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Abstract

Objective: Idiopathic normal pressure hydrocephalus (iNPH) is a potentially reversible cause of functional and cognitive
decline in older adults. Although endoscopic third ventriculostomy (ETV) has emerged as an alternative treatment option
in selected patients, its multidimensional impact on geriatric syndromes remains unclear. This study aimed to evaluate
changes in comprehensive geriatric assessment (CGA) parameters following ETV in patients with iNPH.

Materials and Methods: This prospective observational study included 14 patients aged =55 years with iNPH who
underwent ETV. Patients were categorized according to clinical improvement based on the iNPH Grading Scale. CGA
domains—including Katz Activities of Daily Living (ADL), Lawton-Brody Instrumental (ADL), Clinical Frailty Scale (CFS),
SARC-F, Mini Nutritional Assessment-Short Form (MNA-SF), Yesavage Geriatric Depression Scale (GDS), Older People’s
Quality of Life Questionnaire (OPQOL), and the Quick Mild Cognitive Impairment Screen-Turkish Version (QMCI-TR) were
evaluated preoperatively and at 1 and 3 months after ETV.

Results: Eight patients (57.1%) demonstrated clinical improvement after ETV. At baseline, the clinical improvement group
had higher Katz ADL, IADL, and gMCI-TR scores than the without improvement group. At 1st month, the clinical improvement
group showed significant improvements in Katz ADL (A=1.0, p=0.025), CFS (A=-1.0, p=0.011), SARC-F (A=-2.0, p=0.011),
MNA-SF (A=1.0, p=0.011), and OPQOL (p=0.017). At 3rd month, further significant improvements were observed in CFS
(A=-1.0, p=0.011), OPQOL (A=6.0, p=0.017), SARC-F (A=-2.5, p=0.011), and MNA-SF (A=1.0, p=0.016). In contrast, patients
without clinical improvement showed no consistent favorable changes across CGA domains.

Conclusion: In older adults with iNPH, clinical response to ETV was associated with meaningful improvements across
multiple geriatric domains, particularly frailty, sarcopenia risk, nutritional status, functional status, and quality of life. These
findings suggest that the benefits of ETV may extend beyond the classical symptom triad and support the integration of
CGA into the perioperative evaluation of patients with iNPH.
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Introduction

Idiopathic normal pressure hydrocephalus (iNPH) is a
clinical syndrome characterized by the classic triad of
gait disturbance, cognitive dysfunction, and urinary
incontinence, accompanied by ventriculomegaly on
neuroimaging in the absence of elevated cerebrospinal
fluid (CSF) pressure [1]. Originally described by Hakim
and Adams in 1965, iNPH is a potentially reversible
cause of cognitive and gait impairment in older adults
[2]. The diagnosis is typically supported by radiological
evidence of ventricular enlargement disproportionate
to cortical atrophy, along with clinical improvement
following CSF diversion procedures [3]. According to
the American-European quidelines, the prevalence of
iNPH isreported to be approximately 3.7% in the general
population and 8.9% among individuals aged 80 years
and older [4]. The prevalence of iNPH increases with
age, is most commonly observed in adults over 60
years, and affects both sexes equally. Evidence supports
the effectiveness of surgical management in iNPH,
primarily through ventriculoperitoneal shunt (VPS)
placement or endoscopic third ventriculostomy (ETV)
as the main therapeutic options [5]. Without treatment,
iNPH can lead to significant neurological decline and an
elevated risk of mortality [6].

ETV has regained prominence as an effective and less
invasive approach for the management of obstructive
hydrocephalus, standing alongside traditional shunting
procedures. ETV is a minimally invasive neurosurgical
procedure that restores CSF circulation by creating
an opening in the floor of the third ventricle, thereby
bypassing impaired CSF pathways [5]. Compared with
VPS, ETV avoids permanent shunt dependency and
shunt-related complications and has emerged as an
alternative treatment option in selected patients with
iNPH. However, clinical response to ETV is variable,
particularly in older adults, and reliable predictors of
postoperative outcomes remain insufficiently defined
[7].

