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Abstract Outcomes of normal pressure hydrocephalus (NPH) treatment has been
under investigation for over 40 years. The first reports disclosed relatively high
complication rates, directly related to surgery. Even postoperative improvement rates
were incomparably small compared to results nowadays. This is primarily due to
advances in shunting devices, a better understanding of the disease pathogenesis,
and more precise identification of NPH patients.t is now possible to target the treat-
ment more efficiently and thus achieve better treatment outcomes with minimal
surgery-related complications. Selected up-to-date reports show that over 75% of
iNPH patients improve after surgery, regardless of the indication criteria and cere-
brospinal fluid (CSF) diversion techniques. Despite a lot of effort to sustain initial
improvement in clinical outcomes after shunt implantation, the improvement tends
to decline with longer follow-ups. Although the understanding of the disease’s patho-
physiology has unquestionably improved, and an enormous body of literature dedi-
cated to the investigation of NPH-characteristic parameters (both clinical and radio-
logical) has been published, the main problem of NPH diagnosis remains the same.
The frequent occurrence of neurodegenerative diseases and other comorbidities in
the elderly is an important factor implicating treatment outcome and prognosis of
NPH patients. Surgical candidates are selected according to the expected postopera-
tive improvement of clinical symptoms. If any of the symptoms of the clinical triad
do not improve after surgery, it is important to investigate it in more detail, usually
referring the patient to another specialist (urologist, neurologist etc.). The results of
outcomes vary which may be explained by the frequent occurrence of comorbidi-
ties. The proper identification of comorbidities should be included as a central part
of NPH management. This chapter is dedicated to both early and long-term results
of NPH treatment, where we aim to discuss individual nuances involving treatment
outcomes, as well as specific prognosis for NPH patients.
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Abbreviations

10MWT 10M walk test
AD Alzheimer’s disease
CI Confidence interval
CSF Cerebrospinal fluid
CT Computed tomography
CVD Cerebrovascular disease
ETV Endoscopic third ventriculostomy
LP Lumboperitoneal
MMSE Mini-Mental State Examination
MoCA Montreal Cognitive Assessment
mRS Modified Rankin Scale
NPH Normal pressure hydrocephalus
iNPH Idiopathic normal pressure hydrocephalus
RAVLT Rey Auditory Verbal Learn Testing
SDH Subdural haematoma
SMD Standardised mean difference
sNPH Secondary normal pressure hydrocephalus
TMT Trail Making Test
TUG Timed up and go
VA Ventriculoatrial
VP Ventriculoperitoneal

1 Introduction

Clinical outcomes of normal pressure hydrocephalus (NPH) treatment reported in
the literature vary. Possible reasons include different indication and improvement
criteria, different postoperative follow-up methods, degree of comorbidities, non-
discrimination of aetiologies -idiopathic normal pressure hydrocephalus (iNPH)
versus secondary normal pressure hydrocephalus (sNPH), different duration or
degree of clinical symptoms, different treatment modalities, differences in shunt
systems and other factors [1–4]. On average, over 75% of iNPH patients improve
after surgery, regardless of the indication criteria and CSF diversion techniques in
the selected studies [5]. Treatment of NPH typically involves implantation of a shunt
device which provides a diversion of the cerebrospinal fluid to a different part of
the body where the fluid is absorbed. The role of endoscopic third ventriculostomy
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(ETV),which is routinely used in the treatment of obstructive hydrocephalus, remains
controversial in NPH treatment [6]. Mitchell and Mathew introduced ETV in the
treatment of iNPH patients in 1999 but 75% of four patients in their cohort ended up
with a ventriculoperitoneal (VP) shunt [7]. Since then, several low-quality studies
and case series have been published with promising results suggesting that ETVmay
restore CSF dynamics and pulsatility patterns in NPH. The authors of the retrospec-
tive review on ETV in iNPH from 2016 base the effectivity of ETV on ‘modified
bulk flow theory’, with the proviso that every hydrocephalus is obstructive, and that
ETV would make sense, especially in the case of functional stenosis of the aqueduct
[8]. Nevertheless, the evidence for ETV in NPH is low in comparison to shunting and
only one very low-quality randomised study comparing ETV with the VP shunt has
been published with inconclusive results [6]. Therefore, this chapter will summarise
current knowledge about the outcomes and prognosis of shunted NPH patients, and
mention the natural course of the disease. ETV outcomes are discussed in its specific
chapter (see Chap. 24).

With the current knowledge of the disease pathophysiology, the frequent occur-
rence of neurodegenerative and other comorbidities in ageing patients, selection of
surgical candidates is focused on the expected improvement of clinical symptoms
after surgery. Confirmation of NPH diagnosis is definitive only in patients with
improvement of the symptoms after shunt implantation. The indication for surgery
is usually decided with the help of guidelines and functional test analysis [9–11].
It is not certain how to approach patients who do not improve in functional testing,
but correspond to NPH both clinically and in terms of findings on imaging exami-
nations. In terms of possible comorbidities (e.g. osteoarthritis of large joints, stress
incontinence, benign prostatic hyperplasia, etc.), it is necessary to approach each
patient individually. If any of the symptoms of the triad do not improve after surgery,
it should be further investigated and it may be necessary for the patient to be referred
to another specialist, e.g. urologist to evaluate urinary symptoms more in detail [12].
The reported differences in outcomesmay therefore be partly explained by the preva-
lence of concurrent comorbidities and their proper identification should be included
in the central part of NPH management [13].

2 Early and Short-Term Postoperative Outcomes

Until 2002, there was no study comparing the results of a shunt operation with a
randomised control group [14]. In the past few years, however, several such studies
have been conducted. For example, Kazui et al. [15] showed significantly higher
clinical improvement after LP shunt implantation in the immediately operated group
(65%) than in the delayed group (5%) 3 months after randomisation (prior to surgery
in the control group) defined as an improvement of 1 or more points on Modified
Rankin Scale (mRS). Nakajima et al. [16] published the results of a nationwide
hospital survey in Japan comparing the results of patients who underwent shunt
surgery with non-operated controls (using mRS), and only the operated patients
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achieved significant improvement at 1-year follow-up control, regardless of the type
of shunt surgery. In a prospective European multicentre iNPH study, 69% of patients
improved according to mRS (one-point improvement) and 84% improved according
to an age-standardised iNPH scale (five-point improvement). Indication for surgery
was based on various clinical and radiological criteria, and therewas no a randomised
control group [17]. The Swedish Hydrocephalus Quality Registry reported that the
number needed to treat for improving one patient from unfavourable (mRS 3–5)
to favourable (mRS 0–2) was 3.0 [18]. Improvements can be maintained for several
years [19], despite possible shunt revisions [20]. A higher percentage of improvement
might be achieved with strict diagnostic and treatment protocols [9]—e.g. Poca et al.
[14] reported clinical improvement in almost 90% of patients (with an improvement
of at least one point on the iNPH scale). However, strict diagnostic criteria might
result in under-treatment; therefore, each patient should be evaluated individually.

