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Abstract

intROductiOn

Normal pressure hydrocephalus (NPH) is an increasingly 
recognized diagnosis, made in patients with ventriculomegaly 
by excluding secondary hydrocephalic disorders, and 
supported by the amelioration of gait, urinary, and cognitive 
difficulties in response to cerebrospinal fluid (CSF) drainage. 
The clinical triad of gait disturbance, cognitive impairment, 
and urinary incontinence is critical for suspicion of NPH as 
well as diagnosis. However, it has been acknowledged that full 
triad present in under 60% of the patients[1] and their individual 
occurrences are nonspecific as they may be encountered in 
many other etiologies and also in elderly individuals without 
any neurological disease. On the other hand, the gold standard 
diagnosis of this disease is the short-term response to CSF 
drainage.[2] However, it is an invasive method constituting 
an increased workload, occasionally technical difficulties 
as well as ethical problems. Besides, lumbar puncture has 
some complications, including infections, hematomas in 
puncture site, subarachnoid hemorrhage, and radiculopathy. 
Up to the present, to increase diagnostic accuracy and 
thus select appropriate patients for shunt surgery, several 
radiologic markers have emerged including the Evan’s index, 
narrowing of the callosal angle, enlargement of the width of 
temporal horns, disproportionately enlarged subarachnoid 

space hydrocephalus (DESH), and focally dilated sulci.[3-8] 
However, the results of these studies are controversial as 
the prognostic value of these neuroimaging signs and their 
utility in the selection of shunt candidates still remain to be 
elucidated. Shunt surgery is the optimal treatment method 
of NPH and it is indicated for patients who respond to CSF 
drainage or who have CSF hydrodynamic variables consistent 
with NPH.[9-11] However, there are many reports emphasizing 
the high rates of perioperative and long-term morbidity and 
mortality related to CSF shunting procedures. Such that, the 
pooled mean response rate to shunting for iNPH was found 
to be 59% in a crucial meta-analysis,[12] and in another study, 
sustained improvement after surgery was found to be at a rate 

Objective: To investigate the frequency of previously defined neuroimaging signs of normal pressure hydrocephalus in our NPH patient 
group with positive cerebrospinal fluid (CSF) tap test response. Methods: Twenty-two patients with probable NPH and 33 healthy control 
individuals were enrolled in this study. Previously defined 9 parameters including Evan’s index, narrow high convexity sulci, dilation of 
the Sylvian fissures, focally enlarged sulci, enlargement of the temporal horns, callosal angle, periventricular hyperintensities, bulging of 
the lateral ventricular roof, and disproportionately enlarged subarachnoid space hydrocephalus were evaluated on conventional magnetic 
resonance imaging. A total radiological score was formed in both groups. The total radiological score, scores, and frequency of each radiological 
parameters were compared between patient and healthy control groups. Results: The mean age of the patient group was 67.31 ± 7.27 (F/M 
ratio was 7/15), whereas it was 69.09 ± 4.89 (F/M ratio was 11/22) in healthy control group. The result of these analyses revealed that scores 
of all the radiological parameters, except callosal angle score, were found to be higher in NPH patient group. The parameters with the highest 
positive predictive values were narrow high convexity sulci, narrowing of callosal angle, and DESH (100%, 100%, and 100%, respectively). 
On the other hand, enlargement of temporal horns had the highest negative predictive value among all parameters (96%). Conclusion: The 
results of our study support the use of neuroimaging parameters as an alternative method for CSF tap test. We suggest that in the presence of 
narrow high convexity sulci and/or narrowing of callosal angle, the decision of shunt surgery may be made in patients with suspicion of NPH, 
without performing CSF tap test. Confirmation of these results, in the future, large-scale studies may certainly provide critical perspectives 
to be used in the clinical practice.

Keywords: CSF tap test, diagnosis, neuroimaging, normal pressure hydrocephalus

Address for correspondence: Dr. Halil Onder, 
Neurology Clinic, Yozgat City Hospital, Yozgat, Turkey. 

E‑mail: halilnder@yahoo.com

This is an open access journal, and articles are distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to remix, tweak, and build 
upon the work non‑commercially, as long as appropriate credit is given and the new creations are 
licensed under the identical terms.

