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Objective: To examine effectiveness of standardized occupa-
tional therapy and physical therapy assessments in detecting 
functional changes and predicting clinical improvement in 
patients with suspected normal pressure hydrocephalus un-
dergoing cerebrospinal fluid drainage. 
Design: Cohort study.
Patients: Eighty-seven patients admitted to an inpatient neu-
rology unit for elective cerebrospinal fluid drainage for sus-
pected normal pressure hydrocephalus.
Methods: Before and after a protocol of continuous cerebro-
spinal fluid drainage via spinal catheter, patients were ad-
ministered the Functional Independence Measure (FIMTM), 
Timed Up and Go (TUG), Tinetti Assessment Tool of Gait 
and Balance, 9-hole peg test, and Cognitive Assessment of 
Minnesota (CAM). Following cerebrospinal fluid drainage, 
changes in functional performance were compared for re-
sponders to cerebrospinal fluid drainage and non-respond-
ers to cerebrospinal fluid drainage. 
Results: At baseline, CAM was more sensitive than the Mini 
Mental State Exam in predicting responders. Post-drainage: 
responders improved on 52% of tests while non-respond-
ers improved on only 11%. Assessments that differentiated 
magnitude of improvement in responders vs non-respond-
ers were: TUG (p < 0.05), Tinetti total (p < 0.001), Tinetti bal-
ance (p < 0.001), Tinetti gait (p < 0.001), FIM toilet transfer 
(p < 0.001), and FIM lower body dressing (p < 0.001).
Conclusion: Specific occupational therapy and physical ther-
apy assessments demonstrate sensitivity to change and pre-
dictive value with patients with suspected normal pressure 
hydrocephalus undergoing cerebrospinal fluid drainage. 
Key words: normal pressure hydrocephalus, occupational thera-
py, physical therapy, rehabilitation, functional status, cognition, 
outcome measurement, assessment. 
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INTRODUCTION

Idiopathic normal pressure hydrocephalus (NPH) is caused by a 
dysfunction in the flow of cerebrospinal fluid (CSF) resulting in 
an abnormal increase of CSF in the ventricles of the brain (1). 
Gait disturbance, urinary incontinence and cognitive decline 
make up the triad of symptoms, which tends to characterize 
patients with NPH (2). Monitoring of changes in these func-
tional symptoms is utilized to help diagnose probable NPH, 
to determine effectiveness of CSF drainage and likelihood of 
therapeutic benefit from shunt surgery, and course of improve-
ment following shunt surgery. 

Although the rehabilitation disciplines of occupational 
therapy (OT) and physical therapy (PT) are part of medical 
teams providing evaluation and therapy for patients with 
NPH in acute settings, there has been limited to no research 
reporting objective measurement of functional and cognitive 
status in cohorts of patients with NPH using OT and PT as-
sessments. The most commonly reported evaluations used to 
gauge changes in functional status over the course of NPH 
diagnosis and treatment are the neurological examination (1, 
3) and neuropsychological evaluation (4–6). PT expertise in 
assessing gait impairment, which is one of the most common 
NPH symptoms (7, 8), and OT expertise in assessing changes 
in performance of personal and instrumental activities of daily 
living (ADLs), psychomotor speed, and cognition can make a 
valuable contribution to the identification and quantification of 
loss of functional ability that accompanies NPH. Perhaps most 
importantly, OT and PT assessments can uniquely characterize 
functional abilities within the context of performance of routine 
life activities that are germane to quality of life. 