Given the central role of functional status and frailty
in older adults, neglecting geriatric syndromes may
lead to an incomplete understanding of treatment
outcomes after ETV [8]. Frailty encompasses
functional decline across multiple physiological
systems, including neurodegeneration, sarcopenia, and
cognitive impairment [9]. However, some of the most
pronounced structural and functional deterioration
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occurs within the musculoskeletal system, adversely
affecting balance, mobility, disability, and ultimately the
ability to live independently [10]. Geriatric syndromes
such as malnutrition and sarcopenia, which are closely
associated with reduced physiological reserve, may
adversely affect postoperative recovery and functional
improvement [11]. Exploring how these syndromes
interact with neurosurgical interventions could provide
valuable insights for patient selection, perioperative
risk stratification, and individualized treatment planning
[12] . Previous studies have demonstrated that ETV
can be safely performed in selected older adults;
however, these studies primarily focused on procedural
success and did not comprehensively evaluate geriatric
syndromes or multidimensional outcomes [13]. While
the impact of geriatric syndromes on clinical outcomes
has been explored in patients undergoing VPS, evidence
specifically addressing how these syndromes influence
outcomes after ETV remains limited. Therefore, the
present study aimed to evaluate the impact of geriatric
syndromes on clinical outcomes after ETV in patients
with iNPH.

Material and Method

Study design and participants

This prospective observational study included 14
older adults with iINPH who underwent ETV at Ankara
University Hospital between July 2023 and May 2024.
Eligible patients were prospectively evaluated for
clinical outcomes following surgery. Older adults aged
=55 years with a diagnosis of iNPH, with symptom
duration of at least 3 months, and CSF opening pressure
between 70 and 200 mmH,O were included in the study.

Based on postoperative clinical assessment, patients
were categorized into two groups: those with clinical
improvement and those without clinical improvement.
Clinical improvement was determined using
standardized clinical evaluations, including changes
in gait, cognitive function, and urinary symptoms as
assessed during follow-up visits according to the iNPH
Grading Scale (iNPHGS) [14]. A =1-point improvement
in the iINPHGS has been used in previous studies as
an indicator of a favorable clinical response following
surgical treatment and was therefore adopted as the
criterion for clinical improvement in the present study
[15,16].
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Exclusion criteria were:

* Inability to cooperate

* Presence of active malignancy
» Secondary NPH

» Communicating hydrocephalus
» CSF pressure >200 mmHg

* Symptom duration <3 months
» Lack of informed consent

A total of 8 patients were excluded because of missing
data or inability to complete follow-up assessments, as
shownin Figure 1. Patients who met the inclusion criteria
underwent a comprehensive geriatric assessment
(CGA) as a baseline evaluation before ETV. Subsequent
follow-up assessments, including repeat CGA, were
conducted during routine postoperative visits at 1 and
3 months after the procedure. In the present study, the
term “baseline” refers to the preoperative assessment
performed prior to the ETV procedure.

Baseline  demographic  characteristics, clinical
information on chronic diseases, and medication use
were recorded. Laboratory parameters (electrolytes,
thyroid-stimulating hormone, and complete blood
count) were obtained from medical records. As part of
the CGA, various screening and assessment tools were
administered. These included the Katz Index of Activities
of Daily Living (ADL), the Lawton-Brody Instrumental
Activities of Daily Living (IADL) scale, the Quick Mild
Cognitive Impairment Screen -Turkish Version (gMCI-
TR), the Mini Nutritional Assessment-Short Form (MNA-
SF), the Yesavage Geriatric Depression Scale (YGDS), the
Clinical Frailty Scale (CFS), the Eating Assessment Tool-
10 (EAT-10), SARC-F questionnaire, and the brief Older
People’s Quality of Life questionnaire (OPQOL-brief).
All CGAs were conducted by the same experienced
geriatrician throughout the study [17-31]. Quality of life
was assessed using the OPQOL-brief, a validated short-
form instrument specifically developed for older adults.
The OPQOL-brief assesses multiple domains of quality
of life, with higher scores indicating better perceived
quality of life [32].