For reprints contact: reprints@medknow.com

DOI: 10.4103/aian.AIAN_583_19

The Utility of Neuroimaging Parameters in Discriminating 
Patients of Normal‑Pressure Hydrocephalus with Positive 

Cerebrospinal Fluid Tap Test Response from Healthy Controls
Halil Onder, Gurol Goksungur1

Neurology Clinic, Yozgat City Hospital, Yozgat, 1Radiology Clinic, Yozgat City Hospital, Yozgat, Turkey

Original Article

Received: 06 -11-2019 Revision: 19-11-2019  
Accepted: 27-11-2019 Published: 08.12.2020



Onder and Goksungur: Neuroimaging parameters in normal pressure hydrocephalus

 Annals of Indian Academy of Neurology ¦ Volume 23 ¦ Issue 5 ¦ September-October 2020626

of 39% documented 5 years after surgery.[13] Remarkably, 
the basic cause of shunt unresponsiveness is surgery-related 
complications including death, infection, seizures, shunt 
malfunction, subdural hemorrhage, or effusion which were 
reported to occur at mean rate of 38%.[12] Combining that 
short-term response to CSF tap test is the gold standard of 
NPH and it is the critical criteria in determination of the 
decision of shunt surgery, we have aimed to investigate the 
presence of previously identified neuroimaging parameters 
of NPH in our NPH patient groups who had given positive 
response to CSF tap test, thus eliminating the confounding 
effect of surgery-related complications. Via this method, we 
have planned to investigate the neuroimaging profile of NPH 
pathophysiology more precisely, which might not be the case 
in the previous related neuroimaging studies focusing on the 
prognosis after shunt surgery as the primary outcome.[10,14-16] 
We have aimed to interrogate the clinical significance of these 
neuroimaging parameters and their potential utility for indirect 
determination of the decision of shunt surgery. Ergo, we hope 
to provide substantial contributions to NPH pathophysiology 
from a distinct perspective.

mateRials and metHOds

The sample consisted of 22 patients with probable NPH who 
were diagnosed in Yozgat City Hospital Neurology Clinic 
between January 2017 and August 2019. Patients were 
diagnosed based on the guidelines approved by the Japanese 
Society of Normal Pressure Hydrocephalus[7] and included 
age >60 years, 1–3 symptoms related to normal pressure 
hydrocephalus, and ventricular enlargement. All patients also 
fulfilled the criteria for probable idiopathic NPH in the INPH 
guidelines.[9] In all patients with clinical and radiological 
suspicion of NPH, a CSF tap test was suggested. Patients who 
were not evaluated with CSF tap test were excluded from the 
study. Besides, patients with negative CSF tap test results 
were also excluded. All NPH patients with positive CSF tap 
test responses were included in the study. In all patients, a 
high-volume (>30 mL) CSF tap test was performed while 
patients were lying on their sides, with legs pulled up and chin 
tucked in. The assessment of improvement after CSF tap test 
was made 4–5 h after LP. Improvement in gait was evaluated 
using the 10-m walk-in time test. No standardized tests 
have been performed to evaluate improvement in cognitive 
status and symptoms of urinary incontinence. However, 
cognitive improvement and recovery in urinary symptoms 
have been evaluated according to individual interviews and 
examinations. The short-term improvement after CSF tap 
test has also been discussed with the patient and the patients’ 
relatives. Patients with slight improvement (or unclear) were 
not included in the study. The healthy control group consisted 
of 33 individuals who had admitted to neurology polyclinic 
with symptoms like peripheric vertigo or non-specific 
headache and were investigated with conventional magnetic 
resonance imaging (MRI) including coronal and axial 
FLAIR, axial and sagittal T1-weighted, axial T2-weighted, 

DWI (b = 1000 sn/mm2), and ADC images. Patients with a 
diagnosis of any other neurological disease affecting central 
nervous system were also excluded from control group. Two 
of the individuals in the control group were diagnosed with 
benign paroxysmal positional vertigo, whereas ten of them 
were diagnosed with tension-type headache.