The disciplines of OT and PT have a repertoire of evalu-
ations for neurological conditions (9, 10), but, to date, there 
is no body of research describing OT and PT assessment 
specifically in patients with NPH. Moreover, although func-
tional status is a primary criterion in determining suitability 
of patients for shunt surgery, no OT and PT assessments have 
been studied in order to determine differential effectiveness 
and sensitivity of standardized assessments to change follow-
ing CSF drainage. 
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The purpose of this study, therefore, was threefold: (i) to 
examine performance of selected OT and PT standardized as-
sessments administered during the routine care of patients with 
suspected NPH undergoing a CSF drainage procedure; (ii) to 
determine the sensitivity of these OT and PT assessments to 
change following CSF drainage; and (iii) to determine whether 
the assessments were sensitive to differential functional per-
formance between patients determined to be Responders to 
CSF drainage and those determined to be Non-Responders to 
CSF drainage. We consider this study to be the first phase in 
identifying evidence-based rehabilitation assessments needed 
for optimal effectiveness in working with patients with NPH 
during the various phases of NPH diagnosis and treatment. 

METHODS
Patient selection
Research participants were patients with suspected NPH who were 
admitted to an inpatient neurology unit for elective spinal catheter 
insertion for controlled cerebrospinal fluid drainage between January 
2003 and February 2005. To be eligible for inclusion in the study 
reported herein, patients were required to have: (i) gait and/or balance 
disturbance either in combination with impaired cognition and bladder 
control upon admission; (ii) documentation of ventricular enlargement 
(e.g. Evan’s index ≥ 0.3) (11) on computerized tomography (CT) or 
magnetic resonance imagining scan (MRI); and (iii) completed PT 
and OT assessments at the designated pre- and post-CSF drainage 
evaluation time-points. Patients were excluded if: (i) no or minimal 
gait disturbance with severe dementia was observed during initial 
physician evaluation; (ii) no ventricular enlargement was observed 
on radiological workup; (iii) the patient had previous treatment for 
hydrocephalus; (iv) catheter-associated meningitis occurred; (v) the 
catheter had to be removed due to low CSF pressure symptoms; or (vi) 
the subject was too impaired to participate in both evaluation time-
points. The study was approved by the Institutional Review Board, 
and informed consent was obtained.

Procedures
Patients meeting eligibility criteria described above were admitted 
to the hospital for 2 days of continuous CSF pressure monitoring 
followed by 3 days of controlled CSF drainage. The external lumbar 
drainage (ELD) procedure consisted of insertion of a spinal catheter 
into the lumbar subarachnoid space under local anesthesia, followed 
by recording of CSF pressure continuously for 2 days. Abnormal CSF 
pressure waveforms were identified according to criteria adapted from 
the original description of Lundberg (12). After the 2 days of pres-
sure monitoring, 3 days of controlled continuous CSF drainage was 
performed. The CSF drainage rate was controlled to approximately 
10 ml/h (240 ml/day). Patients were examined clinically for their 
response at least once daily. An expert NPH neurologist (M.W.), in 
accordance with NPH consensus guidelines (13, 14), classified patients 
as appropriate for CSF shunting only if they had: (i) ventriculomegaly 
confirmed on CT or MRI; (ii) presence of 2 or more clinical features 
of NPH; (iii) either A- or B-waves present during artifact-free time on 
continuous CSF pressure monitoring; and (iv) clinical improvement in 
symptoms (gait, cognition, or bladder control) during a 3-day trial of 
controlled CSF drainage, based on clinical examination, mental status 
exam, and detailed symptom observation questionnaires completed by 
patients or their legal guardians. 

OT and PT assessments were conducted independently of the neu-
rological examinations and monitoring. The patients received initial 
OT and PT assessments prior to insertion of the catheter for ELD. The 
OT and PT standardized assessments were repeated after the ELD 
was removed and the neurologist was satisfied with the amount of 

CSF drained (as detailed above). Therapists conducting the post-CSF 
drainage assessments were blinded to the neurologists’ classification 
of patients’ responder status. 

Measures
The OT and PT assessments consisted of 6 functional status measures 
testing domains of ADLs, mobility, and cognition.

