rapidly improved following lumbar
puncture with removal of 30 milliliters of CSF.iNPH is generally
unexpected in patients as young as 56 years old; however,
clinical suspicion was raised in the patient presented here
due to her confusion, urinary incontinence, and magnetic
gait. The diagnosis of iINPH was further strengthened by the
ventriculomegaly, anterior sulci crowding, Callosal angle of
65.3 degrees, and Evan’s index of 0.42 were observed via MRI
and CT scans of the brain. We reviewed the significance of
each of these radiological indices in the diagnosis of iINPH and
the importance of DESH in these cases. It is also important
to exclude other common neurodegenerative disorders. We
also reviewed the importance of DESH, high-volume spinal
tap, and lumbar drain in predicting the response to shunt
surgery. Finally, this case demonstrates the necessity of
including iNPH in the differential diagnosis when a patient
presents with cognitive impairment, as there is a potential for

treating an underlying reversible condition.

Authorship

Steven M. Ibrahim, Katherine Kim, Juwon Lim, and Anya
Ramsamooj designed and drafted the manuscript

Jason Chang provided and managed the case, and provided
analysis and interpretation of the data

Forshing Lui provided critical revisions and serves as the
guarantor and corresponding author

Conflicts of Interest

All authors declare no conflicts of interests.

Grant Information

The author(s) received no specific funding for this work.

IRB

This case report is IRB-exempt with all patient information de-
identified.

REFERENCES

1. Carswell C: Idiopathic normal pressure hydrocephalus:
historical context and a contemporary guide. Pract
Neurol. 2023, 23:15-22. 10.1136/pn-2021-003291

2. Das JM, Biagioni MC: Normal Pressure Hydrocephalus.
In: StatPearls. StatPearls Publishing: Treasure Island
(FL); 2025.

3. FasanoA, lsekiC,Yamadas, MiyajimaM:Whatisidiopathic
in normal pressure hydrocephalus? | Neurosurg Sci.
2025, 69:. 10.23736/50390-5616.24.06363-X

4. Qiu C, Kivipelto M, von Strauss E: Epidemiology of
Alzheimer's disease: occurrence, determinants, and
strategies toward intervention. Dialogues Clin Neurosci.
2009, 11:111-28. 10.31887/DCNS.2009.11.2/cqiu

5. Liouta E, Koutsarnakis C, Neromyliotis E, et al.: Lumbar
puncture tap test in iNPH: Does extracting different
volumes of CSF change the clinical response? Clinical
Neurology and Neurosurgery. 2024, 246:108565.
10.1016/j.clineuro.2024.108565

6. Thakur SK, Serulle Y, Miskin NP, Rusinek H, Golomb J,
George AE: Lumbar Puncture Test in Normal Pressure
Hydrocephalus: Does the Volume of CSF Removed
Affect the Response to Tap? AINR Am J Neuroradiol.
2017, 38:1456-60. 10.3174/ajnr.A5187

7. Ryo Oike, Inoue, Y., Ota, Y., & Takatoshi Sorimachi.
(2023). The necessity of gait evaluation on the 7th
day after tap tests for the idiopathic normal pressure
hydrocephalus patients. BMC Geriatrics, 23(1). https://

Open Access, Volume 18, 2026

Page -7


https://pubmed.ncbi.nlm.nih.gov/36162853/
https://pubmed.ncbi.nlm.nih.gov/36162853/
https://pubmed.ncbi.nlm.nih.gov/36162853/
https://www.ncbi.nlm.nih.gov/books/NBK542247/
https://www.ncbi.nlm.nih.gov/books/NBK542247/
https://www.ncbi.nlm.nih.gov/books/NBK542247/
https://www.researchgate.net/publication/389623944_What_is_idiopathic_in_normal_pressure_hydrocephalus
https://www.researchgate.net/publication/389623944_What_is_idiopathic_in_normal_pressure_hydrocephalus
https://www.researchgate.net/publication/389623944_What_is_idiopathic_in_normal_pressure_hydrocephalus
https://pubmed.ncbi.nlm.nih.gov/19585947/
https://pubmed.ncbi.nlm.nih.gov/19585947/
https://pubmed.ncbi.nlm.nih.gov/19585947/
https://pubmed.ncbi.nlm.nih.gov/19585947/
https://pubmed.ncbi.nlm.nih.gov/39321576/
https://pubmed.ncbi.nlm.nih.gov/39321576/
https://pubmed.ncbi.nlm.nih.gov/39321576/
https://pubmed.ncbi.nlm.nih.gov/39321576/
https://pubmed.ncbi.nlm.nih.gov/39321576/
https://pubmed.ncbi.nlm.nih.gov/28473344/
https://pubmed.ncbi.nlm.nih.gov/28473344/
https://pubmed.ncbi.nlm.nih.gov/28473344/
https://pubmed.ncbi.nlm.nih.gov/28473344/
https://pubmed.ncbi.nlm.nih.gov/28473344/
https://doi.org/10.1186/s12877-023-04481-1
https://doi.org/10.1186/s12877-023-04481-1
https://doi.org/10.1186/s12877-023-04481-1
https://doi.org/10.1186/s12877-023-04481-1

Forshing Lui MD

Directive Publications

10.