The presence of eight radiological signs which had 
been investigated by cranial computed tomography in a 
population-based study of iNPH by Kockum et al. were 
evaluated in all study group.[17] Besides, DESH, which has been 
as a neuroimaging hallmark of NPH, was also investigated.[15,16] 
Radiological signs except periventricular hyperintensity 
were evaluated on T2-weighted images. Periventricular 
hyperintensities were evaluated using FLAIR images.

The following radiological parameters were evaluated in both 
patient and healthy control groups by a radiologist who is 
particularly interested in neuroimaging (GG).
• Evan’s index, the ratio between the maximum width of the 

frontal horns of the lateral ventricles and the maximum 
inner diameter of the cranium in the same transverse slice.[3]

• Narrow parietal high-convexity and medial parafalcine 
sulci, assessed in the transverse plane in the most superior 
slices and in the coronal plane.[4]

• Dilation of the Sylvian fissures, in the coronal plane, 
compared with surrounding sulci, in a simplified 
two-grade variant of the method of Kitagaki et al.[5] used 
by Virhammar et al.[8]

• Focally enlarged sulci, usually found in coronal or 
transverse planes, were defined by comparing them with 
surrounding sulci.[6]

• Temporal horns, measured in the transverse plane[8] and 
reported as mean width of the right and left side.

• Callosal angle, measured between the lateral ventricles 
in the coronal plane, through the posterior commissure 
perpendicular to the anterior–posterior commissure 
plane.[18]

• Periventricular hyperintensities along the lateral 
ventricles were graded as not present, present around 
frontal horns (as a cap), or diffusely extending around 
the lateral ventricles.[19]

• Bulging of the lateral ventricular roof, assessed in the 
sagittal plane at the posterior half of the ventricular roof.[8]

• DESH, the combination of high-convexity tightness, 
Sylvian fissure dilation, and ventriculomegaly which has 
been increasingly recognized as a neuroimaging hallmark 
of iNPH.[15]

These parameters were scored according to the iNPH Radscale, 
previously defined by Kockum et al.[17] However, we have also 
evaluated the presence of “bulging of the lateral ventricular 
roof” in analyses and compromised the total score including 
this parameter. The presence of DESH was evaluated; however, 
based on that it is a finding of the combination of all three 
parameters evaluated in the iNPH Radscale, no additional 
score has been given for this finding. Taken together, the total 
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of the first eight parameters above was used to compromise 
the total radiological score.

Statistical analysis
Radiological and clinical findings were presented with 
descriptive statistics (SPSS Statistics for Windows-version 20, 
IBM Corp., Armonk, NY, USA). Groups were compared 
using Mann–Whitney U-test and Student’s t-test. P <0.05 was 
regarded as significant. For all nine radiological parameters, 
values of sensitivity, specificity, positive predictive values, and 
negative predictive values were evaluated.

Results

Overall, 22 patients of NPH with positive CSF tap test 
responses and 33 healthy control individuals were included 
in this study. The mean age of the patient group was 
67.31 ± 7.27 years (F/M ratio was 7/15), whereas it was 
69.09 ± 4.89 years (F/M ratio was 11/22) in healthy control 
group [Table 1]. Mean values ± SD of MR findings in the patient 
group were the following: Evan’s index, 0.34 ± 0.079 and 
callosal angle, 112.95 ± 23.04, whereas they were 0.24 ± 0.03 
and 132.33 ± 7.92 in control group, respectively (P = 0.000, 
P = 0.001). The presence of all of the radiological signs was 
scored as mentioned in the method section and comparisons 
between patient group and healthy control groups were 
made for all the radiological parameters. The result of these 
analyses revealed that scores of all the radiological parameters, 
except callosal angle score, were found to be higher in NPH 

patient group. The total radiological score was 7.63 ± 1.89 
in the patient group, whereas it was 1.93 ± 1.41 in control 
group (P = 0,000) [Table 2]. All patients had got at least 4 
points from this structured radiological scale and at least three 
of these nine parameters were present in all of the patients. 
However, three of these nine parameters were also present in 
7 individuals of the healthy control group.