Statistical analysis

To evaluate the adequacy of the sample size, a sensitivity
power analysis was performed using G*Power for
a repeated-measures ANOVA  (within-between
interaction) with two groups and three measurements.
With a total sample of 14 patients and a=0.05, the study
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Figure 1. Flow diagram of patient selection, exclusions,
and final study cohort.

had 80% power to detect a large effect size (f=0.42).
Therefore, the findings should be interpreted primarily
in the context of large clinically meaningful effects. Data
were analyzed using IBM SPSS Statistics for Windows,
version 22.0 (IBM Corp.,, Chicago, IL, USA). The
distributional properties of continuous variables were
evaluated both visually (histograms and probability
plots) and analytically using the Shapiro-Wilk and
Kolmogorov-Smirnov tests. Continuous variables with
normal distribution were presented as mean * standard
deviation (SD), whereas skew distributed variables were
summarized as median [interquartile range(Q1-Q3)
(IQR)]. Categorical data were expressed as a number
(n) and a percentage (%). Between-group comparisons
of cateqorical variables were performed using the
Chi-square test or Fisher’s exact test, as appropriate.
For comparisons of continuous variables between the
two independent groups, the independent samples
t-test was used for normally distributed data, and
the Mann-Whitney U test was used for non-normally
distributed data. To evaluate within-group changes
over time (baseline, 1st month, and 3rd month) and the
group-by-time interaction effect between the two main
groups, a repeated measures ANOVA was conducted
for normally distributed variables. For non-normally
distributed variables, within-group changes over time
were assessed using the Friedman test with post-hoc
Wilcoxon signed-rank tests A two-tailed p-value <0.05
was considered statistically significant.
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Results

A total of 14 patients were evaluated, of whom 3 (21.4%)
were female and 11 (78.6%) were male, with a mean age
of 68.6 + 8.4 years. Among the study cohort, 8 patients
(57.1%) were classified as the clinical improvement
group, while 6 (42.9%) formed the group without
clinical improvement. Table 1 presents the clinical and

Table 1. The clinical and demographic features of the study
population.

Features n=14
Age, years 68.6 +8.4
Sex, female 3(21.4)
BMI, kg/m2 28.3 3.6
Education, 8 years and below 11 (78.6)
Marital Status, married 6(42.9)
Smoking 4 (28.6)
Comorbidities

Hypertension 7(50.0)
Diabetes Mellitus 6 (42.9)
Coronary Artery Disease 7(50.0)
Hyperlipidemia 4 (28.6)
Benign Prostate Hyperplasia 8 (57.1)
Clinical Improvement (+) 8 (57.1)

Variables are presented as n (%), mean +SD, median (IQR) values. BMI:
Body Mass Index.

demographic characteristics of the study population.
The CGA findings of the study group at baseline and at
the first and third months after ETV are shown in Table 2.
No statistically significant changes were observed in
CGA parameters, including Katz ADL, Lawton- Brody
IADL, CFS, SARC-F, MNA-SF, GDS, OPQOL, and gMCI-TR
across baseline, 1-month, and 3-month assessments in
the overall study group (all p>0.05).

Table 3 presents the baseline comprehensive geriatric
and clinical characteristics of patients with iNPH
stratified by clinical improvement status after ETV. At
baseline, patients who achieved clinical improvement
after ETV showed significantly higher Katz ADL, Lawton-
Brody IADL, and gMCI-TR scores compared with those
without improvement (p=0.015, p=0.024, and p=0.012,
respectively). No significant differences were observed
between the groups in age, sex, BMI, frailty status,
nutritional status, or sarcopenia screening parameters
(all p>0.05). Table 4 summarizes the changes in CGA
scores at 1st month after ETV according to clinical
improvement status. Statistically significant changes
at 1st month after ETV were observed in the clinical
improvement group for Katz ADL (median change: 1.0
[0.0t01.0],p=0.025),CFS (medianchange:-1.0[-1.0to
-1.0], p = 0.011), SARC-F (median change: -2.0 [-2.5 to
-1.0], p = 0.011), MNA-SF (median change: 1.0 [1.0 to 1.0],
p = 0.011), and OPQOL scores (median change: 3.0 [2.0
to 5.5], p = 0.017). No statistically significant changes
were observed in the without clinical improvement
group across CGA parameters (all p> 0.05). As shownin
Table 5, at 3rd month after ETV, statistically significant

Table 2. Comprehensive geriatric assessment of the study group at baseline, first, and third months after treatment.