11.

12.

13.

14.

15.

16.

17.

doi.org/10.1186/512877-023-04481-1

Muller-Schmitz K, Krasavina-Loka N, Yardimci T, et
al.: Normal Pressure Hydrocephalus Associated with
Alzheimer’s Disease. Annals of Neurology. 2020, 88:703-
11.10.1002/ana.25847

Zhou X, Xia J: Application of Evans Index in Normal
Review.
10.3389/

Pressure Hydrocephalus Patients: A Mini
Front Aging Neurosci. 2021, 13:783092.
fnagi.2021.783092

Virhammar J, Laurell K, Cesarini KG, Larsson E-M: The
callosalangle measured on MRl as a predictor of outcome
in idiopathic normal-pressure hydrocephalus: Clinical
article.JNS. 2014, 120:178-84.10.3171/2013.8.JNS13575

Gaillard F, Sharma R, Alomari A: Disproportionately
enlarged subarachnoid space hydrocephalus (DESH).
In: Radiopaedia.org. Radiopaedia.org; 2019. 10.53347/
riD-68134

Ahmed AK, Luciano M, Moghekar A, et al.: Does the
Presence or Absence of DESH Predict Outcomes in
Adult Hydrocephalus? AINR Am ] Neuroradiol. 2018,
39:2022-6. 10.3174/ajnr.A5820

Yamada S, Ito H, Iseki C, et al.: Deep learning assessment
of disproportionately enlarged subarachnoid-space
hydrocephalus in Hakim's disease or idiopathic normal
pressure hydrocephalus. Radiology Advances. 2024,
1:umae027. 10.1093/radadv/umae027

Mostafa T, Craven C, Patel NA, et al.. DESH negative
normal pressure hydrocephalus: can patients still
benefit from shunt insertion? Fluids Barriers CNS. 2015,
12:052.10.1186/2045-8118-12-51-052

Williams MA, Malm J: Diagnosis and Treatment
of Idiopathic Normal Pressure Hydrocephalus.
Continuum (Minneap Minn). 2016, 22:579-99. 10.1212/
CON.0000000000000305

Damasceno BP: Neuroimaging in normal pressure
hydrocephalus. Dement Neuropsychol. 2015, 9:350-5.
10.1590/1980-57642015DN94000350

Cogswell PM, Graff-Radford J, Wurtz LI, et al.. CSF
dynamics disorders: Association of brain MRI and
nuclear medicine cisternogram findings. Neurolmage:
Clinical. 2020, 28:102481. 10.1016/j.nicl.2020.102481

18.

19.

20.

21.

22.

23.

24,

25.

26.

Toma AK, Papadopoulos MC, Stapleton S, Kitchen ND,
Watkins LD: Systematic review of the outcome of shunt
surgery in idiopathic normal-pressure hydrocephalus.
Acta Neurochir. 2013, 155:1977-80. 10.1007/s00701-
013-1835-5

Alperin N, Oliu (), Bagci AM, et al. Low-dose
acetazolamide reverses periventricular white matter
hyperintensities in iINPH. Neurology. 2014, 82:1347-51.
10.1212/WNL.0000000000000313

Meier U, Miethke C: Predictors of outcome in patients
with normal-pressure hydrocephalus. Journal of
Clinical Neuroscience. 2003, 10:453-9. 10.1016/S0967-
5868(03)00079-1

Wu EM, Ahmadieh TY, Kafka B, etal.: Ventriculoperitoneal
Shunt Outcomes of Normal Pressure Hydrocephalus: A
Case Series of 116 Patients. Cureus. Published Online
First: 4 March 2019. 10.7759/cureus.4170

Chen J, Xian J, Wang F, et al.: Long-term outcomes of
ventriculoperitoneal shunt therapy in idiopathic normal
pressure hydrocephalus. BMC Surg. 2025, 25:157.
10.1186/512893-025-02895-9

Relkin N, Marmarou A, Klinge P, Bergsneider M,
Black PMcL: Diagnosing Idiopathic Normal-pressure
Hydrocephalus. Neurosurgery. 2005, 57:52-4-S2-16.
10.1227/01.NEU.0000168185.29659.C5