Functional Independence Measure (FIMTM) (15). Developed through a 
collaboration between the American Congress of Rehabilitation Medi-
cine and the American Academy of Physical Medicine and Rehabilitation 
as a uniform method for gauging disability, the FIMTM is the most widely 
accepted functional measure utilized by the rehabilitation community 
within the USA. Six FIMTM measures of ADL were included in this 
study: feeding, grooming, dressing-upper body, dressing-lower body, 
toileting, and toilet transfers. The FIMTM is a clinician rating tool with 7 
classifications of patient functional status, ranging from total assistance 
to independence. Clinicians who provided FIMTM ratings had completed 
FIMTM standardized training, competency examination, and certification. 
The FIMTM has demonstrated reliability and validity across a variety of 
settings, raters, and patients, with an inter-rater reliability of 0.95 and 
a test-retest reliability of 0.95 (16, 17).

Timed “Up & Go” Test (TUG) (18). The TUG is a timed observation 
of a patient’s ability to rise from an armchair, walk 10 feet, turn, walk 
back, and sit down again. The TUG test is a reliable and valid test 
for predicting fall risk at home, quantifying functional mobility, and 
monitoring clinical change over time (18, 19). 

Tinetti Assessment Tool of Gait and Balance (Tinetti) (20). The Tinetti 
is an observed performance assessment of mobility. The scale has 2 
subtests: (i) Tinetti Balance, with subtests of sitting balance, sit-to-
stand, immediate standing balance, standing balance, balance with 
eyes closed, turning 360°, and sitting down; and (ii) Tinetti Gait, with 
subtests of gait initiation, step length, step symmetry and continuity, 
path deviation, trunk stability, and walking stance. The maximum 
total Tinetti score is 28 points. Higher scores indicate better mobility. 
The Tinetti test has intra- and inter-rater reliability ranging from 0.93 
to 0.99 regardless of the subject’s level of cognitive impairment, and 
strong discriminant validity (20, 21). 

9-Hole Peg Test (Peg Test) (22). This is a timed test of fine motor 
speed that utilizes a peg board. The subject uses the right hand and 
left hand in separate, consecutive trials to place 9 dowels into 9 holes 
on the board and then to remove them all. The score is the amount of 
time, in sec, taken to perform the task using each hand. Higher scores 
indicate greater impairment. The test has good test-retest reliability 
and concurrent/convergent validity (22, 23).

Cognitive Assessment of Minnesota (CAM) (24). The CAM is designed 
to assess a hierarchy of cognitive skills from a rehabilitation perspec-
tive. The CAM provides an objective baseline from which to measure 
change and treatment outcome. Cognitive skills assessed are: attention, 
memory/orientation, neglect, ability to follow directions, immediate 
memory, temporal awareness, matching skills, object identification, 
visual memory, recall/recognition, auditory memory, simple money skills, 
simple math skills, foresight/planning, safety/judgment, concrete problem 
solving, and abstract reasoning. The maximum score is 80 points, with 
cut-off scores to identify severity of impairment. The CAM has acceptable 
inter-rater reliability, is sensitive to cognitive impairment in traumatic and 
non-traumatic brain injury or illness, and has 95% specificity to correctly 
classify patients with and without cognitive impairment (24).

Mini Mental State Exam (MMSE) (25, 26). The MMSE is a widely used 
brief screening tool for detection and quantification of severity of mental 
status impairment in adults. It comprises 30 items assessing domains of 
orientation, registration, attention and calculation, recall, and language. 
The maximum score is 30 points, and cut-off scores of 25 and 23 are 
commonly used thresholds for detection of impairment (26). 
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Statistical analyses
For all analyses, the sample was stratified by Responder/Non-Responder 
status to CSF drainage. t-tests with equal variance were applied to test 
differences in scores between the 2 groups at baseline and post-drainage. 
Paired t-tests comparing baseline and post-drainage scores were per-
formed for the Responder and the Non-Responder groups independently. 
Change scores, reflecting change in test scores from baseline to post-
drainage were also compared between Responders and Non-Responders 
using t-tests. The level of significance was set at p < 0.05. 

