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INTRODUCTION
Diagnosis of Normal Pressure Hydrocephalus is challenging. Beyond 
the clinical features such as the classically described triad of gait 
disturbance, urinary incontinence, and memory impairment, there is a 

1lack of a “gold standard” test to conrm the clinical diagnosis of NPH.  
Many diagnostic measures for NPH, such as the measurement of CSF 
pressure, intrathecal saline infusion test, intermittent CSF drainage, 
measurement of the cerebral blood ow, and even brain biopsy, have 

.2-6been suggested in the literature  Radionuclide cisternography, 
computerized tomography, magnetic resonance imaging, CT 
cisternography, phase-contrast MRI, and perfusion MRI are among the 

.2, 5, 6 imaging techniques used in the diagnosis of NPH However, all 
diagnostic workup described yield false-positive and false-negative 
results. Differential diagnosis of NPH from other types of dementia is 
important as CSF diversion in the former may lead to clinical 

5-7improvement.  However, clinical response to shunt surgery is highly 
6, 7variable.  Additionally, the surgical treatment carries with it 

signicant short- and long- term risks, and the etiopathogenesis of 
.5many NPH cases is unknown  Inspite of extensive research, an 

objective method of diagnosing NPH and predicting response to 
2, 5–7treatment remains elusive.  Intracranial pressure (ICP) monitoring 

and cerebrospinal uid (CSF) infusion tests are invasive and costly. 
7Their reliability and reproducibility are also limited.  MRI poses an 

attractive alternative to these tests because of its non-invasive nature. 
In addition, unlike CT, it is non-ionising and is highly suited as a 
research tool.  

MATERIALS AND METHODS
The study was conducted at a tertiary care institute in North India over 
a period of two years.

A total of 36 patients and 10 controls were included in the study. 

Detailed informed consent was taken from the patients and controls 
before inclusion in the study. 

Study Design: Prospective study 

Selection of subjects:

Inclusion Criteria:
1.  All patients clinically suspected of NPH i.e., presence of one or 

more symptoms of the triad 
2.  Age ≥ 60 years  

Exclusion Criteria:
1.  Age < 60 years 
2.  Obstructive hydrocephalus 
3.  Dementias other than NPH that could cause similar clinical  

symptoms or radiological ndings 
4.  History or evidence of conditions that might cause secondary 

NPH
5.  Patients with general contraindications to MRI 

All Magnetic Resonance Imaging (MRI) studies were performed using 
a 1.5 Tesla MR system (Magnetom Avanto, Siemens Medical Systems, 
Erlangen, Germany), with a standard head coil, in neutral supine 
position.

The following protocol was used:
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Table 1:  MRI protocol
Sequence FOV 

(mm/%)
Slice thickness 
(mm)

TR/TE (ms) NEX Flip angle 
(degrees)

t1_tse_tra 230/90 5 450/10 1 90

t2_tse_tra 230/91.1 5 3500/110 1 150

t2_tirm_ 
tra_dark-
uid

230/87.5 5 9000/97 2 150

t2_spc_sag 256/100 0.82 1400/104 1 150

FOV = eld of view, TR = time to repeat, TE = time to echo, NEX 
= number of excitations, tse = turbo spin echo, tra = transverse 
axial, tirm = turbo inversion recovery magnitude, spc = space, sag = 
sagittal, mm = millimetre , ms = millisecond
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All suspected NPH patients were assessed on routine MRI for:
1. Evans' index (EI): 
The maximum width of the frontal horns of the lateral ventricles and 
the maximum internal diameter of the skull at the same level on axial 
images were obtained and their ratio was taken as EI.

2. Callosal angle (CA): 
A sagittal image was used to identify the anterior/posterior 
commissure plane and the posterior commissure. The CA was 
measured as the angle between the lateral ventricles on a coronal image 
through the posterior commissure, perpendicular to the AC/PC plane 
(using the capability to re-angle in the PACS).

3. Width of Sylvian fissure: 
Measured in millimetres on a sagittal image located at the midpoint 
between the skull and the insular cortex, in ve different locations 
perpendicular to the direction of the Sylvian ssure. The median value 
of the ve locations was calculated for each side, and the average of 
right and left was recorded. 

4. Diameter of third ventricle:
 Measured in millimetres on axial images in the widest part.

5. Diameter of temporal horn of lateral ventricle: 
Measured in millimetres on both sides on axial images and the mean of 
left and right sides was calculated.