Different target options for both proximal and distal ends of the shunt system
are possible. These include mainly ventriculoperitoneal (VP), lumboperitoneal (LP)
and ventriculoatrial (VA) shunts. Outcomes of shunt diversion methods are compa-
rable and approximately 75% of patients improve in the first year after shunting [5].
Although cardiopulmonary and renal complications are serious concerns associated
with VA shunt placement, they are uncommon in patients with iNPH [21]. LP shunt
outcomes do not significantly differ from VP shunt outcomes [22]. Early and short-
term postoperative outcomes are definitely connected with diagnostic accuracy and
shunt indication [11] and are possibly most favourable when CSF outflow resistance
is increased and global cerebral autoregulation is intact, in combination with arte-
rial normotension [23]. A recent study found that mild preoperative iNPH severity,
shorter preoperative symptom duration, good tap test response, and complete DESH
were associated with good short-term postoperative outcome at 1 year [24]. Also, it
was found that compared to reference individuals, the neuropsychological aspects
and quality of life of iNPH patients improved during the first 3 months after surgery,
in someparts nearly to normal values [25]. Thismeans that patientswith longstanding
preoperative symptoms may not receive the same benefits of surgical intervention
as patients with a shorter duration of preoperative symptoms. However, with longer
follow-up, the patients generally tend to reach the same endpoint [26]. Another study
showed that the outcomes of VP-shunt surgery did not significantly differ between
6 months and 2 years post-surgery, indicating that the outcome at 6 months remained
stable for up to 24 months. Longer symptom duration and older age should not deter
patients with iNPH from undergoing shunt implantation [27].

Despite many efforts to predict shunt response non-invasively, none of them have
shown any clinical benefit [28]. The utility of imaging to predict response to shunting
is limited, and no imaging feature alone can be used to exclude patients from shunt
surgery [29, 30]. The results are closely related to the diagnostic procedures and
guideline adherence throughout the centres [9, 11]. Laparoscopic and less invasive
implantations have been introducedwith the goal tominimise wound-related compli-
cations [31]. However, between 2007 and 2017, laparoscopic assistance was only
used in 6% of implantations in the USA [32]. Also, there is currently no evidence in
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the literature to support this approach nor its potential benefits over the traditional
surgical technique.

Of note is the recent systematic review and meta-analysis by Giordan et al. [5]
which focused on the comparison of different surgical techniques in NPH manage-
ment. It included 33 studies with a total of 2461 patients. An improvement in
postoperative functional outcome was observed in over 75% of patients, regard-
less of the surgical technique or the CSF diversion units used. In terms of the valves,
NPH patients managed by programmable and by fixed valves had similar treatment
outcomes. On the other hand, compared to the fixed valves, adjustable devices were
associated with a reduction in revisions (12% vs. 32%), along with a lower number
of subdural collections (9% vs. 22%). This mirrors the prediction that revision rates
are probably going to decrease with increased use of adjustable novel devices. Using
neuronavigation may be suggested for guiding the ventricular implantation [33]. A
recent study however did not find any clear benefit of its usage [34].

2.1 Complications and Mortality

In a recent service evaluation of early postoperative outcomes inNPH,D’Antona et al.
[35] reported 0% mortality, 7% morbidity and no revisions or readmissions to ICU
in 88 patients who underwent lumbar drain insertion and/or VP shunt implantation.
Seven patients had minor complications, and no moderate or severe complications
were reported.No correlation between preoperativemorbidity, surgical outcomes and
hospital length of stay was found. A large multicentre survey of a privately insured
United States healthcare network, however, showed a 7.29% 30-day readmission rate
for 974 patients with NPH who underwent ventricular shunting. The perioperative
complication rate was 21.15%, and included intracerebral haemorrhage (5.85%) and
extra-axial haematoma (subdural or epidural 5.54%) Pre-existing comorbidities such
as peripheral vascular disease, cerebral vascular disease, diabetes, paralysis or renal
disease, were associated with risks of complication or readmission. Approximately
5.9% of patients needed reoperation within 30-days [36]. Another study reported
a 36% complication rate (23% shunt related complication rate) in iNPH patients
with a 0% mortality rate. INPH patients had a significantly smaller risk of shunt
surgery-related complications than other patient groups treated with shunting [37].
Another study showed 0.5% 30-day mortality rate without a significant difference
from controls [38]. Hebb et al. [39] in 2001 reported an overall mean complica-
tion rate of 38% after shunt surgery and a shunt revision rate of 22%. However, a
more recent systematic review reported a lower pooled complication rate of 10%
and a shunt revision rate of 16% [5]. A subsequent meta-analysis also showed the
benefit of using adjustable devices. Some of the revisions made in the past would
have been e easily solved with adjustments only. Another study showed that approx-
imately 50% of revisions occur in the 1st year after initial shunt surgery and are
mainly due to malfunctions [19]. A study comparing the complication rate 3 months
after VP shunt insertion in NPH and non-NPH patients found that high Karnofsky
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Performance Score at admission and NPH as an underlying indication significantly
reduced the odds ratio for a complication [37]. Subdural haematomas (SDHs) are
common complications of shunt treatment accompanied with overdrainage. Recent
study showed that SDHs developed in 10% of patients in 12-month follow-up and
36% of these cases were treated surgically. Significantly lower portions of surgeries
were made in patients with adjustable shunts. SDH and treatment do not significantly
affect survival in iNPHpatients, thus the non-invasive treatment offered by adjustable
shunts considerably reduces the level of severity of this common adverse event [40].
Male sex, antiplatelet medication, and a lower opening pressure at surgery were risk
factors for SDH [41]. Infections are rarer. A recent study reported an infection rate
of 5.9% [42] and another study of 4.76% during the first 3 months [43].