Logistic regression models for binary variables were used to esti-
mate odds ratios that indicate probability of being responder based on 
change scores. Only tests for which the change scores were signifi-
cantly different between Responders and Non-Responders were used. 
Unadjusted and adjusted models were tested. For the adjusted model, 
demographic characteristics that were different between groups (i.e. 
gender) were entered in the regression model. All statistical analyses 
were performed using the STATA 8 statistical package. 

RESULTS
Patient characteristics
One hundred and thirty-two patients were screened. Of these, 
87 (51 men, 36 women) met eligibility criteria and were in-
cluded in the study. At baseline, demographic characteristics 
of Responders and Non-Responders were similar for age (mean 
72.3 (standard deviation (SD) 9.0) and 72.0 (SD 13.3), respec-
tively) and race/ethnicity (92.3% vs. 97.1% white, respectively). 
However, the proportion of men was significantly higher in the 
Responder group than in the Non-Responder group (67.0% vs 
45.7%, respectively, p < 0.05). 

Functional status at baseline 
Table I shows baseline scores for the tests of ADL, mobility, 
and cognitive function. Assessment of ADL function at base-

line revealed no significant differences between persons who 
were subsequently determined to be CSF drainage Responders 
and those who were determined to be Non-Responders; both 
required supervision or set-up to perform personal care tasks 
prior to CSF drainage. With regard to baseline gait and bal-
ance, the Tinetti total score did not differ between the 2 groups; 
however, the walking stance subtest was significantly lower in 
Responders than Non-Responders (p < 0.01). 

Baseline MMSE scores were slightly higher in Respond-
ers than Non-Responders; however, this difference was not 
statistically significant. In contrast, baseline CAM total score 
differences between the 2 groups did reach statistical signifi-
cance (p < 0.01) as well as clinical significance. CAM scores 
for Non-Responders were within the moderate to severe range 
of cognitive impairment, while Responders were within the 
mild to moderate impairment range.

Functional status following CSF drainage
Table II shows test and subtest scores following the ELD pro-
cedure. For Responders, CSF drainage resulted in statistically 
significant improvement on 24 out of 46 (52%) tests administered. 
In contrast, for Non-Responders, the procedure resulted in signifi-
cant improvement on only 5 out of 46 (11%) tests. In Responders, 
the functional improvement was seen across domains of ADLs, 
mobility, and cognition. In Non-Responders, improvement was 
generally limited to select cognitive tasks, and the increased 
scores remained in a moderate to severe impairment range. CAM 
subtests on which Responders scored significantly higher than 
Non-Responders were auditory memory (p < 0.05), simple math 
skills (p < 0.01), simple money skills (p < 0.01), foresight/plan-
ning (p < 0.01), and abstract reasoning (p < 0.05). 

Using baseline to post-drainage change scores, eight tests 
differentiated Responders from Non-Responders with regard to 
magnitude of functional change post-drainage (Fig. 1). Change 
scores on these tests indicated improved ADL, gait, and bal-
ance function in Responders, while change scores indicated 
functional decline in gait and balance in Non-Responders. 

Logistical regression analyses were conducted to control for 
gender as a possible confounder in the observed change scores 
between groups. As shown in Table III, in unadjusted models, 
with each unit increase in change score, the odds of being a Re-
sponder increased 3-fold for the FIM dressing lower body test 
and increased 4-fold for the FIM toilet transfer test. TUG, Tinetti 
total, Tinetti balance, and Tinetti gait change scores were also 
associated with significantly increased odds of being a Responder. 
These associations remained significant after controlling for 
gender, suggesting that each of these six tests/subtests is sensitive 
to detecting a magnitude of change in function following CSF 
drainage that differentiates Responders from Non-Responders.

DISCUSSION

To our knowledge, this is the first study of the use of standard 
OT and PT functional assessments in NPH, and the first study 
specifically designed to examine sensitivity of these assess-
ments to changes in functional status in a trial of CSF drainage. 

