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ABSTRACT

Background: MRI Phase contrast (PC MRI) CSF flowmetry is a reliable noninvasive method used multiple
different parameters to detect the CSF motion through aqueduct of sylvius.

Objective: To evaluate the role of MRI phase contrast CSF flowmetry in diagnosis of CSF motion in various
brain pathologies.

Patients and methods: Fifty patients were in this study. This study was performed between August 2020
and May 2021, at Department of Diagnostic and Interventional Radiology, Al-Azhar University Hospitals in
Cairo. Patients were referred from Neurology Department and outpatients MRI radiology unit at Al-Hussein
University Hospital in Cairo. In our study we used 6 parameters including the Peak of the mean diastolic and
systolic velocities in cm/sec, (PDV and PSV), Maximum velocity (Vmax) in cm/sec, ROI area which is
aqueduct area measured in cm2. Maximum flow in cm3/sec. and the usual CSF volume passing within the
aqueduct during systole and diastole which is called Stroke volume and measured in pl/cycle. We used PC
MRI to assess the connection between the subarachnoid spaces and the arachnoid cyst, which benefits in
treatment selection. patients with hydrocephalus by PC MRI that illustrated the sort of hydrocephalus and the
reason for obstruction in non-communicating type.

Results: CSF flow indices were higher than ordinary in normal pressure hydrocephalus (NPH) and idiopathic
intracranial hypertension (I1H) while in brain atrophy (BA) the CSF flow indices were lower than typical. In
Chiari malformation type | (CM-I1) patients we applied PC MRI method at the aqueduct level and cranio
cervical junction (CCJ) level. The velocities were fundamentally higher than typical in CM-I at aqueduct
level. However, non-high at the degree at CCJ level, through the endoscopic third ventriculostomy (ETV)
stoma. CSF flow by PC MRI and tracked down that high stroke volume (SV) was a good index for successful
ETV.

Conclusion: MRI CSF flowmetry gave simple, precise and noninvasive technique for analysis and follow up
of various diseases of neurology that interfered with normal CSF flow. Also, it tended to be direction for
legitimate treatment choice.

Keywords: CSF flowmetry, PC MRI, CSF pathology.

INTRODUCTION (Akay et al., 2015). Also, to discriminate
Phase contrast MRI (PC MRI) CSF among _normal pressure hydrocephalus
i - . and brain atrophy use PC MRI. The most
flowmetry the most important indicator in

diagnosis and to follow up IIH patients important indicator in diagnosis and to
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follow up IIH patients is PC MRI is
arising (MRI) technique tends to be
utilized for the qualitative and quantitative
evaluation of CSF motion at key anatomic
locations, like the cerebral aqueduct of
Sylvius and the foramen magnum (Alves
et al.,, 2017). For differentiation among
communicative and non-communicative
hydrocephalus, shows whether if there is
any communication between arachnoid
cysts and the subarachnoid space or not,
show the CSF flow irregularity that
outcomes from Chiari 1 malformation
owing to tonsillar herniation (Bladowska
and Sgsiadek, 2018). PC MRI after
Endoscopic third ventriculostomy (ETV)
can explain an accurate technique to
follow up of effective flow through the
stoma (Hassanien et al., 2018). To
discriminate  among normal pressure
hydrocephalus and brain atrophy use PC
MRI. The most important indicator in
diagnosis and to follow up IIH patients is
PC MRI.

The present work aimed to evaluate
the role of MRI phase contrast CSF
flowmetry in diagnosis of CSF motion in
various brain pathologies.

PATIENTS AND METHODS

This was prospective study including a
total of 50 patients (25 males and 25
females) with their ages ranged from 1 to
70 years with mean age of 40.82+15.20
years, during the period between August
2020 and May 2021, at Department of
Diagnostic and Interventional Radiology,
Al-Hussein University Hospital in Cairo.
Agreement of the ethical committee, and
written informed permissions from all the
patients were obtained.

Inclusion criteria:

« Patients at any age from 1 to 70 years
and of both sexes.

» The patients in our study were divided
into:

- Control group Subjects were free
from any medical or neurological

disease and had standard
conventional MRI.
- Idiopathic intracranial

hypertension group based on
clinical symptoms, ophthalmology
examination and high CSF
pressure on lumbar puncture.