Despite a lot of effort to sustain initial improvement in clinical outcomes after
shunt insertion in NPH patients, the improvement tends to decline within longer
follow-ups. According to a recent meta-analysis [5], over 75% of patients evaluated
after 12 months experienced an improvement in their clinical status after shunting.
This number subsequently decreased to 73% of patients followed up from 12 to
36 months, and an even more significant decline was observed for patients whose
follow-up exceeded 36 months (71%). However, it is important to note, and as it is
discussed more in detail below, the overall improvement rate of NPH patients after
shunting is notably higher compared to the natural course of the disease [44–46].

3 Gait Impairment Outcomes

Gait is the symptom most likely to improve after shunting and typically tends to
keep sustained improvement. To give an example, in the series of 50 shunted NPH
patients, there was an improvement after shunting which sustained improvement
over a median follow-up time of 120.2 ± 2.3 months compared to the initial base-
line, as stated by Grasso et al. [18]. Moreover, gait improvement is the one most
connected to quality of life. Of note, persistent gait impairment and depression are
the strongest predictors of low quality of life after NPH treatment [47]. Following
the first reports saying that gait disturbances may be an initial manifestation of NPH,
the gait impairment in NPH has since been studied in detail. As a result, some
specific features that can to some extent distinguish NPH from other disorders have
been identified. NPH gait disorder is sometimes called “magnetic” or “glued to the
floor”, with other characteristic patterns such as diminished gait velocity, loss of
balance, short stride, so-called en blog turning etc., features that are described in an
individual chapter more in detail (see Chap. 9) [48]. A study from 2001 evaluated
differences in gait impairment between patients suffering from NPH (n = 11) and
those with Parkinson’s disease (n = 10), compared to twelve age-matched healthy
controls [49]. Although some reports have reported parkinsonian signs as typical
for NPH patients, contraindicatory findings have been published with better clinical
profiles and the distinction between probable and possible NPH patients [50–52].
Moreover, this differentiated the possible existence of comorbidities that could bias
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what is and what is not a characteristic pattern for NPH. Additionally, according
to the most recent reports, parkinsonian signs are not very common in well-defined
NPH, regardless of existing comorbidity [53, 54]. Still, Parkinsonism is a differen-
tial diagnosis of NPH of great importance [55]. In the study by Stolze et al. [49],
gait velocity increased by approximately 21% following the CSF tap test in NPH
patients, compared to the natural gait velocity at the baseline. Also, a coefficient of
variation for stride length, step width, and foot angle was calculated. Interestingly, it
significantly decreased after the CSF tap test, alongwith the enlargement of the stride
length, but the cadence remained at the same level without any difference. According
to these findings, in terms of the gait impairment, gait velocity has been found to
be the pattern that tends to improve the most also following the shunt placement [5,
18]. This is particularly useful for predicting shunt responsiveness, considering the
high sensitivity of this gait feature to the CSF tap test [56]. If secondary deterioration
occurs after surgery, and shunt malfunction is ruled out, the comorbid disease should
be suspected.

In 2000, Blomsterwall et al. [57] studied the association between disturbances of
balance and gait in NPH patients before and after shunt insertion. Interestingly, 75%
of patients improved in gait velocity and 69% in balance, suggesting that improved
balancemay be to some extent responsible for gait improvement. Similar results were
reported in a recent multicentre prospective observational study by Trungu et al. [46].
Out of 181 NPH patients, the mean gait domain was 58.5± 14.3 preoperatively, 66.0
± 12.2 postoperatively and 70.1 ± 13.4. This domain was statistically significantly
improved in shunted NPH patients at the 12 monthfollow-up examination. (p <
0.001). A similar trend was observed in the balance domain, the mean values were
66.7 ± 21.5 preoperatively, 72.4 ± 19.2 postoperatively, and 71.7 ± 22.1 at the
12-month follow-up (p = 0.001). Other reports observed that gait improvement was
present three years after shunt insertion in 80–83% of shunted NPH patients and in
approximately 87% of NPH patients 7 years after shunting [58, 59]. Supported by
various studies evaluating the effect of shunt implantation on postoperative outcomes
in NPH patients, the gait domain shows the highest improvement along with the
impact on overall clinical score postoperatively. This is also true with respect to
long-term follow-ups [4, 60, 61].

A recently published study by Sundström et al. [55] evaluated the outcome
measure timed up and go (TUG) in a large, nationwide cohort that included 1300
iNPH patients before and after surgery. The authors compared the TUG test to the
10-m walk test (10MWT), the iNPH scale, the mRS, and Mini-Mental State Exam-
ination (MMSE). Significant improvements in TUG and 10MWT were observed
in both the general group and for the group stratified for sex and age. Interest-
ingly, women tended to perform significantly worse after shunting in both TUG
and 10MWT (p < 0.001), but there was no observed difference between males and
females in overall postoperative improvement (Fig. 1). Moreover, there was a strong
association between TUG and the 10MWT before and after shunt implantation (r =
0.76). However, there was only a moderate relationship between TUG and the iNPH
scale (r = 0.34), weak to moderate association with mRS (r = 0.22) and negligible
correlation was seen between TUG andMMSE (r= 0.17). These findings, based on a
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large population of non-selected NPH patients, show that the TUG time and steps are
significantly improved regardless of sex and age [55]. NPH patients tend to perform
worse in the TUG test compared to healthy elderly controls, in both preoperative
and postoperative examinations at 3 months. These higher values of TUG times can
be explained by NPH-related gait dysfunction which is to some extent independent
of age, and the improvement of gait disturbances typically takes time to normalise.
Some gait impairment features are irreversible regardless of shunt insertion [55,
62, 63]. Notably, patients with more severe symptoms preoperatively, that is, those
with higher TUG values, benefited from shunting, but their gait amelioration was
not significant regardless of clinical improvement. The fact that the improvement of
NPH patients after shunting is typically independent of age, in contrast to healthy
elderly individuals, is supported by ameta-analysis of 21 studies that investigated the
TUG test in healthy elderly subjects. The mean values of TUG times were different
among patients’ age groups, 8.1 s (95% CI, 7.1 to 9.0 s) for patients between 60 and
69 years; 9.2 s (95% CI, 8.2 to 10.2 s) for patients 70–79 olds; and finally 11.3 s
(95% CI, 10.0 to 12.7 s) for subjects aged between 80 and 99 years [64].