Table I. Baseline scores for activities of daily living, mobility, and 
cognitive function tests in patients subsequently classified as responders 
and non-responders to cerebrospinal fluid drainage

Test

Responders 
(n = 54)
Mean (SD)

Non-Responders 
(n = 33)
Mean (SD)

FIMTM 
Feeding 6.9 (0.5) 6.6 (1.1)
Grooming 6.0 (1.1) 5.9 (1.3)
Dressing Upper Body 5.8 (1.2) 5.7 (1.5)
Dressing Lower Body 5.1 (1.5) 5.0 (1.9)
Toilet Transfer 5.3 (1.3) 5.2 (1.8)
Toileting 5.7 (1.5) 5.3 (2.0)

Timed Up and Go Test 45.6 (59.6) 42.5 (49.0)
Tinetti Total Score 16.1 (6.7) 15.5 (8.3)
Tinetti Balance 9.2 (4.0) 8.9 (4.9)
Tinetti Gait 6.9 (3.0) 6.5 (3.7)

9-Hole Peg Test
Right Handa 32.4 (9.6) 38.6 (26.5)
Left Handa 38.1 (27.3) 43.6 (30.8)

CAM Total Score* 68.8 (7.0) 62.9 (11.0)
MMSE 26.1 (3.5) 23.7 (6.3)

*p < 0.01 for difference in total scores between groups
aFor 9-Hole Peg test, n = 52 for Responders and n = 30 for Non-
Responders. 
FIMTM: Functional Independence Measure; CAM: Cognitive 
Assessment of Minnesota; MMSE: Mini Mental State Exam.
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Recently, evaluation of clinical and functional response to CSF 
drainage has been supported as an accurate method of select-
ing patients for shunt surgery for NPH (7, 13). However, no 
studies of this technique have utilized functional evaluations 
performed by occupational and physical therapists, despite 
their expertise in assessing ADL, mobility, and cognitive 
functions in the context of real life activities that contribute 

to quality of life. Findings from this study can contribute to 
compilation of a selective battery of OT and PT assessments 
with demonstrated sensitivity in measuring the functional 
changes produced by the CSF trial evaluation, first, and by 
the surgical intervention later.

Because improvement in gait usually precedes improve-
ment in incontinence or cognition after shunt surgery (7, 27), 

Table II. Test scores following cerebrospinal fluid drainage, by responder status

Test 

Responders
(n = 54)

Non-Responders
(n = 33)

Post-Drainage Score Post-Drainage Function Post-Drainage Score Post-Drainage Function

FIMTM

Feeding 6.88 Stable 6.69 Stable
Grooming 6.21* Improved 5.86 Stable
Dressing Upper Body 6.00* Improved 5.69 Stable
Dressing Lower Body 5.67*** Improved 5.03 Stable
Toilet Transfer 5.85*** Improved 5.26 Stable
Toileting 5.74 Stable 5.27 Stable

Timed Up and Go 29.91* Improved 57.28 Stable
Tinetti Total Score 19.31*** Improved 16.20 Stable
Tinetti Balance Score 10.92*** Improved 9.30 Stable
Sitting Balancea 0.97* Improved 0.93 Stable
Arisesa 1.33 Stable 1.29 Stable
Attempts to Arisea 1.77 Stable 1.50 Stable
Immediate Standing Balancea 1.53** Improved 1.07 Stable
Standing Balancea 1.37** Improved 1.29 Stable
Nudgeda 1.37 Stable 1.21 Stable
Eyes Closeda 0.53 Stable 0.50 Stable
Turning 360°a 1.23** Improved 1.00 Stable
Sitting Downa 1.23 Stable 1.07 Stable

Tinetti Gait Score 8.12*** Improved 6.61 Stable
Initiation of Gaita 0.87 Stable 0.64 Stable
Step Length and Heighta 3.20 Stable 2.50 Stable
Step Symmetrya 0.97** Improved 0.79 Stable
Step Continuitya 0.67 Stable 0.57 Stable
Patha 1.37* Improved 1.36 Stable
Trunka 0.83* Improved 0.86 Stable
Walking Stancea 0.50 Stable 0.29* Improved