NunnAC,JonesHE, Morosanu CO, etal.: Extended lumbar
drainage in idiopathic normal pressure hydrocephalus:
a systematic review and meta-analysis of diagnostic test
accuracy. British Journal of Neurosurgery. 2021, 35:285-
91.10.1080/02688697.2020.1787948

Agerskov S, Wallin M, Hellstréom P, Ziegelitz D, Wikkelso
C, Tullberg M: Absence of Disproportionately Enlarged
Subarachnoid Space Hydrocephalus, a Sharp Callosal
Angle, or Other Morphologic MRI Markers Should Not
Be Used to Exclude Patients with Idiopathic Normal
Pressure Hydrocephalus from Shunt Surgery. AJINR Am J
Neuroradiol. 2019, 40:74-9. 10.3174/ajnr.A5910

Gao W, Liu W, Ying Y, et al.: Preoperative imaging
biomarkers combined with tap test for predicting
shunt surgery outcome in idiopathic normal pressure
hydrocephalus: a multicenter retrospective study.
Front Aging Neurosci. 2025, 17:1509493. 10.3389/
fnagi.2025.1509493

Open Access, Volume 18, 2026

Page - 8


https://doi.org/10.1186/s12877-023-04481-1
https://pubmed.ncbi.nlm.nih.gov/32662116/
https://pubmed.ncbi.nlm.nih.gov/32662116/
https://pubmed.ncbi.nlm.nih.gov/32662116/
https://pubmed.ncbi.nlm.nih.gov/32662116/
https://pubmed.ncbi.nlm.nih.gov/35087391/
https://pubmed.ncbi.nlm.nih.gov/35087391/
https://pubmed.ncbi.nlm.nih.gov/35087391/
https://pubmed.ncbi.nlm.nih.gov/35087391/
https://pubmed.ncbi.nlm.nih.gov/24074491/
https://pubmed.ncbi.nlm.nih.gov/24074491/
https://pubmed.ncbi.nlm.nih.gov/24074491/
https://pubmed.ncbi.nlm.nih.gov/24074491/
https://radiopaedia.org/articles/disproportionately-enlarged-subarachnoid-space-hydrocephalus-desh
https://radiopaedia.org/articles/disproportionately-enlarged-subarachnoid-space-hydrocephalus-desh
https://radiopaedia.org/articles/disproportionately-enlarged-subarachnoid-space-hydrocephalus-desh
https://radiopaedia.org/articles/disproportionately-enlarged-subarachnoid-space-hydrocephalus-desh
https://www.ajnr.org/content/39/11/2022
https://www.ajnr.org/content/39/11/2022
https://www.ajnr.org/content/39/11/2022
https://www.ajnr.org/content/39/11/2022
https://pmc.ncbi.nlm.nih.gov/articles/PMC12429205/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12429205/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12429205/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12429205/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12429205/
https://link.springer.com/article/10.1186/2045-8118-12-S1-O52
https://link.springer.com/article/10.1186/2045-8118-12-S1-O52
https://link.springer.com/article/10.1186/2045-8118-12-S1-O52
https://link.springer.com/article/10.1186/2045-8118-12-S1-O52
https://pubmed.ncbi.nlm.nih.gov/27042909/
https://pubmed.ncbi.nlm.nih.gov/27042909/
https://pubmed.ncbi.nlm.nih.gov/27042909/
https://pubmed.ncbi.nlm.nih.gov/27042909/
https://pubmed.ncbi.nlm.nih.gov/29213984/
https://pubmed.ncbi.nlm.nih.gov/29213984/
https://pubmed.ncbi.nlm.nih.gov/29213984/
https://pubmed.ncbi.nlm.nih.gov/33395973/
https://pubmed.ncbi.nlm.nih.gov/33395973/
https://pubmed.ncbi.nlm.nih.gov/33395973/
https://pubmed.ncbi.nlm.nih.gov/33395973/
https://pubmed.ncbi.nlm.nih.gov/23975646/
https://pubmed.ncbi.nlm.nih.gov/23975646/
https://pubmed.ncbi.nlm.nih.gov/23975646/
https://pubmed.ncbi.nlm.nih.gov/23975646/
https://pubmed.ncbi.nlm.nih.gov/23975646/
https://pubmed.ncbi.nlm.nih.gov/24634454/
https://pubmed.ncbi.nlm.nih.gov/24634454/
https://pubmed.ncbi.nlm.nih.gov/24634454/
https://pubmed.ncbi.nlm.nih.gov/24634454/
https://pubmed.ncbi.nlm.nih.gov/12852885/
https://pubmed.ncbi.nlm.nih.gov/12852885/
https://pubmed.ncbi.nlm.nih.gov/12852885/
https://pubmed.ncbi.nlm.nih.gov/12852885/
https://www.cureus.com/articles/17937-ventriculoperitoneal-shunt-outcomes-of-normal-pressure-hydrocephalus-a-case-series-of-116-patients#!/
https://www.cureus.com/articles/17937-ventriculoperitoneal-shunt-outcomes-of-normal-pressure-hydrocephalus-a-case-series-of-116-patients#!/
https://www.cureus.com/articles/17937-ventriculoperitoneal-shunt-outcomes-of-normal-pressure-hydrocephalus-a-case-series-of-116-patients#!/
https://www.cureus.com/articles/17937-ventriculoperitoneal-shunt-outcomes-of-normal-pressure-hydrocephalus-a-case-series-of-116-patients#!/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11992790/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11992790/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11992790/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11992790/
https://pubmed.ncbi.nlm.nih.gov/16160425/
https://pubmed.ncbi.nlm.nih.gov/16160425/
https://pubmed.ncbi.nlm.nih.gov/16160425/
https://pubmed.ncbi.nlm.nih.gov/16160425/
https://pubmed.ncbi.nlm.nih.gov/32643967/
https://pubmed.ncbi.nlm.nih.gov/32643967/
https://pubmed.ncbi.nlm.nih.gov/32643967/
https://pubmed.ncbi.nlm.nih.gov/32643967/
https://pubmed.ncbi.nlm.nih.gov/32643967/
https://pubmed.ncbi.nlm.nih.gov/30523139/
https://pubmed.ncbi.nlm.nih.gov/30523139/
https://pubmed.ncbi.nlm.nih.gov/30523139/
https://pubmed.ncbi.nlm.nih.gov/30523139/
https://pubmed.ncbi.nlm.nih.gov/30523139/
https://pubmed.ncbi.nlm.nih.gov/30523139/
https://pubmed.ncbi.nlm.nih.gov/30523139/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11903477/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11903477/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11903477/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11903477/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11903477/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11903477/