- Normal pressure hydrocephalus
group with Symptoms of Hakim
triad (gait disturbance, dementia
and urine incontinence).

- Brain atrophy group overlapping
symptoms with NPH Patients.

- Chiari type I malformation group
referred by common complaint of
headache aggravated by straining.
They were diagnosed by tonsillar
herniation below the foramen
magnum in Conventional MRI.

- Endoscopic third ventriculostomy
group who underwent ETV and
came for follow up.

- Arachnoid cyst group referred
from Neurology Department by
headache. They were diagnosed to
have intracranial arachnoid cyst by
conventional MRI.

- Hydrocephalus group referred
from Neurology Department by
variable symptoms (headache,
nausea and gait unsteadiness). All
were diagnosed by conventional
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MRI by having signs of
hydrocephalus (Evan index>0.3
and narrowed cortical sulci).

Exclusion criteria

These criteria were set to ensure
patient safety and avoidance of
complications, these criteria were patients
who had:

» A cardiac pacemaker.
» A metallic foreign body in their eye.
« Ananeurysm clip in their brain.

« Any electrically or magnetically
activated implants (cochlear implants).

+ Patients with severe claustrophobia.

« Uncooperative patients with excessive
motion.

» Bad general condition.
Phase contrast MRI Protocol:

1.5 T magnetic resonance scanner
(Philips Achieva, Netherland).

For sagittal 2D phase contrast image
the following parameters were used:

+ TR21ms.

« TE ranged from 5.4 to 10 ms.
* Flip angle 10°.

» Matrix 256x256 pixels.

+ Slice thickness=5mm.

For axial phase contrast image, the
following parameters were used:

» TRranged from 12 to 17 ms.

« TE ranged from 7.3 to 10.4 ms.
* Flip angle=15°.

»  Matrix 256x256 pixels.

» Slice thickness=5mm.

1719

Velocity encoding (VENC) was adjusted
for each category, in standard CSF flow
imaging the VENC value is 5-8 cm/sec.
for arachnoid cysts and brain atrophy
Lower VENC range (2-4 cm/sec). NPH
and through the stoma of ETV patients
higher VENC range (20-25 cm/sec). In
midsagittal image a localizer was located
at right angles to the aqueduct of sylvius,
the localizer should go through the
aqueduct in the axial plane. Phase contrast
images were obtained in one heart cycle.
A series of phase and magnitude images at
various heart phases were attained. A
similar strategy was applied to the
craniocervical  junction (CCJ) and
endoscopic third ventriculostomy (ETV)
stoma. For arachnoid cyst valuation, the
plane of imaging is changed according to
the predictable site of connection to the
subarachnoid space which may be in
axial, coronal or sagittal planes. After the
records achievement all images were
conveyed to the workstation equipment
with Q flow software. The CSF flow
indices were mechanically extracted
afterward a region of interest (ROI) was
lined out by hand to cover all pixels that
revealed the CSF flow signals on the
phase images after amplification of the
images to explain the flow.

Qualitative analysis was done in
midsagittal phase and magnitude images
which showed the CSF flow in systole and
diastole, the  hyperintense  signal
represents (caudal flow) in systole, while
the hypointense signal represented the
(cranial flow) in diastole, the change in
flow in the ETV stoma, aqueduct and CCJ
during systole and diastole to preclude the
presence of obstruction. For arachnoid
cyst, evaluation of connection with the
subarachnoid CSF space was done
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through searching for pulsatile CSF flow
(alteration of hypo and hyperintense
signal) in phase images in the suitable
plane of imaging at the neck of the cyst,
absence of such a signal ruled out the
communication.

Quantitative analysis:

» Peak systolic (PSV) and diastolic
(PDV) velocities: were obtained from
the mean velocity-time curve. In this
curve the area above the baseline
represented the diastolic flow with its
furthermost point is the peak diastolic
velocity in cm/sec, the area under the
baseline represented the systolic
velocity with the furthermost point
from the baseline represented the peak
systolic velocity which is measured in
cm/sec unit.