9-Hole Peg Test
Right Handb 31.17 Stable 41.87 Stable
Left Handb 33.42 Stable 46.92 Stable

CAM Total Score 70.87** Improved 64.21** Improved
Attention 2.79 Stable 2.46 Stable
Memory/Orientation 5.79 Stable 5.37 Stable
Neglect 2.00 Stable 1.97 Stable
Follow Directions 6.94 Stable 6.74 Stable
Immediate Memory 3.94 Stable 3.83 Stable
Temporal Awareness 1.98* Improved 1.89 Stable
Matching 3.00 Stable 2.91 Stable
Object Identification 3.00 Stable 2.94 Stable
Visual Memory 4.27 Stable 3.77 Stable
Recall/Recognition 4.67** Improved 4.04* Improved
Auditory Memory 5.42* Improved 5.03* Improved
Simple Money Skills 5.88* Improved 5.34 Stable
Simple Math Skills 5.48* Improved 4.60 Stable
Foresight/Planning 2.63 Stable 2.00 Stable
Safety/Judgment 2.83*** Improved 2.63* Improved
Concrete Problem Solving 7.65* Improved 6.66 Stable
Abstract Reasoning 2.58* Improved 2.03 Stable

* p < 0.05, **p < 0.01 and ***p < 0.001, for Pre- and Post-drainage test score difference.
an = 34 for Responders Group and n = 13 for Non-Responders Group.
bn = 52 for Responders Group and n = 30 for Non-Responders Group.
FIMTM: Functional Independence Measure; CAM: Cognitive Assessment of Minnesota.
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test sensitivity to differential changes in gait is critical. We 
found that while TUG and Tinetti scores of gait and balance 
were similar in Responders and Non-Responders at baseline, 
following CSF drainage, only the Responders had significant 
improvement in the TUG and Tinetti total score as well as gait 
and balance subscores. This finding strongly supports future 
inclusion of Tinetti and TUG in an NPH assessment battery 
for patients assessed with CSF drainage. 

With regard to ADLs, while baseline FIMTM ADL scores 
were similar in Responders and Non-Responders, only Re-
sponders had significant changes in ADL scores following 
CSF drainage. In particular, there was improvement in lower 
body dressing and toilet transfers, which corresponds with 
improvements in the TUG and Tinetti. Their inclusion in an 
NPH assessment battery is warranted and may prove to be 
useful for monitoring changes in ADL function as long-term 
outcomes of shunt surgery. 

At baseline, we found the CAM to be more sensitive than 
the MMSE in predicting responder status, with Responders 
scoring 6 points higher than Non-Responders on the CAM, 
consistent with research showing that patients with milder 
dementia may show greater improvement with shunting (28). 

Cognitive impairment appears less likely to show short-term 
improvement after shunting for NPH. Nonetheless, Responders 
demonstrated statistically significant changes in eight of the 
subtests whereas Non-Responders improved significantly in 
only three subtests. The CAM subtests demonstrate that sig-
nificant cognitive changes can be detected within a short time 
period (3 days of CSF drainage). Further exploration is needed 
in order to develop or modify existing cognitive assessments 
(i.e. neuropsychological, occupational therapy, speech lan-
guage pathology) that are sensitive enough to measure the often 
subtle changes seen anecdotally, such as arousal, attention, 
encoding/retrieval, processing speed, and mental flexibility. 
It is noteworthy that, on post-hoc analysis, the difference in 
improvement of Responders and Non-Responders was much 
more significant on subtests of the CAM assessing higher corti-
cal functions than those assessing lower functions. On CAM 
items resembling the MMSE, which can be characterized as 
lower cognitive functions (items 1 to 11), Responders showed 
significant improvement on 3 out of 11 (27.3%) subtests and 
Non-Responders on 2 out of 11(18.1%). However, on the CAM 
items that can be characterized as higher cognitive functions, 
(items 12 to 17), Responders had significant improvement on 
5 out of 6 (83.3%) subtests whereas Non-Responders only had 
significant improvement only on 1 out of 6 (16.7%) (Fisher’s 
test p = 0.04). Further investigations should be performed in 
order to determine whether this subset of more sensitive items 
may serve as a more reliable and efficient cognitive assessment 
for use in NPH research and clinical practice. The CAM did 
function well as a screening tool for detecting cognitive deficits 
in probable NPH patients (CSF drainage Responders).

