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Evaluating the cerebrospinal fluid tap test 
with the Hellström iNPH scale for patients 
with idiopathic normal pressure hydrocephalus
Johanna Rydja1*  , Andreas Eleftheriou2 and Fredrik Lundin2 

Abstract 

Background:  The cerebrospinal fluid tap test (CSF TT) is used for selecting shunt surgery candidates among patients 
with idiopathic normal pressure hydrocephalus (iNPH). We aimed to evaluate the predictive value of the CSF TT, by 
using the Hellström iNPH scale for shunted iNPH patients with a standardized method.

Methods:  One hundred and sixteen shunt-operated iNPH patients were retrospectively included in this study. The 
gait and balance domains in the iNPH scale were used as outcome measures for the CSF TT and the total iNPH scale 
score as the postoperative outcome. A positive response to CSF TT was defined as a change of ≥ 5 points in the gait 
domain and ≥ 16 points in the balance domain. Differences between CSF TT responders and non-responders, sensi-
tivity, specificity, positive and negative predictive values, accuracy, and correlations between changes from baseline to 
post CSF TT and from baseline to the postoperative follow-up, were calculated.

Results:  In the CSF TT there were 63.8% responders in the gait domain and correspondingly 44.3% in the balance 
domain. CSF TT responders had a significantly better postoperative outcome in the total scale score (gait P ≤ 0.001, 
balance P ≤ 0.012) and gait CSF TT responders improved more in gait (P ≤ 0.001) and balance CSF TT responders in 
balance (P ≤ 0.001). No differences between CSF TT gait or balance responders could be found in neuropsychologi-
cal or urinary continence assessments postoperatively. The sensitivity and specificity of the CSF TT and the out-
come of the total iNPH scale score postoperatively were 68.1% and 52.0% for gait and 47.8% and 68.0% for balance, 
respectively.

Conclusions:  The CSF TT, with the Hellström iNPH scale as the outcome measure, has clear limitations in predict-
ing postoperative results. The gait domain may be used to predict outcomes for gait, but the balance domain is too 
insensitive.
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Introduction
Idiopathic normal pressure hydrocephalus (iNPH) is a 
condition that usually has slowly progressive symptoms. 
In combination with a dilated cerebral ventricular sys-
tem, the main symptoms are gait disturbance and poor 

balance, together with cognitive decline and urinary 
incontinence. The disease is caused by altered cerebrospi-
nal fluid (CSF) dynamics, but the underlying pathophysi-
ology is not fully understood [1]. The only treatment is a 
shunt insertion to drain fluid from the cerebral ventric-
ular system [2]. In order to achieve an optimal postop-
erative shunt outcome a correct diagnosis is important. 
However, diagnosing iNPH is challenging since the symp-
toms mimic other neurodegenerative conditions and can 
also occur in combination with other diseases [3].
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The cerebrospinal tap test (CSF TT), which involves 
a lumbar puncture (LP) with removal of 30–50  ml CSF 
and clinical evaluation before and after the LP, is com-
monly used to predict patients who could benefit from 
a shunt insertion [4–7]. The CSF TT has mostly been 
associated with a high positive predictive value (PPV) 
and a low negative predictive value (NPV) meaning that 
potential shunt responders would be missed if the indica-
tion for surgery is based on a negative CSF TT [7, 8]. The 
current international guidelines state that the CSF TT 
can be a tool with prognostic value [1, 9, 10]. However, 
the relevance of the CSF TT has been questioned due 
to its low sensitivity [7, 8, 11]. There is no clear defini-
tion of what constitutes a positive CSF TT but an objec-
tive improvement in gait has been proposed as the most 
reliable outcome [12, 13]. The role attributed to the CSF 
TT in iNPH varies among clinicians from very valuable 
to a test of limited significance. Standardized evaluation 
methods of the CSF TT would increase the validity and 
make comparison between different studies easier [14]. 
In our center, we use the Hellström iNPH scale [15] to 
evaluate outcome in the four domains gait, balance, neu-
ropsychology and continence, after surgery. The gait and 
balance domains are evaluated before and after the CFS 
TT. The Hellström iNPH scale is a standardized method 
that has rarely been used as an outcome measure in the 
evaluation of the CSF TT [8, 16].

