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Normal pressure hydrocephalus (NPH) is a surgically treat-
able reversible neurological disorder initially identified in 
1957 by a Colombian neurosurgeon, Solomon Hakim [1]. 
At that time, the cause of this chronic form of communicat-
ing hydrocephalus, in which there is not objective obstruc-
tion of cerebrospinal (CSF) circulation and absorption, was 
not known, and this disease was considered “idiopathic” 
(iNPH). Since then, patients with known causes of NPH 
such as subarachnoid hemorrhage and meningitis (second-
ary NPH) have been identified, which are usually younger 
and tend to respond better to shunting than the idiopathic 
variety, likely because of poor historical selection criteria 
for the idiopathic form.

iNPH is characterized clinically by a triad of gait and bal-
ance impairment, cognitive deterioration, and urinary incon-
tinence, and radiologically by a communicating ventricular 
enlargement (Evans index > 0.3), in the context of a CSF 
opening pressure of < 24 cm of H2O (in recumbent position) 
[2, 3]. The primary differential includes neurodegenerative 
conditions such as Alzheimer disease (AD), and studies have 
shown that there is some overlap between these two condi-
tions with many patients having a component of both [4, 5].

The term “normal pressure” hydrocephalus was based on 
the observation that the lumbar puncture opening pressures 
were not elevated in these patients but transient episodes 
of increased CSF pressure can occur, particularly when 
the intracranial pressure is monitored overnight during 

sleep, and hence NPH is also termed “intermittent pressure 
hydrocephalus.”

The basic pathophysiological processes underlying the 
development of iNPH still remain unclear. The classical con-
cept that iNPH is simply a form of CSF circulation disorder, 
involving an imbalance between CSF production and reab-
sorption, is probably not valid. In fact, unlike other forms 
of hydrocephalus, the CSF pressure is not abnormal, which 
implies that such a simplistic hydrodynamic theory would be 
insufficient to explain the pathophysiology of this condition. 
Other factors might contribute in the development of iNPH. 
Chronic arterial hypertension and white matter disease may 
lead to periventricular ischemia that increases the compli-
ance of the ventricular wall and causes gradual ventricular 
enlargement. Alternatively, periventricular ischemia may 
also lead to locally increased venous resistance that may 
lead to decreased CSF absorption and ventricular enlarge-
ment. Finally, diminished vascular (arterial) compliance that 
frequently occurs in the aging brain might produce a redistri-
bution of systolic vascular pulsations, which are then trans-
mitted directly into the ventricular system, progressively 
increasing its size [6, 7].

Diversion of CSF through ventriculoperitoneal shunts is 
the standard of surgical care for iNPH. The objective of this 
treatment is to normalize or at least reduce the intermittent 
increase of the intraventricular pressure, and to improve or 
stabilize the clinical symptoms [3]. The diagnosis of iNPH 
and the decision whether or not to treat a patient is typi-
cally a multistage and challenging process, because not all 
patients with a diagnosis of iNPH will benefit from to shunt 
surgery, a surgical procedure with a small but not negligible 
complication rate [8]. Therefore, the objective of clinical 
and paraclinical tests in iNPH goes beyond the diagnosis of 
this condition, and is essential for the identification of those 
patients who will have a favorable response to shunting.

Different morphological imaging features have been 
proposed for predicting shunt response. The callosal angle, 
defined as the angle between the medial superior borders 
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of the left and right lateral ventricle [9, 10], which is sig-
nificantly smaller in patients with iNPH than those with 
AD or healthy controls, has been proposed to predict shunt 
responders, as these patients have a significantly smaller 
mean preoperative angle compared with non-responders, 
using 63° as the cut-off value to achieve the best prognostic 
accuracy [11].

Another imaging feature that has shown diagnostic value 
as well as in predicting shunt response is the presence of 
a “disproportionately enlarged subarachnoid space hydro-
cephalus” (DESH), which refers to the combination of three 
components: 1, ventriculomegaly (Evans index > 0.3); 2, 
narrow high-convexity and medial subarachnoid spaces; 
and 3, enlarged Sylvian fissures (disproportionate distri-
bution of the CSF between the inferior and superior suba-
rachnoid spaces) [12, 13]. Due to the ambiguity of defining 
each DESH component, Shinoda et al. [14] have proposed a 
DESH scale (0–10) that incorporates two additional radio-
logical features (callosal angle and focal sulcal dilation). In 
their study, it was shown that high DESH scores (> 6) have 
a high positive predictive value for neurological improve-
ment after surgery, supporting its prognostic value. In fact, 
the DESH score is used in some neurosurgical centers, 
mainly in Japan, for both iNPH diagnosis and predicting 
shunt response, without the need of a CSF tap test or other 
invasive neurosurgical procedures.