The 9-hole peg test scores did not change with CSF drainage, 
which may reflect either lack of change in psychomotor speed 
over a short time period or poor sensitivity of this measure. 
The Grooved Pegboard test (Lafayette Instruments, Lafayette, 
IN), which has demonstrated greater sensitivity to impaired 
fine motor speed and coordination than the 9-hole peg test 
(29), would be recommended for inclusion in a future battery 
to determine whether it is the test or the skill that has low 
predictive value in the context of the CSF drainage. 

Fig. 1. (a) Baseline to post-drainage 
change scores for eight tests and subtests 
demonstrating statistically significant 
differences between the Responder 
and Non-Responder groups. Subtests 
are Dressing Lower Body and Toilet 
Transfer (FIMTM);Tinetti Balance; 
Attempts to Rise and Immediate 
Standing Balance (Tinetti Balance 
subscales); Tinetti Gait; Walking Stance 
(Tinetti Gait subscale); and Timed Up 
and Go Test (b). Higher scores indicate 
better function on tests shown in (a). 
Lower scores indicate better function 
on Timed Up and Go (b). *p  < 0.05, 
**p < 0.01.

Table III. Unadjusted and gender-adjusted logistic regression models 
for tests predicting responder status based on test change scores from 
baseline to post-drainage

Covariates

Model I 
(Unadjusted)
OR (95% CI)

Model II 
(Gender-adjusted)
OR (95% CI)

FIMTM – Dressing Lower 
Body

3.47* (1.35–8.89) 3.56* (1.33–9.56)

FIMTM – Toileting 4.74* (1.45–15.44) 4.73* (1.46–15.33)
Timed Up and Go 0.97* (0.94–1.00) 0.97* (0.95–1.00)
Total Tinetti Score 1.21** (1.05–1.39) 1.22** (1.06–1.41)
Tinetti Balance 1.34* (1.07–1.69) 1.38** (1.09–1.75)
Tinetti Gait 1.29* (1.02–1.63) 1.30* (1.03–1.65)

*p < 0.05; **p < 0.01 
OR: odds ratio; 95% CI: 95% confidence interval; FIMTM: Functional 
Independence Measure.
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Limitations of the study are the following: We did not assess 
inter-rater reliability for tests utilizing clinical ratings of per-
formance. However, the therapists who administered the tests 
were all experienced OT and PT professionals who were trained 
and certified to administer the tests used in this study. Moreover, 
the therapists who administered the tests were blinded to the 
neurologist’s classification of Responder vs. Non-Responder 
status, thereby eliminating this potential bias in test scoring or 
interpretation. Second, as with all functional assessments, some 
patients may have been too severely impaired to participate in 
certain parts of the tests. We have indicated where sample size 
was smaller on a given test or subtest, and the smaller sample 
size may have reduced statistical power. Third, a common limita-
tion of any functional assessment is the possibility of floor and 
ceiling effects, with insensitivity in detecting and quantifying 
subtle differences in very severe impairment, and insensitivity 
in detecting very mild impairment, respectively. 

Nevertheless, in this novel study, we demonstrated that 
specific, standard OT and PT functional tests were sensitive 
to change following CSF drainage during evaluation for NPH, 
and the magnitude of change on specific tests differentiated 
CSF Responders and Non-Responders. The most significant 
changes reflect ADL, balance, and gait. In addition, the OT 
cognitive assessment appeared sensitive in detecting subtle 
baseline differences in cognitive function between the groups, 
indicating potential predictive value. These results may be 
useful in creating a standardized functional NPH assessment 
battery that can be used by PT and OT who assist physicians 
in the evaluation of such patients. 
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