Forshing Lui MD

Directive Publications

27.

28.

Damasceno BP: Normal pressure hydrocephalus:

Diagnostic and predictive evaluationon. Dement
Neuropsychol. 2009, 3:8-15. 10.1590/51980-
57642009DN30100003

Persson K, Eldholm RS, Barca ML, et al.: MRI-assessed
atrophy subtypes in Alzheimer's disease and the
cognitive reserve hypothesis. PLoS One. 2017,
12:e0186595. 10.1371/journal.pone.0186595

29. Townley RA, Botha H, Graff-Radford J, et al.: 18F-FDG

PET-CT pattern in idiopathic normal pressure
hydrocephalus. Neuroimage Clin. 2018, 18:897-902.
10.1016/j.nicl.2018.02.031

30. Blennow K, Zetterberg H, Fagan AM: Fluid biomarkers

31.

in Alzheimer disease. Cold Spring Harb Perspect Med.
2012, 2:a006221. 10.1101/cshperspect.a006221

Mazzeo S, Emiliani F, Bagnoli S, et al.: Alzheimer’s
Disease CSF Biomarker Profiles in Idiopathic Normal
Pressure Hydrocephalus. | Pers Med. 2022, 12:935.
10.3390/jpm 12060935

Open Access, Volume 18, 2026

Page -9


https://pubmed.ncbi.nlm.nih.gov/29213603/
https://pubmed.ncbi.nlm.nih.gov/29213603/
https://pubmed.ncbi.nlm.nih.gov/29213603/
https://pubmed.ncbi.nlm.nih.gov/29213603/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0186595
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0186595
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0186595
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0186595
https://pubmed.ncbi.nlm.nih.gov/29876274/
https://pubmed.ncbi.nlm.nih.gov/29876274/
https://pubmed.ncbi.nlm.nih.gov/29876274/
https://pubmed.ncbi.nlm.nih.gov/29876274/
https://pubmed.ncbi.nlm.nih.gov/22951438/
https://pubmed.ncbi.nlm.nih.gov/22951438/
https://pubmed.ncbi.nlm.nih.gov/22951438/
https://pubmed.ncbi.nlm.nih.gov/35743720/
https://pubmed.ncbi.nlm.nih.gov/35743720/
https://pubmed.ncbi.nlm.nih.gov/35743720/
https://pubmed.ncbi.nlm.nih.gov/35743720/

	Title
	Abstract 
	Keywords
	Introduction
	Case Presentation 
	Neuroimaging
	Image Findings
	Management
	Case Presentation Timeline
	Discussion
	Clinical Features of Normal Pressure Hydrocephalus

	Important Radiological Features and their Significance
	Ventriculomegaly
	Abnormal Cerebrospinal Fluid Flow Dynamics
	Predictors of Successful Surgeries
	Ruling out Neurodegenerative Diseases

	Conclusion
	Authorship
	Conflicts of Interest
	Grant Information
	Irb
	References
	Image 1
	Image 2
	Image 3
	Image 4