Baseline (n=14)

Katz ADL 4.0 [3.0-5.0]
Lawton-Brody IADL 6.0 [2.0-7.0]
CFS 4.5 [4.0-5.0]
SARC-F 6.0 [4.0-6.0]
MNA-SF 9.0 [8.0-10.0]
Yesevage GDS 3.0 [2.0-4.0]
OPQOL 36 [26-42]
gMCI-TR 55.5[38.0-59.01]

1 month (n=14) 3 months (n=14) p
5.0 [2.0-6.0] 6.0 [1.0-6.0] 0.28
6.0 [2.0-7.0] 6.0 [2.0-8.0] 0.87
4.0 [2.0-6.0] 4.0 [2.0-7.0] 0.069
4.0 [2.0-8.0] 4.0 [2.0-8.0] 0.063
10.0 [5.0-11.0] 10.0 [4.0-11.0] 0.61
5.0 [1.0-12.0] 6.0 [1.0-12.0] 0.76

41.0 [20.0-46.0] 35.0 [13.0-52.0] 0.57

57.0 [17.5-59.25] 58.0 [18.0-64.0] 0.93

Variables are presented as n (%), mean *SD, median (IQR) values. ADL: Activities of daily living; CFS: Clinical Frailty Scale; IADL: Instrumental Activities
of Daily Living; MNA-SF: Mini-Nutritional Assessment Short-Form; GDS: Geriatric Depression Scale; OPQOL: Older People’s Quality of Life questionnaire;

gMCI-TR: the Quick Mild Cognitive Impairment Screen Turkish Version.
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Table 3. Baseline demographic, laboratory values and clinical characteristics of iINPH patients with and without clinical

improvement following ETV.

Age, years

Sex, female

BMI, kg/m2

Katz ADL

Lawton-Brody IADL

CFS

Living with Frailty (CFS=4)
EAT-10

SARC-F

Sarcopenia Risk (SARC-F>4)
MNA-SF

Malnutrition

(MNA-SF=11)

Yesevage GDS

OPQOL

gMCI-TR

Degree of Improvement (iNPHGS)
Laboratory Values

Na (mmol/L)

K (mmol/L)

AST (U/L)

ALT (U/L)

Creatinine (mg/dL)

TSH (mlU/L)

Ferritin (ng/mL)

Hb (g/dL)

Without clinical improvement (n=6)

72.0 [61.75-77.25]
25.7[25.6-26.9]
2.5[1.0-4.0]
2.5[2.0-6.0]
5.0 [5.0-6.0]
5(83.3)
2.0[0.0-6.0]
6.0 [6.0-7.0]
6 (100)

8.0 [7.0-10.0]
5(83.3)

4.0 [3.0-10.0]
27.5[25.0-37.0]
38.0 [29.0-46.0]

0.0 [0.0-0.01]

138 [136-139]
4.4 [4.1-4.6]
17 [16-21]
24 [9.0-26.0]
1.05[0.67-1.12]
0.9[0.9-1.7]
771[6.5-16.2]
12.1 [11.7-13.4]

With clinical improvement (n=8) p

68.5 [60.75-72.0] 0.44
3(375) 0.21
28.9 [26.9-33.7] 0.053
5.0 [4.0-6.0] 0.015
6.5[6.0-8.0] 0.024
4.0 [3.5-4.5] 0.060

6 (75.0) 1.0
0.0 [0.0-0.0] 0.090
5.5[3.5-6.0] 0.16

6 (75.0) 0.47

9.0 [9.0-10.0] 0.39
8(100.0) 0.43
2.5[2.0-3.5] 0.10
41.5 [35.0-45.0] 0.053
58.5 [55.25-62.25] 0.012
2.0 [1.5-2.0] 0.001
138 [136.5-140] 0.693
4.1[3.8-4.4] 0.364
21[17.5-25.5] 0.300
17.0 [13.5-23.5] 0.698
0.78 [0.72-0.93] 0.519
1.3 [1.1-3.5] 0.461
7.3 [2.8-11.7] 0.439
13.8 [12.9-14.9] 0.196