6. Deep white matter hyperintensities (DWMH): 
Evaluated on T2/FLAIR images and graded by the ordinal scale 

8 described by Fazekas et al. as follows : 0 - no lesions, 1 - punctate foci, 
2 - beginning conuence of foci, 3 - large conuent areas.

7. Extent of flow void through the aqueduct and fourth ventricle: 
Observed on T2 sagittal images and graded by a modied version of 

9the ordinal scale described by Algin et al. as follows  :  0 - no ow void 
in the aqueduct, 1 - ow void only in the aqueduct, 2 - ow void in the 
aqueduct and the upper half of the fourth ventricle, 3- ow void that 
extends to the caudal part of the fourth ventricle. all of the above 
includes all 1-7 values.

Statistical Analysis: 
Data obtained was entered into Microsoft Excel Spreadsheets. 
Categorical variables were summarized as frequency and percentage. 
Continuous variables were summarized as mean and standard 
deviation and represented as Box plots showing mean (x), 25th, 
median and 75th percentiles (box) and ±95th percentiles (whiskers). A 
two-sided p-value was reported, and a p-value of < 0.05 was 
considered statistically signicant.

OBSERVATIONS AND RESULTS

There were 36 patients of NPH and 10 age-matched controls.

Figure 1. Box plots showing the comparison of Evans' index in 
controls and cases

Figure 2. Box plots showing the comparison of callosal angle in 
controls and cases

Figure 3. Box plots showing the comparison of width of Sylvian fissure 
in controls and cases

Figure 4. Box plots showing the comparison of diameter of third 
ventricle in controls and cases

Figure 5. Box plots showing the comparison of diameter of temporal 
horn of lateral ventricle in controls and cases
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Table 2: Comparison of Evans' index in controls and cases
Controls Cases P-value
0.26 ± 0.02 0.34 ± 0.04 0.00001

Table 3: Comparison of callosal angle in controls and cases
Controls Cases P-value
104.5 ± 5.5° 84.0 ± 8.7° 0.00001

Table 4: Comparison of width of Sylvian fissure in controls and 
cases
Controls Cases P-value
3.2 ± 0.9 mm 6.5 ± 1.4 mm 0.00001

Table 5: Comparison of diameter of third ventricle in controls 
and cases
Controls Cases P-value
5.8 ± 1.3 mm 12.7 ± 2.6 mm 0.00001

Table 6: Comparison of diameter of temporal horn of lateral 
ventricle in controls and cases
Controls Cases P-value
3.9 ± 0.9 mm 7.4 ± 2.3 mm 0.00001

 INDIAN JOURNAL OF APPLIED RESEARCH 23



Figure 6. Stacked columns showing the comparison of deep white 
matter hyperintensities in controls and cases 

Figure 7. Stacked columns showing the comparison of flow void 
through the aqueduct and fourth ventricle in controls and cases

 

Image 2: T2 & FLAIR axial images showing Grade 1, 2 & 3 DWMH.

Image 3: T2 space sagittal images showing Grade 2 & 3 CSF flow 
void.

DISCUSSION
Evans' index: 
EI was higher in cases than controls, with a statistically signicant 
difference (p-value < 0.05). This is in accordance with the literature-

10established denition of ventriculomegaly as EI of 0.3 or greater.

Callosal angle:
CA was smaller in cases than in controls, with a statistically signicant 
difference (p-value < 0.05). This corroborates the conventional usage 

10 of CA as a marker of NPH with a value of < 90°. CA is mainly a marker 
 of ventricular size. A small CA has previously been useful for 

separating patients with iNPH from those with Alzheimer's disease and 
11 healthy controls (Ishii K et al.). Several authors have proposed a 

plausible theory to explain the small CA in hydrocephalus: the 
dilatation of the lateral ventricles elevates the corpus callosum until it 
reaches the level of the falx, while the lateral portions of the roof of the 

12lateral ventricles continue to rise, thus decreasing the CA.