Functional MRI studies, such as cardiac-gated phase-con-
trast flow-sensitive MRI, which can measure an increase in 
the aqueductal CSF stroke volume in iNPH, have been used 
to predict shunt response [15]. However, there is insufficient 
evidence to utilize this metric to select iNPH for shunt sur-
gery because its predictive value has not been confirmed 
[16].

In this issue of neuroradiology, Carlson et al. [17] per-
formed a systematic literature review and meta-analysis 
aimed to identify radiological features that could be used to 
discriminate iNPH shunt responders from non-responders. 
Not unexpectedly, no single imaging parameter was repeat-
edly and consistently reported as different between respond-
ers and non-responders across the 27 articles included in 
the analysis. This negative result can be explained by dif-
ferent factors, such as differences in patient inclusion cri-
teria and imaging analysis, and in the reference standard to 
define shunt response. However, the most likely factor that 
could explain the negative results is the neglection in most 
studies of non-radiological factors such as the duration of 
symptoms before shunt surgery; it has been demonstrated 
that the best short-term benefits of surgical intervention are 
achieved when shunt surgery is performed in patients with 
short disease duration or when surgery is performed within 
few months of decision to surgery [18, 19]. This finding can 
be explained by the fact that iNPH is a progressive disease, 
causing brain damage if not treated promptly, with long 

disease duration allowing the disease more time for devel-
oping irreversible progression.

Other factors that may diminish shunt response include 
more severe presurgical clinical symptoms, advanced age, 
and established cerebrovascular disease such as diabe-
tes mellitus, hypertension, hyperlipidemia, and history of 
myocardial infarction [20]. The association of radiologi-
cal appearances of iNPH with primary neurodegenerative 
disorders, such as AD and subcortical vascular dementia, 
can also explain the lack of response in some shunt-treated 
patients. In fact, shunt-responsive patients appear to have 
lower pathological burdens of neuritic plaques or intraven-
tricular amyloid and tau [21].

The recently discovered glymphatic system also seems 
to play a role in the pathogenesis of iNPH. This system is 
fundamental for the clearance of waste metabolites, such as 
amyloid-b peptides (Aβ1-42) and tau protein from the brain 
interstitial space, and is proposed to be instrumental in nor-
mal aging and brain pathology such as AD and brain trauma 
[22–24]. In iNPH, impaired glymphatic circulation may lead 
to brain tissue damage and eventually dementia [25]. This 
system can be visualized by different non-invasively MRI 
techniques such as intrathecal injection of gadolinium-based 
contrast agent that analyzes the clearance time of this tracer 
from CSF and brain parenchyma, or with “diffusion tensor 
image analysis along the perivascular space (DTI-ALPS)” 
that quantifies the diffusivity of perivascular water flow in 
the periventricular area. With these techniques, some stud-
ies recently suggested that the glymphatic system could be 
impaired in iNPH patients (decreased clearance of the tracer 
from the subarachnoid space along with persisting enhance-
ment in brain parenchyma, or decreased diffusivity along 
the x-axis in the projection fibers area), probably leading 
to neuronal damage or dysfunction [22, 24, 26]. Bae et al. 
have shown that glymphatic activity, measured by means 
of DTI-ALPS, is not only reduced in iNPH patients than in 
control subjects, but it is also lower in non-responders than 
in responders, reflecting higher disease severity and indicat-
ing that assessment of impairment severity of glymphatic 
activity may predict an unfavorable outcome following CSF 
shunting [26].

In conclusion, although imaging and in particular MRI 
play an essential role in establishing the diagnosis of iNPH, 
and in selecting (with or without invasive surgical proce-
dures) shunt candidates, we cannot expect that any of the 
morphological features proposed accurately predict shunt 
responders, as other non-radiological factors contribute in 
this prediction, such as concomitant presence of a neurode-
generative and vascular disorders, age, and duration of the 
clinical symptoms. Analysis of the glymphatic circulation 
by means of non-invasive MRI is a promising technique that 
might help in the future for predicting shunt responders, by 
assessing the degree of impairment of this system, which in 
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turn determines the severity of the disease and the degree of 
irreversible tissue damage.
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