« (Vmax) Maximum velocity was
measured by (PSV + PDV) divided by
2

« The region of interest (ROI) which
represented the aqueduct area and
measured by (cm2).

» To calculate the maximum flow, we
used the following formula (maximum
flow equals Maximum velocity X
aqueduct area).

« The mean volume of CSF passed
through the region of interest (ROI)
area in one heart cycle was calculated
by adding forward and backward flow
and dividing the result by two which is
called The Stroke volume.

Analytical statistics: Statistical analysis
of the data: Data were tabulated, coded
then analyzed using the computer program
SPSS (Statistical package for social

science) version 17.0 to obtain descriptive
statistics were calculated in the form of:

1. Mean tStandard deviation (SD).

2. Median and range
maximum).

(minimum-

3. Frequency (number-percent).

In the statistical comparison between
the different groups, the significance of
difference was tested using one of the
following tests:

1. Student's t-test (Unpaired): Used to
compare between mean of two
different  groups of  numerical
(parametric) data.

2. Mann Whitney test: Used to compare
between two different groups of
numerical (non-parametric) data.

3. Repeated measures ANOVA (analysis
of variance) test: Used to compare
between more than two related groups
of numerical (parametric) data
followed by post-hoc Bonferroni.

4. Friedman test: Used to compare
between more than two related groups
of numerical (non-parametric) data
followed by pairwise comparisons.

5. Inter-group comparison of categorical
data was performed by using Fisher’s-
exact test.

A P value <0.05 was considered
statistically significant.
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RESULTS

The outcome of the disease in each age group was variable (Table 1).

Table (1): Age differences in each disease category

Differences Age Mean +SD | Median | Minimum | Maximum
Agueduct control category | 25.67 7.79 23 13 45
CCJ control category 38.33 | 12,57 32 28 55
I1H category 24.29 7.21 26 8 40
NPH category 51.73 7.26 53 38 70
BA category 54.5 2.87 55 48 63
CM-I category 27.5 7.88 24 20 42
ETV category 13.5 12.73 14 6 30
Arachnoid cyst category 55 104 6 1 19
Hydrocephalus category 29.8 19.9 35.5 55 54

The outcome of the disease in each sex group was variable (Table 2).

Table (2): Gender differences in each disease category

Sex| Male Female Total

Differences No % No % No %
Aqgueduct control category 2 | 40.00% 3 60.00% 5 100%
CCJ control category 2 | 66.67% 1 33.33% 3 100%
I1H category 0 0.00% 8 100.00% 8 100%
NPH category 8 | 61.54% 5 38.46% 13 100%
BA category 4 | 57.14% 3 42.86% 7 100%
CM-I category 1 | 33.33% 2 66.67% 3 100%
ETV category 2 | 66.67% 1 33.33% 3 100%
Arachnoid cyst category 1 | 33.33% 2 66.67% 3 100%
Hydrocephalus category 5 1100.00%| O 0.00% 5 100%

The highest PSV and SV were found in NPH patients (Table 3).

Table (3): Phase contrast parameters for aqueduct control category, IIH category,
NPH category and BA category collectively

Categories Aqueduct control IIH category |NPH category| BA category
Parameters category (n=5) (n=8) (n=13) (n=7)
Mean +SD | Mean| +SD | Mean | £SD |Mean| £SD
PDV(cm/sec) 2.10 038 | 355 | 096 | 425 117|134 ] 045
PSV(cm/sec) 2.75 060 | 418 | 116 | 495 | 160|168 | 0.56
Vmax (cm/sec) 2.45 028 | 380 | 097 | 457 | 129|148 | 045
SV (pl/cycle) 25.34 535 [39.27 | 16.48 |83.22 |27.50|11.64| 4.32
Aqueduct area (cm2) |  0.047 0.014 | 0.050 | 0.017 | 0.077 |0.029|0.049| 0.011
Maximum flow 0.117 | 0.044 [0.186 | 0.065 |0.349 |0.133(0.073| 0.025
(cm3/sec)
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All the PC MRI parameters showed compared to the control group as shown in

significant increase in NPH patients Table (4).
Table (4): Control category versus NPH category