Width of Sylvian fissure: 
Sylvian ssures were wider in cases than in controls, with a statistically 
signicant difference (p-value < 0.05).  This was also found in a study 
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Table 7: Comparison of deep white matter hyperintensities in 
controls and cases
Grade Controls Cases p-value

Number Percentage Number Percentage
0 1 10 3 8.3 0.42
1 1 10 5 13.9
2 3 30 9 25
3 5 50 19 52.8

Table 8: Comparison of flow void through the aqueduct and 
fourth ventricle in controls and cases
Grade Controls Cases

Number Percentage Number Percentage
0 10 100 2 5.6
1 0 0 0 0
2 0 0 8 22.2
3 0 0 26 72.2
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13by Fallmar et al. , which described signicantly enlarged Sylvian 
ssures in NPH. A communicating hydrocephalus with dilated 
ventricles and disproportionate distribution of the CSF between the 
superior and inferior subarachnoid spaces, i.e. compression of the 
medial/high convexity cortex sulci and dilation of the Sylvian ssures 
is referred to as DESH (Disproportionately Enlarged Subarachnoid 

14 space Hydrocephalus). This was the highlight of a research paper 
from the Japanese Study of Idiopathic Normal Pressure  
Hydrocephalus on Neurological Improvement (SINPHONI) which 

14described DESH as an imaging hallmark of iNPH. In this study,   
widened Sylvian ssures were seen in about 96% of the patients and  
were classied as having DESH. In our study, the nding of only 
widened Sylvian ssures was evaluated and emphasised as an 
important nding in NPH.

Diameter of third ventricle: 
Third ventricle was dilated in cases as compared to controls, with a 
statistically signicant difference (p-value < 0.05). Increased diameter 
of the third ventricle in NPH has previously been seen in a study 

15conducted by Virhammar et al.

Diameter of temporal horn of lateral ventricle: 
Temporal horns of lateral ventricles were dilated in cases as compared 
to controls, with a statistically signicant difference (p-value < 0.05). 
Dilation of temporal horns of lateral ventricles is an established nding 
in hydrocephalus and was used as a parameter to differentiate NPH 

16 from cerebral atrophy by Tans JT et al.  This nding was strengthened 
by the results of our study. Dilatation of the temporal horns of the 

17lateral ventricles is one of the earliest signs of hydrocephalus.   

Deep white matter hyperintensities: 
We found no signicant difference in DWMH between NPH patients 
and controls (p-value > 0.05). This correlates with the study by Fallmar 

13et al.  which stated that there was no difference in DWMH between 
NPH patients and other groups, including healthy controls. DWMH is 
commonly associated with risk factors for vascular disease like 
hypertension and smoking. The origin of DWMH is still disputed. 
Various authors have reported these hyperintensities to represent 
chronic ischemia, gliosis or plasma leakage caused by diffuse 

18cerebrovascular endothelial failure.  In NPH, it is the transependymal 
CSF passage into the adjacent white matter that probably causes the 

19DWMH around the lateral ventricles .

Flow void through the aqueduct and fourth ventricle: 
On MR imaging, the CSF ow void via the cerebral aqueduct and 
fourth ventricle indicates hyperdynamic CSF ow akin to the ow 

20voids seen in arteries. Generally, the signal intensity of owing uid  
decreases as the ow velocity increases. As the uid ows rapidly 
beyond a threshold, it loses its signal on MRI. This signal loss is termed 

21the ow void phenomenon.  In our study, all controls had Grade 0 i.e. 
no ow void. Out of 36 cases, 2 (5.6 %) had Grade 0, 8 (22.2 %) had 
Grade 2 and 26 (72.2 %) had Grade 3 ow void. In our study, CSF ow 
void had a sensitivity of 94.44%, specicity of 100% and accuracy of 
95.65% for NPH. Flow void in NPH was also ascertained in a study by 

22Bradley et al.  which stated that while healthy individuals can exhibit 
aqueductal ow void, this phenomenon is most prominent in chronic 
communicating NPH patients, is less apparent in patients with acute 
communicating hydrocephalus and is least apparent in patients with 
brain atrophy. In NPH, ventricular enlargement pushes the brain 
parenchyma close to the cranium. During systole, blood ows into the 
cerebral hemispheres and since the brain cannot expand outwards, it 
expands only inwards. This inward expansion compresses the lateral 
and third ventricles, expelling a large volume of CSF via the aqueduct 

22and this leads to a prominent CSF ow void.

CONCLUSION
Conventional MRI ndings in NPH patients include a higher Evans' 
index, a smaller callosal angle, wide Sylvian ssures, dilated third 
ventricle and dilated temporal horns of lateral ventricles, as compared 
to age-matched controls. CSF ow void through the aqueduct and 
fourth ventricle is seen in NPH patients but not in controls. There is no 
signicant difference in deep white matter hyperintensities in NPH 
patients and age-matched controls.
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