Methods
Aim and design
The aim of this study was to evaluate the prognostic 
value of the CSF TT, using the Hellström iNPH scale [15] 
among shunted iNPH patients, in a large single-center 
cohort. This is a retrospective study from Linköping 
University Hospital, Sweden. The participants were con-
secutively included between January 2016 and December 
2019 and data was recorded from the patient´s charts. 
The study was approved by the Swedish Ethical Review 
Authority, 2019-02260.

Participants
Patients with a diagnosis of possible and probable iNPH, 
based on the international guidelines of 2005 [1] and 
treated with an adjustable valve shunt, were included. All 
patients had a disturbed gait and balance and additionally 
an impairment of cognition and/or continence symptoms 
[1]. Patients were excluded if they had missing data for 
the CSF TT or the postoperative assessment. Out of 159 
iNPH patients, 116 patients (95 patients with probable 
iNPH and 21 with possible iNPH) were included in the 
statistical analysis. Forty-three patients were excluded 
due to following reasons, 25 did not undergo the CSF TT, 
five had been investigated with external lumbar drainage 

(ELD) and 13 patients had no result from the follow-up 
postoperative assessment (six had shunt complications, 
five had missing data due to unwillingness to participate 
and two died). One of the deaths was caused by an acute 
subdural hematoma 2  months after shunt surgery and 
the other by an intracerebral hematoma 5 days after sur-
gery. A flowchart of inclusion and exclusion is presented 
in Fig. 1 and the characteristics of the included and non-
included participants are shown in Table 1.

Clinical assessments
A specialized team including neurologists, neurosur-
geons, neuroradiologists, physiotherapists and occupa-
tional therapists assessed the patients preoperatively. 
The occupational therapist and physiotherapist assess-
ments, accomplished within one week before the CSF 
TT, included all the measurements for gait, balance, 
neuropsychology and continence in the Hellström iNPH 
scale [15]. A neurologist performed the LP, with the 
patient in a lateral position. A spinal fluid manometer 
was used to measure the lumbar CSF pressure for 30  s 
before removal of CSF. The exact amount of removed 
CSF was noted.

Approximately 3 h after the LP, a physiotherapist reas-
sessed the patients, using the measurements within the 
gait and balance domains in the iNPH scale [15]. In addi-
tion to the standardized assessments, the gait pattern 
was video-recorded. The neuropsychological and conti-
nence domains were not evaluated at this stage after the 
CSF TT. The patients were offered shunt surgery after a 
decision was made, based on a clinical judgement, tak-
ing all available clinical, radiological and laboratory data 
into account. No patient was excluded due to a negative 
CSF TT. The scheduled time for follow-up after surgery 
was 3 months. At the follow-up the physiotherapist and 
occupational therapist used the same instruments as pre-
operatively, including all domains in the iNPH scale [15]. 
Before follow-up it was checked that the patients had not 
undergone a recent shunt valve adjustment, otherwise 
the follow-up was postponed until 3 months later.

Outcome measures
The Hellström iNPH scale [15] is constructed to cover 
the symptoms of gait, balance, urinary continence and 
neuropsychology using ordinal ratings and continuous 
measures. The gait domain score is calculated from a 
combination of an eight-grade ordinal gait scale, grad-
ing the gait severity (Fig.  2) and the number of steps 
and time in seconds needed to walk 10  m. Balance is 
measured with a seven-grade ordinal scale (Fig.  2) and 
continence with a six-grade ordinal scale. The neuropsy-
chology domain uses four continuous measures. A limit 
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of ≥ 5 points for the total iNPH scale is proposed as an 
improvement after surgery [15].

According to the instructions by Hellström et  al. 
the results in each domain were converted to a 0–100 
score, where 100 represents the performance of an 
age-matched healthy population. Each step in the 

ordinal balance scale was converted to 16 or 17 scores 
in the iNPH scale. A total score was calculated from 
the converted scores with a double weight from the 
gait domain and divided by the number of domain 
scores. If any domain had missing data, the total score 
was calculated with the available data [15].