Categories Aqueduct control NPH category

Parameters category (n=5) (n=13) P
Mean +SD Mean +SD
PDV/(cm/sec) 2.10 0.38 4.25 1.17 <0.002
PSV(cm/sec) 2.75 0.60 4.95 1.60 <0.003
Vmax(cm/sec) 2.45 0.28 4.57 1.29 <0.0011
SV (ul/cycle) 25.34 5.35 83.22 27.50 <0.005
Aqueduct area (cm?) 0.047 0.014 0.077 0.029 0.007

Maximum flow (cm®/sec) 0.117 0.044 0.349 0.133 <0.006

Figure (1): Case 1. Male patient aged 69 years old complained of urinary

a)
b)
c)
d)
€)

f)

9)

incontinence, memory disturbance and gait apraxia.

Axial FLAIR MRI at the level of the lateral ventricle showing hydrocephalus (Evan

index=0.33).

Sagittal T2 WI MRI showing marked low at the aqueduct (signal void sign).

patent normal aqueduct so excluding obstruction in 3D DRIVE image.

In systole, the CSF flow in the aqueduct of sylvius appears as shades of white in

Sagittal phase image.

In diastole the CSF flow in the aqueduct of sylvius appears as shades of black, so

confirm absence of obstruction in sagittal phase image.

According to the curve showing CSF in both systole (below the base line) and diastole

(above the base line), peak systolic velocity=5.8 cm/sec, peak diastolic velocity =3.9

cm/sec. maximum velocity =(3.9+5.8) / 2 = 4.85 cm/sec.

CSF flow curve table signifying:

e backward flow volume=156 pl, Forward flow volume= 131 pl and so the stroke
volume = (131+156) / 2 =143.5 ul/cycle.

e Aqueduct surface area=0.122 cm?. So, the maximum flow = 4.85 X 0.122 = 0.5917
cm?/sec.

Diagnosis: NPH with Hyperdynamic CSF circulation.
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All the PC MRI parameters showed compared to the control group as shown in
significant decrease in BA patients Table (5).
Table (5): Control category versus BA category

Categories Aqueduct control category BA category P
Parameters (n=5) (n=7)
Mean +SD Mean +SD

PDV/(cm/sec) 2.10 0.38 1.34 0.45 0.002
PSV(cm/sec) 2.75 0.60 1.68 0.56 0.003
Vmax(cm/sec) 2.45 0.28 1.48 0.45 <0.004

SV (ul/cycle) 25.34 5.35 11.64 4.32 <0.005

Aqueduct area (cm?) 0.047 0.014 0.049 0.011 0.98

Maximum flow (cm?/sec) 0.117 0.044 0.073 0.025 0.016

o p) -

Figure (2): Case 2. Patient 68 years old of male gender presented by challenging

urinary control, mentality impairment and gait disturbance

A & B) MRI Axial FLAIR images showing mild dilatation of the lateral ventricles,

abnormal hyperintensity in white matter representing ischemic changes and prominent
subarachnoid space and cortical sulci.

C) Coronal T2 WI showing prominent subarachnoid space and cortical sulci and dilated
Virchow Robin spaces.

D) patent normal aqueduct so excluding obstruction in 3D DRIVE image.

E) In systole, the CSF flow in the aqueduct of sylvius appears as shades of white in
Sagittal phase image.

F) in diastole the CSF flow in the aqueduct of sylvius appears as shades of black in
Sagittal phase image, so confirm absence of obstruction.

G) According to the curve showing CSF in both systole (below the base line) and diastole
(above the base line) peak diastolic velocity = 1.42 cm/sec, peak systolic velocity =
2.22 cm/sec. maximum velocity =(1.42+2.22) / 2 = 1.82 cm/sec.

H) CSF flow curve table signifying:

e Backward flow volume=14 pl, forward flow volume= 10 pl and so the stroke
volume = (10+14) / 2 =12 pl/cycle.

e Aqueduct surface area=0.05 cm? So, the maximum flow = 1.8 X 0.05 = 0.09
cm?/sec.