The mentioned reports are a great example of why early treatment is preferable
and why even patients with severe symptoms should not be excluded from surgery.
Agerskov et al. [62] outlined that they did not find any association between the
severity of symptoms and treatment outcome. Additionally, although Kimura et al.
[24] found a negative correlation between these two factors, that is, symptom severity
and expected treatment outcome, the benefits of shunt implantation in well-selected

Fig. 1 Histogram displaying the number of patients within each TUG time interval pre- and post-
operatively for men (n = 744) and women (n = 505). Preoperatively, 175 men and 79 women had
TUG time < 13.5 s. Postoperatively, the corresponding numbers were 364 and 186. Above this
threshold, the risk of falling is considered to be increased. Sundström et al. [55]. The paper is an
OpenAccess article distributed under the terms of theCreative Commons licensed under CC-BY-4.0
Attribution Licence, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited
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NPH patients still substantially exceeds the progression of the disease when left
untreated [44–46, 55].

3.1 Cognitive Outcomes

As a part ofHakim’s triad, someNPHpatients experience a range of neuropsycholog-
ical alterations,which tend tomimic concurrent neurodegenerative comorbidities and
their distinguishment is often challenging. Nevertheless, the ‘typical NPH cognitive
profile’ comprises memory, learning and attention impairment, along with distur-
bances of processing and psychomotor speed or disruptions of executive and other
functions. The disruptions of frontal functions are a common part of NPH-related
cognitive disturbances since they are based on extended ventricular dilatation and
thus on the damage of frontosubcortical projections or subcortical structures [65, 66].
This may be to some extent (although highly dependent on many factors, including
the length of such damage, individual patient predisposition, shunt responsiveness
etc.) a reversible process when the shunt works properly, and ventricular dilatation
is reduced [67, 68]. Memory functions tend to improve following the shunt inser-
tion, as frequently reported [18, 69, 70]. Significant improvements were found for
spatial memory and visual recall. NPH patients simultaneously tended to improve
in different subtests of the Wechsler Memory Scale. A recent systematic review
and meta-analysis [70] calculated differences in neuropsychological tests before
and after surgery. Of 23 studies (1059 NPH patients) included in the final meta-
analysis, the authors searched for surgical effects on cognitive outcomes evaluated
through adequate tests including the MMSE, the Rey Auditory Verbal Learn Testing
(RAVLT), trail making tests A and B (TMT-A and TMT-B), delayed verbal recall
subjects, backwards digit span and phonemic verbal fluency. There was a statisti-
cally significant positive effect of shunting on cognition (p < 0.001) and memory
(p < 0.001).ess significant positive effect on executive function (backwards digit
span, p < 0.03; phonemic verbal fluency, p = 0.005; TMT-B, p = 0.03) and signif-
icant psychomotor speed (TMT-A, p < 0.001). The meta-regression models did not
find any statistically significant effects of age, follow-up, or gender on improve-
ment in the MMSE. Nevertheless, the mentioned meta-analysis evaluated studies
with short follow-ups (from 3 to 12 months) and therefore could not provide conclu-
sions about the effect of shunting on cognitive improvement in NPH patients after
a longer period of follow-up. According to some reports, RAVLT is likely to be
highly sensitive to improved cognition in NPH subjects, since a significant correla-
tion between the improvement in RAVLT retention score and in both the total and
delayed verbal recall subtests has been observed [71, 72]. Although some studies
have shown no change in cognitive performance in theMMSE test [20, 73, 74], there
are also contradictory reports finding significant improvements [75–77]. Regarding
the improvement of executive function after surgery, some studies have reported
significant improvement in the backwards digit span test [68, 73, 78, 79], however,
others have not shown any changes [20, 80]. Similarly, improvements in the Stroop
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test have been so far heterogeneous [60, 67, 76]. The reason why executive function
usually does not show a significant tendency to improve is probably based on a note-
worthy proportion of patients suffering from disproportionately impaired executive
function at the baseline clinical examination, therefore supporting the hypothesis that
such impairment may reflect irreversible damage to fronto-subcortical connectivity
in NPH patients [70, 74, 81]. It is clear that overall, cognitive amelioration after
surgery is sometimes limited and mental state is often the first of the symptoms to
decline [82, 83].

A recent prospective report by Hellström et al. [68] investigated the effects of
shunt insertion on the cognitive profile in 47 iNPH patients, compared to 159 age-
matched healthy controls. All iNPH patients showed improvement in all neuropsy-
chological tests, except for the Digit Span forward, Digit SpanWechsler Adult Intel-
ligence Scale score and the Simple Reaction Time. The authors observed that more
severely impaired functions before surgery tended to improve more following the
shunt insertion, compared to milder disturbances. Most patients improved according
to the Grooved Pegboard (86–90%) and Stroop (82–91%) testing three months after
surgery. On the other hand, the lowest number of patients improved on the Digit
Span forward and backward tests (26% and 44%, respectively). Despite positive
shunt-related improvement in iNPH patients, most of the cited studies did not eval-
uate long-term cognitive outcomes and the question of how long neuropsychological
improvement lasts has not been answered in larger population studies with longer
follow-ups yet. Several studies which examined a small number of patients or with
no detailed clinical evaluation of the iNPH diagnosis did not find any significant
long-term improvement in cognitive functions after iNPH intervention [60, 84, 85].
Nevertheless, of note is a recent study of 48 iNPH patients which found that the
majority of them (77%) were able to improve or maintain cognitive function for
at least 2 years after surgery when compared to their baseline cognitive clinical
status [86]. There was a statistically significant improvement in the MMSE scale
at 3 months (p = 0.0002) and 1 year postoperatively (p = 0.004), compared to
patients’ initial baseline scores. However, 2 years following the shunting, the mean
MMSE score almost returned to the preoperative level − 12 patients showed an
increased MMSE score by ≥ 2 points, 11 patients showed a decline by ≥ 2 points,
and almost no change was found in the remaining 25 patients (Fig. 2). The final
number of 37 patients (77%) therefore refers to patients with cognitive improvement
and no observed change in their neuropsychological testing 2 years after surgery,
both compared to their baseline status. To compare the aforementioned results to
other studies, improved performance in the MMSE test was significant in the vast
majority of reports [75–77]. However, other investigations did not find any change
in the improvement of iNPH patients in the MMSE after shunt implantation [73,
74, 87]. In a recent study by Hülser et al. [25], there was a significant improvement
in the overall test battery during the first 3 months after shunt insertion, including
the MMSE testing (p < 0.024). However, despite such an improvement, the iNPH
patients were not able to reach the baseline of the healthy age-matched controls,
even in early follow-ups after shunt surgery [25]. These findings are suggestive
of the fact that even though the postoperative improvement in the MMSE may be
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Fig. 2 Between group comparison of the mean MMSE score prior and after shunt insertion,
according to Kambara et al. [86]. The paper is an Open Access article distributed under the terms of
the Creative Commons licensed under CC-BY-4.0 Attribution Licence, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly credited