Fig. 1  Flow chart of inclusion and exclusion of 116 iNPH patients with results from CSF TT and follow-up evaluation



Page 4 of 12Rydja et al. Fluids Barriers CNS           (2021) 18:18 

Statistical analysis
Normal distribution was tested with the Kolmogorov–
Smirnov test. Normal distributed variables are presented 
with mean and Standard Deviations (SD), otherwise with 
median and interquartile range (IQR) or absolute and 
relative frequencies (%). In Table  2 all values are pre-
sented with mean and SD and the different tests used for 
the comparisons are highlighted according to the normal 

distributions. For normally-distributed variables the 
t-test was used otherwise the independent Mann–Whit-
ney U test or Chi square test in comparisons between 
groups. The related samples Wilcoxon signed rank test 
was used for comparisons within groups. An improve-
ment of ≥ 5 points for the gait domain and separately at 
least 16 points in the balance domain (one step in the 
ordinal balance scale) on the iNPH scale was considered 

Table 1  Baseline characteristics of shunted patients who were included and excluded from data analysis

MMSE-SR, Mini Mental State Examination Swedish revision, CSF TT, cerebrospinal fluid tap test
a  Independent samples Mann–Whitney U test, bChi square test, ct-test. Values are presented with median and interquartile range (IQR), mean ± SD or as proportions 
(%). P ≤ 0.05

Patients included 
probable (n = 95)

Patients included 
possible (n = 21)

P-value Patients included total 
(n = 116)

Patients excluded 
(n = 43)

P-value

Age, years 76.0 (73.0–80.0) 72.0 (71.0–76.5) 0.02a 75.4 ± 6.2 72.8 ± 7.8 NSa

Sex, m/f (m %) 51/44 (57.9) 11/10 (52.4) NSb 62/54 (53.4) 29/14 (67.4) NSb

Hypertension, n (%) 60 (63.2) 8 (38.1) 0.04b 68 (58.6) 22 (51.2) NSb

Diabetes, n (%) 24 (25.3) 8 (38.1) NSb 32 (27.6) 13 (30.2) NSb

Ischemic heart disease, 
n (%)

24 (25.3) 4 (19.1) NSb 28 (24.1) 7 (26.3) NSb

Stroke, n (%) 5 (5.3) 6 (28.6)  < 0.01b 11 (9.5) 4 (9.3) NSb

MMSE-SR, Scores (0–30) 26.0 (22.8–28.0) n = 94 25.0 (23.0–28.0) NSa 26.0 (23.0–28.0) n = 115 27.0 (23.0–28.0) n = 37 NSa

Total iNPH scale score 
preop (0–100)

53.5 ± 15.7 44.0 ± 20.0 0.02c 51.8 ± 16.9 55.7 ± 17.5 n = 34 NSc

Volume drained at CSF 
TT (ml)

48.0 (44.0–50.0) n = 88 50.0 (45.0–50.0) n = 15 NSa 48.0 (44.0–50.0) n = 103 47.5 (41.8–50.0) n = 20 NSa

Opening Pressure CSF TT 
(cmH2O)

15.0 (12.0–18.0) 17.8 (15.5–23.0) n = 14 0.01a 15.0 (12.5–18.0) n = 109 18.0 (15.0–22.0) n = 23 0.01a

Duration baseline to 
surgery, (days)

120.0 (99.0–157.0) 135.0 (116.0–177.0) NSa 126.0 (102.3–159.0) 133.0 (100.5–171.8) 
n = 34

NSa

Duration surgery to 
follow-up, (days)

107.0 (90.0–131.0) 97.0 (87.0–120.5) NSa 104.0 (90.0–127.5) 108.0 (93.3–191.8) 
n = 26

NSa

Shunt adjustment before 
follow-up, n (%)

16 (16.8) 2 (9.5) NSb 18 (15.5) 10 (24.4) n = 41 NSb

Shunt revision before 
follow-up, n (%)

8 (8.4) 3 (14.3) NSb 11 (9.5) 13 (31.7) n = 41  < 0.01b

Fig. 2  The ordinal grading steps for gait and balance in the Hellström iNPH scale [15]
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to indicate a positive responder for each of these domains 
in the CSF TT. Sensitivity, specificity, positive and nega-
tive predictive values and accuracy were calculated. The 
Spearman rank-order test was used to calculate correla-
tion between variables. The level of significance was set 
to ≤ 0.05. Statistical analysis was carried out using IBM 
SPSS Statistics version 25.0, (IBM Corp. Armonk, NY).