Diagnosis: brain atrophy with Hypodynamic CSF flow.
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All the PC MRI parameters showed compared to the control group as shown in
significant increase in IIH patients Table (6).
Table (6): Control category against I1H category
Categories Aqueduct control | 11H category p
Parameters category (n=5) (n=8)
Mean +SD Mean +SD

PDV/(cm/sec) 2.10 0.38 3.55 0.96 0.003

PSV(cm/sec) 2.75 0.60 4.18 1.16 0.004

Vmax(cm/sec) 2.45 0.28 3.80 0.97 0.001

SV (ul/cycle) 25.34 5.35 39.27 | 16.48 | 0.006

Aqueduct area (cm?) 0.047 0.014 | 0.050 | 0.017 0.7

Maximum flow (cm®/sec) | 0.117 0.044 | 0.186 | 0.065 | 0.004

Figure (3): Case 3 patint age 38 years old of female gender complaining of visual

9)

h)

impairment and headache. The fundus examination revealed papilledema.
Also, the CSF opening pressure was high

MRI Axial T2 WI showing no dilatation of the lateral ventricles.

MRI Axial T2 W1 at the level of eye globe showing kinking of both orbital nerves and

widening of the perioptic CSF space. Also note the partial empty sella.

Patent normal aqueduct so excluding obstruction in 3D DRIVE image.

The CSF flow in the aqueduct of sylvius appears as shades of white (Regardless of the

direction of flow) in Sagittal Magnitude image.

In systole, the CSF flow in the aqueduct of sylvius appears as shades of white in

Sagittal phase image in.

In diastole the CSF flow in the aqueduct of sylvius appears as shades of black in

sagittal phase image, so confirm absence of obstruction.

According to the curve showing CSF in both systole (below the base line) and diastole

(above the base line). peak diastolic velocity = 2.6 cm/sec, peak systolic velocity =

4.18 cm/sec. maximum velocity =(2.6+4.18) / 2 = 3.39 cm/sec.

CSF flow curve table signifying:

e Backward flow volume=50 pl and Forward flow volume= 47 pl so the stroke
volume = (47+50) / 2 =48.5 pl/cycle.

e Aqueduct surface area=0.057 cm? So, the maximum flow was calculated as
following: maximum flow= 3.35 X 0.057 = 0.19059 cm?/sec.

Diagnosis: 1IH with Hyperdynamic CSF circulation.
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The PSV and PDV parameters Whereas, the SV parameter revealed a
exhibited significant increase in CM- | non-significance pattern as shown in
group compared to the control group. Table (7).

Table (7): Aqueduct control category versus CM-I category

Categories| Aqueduct control category | CM-I category P
Parameters (n=5) (n=3)
Mean +SD Mean +SD
Agueduct PDV(cm/sec) 2.10 0.38 3.96 2.25 0.029
Agueduct PSV(cm/sec) 2.75 0.60 4.95 1.68 0.004
Aqgueduct SV (ul/cycle) 25.34 5.35 37.39 | 16.22 0.07
PC MRI parameters used at the CCJ This was applied for both CM-1 group and
level were PSV and PDV. They were new control group at the CCJ and results
extracted for each compartment distinctly. were summarized as shown in Table (8).

Table (8): CCJ control category versus CM-I category

Categories CClJ control category | CM-I category p
Parameters (n=3) (n=3)
Mean +SD Mean | +SD

CCJ anterior compartment

PDV(cm/sec) 1.46 0.14 2.29 0.85 | 0.17
CCJ anterior compartment

PSV/(cm/sec) 1.75 0.43 3.68 1.88 | 0.16
CCJ posterior compartment

PDV(cm/sec) 0.84 0.13 1.08 0.25 | 0.18
CCJ posterior compartment

PSV/(cmisec) 1.28 0.16 1.33 0.38 0.9
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Figure (4): Case 4 patient agd 30 yeold of female gender presented with

b)
c)

d)

9)
h)

)

o

headache that become worsened with straining. Patient underwent
conventional MR imaging and phase contrast MRI at 2 levels: Aqueduct
level and craniocervical junction (CCJ) level

MRI Sagittal T1 WI showing cerebellar tonsil herniates under the foramen magnum by

24 mm. Also, Syrinx is seen within the spinal cord opposite C5-6.

Patent aqueduct with flow void sign indicating high velocity in 3D DRIVE image.