statistically significant, the cognitive performance of iNPH patients is worse when
compared to healthy controls. Another term that should bementioned is the so-called
“ceiling effect”, characteristic of iNPH patients who perform with around 24 points
in the MMSE test, therefore being close to normal values of unaffected individ-
uals [70]. This effect describes the reduced sensitivity of the MMSE test for mild
cognitive dysfunction, which challenges the comparison of these changes in cogni-
tive disturbances before and after shunt implantation [70]. Thist may be one of the
reasons why there is no significant detection of changes in the MMSE testing, since
some mild cognitive dysfunctions may be undetectable through this test [70, 81].
Therefore, additional, and more detailed neurophysiological testing may be appro-
priate, including the Montreal Cognitive Assessment (MoCA), which showed better
diagnostic accuracy than the MMSE itself [70, 88].

Moreover, since the severity and patients’ age are likely associated with the
prognosis of the neuropsychological profile, early iNPH intervention is desirable to
improve cognitive prognosis [86]. During follow-up, the neuropsychological domain
tends to deteriorate, especially in patients experiencing other mild neurodegenerative
comorbidities, and the consensus on the reversibility of cognition impairment in
NPH patients with respect to concurrent disorders has not yet been elucidated
[46]. This might be even further supported by findings that show a decrease in
the MMSE score by 3 points after the diagnosis of iNPH if left untreated [44].
Such a deterioration was seen in iNPH patients who waited for surgery for at least
6 months (range from 6.8 to 23.8 months, median 13.2 months) compared to early
treated iNPH individuals (waiting time for shunt implantation ranged from 0.1 to
2.7 months, median of 0.2 months) [44]. This statement was also verified in various
reports, thus supporting the findings that waiting time for surgery influences the
outcome in iNPH patients [89].
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3.2 Incontinence Outcomes

One of the first reports dedicated to a more detailed evaluation of shunt effectiveness
in improving urinary incontinence was published in 1988 by Ahlberg et al. [90]. Of
ten patients with possible NPH, a definite diagnosis was confirmed in four cases.
All had a positive Bors’ ice water test. Three of them had a history of subarachnoid
haemorrhage and one of severe head trauma. After performing the tap test, the Bors’
test remained positive in three cases, but it changed to negative in one case. All four
patients underwent VP shunt placement. Three months after surgery, all four patients
had a negative Bors’ test and had normal micturition features on urodynamic testing.
Moreover, three patients did not suffer from any bladder instability, and the instability
in the remaining case was reduced in comparison to the initial manifestation. The
guidelines by Relkin et al. [91] describe that urinary impairment in the early stages
of the disease is characterised by abnormal frequency and urgency without urinary
incontinence itself. As one of the typical features inNPH-related urinary impairment,
the term “neurogenic bladder syndrome” has been used to describe hyperactivity of
the bladder in some patients with NPH. Along with the progression of the disease,
early features of urinary disturbances develop into serious urinary incontinence.
To adequately differentiate NPH-related urinary disturbances from primary urinary
incontinence unrelated toNPH, attention should be paid to urodynamic studieswhich
play an important role in the detailed evaluation of common comorbid conditions
[91]. This is particularly important to bear in mind when determining the improve-
ment of urinary impairment after shunt implantation in NPH patients. As stated
in the chapter dedicated to the symptomatology of NPH (see Chap. 11), urinary
incontinence is typically the least frequent symptom of the whole triad and the least
discussed in the literature [39].

Although the urinary incontinence domain typically shows a lower proportion
of improved patients after surgery, a recent multicentre prospective observational
study has observed significant improvement of this symptom in 70% of shunted
NPH patients [46]. Furthermore, the results of the urinary incontinence domain
were significant improvement at the 12-month follow-up (p = 0.002). Similarly,
a prospective cohort study of 23 patients by Krzastek et al. [92] showed significant
improvement after shunting not only in urinary urgency or urge incontinence, but
also in overall quality of life and the ability to perform everyday activities. The
most common symptom of an overactive bladder before surgical implantation of
the shunt was two times/night nocturia. Interestingly, this symptom did not improve
after shunt insertion, in contrast to the following significantly improved symptoms:
urinary urgency (p = 0.016), bother from urinary urgency (p = 0.005), and the
amount of urge incontinence (p = 0.038). Moreover, significant improvement in
urinary dysfunctionwas seenmore commonly in younger patients andwomen tended
to improve in more domains of urinary impairment after surgery, when compared
to men [92]. Aforedescribed reports have described early improvement of urinary
dysfunction in shunted NPH patients, however, the question is whether the improve-
ment remains the same in longer follow-ups. Similar to the cognitive deterioration
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in long-term follow-ups, urinary incontinence has also shown a tendency to decline
after longer periods of time, despite the initial improvement in early or short-term
follow-ups [18].

3.3 Long-Term Prognosis and the Role of Comorbidities

The natural history of untreated patients with NPH is poor, with both increased
mortality and morbidity. Shunt insertion can provide long-lasting clinical improve-
ment [93]. However, in some patients, the effect of shunting might be limited over
time, or the symptoms might not be well-compensated. If so, evaluation of the
shunt function might be reasonable. Kaestner et al. [42] indicated shunt revision for
suspected shunt dysfunction in 18%of secondary deteriorations. Immediate improve-
ment was present in 37% of patients. The authors suggested invasive testing if shunt
malfunction was suspected. In vivo shunt studies might be used [94]. In iNPH, shunt
dysfunction does not often lead to enlargement of ventricles, a surrogate parameter
of shunt failure. Nevertheless, the majority of secondary deteriorations were treated
conservatively, either by valve adjustments or because of existing connections with
concurrent comorbidities [42]. It was also found that favourable outcomes following
shunt implantation in patients with NPH did not correlate with decreased ventricular
volume one year after surgery [95]. However, the ventricular volume often decreases
as well, as there is a little increase in the cortical volume, especially in the regions
near the vertex [96]. Another study found that 20% of patients with iNPH were at
risk for secondary clinical worsening about 3 years after shunt surgery. About one-
fourth of these patients benefited for additional years frompressure levelmanagement
and/or shunt valve revision [97].