The parameter with the highest sensitivity was enlargement of 
temporal horn (95%), whereas the highest specific findings were 
narrowing of the callosal angle (less than 90°, 100%), narrow 
high convexity sulci (100%), and DESH (100%). Remarkably, 
narrow high convexity sulci, narrowing of callosal angle, and 
DESH were the parameters with the highest positive predictive 
values (100%, 100%, and 100%, respectively). On the other 
hand, the parameter with the highest negative predictive 
value was enlargement of temporal horns (96%) [Table 3]. 
Samples of the neuroimaging parameters in the patient group 
and healthy control group are demonstrated in Figure 1 and 
Figure 2.

discussiOn

Owing to its unique feature of reversibility by shunt 
surgery, NPH has attracted interest from many researchers 
up to date since it was first described by Adams et al. in 
1965.[20] However, despite efforts in this field, etiology and 
pathomechanisms remain to be elucidated as well as there 
are many pitfalls associated with a diagnosis of NPH whose 

Table 1: Frequency of the presence of radiological signs in the patient group and healthy controls

Parameters Presence Total individuals (n=55)

Patients n=22 Healthy Controls n=33
Periventricular hyperintensities Not present 2 (9%) 13 (39%)

Frontal horn caps 5 (23%) 15 (45%)
Confluent areas 15 (68%) 5 (15%)

Evan’s index ≤ 0.25 1 (5%) 16 (48%)
0.25-0.3 3 (14%) 15 (45%)
>0.3 18 (82%) 2 (6%)

Callosal angle >90 19 (86%) 33 (100%)
90-60 2 (9%) 0
≤60 1 (5%) 0

Bulging of the lateral ventricular 
roof

Not present 11 (50%) 30 (91%)
Present 11 (50%) 3 (9%)

Dilatated sylvian fissures Normal 8 (36%) 28 (85%)
Enlarged 14 (64%) 5 (15%)

Focally dilatated sulci Not present 13 (59%) 32 (97%)
Present 9 (41%) 1 (3%)

Temporal horns <4 mm 1 (5%) 26 (79%)
4-6 mm 6 (27%) 3 (9%)
≥6 mm 15 (68%) 4 (12%)

Narrow high-convexity sulci Normal 8 (15%) 33 (100%)
Parafalcine 8 (15%) 0
Vertex 6 (27%) 0

Disproportionately enlarged 
subarachnoid space hydrocephalus

Not present 13 (59%) 0 (0%)
Present 9 (41%) 33 (100%)



Onder and Goksungur: Neuroimaging parameters in normal pressure hydrocephalus

 Annals of Indian Academy of Neurology ¦ Volume 23 ¦ Issue 5 ¦ September-October 2020628

gold standard is the short-term response to CSF drainage.[2,7] 
On the other hand, there are many handicaps of performing 
a CSF tap test owing to its invasive nature and sometimes it 
cannot be performed by the reason of that some patients may 
not tolerate or accept the procedure. For all these reasons, 
radiologic data have been investigated to avoid the need to 
perform invasive CSF tap testing. The results of our study are 
important due to that studies investigating the radiological 
features of NPH patients with particularly positive CSF tap 
test responses are very rare in the literature.[18,21] In one of 
these studies, Ishii et al. also compared the neuroimaging 

findings of patients with probable NPH (all responsive to 
CSF tap test) with healthy control group.[18] In conclusion, 
they found that Evan’s index was significantly larger, whereas 
callosal angle was significantly smaller in NPH patients 
group according to healthy control group (0.338 ± 0.025, 
0.259 ± 0.025; 66 ± 14, 112 ± 11, respectively). Besides, 
mean visual rating score of periventricular hyperintensity was 
higher in NPH patients group according to healthy control 
group (P < 0.005). However, many other crucial neuroimaging 
signs of NPH such as high-convexity narrow sulci, focally 
dilatated sulci, DESH, and bulging of the lateral ventricular 

Table 2: Comparison of age and radiological signs between patients and healthy control groups (T test, Mann‑Whitney U 
test, Cross tabs)

Parameters Groups Mean Std. error mean P
Age Patients (n=22) 67.31±7.27 1.55057 0.324

Healthy controls (n=33) 69.09±4.89 0.85210
Evan’s index Patients (n=22) 0.34±0.079 0.01696

Healthy controls (n=33) 0.24±0.03 0.00668 0.000
Evan’s index 
classification

Patients (n=22) 1.77±0.52 0.11266
Healthy controls (n=33) 0.57±0.61 0.10687 0.000