Variables are presented as n (%), mean +SD, median (IQR) values. Bold indicates p < 0.05. ADL: Activities of daily living; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body Mass Index; CFS: Clinical Frailty Scale; EAT-10: Eating
Assessment Tool-10; Hb: Hemoglobin; IADL: Instrumental Activities of Daily Living; MNA-SF: Mini-Nutritional Assessment
Short-Form; GDS: Geriatric Depression Scale; OPQOL: Older People’s Quality of Life questionnaire; gMCI-TR: the Quick Mild

Cognitive Impairment Screen Turkish Version; TSH: Thyroid-stimulating hormone.

changes were observed in the clinical improvement
group for the CFS (median change: -1.0 [-1.5 to -1.0],
p = 0.011), OPQOL scores (median change: 6.0 [2.5 to
8.5], p = 0.017), SARC-F (median change: -2.5 [-4.0 to
-1.0], p = 0.011), and MNA-SF (median change: 1.0 [1.0
to 2.0], p = 0.016). In the without clinical improvement

www.actamedica.org

group, statistically significant changes were observed
for MNA-SF (median change: -3.0 [-3.0 to -1.0], p =
0.039) and GDS scores (median change: 5.5 [2.0 to
11.0], p = 0.028). Other CGA parameters did not show
statistically significant changes (p > 0.05).
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Table 4. Change in scores (delta scores) of CGA parameters 1 month after the treatment by clinical improvement status.

Without clinical improvement (n=6)

Katz ADL 0.0 [-1.0;1.0]
Lawton-Brody IADL -0.5[-1.0; 0.0]
CFS 0.0 [-1.0; 2.0]
OPQOL -4.5[-9.0;7.0]
SARC-F 0.5 [-2.0;4.0]
MNA-SF -1.5[-3.0; 0.0]
Yesevage GDS 2.5[0.0;11.0]
gMCI-TR -12.0 [-23.0;3.0]

P With clinical improvement (n=8) p
0.71 1.0 [0.0;1.0] 0.025
0.26 0.0 [0.0;1.0] 0.083
0.83 -1.0 [-1.0; -1.0] 0.01
0.30 3.0 [2.0;5.5] 0.017
0.46 -2.0 [-2.5; -1.0] 0.o1

0.068 1.0 [1.0; 1.0] 0.01
0.10 -1.5[-2.0; 2.5] 0.83
0.17 2.5[-3.5;4.0] 0.62

Higher scores indicate better status for Katz ADL, IADL, and MNA-SF; higher scores indicate worse status for CFS, Yesevage GDS, and SARC-F.
Variables are presented as n (%), mean *SD, median (IQR) values. Bold indicates p < 0.05. ADL: Activities of daily living; BMI: Body Mass Index; CFS:
Clinical Frailty Scale; IADL: Instrumental Activities of Daily Living; MNA-SF: Mini-Nutritional Assessment Short-Form; GDS: Geriatric Depression Scale;
OPQOL: Older People’s Quality of Life questionnaire; gMCI-TR: the Quick Mild Cognitive Impairment Screen Turkish Version.

Table 5. Change in scores (delta scores) of CGA parameters 3 months after the treatment by clinical improvement status.

Without Clinical improvement (n=6) p With Clinical improvement (n=8) p
Katz ADL -1.5 [-2.0;0.0] 0.10 0.5 [0.0;1.5] 0.063
Lawton-Brody IADL -1.0 [-2.0; -1.0] 0.084 0.0 [0.0;1.0] 0.10
CFS 2.0 [-1.0;3.0] 0.83 -1.0 [-1.5;-1.0] 0.01
OPQOL -12.0 [-13.0;-2.0] 0.29 6.0 [2.5;8.5] 0.017
SARC-F 2.0 [0.0;4.0] 0.46 -2.5[-4.0;-1.0] 0.01
MNA-SF -3.0 [-3.0;-1.0] 0.039 1.0 [1.0;2.0] 0.016
Yesevage GDS 5.5 [2.0;11.0] 0.028 -1.5 [-2.0;0.0] 0.26
gMCI-TR -20.0 [-24.25;-3.25] 0.027 3.0 [1.5;4.0] 0.029