Long-term prognosis is influenced by many factors, not always connected with
the disease. If another comorbidity is suspected, specialised consultation might be
needed, as well as follow-up by a neurosurgeon and a neurologist. A standardised
protocol and a multidisciplinary team dedicated to this disorder is needed to achieve
an early and correct diagnosis of NPH [46]. Patients should also adhere to home
physical exercises to improve their outcomes but also get a general health benefit
[98]. The presence of comorbidities has a fundamental impact on patients’ perfor-
mance and prognosis following the shunt insertion. Therefore, comorbidities must
be considered when evaluating postoperative outcomes, both in early and long-term
follow-ups.

Despite the suggestions, the literature dedicated to long-term outcomes of NPH
management is still limited. Shorter follow-up studies predominate, and longer-term
studies have low numbers of participants. At the beginning of NPH management,
the long-term results had not even been paid attention to. The first studies did not
provide knowledge until many years later. Greenberg et al. [99] in 1977 reported a
42.8% 3-year shunting success rate. Nowadays, it is no longer imaginable that five
patients (6.9%)would diewithin onemonth of surgery, or as a direct result of surgical
intervention.
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Black et al. [100] in 1980 reported longer-term postoperative outcomes of
shunting (36.5monthsmean follow-up time). Sixty-one percent of patients improved,
however, the 35.4% rate of complications, which was comparable to the studies
released in the same years, is very high in comparison to recent studies. The change
in the progression of the disease, any role of time in terms of clinical symptoms,
or any comorbidity factors were not studied. Also, the timing of the evaluation of
outcomes was not specified. Interestingly, the ventricle enlargement with little or
no sulcal enlargement on CT scan was found to be a predictive factor of postoper-
ative improvement [100]. More than 20 years later in 2001, a questionnaire study
by Mori et al. [101] reported an improvement rate of 73.3% at 3 years after shunt
surgery, and mortality at 3 years was 2.9%. At 3 months, the improvement rate was
79.2%. Improvement in gait disturbance after the surgery was found in 21 patients
(91.3%), improvement in dementia in eight (34.8%), and improvement in urinary
incontinence in 14 patients (60.9%). Interestingly, only 18.3% of implanted shunt
systems had an anti-siphon device. 74.2% of shunt valves were programmable. The
shunt-related complication rate was 18.3% [101]. In 2002, Savolainen et al. [60]
reported a 47% gait, 29% incontinence, and 38% mental improvement rate 5 years
after the surgery. One year after the shunting, 72% of patients had a good recovery.
Following the 5-year follow-up, 11 (65%) of alive patients experienced worsened
gait symptoms, while six had no change when compared to their preoperative clin-
ical status. Cognitive problems worsened in 13 patients (77% of alive), while only
one patient improved. Worsening of urinary incontinence was present in 10 patients
(59%) and six had no change in this sign. Interestingly none of the neuropsycholog-
ical tests significantly improved after the surgery, and the reported cognitive benefit
was subjective. The 16 patients with Alzheimer’s disease did worse after one year
than those without pathological changes, but the mortality was not increased. Thus,
the role of neurodegenerative comorbidities in the postoperative outcomes had been
discussed. Aygok et al. [102] reported a period of 3months to 3 years after shunting in
50 iNPH patients with only a moderate decline in gait performance (91–75%), reten-
tion of memory improvement (80–80%), and improvement in incontinence sustained
over time (70–82.5%). Four cases of death were not related to shunting. Even though
the risk and fear of falling decreased significantly after shunting, they did not reach
the level of risk in controls [103]. However, a significant difference in deaths caused
by falls between iNPH patients and controls was not found [104].

In 2007, Kahlon et al. [84] reported 5-year outcomes of shunted patients with a
43% improvement rate in the walk step test, 39% of patients improved in the walk
time test, and 39% improved in the reaction time test, whereas only 4% showed
improvement in the memory test. 57% reported that they still perceived improve-
ment comparedwith their preoperative status. However, only 36%of shunted patients
were available at the follow-up at 5 years. Between the 6-month and 5-year follow-up
periods, 37% out of the initial 75 patients died. The death rates in operated (37%) and
not operated (38%) patients were similar. However, the 7.4% annual death rate was
higher than 3.2%of the general Swedish population in the same age group. The causes
of death were mainly due to cardiovascular disease (32%), and malignancy (25%).
The results emphasised the importance of taking comorbidities and older age into
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account when selecting patients with NPH symptoms for shunt surgery [84]. Chen
et al. [105] reported that during the 3 years of follow-up, five of the 28 patients died,
the other six were lost to follow-up (including telephone contact), and three patients
had progressive clinical deterioration. Pujari et al. [19] reported an overall sustained
improvement among all symptoms over amean follow-up duration of 5.9± 2.5 years.
Gait showed the highest maintenance of improvement over baseline (83% at 3 years
and 87% at the last analysed follow-up of 7 years), cognition showed intermediary
improvement (84% and 86%, respectively), and urinary incontinence showed the
least improvement (84% and 80%, respectively). However, only 27% of all shunted
patients were evaluated at 7 years. The study suggested the role of selection criteria
in the high long-term success rates, however, 29 patients (52.7%) required a total of
62 shunt revisions during the follow-up period [19]. Mirzayan et al. [106] reported
similar long-term improvement rates with much lower needs for revision surgeries
(n = 8). The long-term data were available for 34 of 55 patients only and 29 patients
(56.9%) died. The cause of death was a cardiac failure in seven patients (13.9%) and
cerebral infarction in 12 patients (23.5%). Gölz et al. [107] reported outcomes in 61
of 141 patients at six years after shunt implantation—59% of patients had an excel-
lent outcome, 15% had a satisfactory benefit, and 26% had unsatisfactory results.
The overall complication rate was 13%. Valve revision surgeries were necessary in
8.2% of cases of valve dysfunction, overdrainage, and underdrainage. The abdom-
inal catheter was revised in 2 patients (1.4%) because of dislocation. Interestingly,
47% of patients died during the follow-up but the causes of death were not known
in the majority of the patients [107]. The previously mentioned study by Grasso
et al. [18] showed a long-term follow-up of 7–10 years. A sustained improvement
was observed in 36 patients (76%), no changes were observed in six patients (12%),
further deterioration was observed in three patients (6%), and death was observed
in 5 patients (10%). The study also showed a worse prognosis in patients beyond
a value of 3 Comorbidity index points, while it has been shown that the prognosis
becomes worse even if other outcome predictors point to a favourable prognosis
[108]. It has been suggested that the worse prognosis with NPH is not the result of
the hydrocephalus aetiology itself, but the consequence of a typical accumulation
of negative outcome predictors as a consequence of the misinterpretation of normal
ageing and delayed adequate treatment [108]. Takeuchi et al. [109] concluded that
iNPH symptoms generally improve after shunting. However, the symptoms begin to
gradually recur at 3 years postoperatively. This tendencywas particularly observed in
those aged ≥ 80 years while the frequency of the complicating diseases is in general
higher in this age group [109]. A study onLP shunts found that outcomes deteriorated
near pre-operation levels after 3 years, indicating that the recovery outcomes of LP
shunts for the treatment of iNPH were not sustainable [110]. In a single-centre study
by de Oliveira et al. [111], 38% of the patients showed sustained improvement at
8 − 10 years of follow-up while 16 patients were dead (32%) and an additional
five (10%) were lost to follow-up. At early follow-up, there were 12 complica-
tions in 9 patients (18%) without other complications in the mid-term or long-term
evaluations. Table 1 summarises the studies reporting long-term outcomes.
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It can be assumed that long-term results will be affected by many factors. Asso-
ciated diseases, the state and time of hydrocephalus detection and its compensation,
the presence of irreversible changes, the share of symptoms in increasing other risks
(falls, urinary tract infections), the component of the disease “uncompensated” by
shunt therapy could be involved [113].