Narrow sulci Patients (n=22) 0.90±0.81 0.17294 0.000
Healthy controls (n=33) 0.00±0.00 0.00000

Dilatated Sylvian 
fissures

Patients (n=22) 0.63±0.49 0.10497 0.000
Healthy controls (n=33) 0.15±0.36 0.06338

Focal dilatated sulci Patients (n=22) 0.40±0.50 0.10729 0.002
Healthy controls (n=33) 0.03±0.17 0.03030

Enlargement of temporal 
horn

Patients (n=22) 1.63±0.58 0.12389 0.000
Healthy controls (n=33) 0.33±0.69 0.12050

Callosal angle 
classification scale point

Patients (n=22) 0.18±0.50 0.10683 0.104
Healthy controls (n=33) 0.00±0.00 0.00000

Callosal angle Patients (n=22) 112.95±23.04 4.91243 0.001
Healthy controls (n=33) 132.33±7.92 1.37941

Periventricular 
hyperintensities

Patients (n=22) 1.59±0.66 0.14202 0.000
Healthy controls (n=33) 0.75±0.70 0.12332

Bulging of the lateral 
ventricular roof

Patients (n=22) 0.50±0.51 0.10911
Healthy controls (n=33) 0.09±0.29 0.05082 0.002

Total radiological score Patients (n=22) 7.63±1.89 0.40316
Healthy controls (n=33) 1.93±1.41 0.24595 0.000

Table 3: Sensitivity, specificity, positive, and negative predictive values of the radiological signs one by one

Parameters Presence Total individuals (n=55)

Patients 
n=22

Healthy 
Controls n=33

Sensitivity Specificity Positive 
predictive 

value

Negative 
predictive 

value
Periventricular hyperintensities Present 20/22 20/33 91% 39% 50% 87%
Evan’s index greater than 0.3 Present 18/22 2/33 82% 94% 90% 89%
Callosal angle less than 90° Present 3/22 0/33 14% 100% 100% 63%
Bulging of the lateral ventricular roof Present 11/22 3/33 50% 91% 79% 73%
Dilatated Sylvian fissures  14/22 5/33 63% 85% 74% 78%
Focally dilatated sulci Present 9/22 1/33 41% 97% 90% 63%
Temporal horns diameter more than 4 mm 21/22 7/33 95% 79% 75% 96%
Disproportionately enlarged 
subarachnoid space hydrocephalus

Present 9/22 0/33 41% 100% 100% 72%

High-convexity narrow sulci  14/22 0 42% 100% 100% 80%
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roof were not investigated in this study,[18] constituting a 
crucial limitation. In the other study by Otero-Rodriguez 
et al.,[21] 107 patients with possible NPH were divided into 
two groups as group 1, comprising patients with resistance to 
CSF outflow <12 mm Hg/mL/min, and group 2, comprising 
patients with resistance to CSF outflow >12 mm Hg/mL/min. 
The authors concluded that the measurements of callosal angle 
and width of temporal horns were significantly discriminative 
between groups (0.001 and <0.001, respectively) and 
DESH was significantly more frequent in group 2 (<0.001). 
Remarkably, after matching the radiologic variables, the 
authors found that positive predictive values were >80% for all 
pairwise combinations (DESH ± callosal angle, DESH ± width 
of temporal horns, width of temporal horns ± callosal angle, 
etc.). Furthermore, based on their high positive predictive 
values of matched radiological variables, they suggested that 
the lumbar infusion test could be avoided in the diagnosis of 
idiopathic normal pressure hydrocephalus.[21] These study 
results showing high sensitivities and positive predictive 
values of the neuroimaging parameters were all compatible 
with our findings. In our study, we have found extremely high 
rates of existence of these previously defined neuroimaging 
parameters in our NPH patient group with positive CSF tap 
test response. Remarkably, narrow high convexity sulci and 
narrowing of callosal angle were the findings with highest 
positive predictive values (both 100%). These two findings 
were not present in any of the individuals in healthy control 
group. The positive predictive values of other neuroimaging 
parameters were also considerably high (Evan’s index greater 
than 0.3: 90%, focally dilatated sulci: 90%, bulging of the 
lateral ventricular roof: 90%, all are demonstrated in Table 3). 
On the other hand, enlargement of temporal horn (≥4 mm) 
was the parameter with highest sensitivity, which was found 
in 95% of patients. This (enlargement of temporal horn) 