Higher scores indicate better status for Katz ADL, IADL, and MNA-SF; higher scores indicate worse status for CFS, Yesevage GDS and SARC-F.
Variables are presented as n (%), mean *SD, median (IQR) values. Bold indicates p < 0.05. ADL: Activities of daily living; BMI: Body Mass Index; CFS:
Clinical Frailty Scale; IADL: Instrumental Activities of Daily Living; MNA-SF: Mini-Nutritional Assessment Short-Form; GDS: Geriatric Depression Scale;
OPQOL: Older People’s Quality of Life questionnaire; gMCI-TR: the Quick Mild Cognitive Impairment Screen Turkish Version

Discussion

The present study aimed to explore the association
between baseline geriatric characteristics and clinical
outcomes following ETV and to evaluate changes in CGA
parameters after the procedure in patients with iNPH.

One of the main findings of this study was that baseline
CGA profiles were associated with clinical response
after ETV. Patients who achieved clinical improvement
had higher baseline functional and cognitive scores.
In addition, patients who showed clinical improvement
following ETV exhibited favorable changes across
multiple geriatric domains, including functional status,
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frailty, sarcopenia risk, nutritional status, and quality of
life. These findings suggest that ETV may be associated
with improvements in several geriatric domains beyond
the traditional clinical triad.

Frailty is a dynamic and potentially reversible geriatric
syndrome characterized by reduced physiological
reserve and increased vulnerability to stressors [33].
Previous studies have shown that frailty status may
improve when underlying contributors, such as impaired
mobility or chronic disease burden, are effectively
addressed. In this context, our findings suggest that
clinical improvement after ETV in patients with iNPH
may be accompanied by favorable changes in frailty
status, reflecting the modifiable nature of frailty in
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response toimprovementin the underlying neurological
condition. However, given the observational nature
and small sample size of the study, these findings
should be interpreted with caution. Patients with
clinical improvement after ETV showed statistically
significant improvement in frailty status during follow-
up. Although frailty in patients with iNPH/NPH has
been predominantly studied in the context of VPS, our
findings help address an important gap in the literature
by examining changes in frailty status following ETV
[34].

Previous studies examining the relationship between
frailty and outcomes after VPS have reported
heterogeneous results. However, the overall evidence
suggests that frail patients tend to experience higher
postoperative complication rates and derive less
clinical benefit following VPS compared with non-frail
individuals [34,35]. The observed improvement in frailty
among patients who achieved clinical improvement
after ETV suggests that frailty status may change
alongside clinical response. These findings support
the consideration of frailty assessment as part of the
evaluation of outcomes following ETV in older adults.
Therefore, these findings suggest that ETV may be
considered in selected frail patients with iNPH, although
larger studies are required to confirm its effectiveness
and safety in this population.

Functional statusis acorecomponent of CGAandclosely
associated with frailty and overall clinical outcomes
in older adults. In patients with iNPH, gait disturbance
and reduced mobility are major contributors to
functional dependence. Previous studies evaluating
ETV outcomes have primarily focused on gait function,
a key element of the clinical triad; notably, Sankey
et al. reported meaningful improvements in functional
gait outcomes following primary ETV in selected iNPH
patients [36]. Building on these observations, the
present study extends outcome assessment beyond
gait by incorporating CGA-based domains. Patients
who achieved clinical improvement after ETV also
demonstrated improvements in functional status during
follow-up. This observation may reflect a relationship
between clinical response and functional outcomes in
patients with iNPH.

Malnutrition and sarcopenia are highly prevalent
and interrelated geriatric syndromes that contribute
to functional decline, vulnerability to stressors, and
adverse clinical outcomes in older adults. Studies

www.actamedica.org

specifically evaluating changes in nutritional status
or sarcopenia following ETV in patients with iNPH are
scarce. Malnutrition is defined as a state of deficient
nutrient intake or assimilation leading to altered body
composition and diminished physical and cognitive
function, whereas sarcopenia is characterized by
the progressive loss of skeletal muscle strength and
performance [11,37]. In the present study, patients
who achieved clinical improvement following ETV also
demonstrated improvements in MNA-SF and SARC-F
scores. These findings suggest a possible association
between clinical response after ETV and changes
in nutritional status and sarcopenia risk. Although
the underlying mechanisms remain uncertain,
improvements in mobility, physical performance, and
functional independence after neurological recovery
may contribute to these observations, as these
factors are recognized determinants of nutritional
intake and muscle preservation in older adults. Given
the observational design and small sample size,
these findings should be interpreted with caution.
Nevertheless, they suggest that nutritional status and
sarcopenia-related parameters may change alongside
clinical improvement in selected patients with iNPH.