A recent study comparing iNPH patients with age-matched controls showed that
more pronounced symptoms in the preoperative ordinal gait scale and lower Mini-
mental State Examination results were the most important predictors of mortality
along with the prevalence of heart disease. Patients who improved in both the gait
scale and the mRS after shunting had similar survival as aged, sex and habitational
municipality matched controls (p = 0.391) indicating that shunt surgery for iNPH,
besides of possible clinical improvement, can normalise survival [104]. Over the
median follow-up period of 5.9 years, the mortality Hazard Ratio (HR) of iNPH
patients was 1.81 when compared to controls and 30-day mortality after shunting
was 0.5% [104]. An earlier study by Malm et al. [114] reported 3.3 Relative Risk
(RR) of death and 2.4% 30-day mortality for iNPH patients.

Although different statisticalmethodswere used, and the results cannot be directly
compared with the same relevance, lower figures were reported. Authors suggest
increased awareness and improved knowledge of iNPH in the context of increasing
incidence of shunt surgery of iNPH patients [17] as well as surgical and anaesthetic
technical improvements to be the contributing factors [104]. If the studies presenting
long-term outcomes are divided by the decades of publication, a trend towards higher
percentages of clinical improvement with lower prevalence of complications may be
observed (Table 2).

Mortality related to shunting in long-term studies is negligible [106]. Moreover,
adjustable valves in the recent meta-analysis were associatedwith a reduction in revi-
sions (12% vs. 32%) and subdural collections (9% vs. 22%) when compared to fixed
valves [5]. A single-centre study showed 12% transient morbidity in patients with
gravitational valves and 25% in differential pressure valves while patients with grav-
itational valves showed a more profound improvement in clinical symptoms [115].
With the advance of valve technology and the safety of shunt treatment, the previous
reluctance to intervene in patients over 80 years of age should be reconsidered. 80%
of patients aged > 80 years experienced an improvement in their mobility and 65.7%
(objective or subjective) improvement in cognition following VP shunt insertion

Table 2 Studies with long-term outcomes divided according to the years of publication

Date Number of
studies

Number of
patients

% of patients
with clinical
improvement

% Complication
rate

% Revision
rate

1980–2000 1 62 61 35.4 11

2000–2010 6 354 72.2 27.5 23.3

2010–2021 6 1140 77.9 13.9 14.6

Percentage results are presented as averages between studie



Prognosis and Outcomes 557

[116]. A large analysis of 7696 general, general thoracic, and vascular surgery cases
found increasing age to be itself a risk factor of postoperativemorbidity andmortality
while other risk factors increase with age [117]. However, in a recent study of NPH
patients, age did not independently correlate with surgical complication or 30-day
readmission rate while the poor outcome was associated with a history of myocar-
dial infarction within 1 year, cerebrovascular and moderate/severe renal failure [36].
Increasing age does not necessarily decrease the chance of shunt succeeding [10]
and age alone should be no barrier to the treatment of iNPH [116].