In systole, the CSF flow in the aqueduct of Sylvius as shades of white at axial phase

image.

In diastole, the CSF flow in the aqueduct of Sylvius appears as shades of black at axial

phase image.

According to the curve at the level of the aqueduct showing CSF in both systole (below

the base line) and diastole (above the base line). Peak diastolic velocity = 7.2 cm/sec,

peak systolic velocity = 7.4 cm/sec.

CSF flow curve table demonstrating:

e Backward flow volume=36 ul, Forward flow volume= 34 ul and so the Stroke
volume = (34+36) / 2 =35 pl/cycle.

The CCJ in systole showing CSF flow as shades of white in axial phase image.

The CCJ in diastole showing CSF flow as shades of black in axial phase image.

Curve of velocity time at anterior compartment showing CSF in both systole (below

the base line) and diastole (above the base line) . peak diastolic velocity = 2.1 cm/sec,

peak systolic velocity = 2.7 cm/sec.

Curve of velocity time at posterior compartment showing CSF in both systole (below

the base line) and diastole (above the base line). peak diastolic velocity = 1.4 cm/sec,

peak systolic velocity = 1.2 cm/sec.

Note that the curve become more irregular posteriorly.

Diagnosis: Chiari malformation type | associated with cord syrinx causing CSF flow
abnormality which was reflected at the CCJ.
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Figure (5): Case 5. Female patient aged 7 years old agnosed as obstructive
hydrocephalus caused by tectal glioma™ underwent (ETV) endoscopic
third ventriculostomy and came for follow up with good postoperative
clinical outcome

a) MRI Axial T2 WI shows the marked low signal of CSF flow through the ETV stoma
(signal void sign), also note the tectal glioma.

b) MRI Axial FLAIR image showing the signal void CSF flow through the ETV stoma,
Also the tectal glioma is seen.

c) Obstructed aqueduct by tectal glioma and showing the flow void sign through the ETV
stoma, 3rd ventricle and the prepontine cistern (grade I11) in 3D DRIVE image.

d) Sagittal magnitude image showing CSF flow through the ETV stoma between the
prepontine cistern and the 3rd ventricle as shades of white regardless the direction of
flow.

e) in systole showing CSF flow through the ETV stoma between the between the
prepontine cistern and the 3rd ventricle as shades of white in sagittal phase image.

f) In diastole showing CSF flow as shades of black in sagittal phase image.

g) Curve of velocity time showing CSF in both systole (below the base line) and diastole
(above the base line). Peak diastolic velocity = 10 cm/sec, peak systolic velocity = 25
cm/sec.

h) CSF flow curve table demonstrating:

e Backward flow volume=996 ul, Forward flow volume= 749 pul and the stroke
volume= 872 pl/cycle.
e The area of ETV stoma =0.255 cm?.
Diagnosis: Opened ETV stoma with high SV.
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Figure (6): Case 6. patient aged 46 years old of male gender presented by visual

Impairment, headache and gait disturbances

a) MRI Axial T2 WI showing hydrocephalus.

b) Aqueductal web in 3D DRIVE image.

c) In systole showing absent CSF flow in the aqueduct at sagittal phase image.

d) In diastole showing absent CSF flow in the aqueduct at sagittal phase image.

e) Curve of velocity time showing significantly irregular CSF flow curve indicating
irregular to and fro motion of the CSF proximal to the location of obstruction.

Diagnosis: Aqueductal web causes obstructive hydrocephalus.
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Figur ). al aged 1 year old of male gender presented with progressive
increase in size of the head and delayed milestones

a) MRI Mid-sagittal T2 WI showing tetra-ventricular dilatation and flow void sign at the
aqueduct.

b) Patent normal aqueduct with flow void sign, so excluding obstruction in 3D DRIVE
image.

c) In systole, the CSF flow in the aqueduct of sylvius appears as shades of white at axial
phase image.

d) In diastole the CSF flow in the aqueduct of sylvius appears as shades of black, so
confirm absence of obstruction at axial phase image.

e) Curve of velocity time showing CSF in both systole (below the base line) and diastole
(above the base line). Peak diastolic velocity= 4 cm/sec, peak systolic velocity = 5
cm/sec.

f) CSF flow curve table demonstrating:

Backward flow volume=119 ul, forward flow volume= 115 pl and so the stroke

volume =117 pl/cycle.