In patients with iNPH, ETV success is primarily evaluated
based on improvements in cognition, gait and balance,
and urinary continence, and most outcome measures
used to define procedural success focus on these three
domains. Previous evidence indicates that although
advanced age is not an absolute contraindication for
ETV, outcomes in older patients are more variable,
highlighting the need for CGA to optimize patient
selection [38]. In our study, patients with better baseline
functional and cognitive performance tended to achieve
better clinical outcomes after ETV. These findings may
indicate that earlier identification and intervention,
prior to significant functional and cognitive decline,
could be associated with improved treatment response
in patients with iNPH.

Quality of life is a key patient-centered outcome in
older adults with iNPH, reflecting the multidimensional
impact of gait disturbance, cognitive impairment, and
functional dependency. The significant increase in
OPQOL scores observed in the clinically improved group
following ETV suggests that successful CSF diversion
may translate into meaningful gains in perceived well-
being. This improvement is likely mediated by enhanced
mobility, greater functional independence, and partial
cognitive recovery after neurological improvement.
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Previous studies have similarly demonstrated that
effective treatment of iINPH can lead to measurable
improvements in health-related quality of life [39,40].
Taken together, these findings suggest that patient-
reported outcome measures such as OPQOL may
provide additional information regarding treatment
outcomes in patients with iNPH.

This study has several limitations that should be
acknowledged. First, the relatively small sample
size limits the statistical power of the analyses and
may restrict the generalizability of the findings.
Larger, multicenter cohorts are needed to validate
our observations. Second, the follow-up period was
relatively short; therefore, causal inferences regarding
the longitudinal relationship between ETV and changes
in geriatric parameters cannot be firmly established.
Studies with longer follow-up durations would help
clarify the temporal dynamics and sustainability of the
observed improvements. Third, our analysis focused
exclusively on patients undergoing ETV. Inclusion of
patients treated with VPS could have enabled a more
comprehensive comparison of the relative advantages
and disadvantages of the two surgical approaches.
Another limitation of the present study is that the
classification of clinical improvement was based on
predefined clinical assessments; however, the lack of
universally standardizedcriteriafordefiningETVsuccess
may have introduced potential classification bias. In
addition, a priori power analysis was not conducted
prior to data collection, which limits the interpretability
of the present findings. The study may have been
underpoweredtodetect moderate effect sizes that could
still be clinically meaningful, and non-significant results
should not be interpreted as evidence of the absence of
an effect. Furthermore, potential confounding factors,
including age, sex, and comorbidity burden, were not
evaluated in adjusted analyses. Given the small sample
size, multivariable analyses were not feasible. Therefore,
the independent contribution of these factors to the
observed changes in geriatric outcomes could not
be determined, and residual confounding cannot be
excluded. Future studies with larger populations should
address these factors in greater detail. A major strength
of this study is its evaluation of geriatric syndromes in
older adults undergoing ETV, helping to address a gap
in the literature. Importantly, the prospective follow-
up design enabled longitudinal evaluation of geriatric
domains. Although ETV is an increasingly utilized
surgical approach in selected patients with iNPH,
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evidence focusing on its broader geriatric implications
remains limited. By evaluating frailty, nutritional status,
sarcopenia screening, and quality of life in this context,
our findings help shed light on the multidimensional
clinical impact of ETV beyond traditional neurological
outcomes and contribute to filling an important gap in
the current literature.

In conclusion, in older adults with iNPH, clinical
improvement following ETV was accompanied by
meaningful gains across multiple geriatric domains,
including frailty, functional status, nutritional status,
sarcopenia screening, and quality of life. These findings
suggest that the benefits of ETV may extend beyond the
classical symptom triad and highlight the dynamic and
potentially modifiable nature of geriatric syndromes
in this population. Incorporating CGA into the
perioperative evaluation of iINPH patients may enhance
patient selection, prognostication, and postoperative
monitoring.
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