Andrén et al. [118] recently pointed out that shunt implantation should not be
postponed, and early shunt implantation prolongs survival, specifically in patients
> 75 years of age. The crude four-year mortality was 39.4% in iNPH patients where
the implantationwas postponed by 6–24months, compared to 10.1% in early shunted
iNPH patients. Previous studies from the same department have already shown that
patients who had to wait for shunt surgery had worse treatment outcomes [44, 119].
Also, the patients who improved on the gait scale or in the mRS postoperatively
survived longer. In fact, the survival of patientswho improved in both these scaleswas
no different than that of the control group. The patients who continued to deteriorate
postoperatively had a substantially highermortality rate than patientswith unchanged
scores [104]. Together with studies reporting an association between longer dura-
tion of iNPH symptoms and decreasing likelihood of response to shunting it may
be suggested that the reversibility of symptoms diminishes over time [44, 118–121]
and therefore early diagnosis and operation without delay should be emphasised
[118]. Moreover, iNPH patients with more pronounced symptoms preoperatively
have shorter survival [104]. Another study reported that patients who survived the
follow-up after 5 years showed greater postoperative improvement [106]. However,
even though a heavier burden of symptoms is associated with reduced survival, treat-
ment for iNPH is still highly beneficial with an estimated gain of 2.2 life years and 1.7
quality-adjusted life years [122]. Comorbidities significantly influence the clinical
outcome of iNPH patients undergoing shunt therapy and should be included in the
assessment of the benefits and risks of shunt surgery [58]. Comorbid Alzheimer’s
disease (AD) is frequent in iNPH patients. 19% of shunted NPH patients had AD
histopathological findings based on cortical brain biopsies performed during place-
ment of CSF shunts with a strong correlation with success after shunting [123].
However, studies that did not find a difference in the outcome of surgery between
patients with AD comorbidity predominate [124–127]. A recent study found that
26% of participants with iNPH had coexisting AD pathology, which did not signifi-
cantly influence the clinical response to shunt surgery [128]. However, those having
moderate to severe dementia are more unlikely to improve after shunting [82].
Another study found that results of RAVLTest, Grooved Pegboard test, Stroop colour-
naming test and interference test were predictive of AD or Parkinson’s spectrum
disorder comorbidities and were closely related to the outcome of shunting [129].
In terms of Parkinsonism, a study showed that patients with suspected NPH and
potentially undiagnosed Parkinson’s syndrome can improve in CSF tap test at the
same rate as patients without suspicion of a movement disorder [130]. Nevertheless,
longer follow-up of those patients is needed. Another study revealed that comorbid
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Parkinson’s spectrum disorder deteriorates the clinical course of iNPH. However,
shunt surgery is recommended regardless of this comorbidity [131]. A recent meta-
analysis revealed significantly increased lumbar CSF Phosphorylated-Tau (−0.55
SMD, p = 0.04) and Total-Tau (−.50 SMD, p = 0.02) in shunt-non-responsive
iNPH [132] which may suggest the future role of CSF analysis in shunt prognos-
tication or evaluation of neurodegenerative comorbidities. An analysis by Spangoli
et al. [133] showed a trend towards shorter survival in patients with a severe degree
of cerebrovascular disease (CVD). However, both patients with and without CVD
and/or risk factors for vascular disease presented a significant improvement after
shunting. 79% of patients without and 52% of patients with CVD were considered
to be improved at the long-term follow-up at a mean of 52 months. Another study
also found that the prevalence of lumbar spondylosis, compression fracture, severe
periventricular hyperintensity, deep and subcortical white matter hyperintensity, and
old cerebral infarctswas significantly higher among the tap test non-responders [134].
Nevertheless, lumbar stenosis should be evaluated if symptoms suspect it. Periven-
tricular hyperintensities may suggest irreversible vascular changes and risk factors
should be evaluated. An epidemiological study found a higher frequency of hyperten-
sion in iNPH patients than in controls (52 vs. 32%) as well as an overrepresentation
of type 2 diabetes mellitus of 22 versus 12% [135]. Raftopoulos et al. [136] reported
a lasting improvement in 91% of 23 patients until death or at least 5 years after
shunt surgery with cardiovascular or cerebrovascular ischaemia being a main cause
of death. Reported main causes of death are related to vascular or particularly cere-
brovascular disease and dementia while deaths due to neoplasms are less common
[104, 106, 133, 137]. In iNPH, the prevalence of risk factors for cerebrovascular
disease is higher than in controls [138, 139] while an overlay of pathophysiolog-
ical mechanisms underlying the development of iNPH and cerebrovascular disease
remains to be elucidated [140]. With reports that patients with vascular comorbidity
also improve after shunting for iNPH [104, 133, 141, 142] it could be suggested
that the presence of cerebrovascular comorbidity should not itself be an exclusion
criterion for shunting and maintenance of a clinical protocol of proper identification
of shunt responders should be preferred. However, it should be taken into account
that evidence of marked white matter disease in the initial imaging may also inform
for worse long-term outcomes [82].

4 Conclusion

NPH is a crucial differential diagnosis for neurodegenerative disorders, especially
considering the possible reversibility or improvement of symptoms. Despite the
potential risk of complications, shunt malfunction, shunt failure, and surgical revi-
sions, surgical treatment ofNPH in the vastmajority of cases delivers not only clinical
amelioration but also an overall improvement in quality of life. The treatment effect
and its importance for the prognosis of NPH patients and the improvement or at
least maintenance of their clinical profiles is clear. Gait impairment is the symptom
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most likely to improve after shunting and it shows the lowest tendency to decline
after surgery within longer follow-ups. Conversely, cognitive amelioration and the
improvement in urinary functions after shunt implantations are limited and both
symptoms are often the first to deteriorate, regardless of the initial improvement in
early or short-term follow-ups. To a greater extent, the existence of concurrent comor-
bidities in NPH patients has a fundamental impact on clinical status, postoperative
outcomes, and further prognosis. It is of great importance to meticulously evaluate
associated comorbidities in relation to postoperative outcomes, both in early and
long-term follow-ups. The benefits of shunt implantation clearly overcome the bene-
fits of the spontaneous natural course of the disease in well-selected NPH patients.
Unfortunately, the literature evaluating long-term outcomes of NPH treatment is still
limited and lacks larger proportions of participants. Nevertheless, longer duration of
symptoms, the severity of symptoms and older age should not be factors that exclude
patients with iNPH from undergoing shunt insertion, although they are associated
with worse postsurgical improvement.

5 Key Points

• Outcomes of iNPH treatment are similar between different CSF diversion devices,
and over 75% of treated iNPH patients improve as a result of active treatment
policy.

• Benefits, risks, and outcomes of various CSF diversion strategies (ventriculoperi-
toneal, ventriculoatrial, or lumboperitoneal shunts) are similar and comparable.

• Gait is the most likely symptom to improve after shunting and typically tends to
maintain sustained improvement. Long-term evaluation and monitoring of NPH
is needed to clearly outline the extent of improvement.

• The presence of concurrent comorbidities in NPH patients has a fundamental
impact on the treatment outcome as well as patients’ prognosis, both from an
early and long-term perspective.

• The length of preoperative symptoms is a fundamental predictor of shunt
effectiveness and clinical improvement.

• Surgery-related complication and revision rates following the NPH management
are likely to decrease prospectively,mainly due to the usageof advanced adjustable
devices and advances in the understanding of the disease.

• Increasing age does not automatically decrease the chance of successful shunt
implantation and age alone should be no barrier to the treatment of iNPH.

Funding This chapter was supported by theMinistry of Health of the Czech Republic institutional
grant no. NU23-04-00551.
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