Diagnosis: communicating hydrocephalus with hyper dynamic CSF circulation.
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Figure (8): Case 8. Female patint aged 12 years digne as Dandy Walker
malformation associated with inter-hemispheric cyst

a) MRI Axial FLAIR image showing absent cerebellar vermis and presence of
retrocerebellar cyst connected to the 4™ ventricle.

b) MRI Axial FLAIR image showing posterior interhemespheric cyst.

c) MRI Sagittal T2 WI shows both cysts in the same image.

d) Showing the two cysts in the same view, the inter-hemispheric cyst is multilocular with
possible communication with the retrocerebellar cyst at 3D DRIVE image.

e) In systole showing pulsatile CSF flow at the neck of the retro-cerebellar cyst as well as
inter-hemispheric cyst as shades of white at sagittal phase image.

f) In diastole showing pulsatile CSF flow at the neck of the retro-cerebellar cyst as well
as inter-hemispheric cyst as shades of black at sagittal phase image.

Diagnosis: The retro-cerebellar cyst was connected to the 4" ventricle. The inter-

hemispheric cyst had a communication with the retro-cerebellar one.
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Figure (9): Case 9. Male patient aged 23 years presented with cerebellar
manifestation

a) Sagittal T2 WI shows retro-cerebellar arachnoid cyst with tetra-ventricular dilatation

more marked at the 4th ventricle.

b) Retro-cerebellar arachnoid cyst with tetra-ventricular dilatation more marked at the 4th
ventricle. Note the fine septa within the 4th ventricle at 3D DRIVE image.
c) In systole showing no pulsatile CSF flow at the neck of the retro-cerebellar cyst at

sagittal phase image.

d) In diastole showing no pulsatile CSF flow at the neck of the retro-cerebellar cyst at

sagittal phase image.

Diagnosis: The retro-cerebellar cyst was non communicating cyst.

DISCUSSION

In our study, we used 6 parameters
including the PSV and PDV which were
measured in cm/sec; maximum velocity
(Vmax) in cm/sec. Aqueduct surface area
was represented by the region of interest

(ROI) area and measured in cm2.
Maximum flow in cm3/sec, and the
average of the CSF volume passing
through aqueduct during systole and
diastole was stroke volume which was
measured in pl/cycle. While Akay et al.,
(2015) utilized aqueduct area, peak rate,
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mean rate, mean flow, forward flow
volume and backward flow volume.One
of the few treatable causes of dementia is
normal pressure hydrocephalus. NPH
patients after ventriculo-peritoneal shunt
show great improvement of clinical
symptoms. Symptoms of NPH are not
unique for it and also it is difficult to
accurately discriminate it from brain
atrophy (Liu and Digre, 2013).

In our study, we utilized PC MRI at the
level of aqueduct of sylvius in 13 patients
with normal pressure hydrocephalus.
There was a critical increase in all indices
utilized in NPH category contrasted with
control category representing CSF flow
hyperdynamic in patients of NPH. The all
parameters utilized in brain atrophy were
found to be significantly reduced than the
control category demonstrating CSF flow
of hypodynamic nature. Idiopathic
intracranial hypertension was diagnosed
by elevated intracranial pressure without
any obvious reason. We applied PC MRI
with the same six indices on 8 patients
with clinically suspected IIH referred
from neurology department and we
discovered a significant increase in all
indices. These outcomes were in
equivalent with Akay et al. (2015).

In Chiari malformation, regarding CSF
flow between spinal subarachnoid space
and the intracranial there was increased
resistance, we can aid clinicians to select
patients who need surgical intervention
and follow up them postoperatively by
Recognition of the severity of such CSF
flow irregularity (Dlouhy et al., 2017).