Results
One hundred and sixteen individuals, 62 male and 54 
female with a mean age of 75.4 ± 6.2 years were included 
in the analysis. Ninety-five patients were classified ret-
rospectively from the patients´ charts by AE and FL as 
probable iNPH and 21 as possible iNPH according to the 
international guidelines [1]. Among the 116 individuals, 
74 (63.8%) were CSF TT responders with a positive out-
come (≥ 5 points) in the gait domain on the iNPH scale. 
In the balance domain, 51 of 115 individuals, (44.3%), 
were CSF TT responders (≥ 16 points). Postoperatively, 
91 individuals (78.4%) improved ≥ 5 points on the total 
iNPH scale, with a median improvement of 10 points 
(IQR: 3.0–20.0). Eighteen patients (15.5%) had at least 
one shunt valve readjustment, 11 patients (9.5%) had 
a shunt revision and the median time to follow-up was 
104.0  days (IQR: 90.0–127.5). Baseline characteristics 
and information about the opening lumbar CSF pres-
sure and drained volume in the CSF TT of included and 
excluded patients are presented in Table 1.

The gait domain CSF TT responders had significantly 
larger postoperative improvements from baseline in the 
total iNPH scale scores (gait domain CSF TT responders 
n = 74; median 13.5, IQR 7.0–20.0; mean 15.1, SD 14.5 
versus non-responders n = 42; median 9.5, IQR 0–17.0; 
mean 9.6, SD 11.9); P ≤ 0.001. The gait domain CSF TT 
responders improved also significantly more in the gait 
domain scores postoperatively than the gait domain CSF 
TT non responders (gait domain CSF TT responders 
n = 74; median 23.0, IQR 9.8–35.3; mean 23.7, SD 20.4 
versus non-responders n = 42; median 7,0 IQR − 3.5–
20.0; mean 9.7, SD 16.8); P ≤ 0.001 (Table 2).

The gait domain CSF TT non-responders had signifi-
cant lower scores at baseline in the gait domain scores 
(P = 0.031), in the balance domain scores (P = 0.006), in 
the neuropsychology domain scores (P = 0.006) and in 
the total iNPH scale scores (P = 0.010) (Table 2).

When analyzing results from the subtests within the 
gait domain (the 10 m walk test, steps and time and the 
ordinal gait scale) there were no between-group differ-
ences for gait domain CSF TT responders versus gait 
domain CSF TT non-responders in changes from base-
line to the postoperatively follow up. At baseline there 
were between group differences between the gait domain 
CSF TT responders and non-responders in the 10 m walk 

test (number of steps; P = 0.039) and scores in the ordinal 
gait scale (P = 0.011) (Table 2).

The balance domain CSF TT responders had signifi-
cantly larger postoperative improvements from baseline 
in the total iNPH scale scores (balance domain CSF TT 
responders n = 51; median 15.0, IQR 7.0–21.0; mean 
16.8, SD 15.0 versus non-responders n = 64; median 9.0, 
IQR 3.3–16.5; mean 9.7, SD 11.3); P = 0.012. The balance 
domain CSF TT responders improved significantly more 
in the balance domain postoperatively than the balance 
domain CSF TT non-responders (balance domain CSF 
TT responders n = 51; median 16.0, IQR 0–34.0; mean 
19.8, SD 22.4 versus non-responders n = 64; median 0, 
IQR 0–0; mean 2.6, SD 12.0); P ≤ 0.001 (Table 2).

The balance domain CSF TT non-responders had sig-
nificant lower baseline scores in the balance domain 
(P ≤ 0.001). All other domains as well as for the total 
iNPH scale scores were equal at baseline (Table 2).

No significant between-group differences among CSF 
TT responders (gait domain or balance domain) com-
pared to CSF TT non-responders were seen postop-
eratively in the neuropsychology or continence domains 
(Table 2).

The sensitivity using the gait domain as outcome in the 
CSF TT and the total iNPH scale as outcome postopera-
tively was 68.1% and the PPV 83.8%. The specificity was 
52.0% and the NPV was 31.0% with an accuracy of 64.7% 
(Table 3).