had also the highest negative predictive value among all 
parameters (96%). Negative predictive values of the other 
parameters were also high [Table 3] in compassion to the 
results of the previous study by Otero-Rodriguez et al.[21] 
However, this may be due to that we have compromised 
control group from healthy individuals rather than patients. 
Considering that CSF tap test (or other short-term diversion 
methods) has a considerable high predictability of shunt 
effectiveness (>90% according to American guidelines[10]) 
and it is the gold standard for diagnosis; the results of 
our study may be adaptable while making interpretations 
regarding the radiological features of treatable NPH patients 
as well as the potential utility of conventional MRI in clinical 
practice. Besides, considering that many other surgery-related 
complications (at high rates[12]) and other medical conditions 
might interact with the clinical status of the patients in the 
follow-up after shunt surgery, we think that via a method 
of including patients with positive short-term response to 
CSF diversion (instead of shunt responsive patients), the 
confounding effect of surgery-related complications and 
other medical comorbidities have been eliminated allowing a 
more clear investigation of the neuroimaging profile of NPH 
pathophysiology.

Taken together, our findings suggest that the existence of 
narrow high convexity sulci and narrowing of callosal angle 
may be a critical supportive paraclinical markers to be kept 
in mind while making decision of shunt surgery. On the other 
hand, lack of enlargement of the temporal horns may give rise 
to the thought that the diagnosis of NPH and its possibility of 
improvement by shunt surgery need to be reinterrogated. On 
the other hand, although its specificity and positive predictive 
values were extremely high, the sensitivity of the parameter of 
“callosal angle less than less than 90°” was found to be strictly 
low (14%) in comparison to the previous reports.[21]

Figure 2: MRI images showing samples of neuroimaging parameters in 
healthy control group. (a) Periventricular hyperintensities. (b) Enlargement 
of temporal horns. (c) Dilatated Sylvian fissures. (d) Bulging of the lateral 
ventricular roof. (e) Evan’s index greater than 0.3. (f) Focally dilatated 
sulci (arrows)
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Figure 1: MRI images showing samples of neuroimaging parameters in 
NPH patient group. (a) Narrow high‑convexity sulci (arrows), dilatated 
Sylvian fissures (jagged arrows). (b) Evan’s index greater than 0.3. 
(c) Focally dilatated sulci. (d) Bulging of the lateral ventricular roof. (e) 
Enlargement of temporal horns
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In the literature, data regarding the utility of neuroimaging 
signs in the clinical practice of NPH mainly derive from 
studies focusing on their predictive values for shunt 
responsiveness.[8,14-16] In the crucial study by Hashimoto et al., 
narrow high-convexity sulci and dilatated Sylvian fissures were 
found to be worthwhile findings in the diagnosis of NPH and 
prediction of shunt responsiveness.[15] Based on the results of 
high positive predictive values of neuroimaging findings in 
their study, they suggested that MRI-based diagnosis is useful 
for the diagnosis of iNPH.[15] These results have also been 
confirmed by the reports of Sasaki et al., Narita et al., and 
Shinoda et al. in which they found high-convexity tightness and 
Sylvian fissures dilatation as useful markers for the prediction 
of shunt responsiveness and prognosis for NPH.[4,14,16] We 
have also found high positive predictive values for these two 
signs (high-convexity narrow sulci: 100%, dilatated Sylvian 
fissures: 74%). In another previous report by Virhammar 
et al.,[8] a small callosal angle, wide temporal horns, and 
occurrence of DESH (the combination of high-convexity 
tightness, Sylvian fissure dilation, and ventriculomegaly) 
were found to be common in patients with idiopathic normal 
pressure hydrocephalus and were significant predictors of a 
positive shunt outcome. In the crucial report by Kockum et al. 
which was a prospective, population-based study, the authors 
found a significant correlation (r = 0.55, P < 0.001) between the 
total iNPH Radscale score (also used in our study) and clinical 
symptoms drawing attention to the importance of radiological 
evaluation in patients with NPH.[17] Besides, they also found 
that the inter-rater agreement for the included radiological 
parameters was high supporting the practical utility of these 
parameters in the clinical backgrounds. Based on this data, a 
crucial point may be that, although there was no prominent 
clinic in any of the individuals in healthy control patients with 
positive neuroimaging signs, we cannot exclude an underlying 
NPH pathophysiology which might be asymptomatic and 
unrecognized as well in the polyclinic evaluations. On the other 
hand, there is also a condition without a clinic, but including 
neuroimaging signs of NPH which was proposed by Iseki 
et al. in conclusion of their general population-based unique 
study.[22] However, during a follow-up period of 4–8 years, two 
of their 8 asymptomatic subjects had developed NPH clinic. 
Based on their results, they hypothesized that asymptomatic 
ventriculomegaly with the NPH features on MRI may represent 
a preclinical stage of iNPH. Future prospective studies 
including long-term follow-up of these asymptomatic patients 
with neuroimaging clues of NPH may provide substantial 
perspectives in this regard. However, the results of this study 
in light of the previous study results should be evaluated 
very meticulously. We know that radiological evaluation is a 
critical stage for diagnosis of patients with NPH. Such that, 
the clinical triad of NPH may be encountered in many other 
neurological diseases (mainly neurodegenerative subgroup) 
as well as elderly individuals which may be easily excluded 
based on nonexistence of hydrocephalus on MRI. On the 
other hand, in some circumstances, ventriculomegaly on CT 
or MRI is sometimes misinterpreted as brain atrophy, and 