We examined 3 Chiari malformation
type | patients by PC MRI at 2 levels, at
the craniocervical junction and at the
aqueduct of sylvius. We utilized (PSV)

Peak systolic velocity, (PDV) Peak
diastolic velocity and (SV)stroke volume
at the aqueduct of sylvius. After
comparing the results of CM-I category
with our control category, we discovered
significant increase in Peak systolic
velocity (PSV) and Peak diastolic velocity
(PDV) in CM-I patients by comparison to
the control category. Anyway, the SV
index showed non significance. This was
in agreement with Wang et al. (2014) who
discovered significant increase in Peak
systolic velocity (PSV) and Peak diastolic
velocity (PDV) in CM-I patients
comparative to the healthy control group.

As regard the craniocervical junction
level, we studied CSF flow changes in
both the ventral and the dorsal regions of
the CCJ around the spinal cord by PC
MRI using peak velocity parameters only
(PSV and PDV). Then we applied the
same technique for new control group
(CCJ control group). We compared the
results of CM-1 group with that of the
control group at the CCJ level. This
revealed that all the PC MRI parameters
used showed non significance in
comparison with the control group in both
ventral and dorsal compartments.

One of the most progressively utilized
these days rather than shunt operation in
selected cases of obstructive
hydrocephalus is  Endoscopic  third
ventriculostomy (ETV). Evaluation of
effective ETV dependent on clinical base
or conventional MRI is not precise since
the clinical improvement might be slow
and influenced by different issues. PC
MRI can be utilized to quantify the flow
of CSF at the ETV stoma (Alves et al.
2017). In our research, we examined 3
patients who undertook ETV and came for
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follow up by PC MRI utilizing the
following indices: PSV, PDV, SV and
ROl area. All patients displayed high
velocities and stroke volume and this was
in match with the respectable clinical
outcome in all the three patients. This was
in agreement with Dincer et al. (2011)
who found that the stroke volume at ETV
stoma is a good pointer of the functional
status of ETV, and a high stroke volume
seems to be a positive indicator of great
clinical results. So, PC MRI gave precise
technique to guarantee patency and good
function of the ETV stoma after operation.

Arachnoid cysts may or may not have a
connection with the subarachnoid space
which  thus influences appropriate
treatment choice for symptomatic patients.
Such a communication may be noticed by
invasive examinations such as
ventriculography, CT  cisternography
(CTC) and MR cisternography (MRC).
PC MRI offers a noninvasive technique to
verify or deny existence of such a
communication (Li et al., 2013). We have
the arachnoid cysts disease in three
patients. Two of them were identified as
communicating cysts on base of
recognition of pulsatile CSF flow at the
neck of the cyst as (black and white signal
alteration). Just one case was identified as
non-communicating cyst because of
absence of such a signal.

Hydrocephalus is a vague diagnosis
that may outcome from many variable
causes. Communicating and  non-
communicating (obstructive)
hydrocephalus are the main two types of
hydrocephalus. The reason for
hydrocephalus might be evident by
conventional MRI. But if the reason is
questionable, phase contrast MRI can be

utilized to distinguish between non-
communicating and  communicating
hydrocephalus (Bladowska and Sgsiadek,
2018). In our study, 5 patients identified
to have hydrocephalus by conventional
MRI were further explored utilizing PC
MRI, which discovered the reason for
hydrocephalus precisely. One patient was
identified as communicating
hydrocephalus (had no obstructive cause
at the level of ventricular system by 3D-
DRIVE, and was confirmed by
quantification of CSF flow that shown
hyperdynamic CSF flow). The aqueductal
CSF flow velocity to be essentially higher
in communicating hydrocephalus patients
than normal volunteers. The rest 4 cases
were identified as obstructive
hydrocephalus by combination of ordinary
MRI, 3D DRIVE and quantitative analysis
through the aqueduct (revealed irregular
CSF flow curve). This was harmonious
with Lucic et al. (2012) who studied PC
MRI in patients with aqueductal
pathology and discovered the curve to be
asymmetrical in cases of obstruction.
Also, Bladowska and Sgsiadek (2018)
stated that sagittal heavily T2-weighted
DRIVE are compulsory sequence in the
accurate  assessment of  obstructive
hydrocephalus.

CONCLUSION

The most noninvasive, easy and
precise technique for diagnosis and follow
up of various neurological diseases that
interfere with normal CSF flow also, it
can be guidance for accurate treatment
decision is phase contrast cerebrospinal
fluid (CSF) flowmetry MRI.
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