The balance domain as an outcome in the CSF TT and 
the total scale score postoperatively had the sensitiv-
ity, 47.8% and a PPV of 84.3%. The specificity was 68.0% 
and the NPV was 26.6%. The most sensitive output was 
when using the gait domain as an outcome in the CSF TT 
and the same outcome postoperatively: sensitivity 71.8%, 
PPV 82.4%, specificity 51.6% and NPV 42.9% for all ages. 
When combining both the gait and the balance domain 
in the CSF TT as outcome the sensitivity decreased to 
29.7% (Table 3).

The change from baseline in the gait domain score at 
the CFS TT correlated significantly with change in out-
come postoperatively in the total iNPH score, r = 0.28, 
p ≤ 0.01 as well as with the change in the postoperative 
gait domain score alone, r = 0.48, p ≤ 0.01. When using 
the gait domain score as an outcome in the CSF TT and 
the total iNPH scale scores postoperatively, 62 of 116 
(53%) individuals were true positive, 12 (10%) were false 
positive, 29 (25%) were false negative and 13 (11%) were 
true negative. With the outcome gait domain scores at 
the CSF TT and the same outcome (gait domain score) 
postoperatively, 61 of 116 (53%) were true positive, 13 
(11%) were false positive, 24 (21%) were false negative 
and 18 (16%) were true negative (Figs. 3 and 4).
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Of 74 patients with a positive response in the gait 
domain in the CSF TT, 12 patients had at least one shunt 
adjustment, of these, 3 patients were negative responders 
after shunt surgery.

The correlation between changes from baseline in the 
balance domain at the CSF TT and change in the total 
iNPH scale score postoperatively was r = 0.38, p ≤ 0.01. 
Sixty-four of one hundred and fifteen (55.7%) individuals 
had no change in the balance domain score in the CSF 
TT.

Discussion
Predicting a favorable postoperative result from the 
CSF TT, using the Hellström iNPH scale as an outcome 
parameter after shunt treatment in iNPH, has clear limi-
tations. Gait domain CSF TT responders improved more 
in the gait domain and in the total iNPH scale scores 
from baseline to the postoperative follow-up versus the 
gait domain CSF TT non-responders. Both gait domain 
CSF TT responders and gait domain CSF TT non-
responders improved significantly in all domains after 
surgery. The gait domain CSF TT responders performed 
significantly better in all domains except for continence 
at baseline (Table 2). The gait domain scores as outcome 

Table 3  Sensitivity, specificity, PPV, NPP and accuracy

Sensitivity, specificity, positive predictive value, negative predictive value and accuracy for the CSF TT with cut off ≥ 5 points in the gait domain or ≥ 16 points in the 
balance domain or in a combination of both on the iNPH scale
a  Positive outcome after surgery ≥ 5 points on the total iNPH scale
b  Positive outcome after surgery ≥ 5 points in the gait domain

Gait domain CSF TT/total iNPH 
scale postoperativelya N = 116

Balance domain CSF TT/Total 
iNPH scale postoperativelya 
N = 115

Gait and Balance domain 
CSF TT/total iNPH scale 
postoperativelya N = 116

Gait domain CSF TT/GAIT 
domain postoperativelyb 
N = 116

Sensitivity 68.1 47.8 29.7 71.8

Specificity 52.0 68.0 76.0 51.6

Positive predictive value 83.8 84.3 81.8 82.4

Negative predictive value 31.0 26.6 23.0 42.9

Accuracy 64.7 52.2 40.0 68.1

Fig. 3  Correlation between changes from baseline at the CSF TT in the gait domain on the iNPH scale and change in the total iNPH scale score 
postoperatively, Spearman’s rho, r = 0.28, p ≤ 0.01. Distribution of true and false, positive and negative outcomes in the CSF TT with bold lines at the 
five-point levels of improvement. N = 116
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in the CSF TT and the total iNPH scale scores as post-
operative outcome appear to have a moderate sensitivity 
(68%) and a low specificity (52%) (Table 3). The fact that 
56% of the patients (Table 2) had an unchanged balance 
score in the CSF TT indicates that the balance domain is 
too insensitive to discriminate small changes.