NPH may be misdiagnosed as AD or other neurodegenerative 
diseases.[7]  Therefore, we cannot support consideration of that 
neuroimaging may replace the value of clinical evaluation 
overall. Rather, these results may support the predictor value of 
these neuroimaging parameters in the determination of tap test 
response, thus avoiding the need for this invasive test. On the 
other hand, our control group consisted of healthy individuals, 
instead of negative CSF tap test response patients, which avoids 
to suggest certain conclusions regarding the neuroimaging 
profile of solely positive CSF tap test response.

We have also confirmed the importance of the neuroimaging 
sings in diagnosis of NPH which were also investigated by 
Kockum et al.[17] However, our study groups consisted of 
probable NPH patients (proven with LP investigation) and 
all individuals were investigated with conventional MRI 
which were the basic differences as well as superiorities 
of our study. On the other hand, there was a high rate of 
patients with false-positive screening for the two signs of 
periventricular hyperintensities and enlargement of temporal 
horns (20/33, 7/33, respectively; Table 3) making these 
parameters nonspecific for the diagnostic purposes. Besides, 
narrowing of callosal angle and focally dilatated sulci were the 
two findings which were present in considerable low rates in 
patient group (3/22 and 9/22, respectively) making these sings 
nonsensitive markers for diagnosis. However, their diagnostic 
specificities were extremely high [Table 3].

The main limitation of our study may be that we have not 
included NPH patients without CSF tap test response which 
avoids further deliberations regarding the neuroimaging 
features of responsiveness of CSF diversion. Future reports 
of larger number of cases including also NPH patients with 
negative responses to CSF tap test may give substantial 
contributions in this regard. Besides, another limitation may 
be that we have not conducted a method for discriminating 
patients as primary or secondary NPH, which may lead a 
heterogeneity in the study group. Furthermore, no effort to 
identify a possible accompanying neurodegenerative pathology 
such as Lewy body dementia, PSP, or AD (which have been 
frequently reported to be comorbid to NPH) has been given. 
Nonetheless, we think that constituting a unique patient group 
with positive short-term responses to CSF tap test may provide 
certainly substantial contributions to our understanding the 
NPH pathophysiology from a distinct perspective.

cOnclusiOn

In conclusion, our study results support the use of neuroimaging 
parameters as an alternative method for CSF tap test. We 
suggest that in the presence of narrow high convexity sulci 
and/or narrowing of callosal angle, the decision of shunt 
surgery may be made in patients with suspicion of NPH, 
without performing CSF tap test. However, in the absence of 
enlargement of temporal horn, the diagnosis should be extra 
careful during the differential diagnostic procedures and 
reinterrogate the diagnosis of NPH. Confirmation of these 
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results, in the future, large-scale studies may certainly provide 
critical perspectives to be used in the clinical practice.
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