Outcome
The difference in outcome measures and timing for 
assessment, limits the comparability between stud-
ies [14]. The choice of outcome measure and defining 
a cut-off value is essential in all evaluations. Precision, 
feasibility, clinical relevance and meaningfulness for 
the patients have to be considered. Gallagher et  al. [17] 
used the Global Rating of Change Scale to evaluate the 
patient’s perceived improvement to detect minimal clini-
cally important differences in the CSF TT. For example, 
the cut-off for the Timed up and Go test was a change of 
13% and for the Timed up and Go test with an added cog-
nitive task, it was a change of 11%.

The cut-off > 5 points in the total iNPH scale, is sug-
gested by Hellström et al. to identify improvement in the 
postoperative outcome [15]. The same cut-off level for 
the gait domain in the CSF TT has not been described. 
The balance domain cut off level of ≥ 16 points corre-
sponds to the difference between two levels in the ordi-
nal balance scale that should indicate a difference but 

Hellström et al. [15] were aware of the limitations in sep-
arating patients with different levels of symptom severity 
with the ordinal rating scale used in the balance domain.

We used two different outcomes in the CSF TT, the gait 
domain and the balance domain in the iNPH scale. The 
iNPH scale is constructed to cover the most characteris-
tic features in iNPH and to discriminate between patients 
with variations in symptoms and between patients and 
healthy individuals. The four domains of the iNPH scale 
are related but none of the domains could be excluded 
[15]. In the present study a positive response in the CSF 
TT in the gait and balance domains were not favourable 
for the outcome of surgery regarding neuropsychology 
and continence. This is important to notice since there is 
sometimes a belief that an improvement in one domain 
automatically could be transferred into another.

The iNPH scale tolerates missing values but in our study 
there were few. When analyzing the separate subtests 
within the gait domain for CSF TT gait domain respond-
ers versus CSF TT gait domain non-responders there 
were somewhat surprisingly no differences in changes 
from baseline to the postoperative follow up for any of 
the subtests. In the converted gait domain score there 
was a significant difference with a larger improvement 
postoperatively in the CSF TT gait domain responders 
(Table 2). The construction of the iNPH scale with con-
verted scores and a combination of several subtests in 

Fig. 4  Correlation between changes from baseline at the CSF TT in the gait domain on the iNPH scale and change in the gait domain 
postoperatively, Spearman’s rho, r = 0.48, p ≤ 0.01. Distribution of true and false, positive and negative outcomes in the CSF TT with bold lines at the 
five-point levels of improvement. N = 116
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the score is probably one explanation. All subtests and 
all domains in the iNPH scale increased significantly in 
both the responder group and the non-responder group 
postoperatively. It should though be noted that the iNPH 
scale is validated to evaluate outcomes after surgery [15].

Prognostic considerations
Our results are consistent with previous research [8, 
18, 19] that gait is the most valid variable for detecting 
changes in the CSF TT. When we used the gait domain, 
with a cut off level of > 5 points in the CSF TT and the 
same outcome postoperatively, the sensitivity was 71.8% 
and the specificity was 51.6% (Table 3). These results are 
in line with a Japanese multicenter study [19] using the 
iNPH grading scale with a four-step ordinal scale grad-
ing gait, cognition, continence and a total score [20]. 
Ishikawa et al. [19] used the modified Rankin scale as the 
postoperative outcome. Eighty percent of the shunted 
participants were shunt responders, and the sensitivity 
in the CSF TT, with the total iNPH grading scale score 
as the outcome, was 71.3% and the specificity was 65.0%. 
When they used the gait scale score only from the CSF 
TT (measured 1–2 days after the LP) the sensitivity was 
51.3% and the specificity was 85.0%.

In our study, with gait as outcome measure in the CSF 
TT and the total score as outcome postoperatively, the 
specificity was lower (52.0%) than in the Japanese study 
[19]. Even with the high PPV in our study, we had 12 of 
116 individuals with a positive response in the CSF TT in 
the gait domain and a negative outcome after surgery in 
the total scale score. Deterioration in the other domains 
postoperatively could be an explanation, but when using 
the gait domain, as the outcome from both the CSF TT 
and postoperatively the pattern remains (13 of 116).

This was a retrospective study and a reflection of 
clinical routine, i.e. there was no blinding and both the 
patients and the assessors knew the conditions concern-
ing the CSF TT assessment routines. Thus, a placebo 
effect could be, at least partially, an explanation. Gupta 
and Lang [21] described a case report of a sham proce-
dure in the CSF TT. In their case walking time decreased 
corresponding to an improvement of about 30% with 
both the sham procedure and the large-volume CSF TT.

Another reason for a false positive result from the CSF 
TT could be a malfunctioning shunt at the follow-up. 
In our study, we had an accurate registration of shunt 
adjustments and complications. The shunt should be in 
a proper condition at the follow up. Three patients with 
positive outcome of gait in the CSF TT and negative out-
come postoperatively hade shunt adjustments before the 
follow-up.

The relatively long time from baseline to surgery 
(median 126.0 days) may have negatively influenced the 

results. Shunt treatment is emphasized to be performed 
as soon as possible after diagnosis according to the con-
tinuous progression of symptoms [22].

Correlations between CSF TT and postoperative outcomes
In the European iNPH multicenter study, using the Hell-
ström iNPH scale, a correlation between improvement 
after the CSF TT and outcome post-surgery was only 
found in the gait domain, with a low correlation (r = 0.22) 
[8]. In our study the correlation for change after CSF TT 
and change after surgery in the gait domain was r = 0.48 
(Fig. 4). In the same study by Wikkelsø et al. [8], the sen-
sitivity (the total iNPH scale score both in the CSF TT 
and postoperatively), was 52% and the specificity was 
59%. The authors mentioned the suboptimal methodol-
ogy as a cause of the low predictive value.

Patients within the CSF TT gait responder group in 
the present study had significantly higher baseline scores 
than the CSF TT gait non-responders in all iNPH scale 
domains (except for the continence domain) and in all 
subtests within the gait domain (Table  2). In previous 
research it is it has been shown that patients with more 
severe symptoms have poorer outcome after surgery [22] 
that also is confirmed in this study.

The importance of evaluating clinical symptoms 
and radiology in iNPH
Seventy-eight percent of the operated participants 
improved on the total iNPH scale score after surgery, 
which is in line with the 75.0% improvement rate recently 
reported [23]. The fact that CSF TT was only an adjunct 
test, and the clinical profile together with the analysis of 
the radiological characteristics were given priority in the 
decision of shunt surgery, could be attributed to the posi-
tive postoperative outcome among the non-responders.

Due to the high positive predictive value, there are 
those who support the use of the CSF TT as an additional 
test to detect shunt candidates. The low negative predic-
tive value emphasizes the importance of not excluding 
patients from surgery [9, 10, 14]. Even with the standard-
ized methodology in this present study, the diagnostic 
accuracy of the CSF TT is still limited. A careful evalua-
tion of other clinical symptoms together with a selective 
radiological assessment and meticulous consideration 
about other explanatory diagnosis are important aspects 
to take into account when selecting patients for shunt 
surgery.

Strengths and limitations
A limitation of this study is the retrospective design. We 
included patients over a period of 4 years and there were 
different examiners during that time. However, strengths 
of the study are that we used a standardized protocol 
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and prospective inclusion. Using the robust iNPH scale, 
which tolerates missing values, is a strength and we had 
few missing data in the included material. The iNPH 
scale is valid when measuring outcome after surgery 
and we used the proposed cut-off level. The post CSF 
TT assessment was measured about three hours after 
the LP and we used no repetition. Virhammar et al. [24] 
have reported that improvements in gait can occur with 
repeated measures, within 24 h after the LP, if previous 
measurements were negative. Negative outcomes at the 
time point of three hours, in the present study, could have 
been falsely negative. Another limitation is the lack of 
data from the patients who were not selected for surgery.

Conclusions
Using the gait domain in the Hellström iNPH scale for 
CSF TT can detect gait outcome after surgery but the 
negative predictive value is low. The balance domain is 
too insensitive to use as an assessment of the CSF TT. 
Clinical examination, accurate radiological assessment 
and careful consideration of other explanations to cover 
all aspects of iNPH are important parts in the evaluat-
ing process ultimately answering the question who would 
benefit from shunt surgery.
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