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Background. Hydrocephalus can be developing by a traumatic brain injury, intracranial hemorrhage, tumor, meningitis
of congenital malformation of the central nervous system. When the cause of the hydrocephalus is unclear, it is supposed
as idiopathic hydrocephalus. The most important classification features are the etiology and level of CSF obstruction.
The classification was improved and developed with diagnostic and surgical methods simultaneously. Currently, the
neurosurgeons have the possibility for usage of various methods and techniques of surgical treatment with their ad-
vantages and disadvantages. Systematization of radiological parameters is necessary to make a decision about the type
of the surgery.

Aim. to analyze and systematize the neuroimaging characteristics of various forms of idiopathic hydrocephalus in adults,
to assess the possible classification of idiopathic hydrocephalus.

Materials and methods. Between October 2011 and March 2021 290 patients with idiopathic adult hydrocephalus were
operated at the N.N. Burdenko National Medical Research Center of Neurosurgery of the Ministry of Health of Russia:
onset of symptoms in adulthood; no indications of the etiology of hydrocephalus and congenital hydrocephalus. The
age of the patients was 50 + 18.2 (18-85) years. The magnetic resonance images of patients were evaluated for the size
of the ventricles, condition of convexital and basal subarachnoid spaces, obstruction of the CSF pathways, and changes
in the position of the premamillary membrane, septum pellucidum, the roof of the 3 ventricle and the tonsils of the
cerebellum, the size of the sella turcica, the angle of the corpus callosum. The frequency of each of these parameters is
statistically estimated for each form of idiopathic hydrocephalus.

Results. Aqueduct stenosis has become the most frequent form of idiopathic hydrocephalus. Hydrocephalus in obstruc-
tion of the foramen of Monroe, aqueduct, foramen of Magendie, and cisterns of the posterior cranial fossa was signifi-
cantly more characteristic of young people (p <0.05). Hydrocephalus with obstruction of convexital CSF spaces can be
called hydrocephalus of the elderly (p <0.001). Hydrocephalus without verified signs of occlusion CSF pathways occurs
equally in all age groups. The FOHR index was significantly more important, and only in case of cisternal obstruction.
Enlargement one or both lateral ventricles and flattening of the roof of the 3 ventricle is characterized for Monro’s
foramen obstruction (p <0.001). The membrane at the outlet of the 4% ventricle and the absence of the “flow void” was
typically only for patients with obstruction of the foramen of Magendie (p <0.001). Ventral dislocation of the premamil-
lary membrane was characteristic of obstruction of the cerebral aqueduct, the foramen of Magendie, and cisterns of the
posterior cranial fossa. Compression of the convexital CSF spaces occurred in case of obstruction of the aqueduct, the
foramen of Magendie, but CSF spaces of the posterior cranial fossa — only with obstruction of the foramen of Magendie.
Dilation of the 4! ventricle was significantly associated with obstruction of the foramen of Magendie and cisterns of the
posterior cranial fossa (p <0.05). DESH symptom was significantly associated with obstruction of convexital CSF spaces
(p <0.001). Additional membranes in the cisterns of the posterior fossa were found only in cases of cisternal obstruction
(p <0.001). Cerebellar tonsils herniation was observed with obstruction of the foramen of Monroe, cerebral aqueduct,
and foramina of Magendie.

Conclusion. Because of statistical analysis, general signs found in all types of hydrocephalus, and private ones, char-
acterizing only specific signs of the type of the disease, both were found. The classification is logical and justified, it
is well applicable in neurosurgical and radiological practice. It allows rational planning of diagnostic evaluation and
treatment of patients. A modern magnetic resonance imaging protocol should include T2 scans (with “flow void”) and
FIESTA/CISS scans in the required planes, axial FLAIR scans.

Keywords: hydrocephalus, idiopathic adult hydrocephalus, classification of hydrocephalus, occlusive hydrocephalus,
obstructive hydrocephalus, foramen of Monroe, aqueduct of brain, foramen of Magendie, normal pressure hydrocephalus,
arachnoid cistern, endoscopic third ventriculostomy, ventriculoperitoneal shunt
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BACKGROUND

Hydrocephalus is an enlargement of the cerebral ven-
tricles due to abnormal cerebrospinal fluid (CSF) circula-
tion [1, 2]. Hydrocephalus can be caused by traumatic
brain injury, subarachnoid hemorrhage, tumor, neonatal
intraventricular hemorrhage, infectious inflammation of the
cerebral dura mater, developmental defects of the nervous
system. Symptomatic hydrocephalus without the obvious
cause is called idiopathic hydrocephalus [1].

Hydrocephalus classification allows determining the
indications and selecting the method of surgical treatment.
The most important classifying characteristics of hydro-
cephalus are disease etiology and the level of CSF flow
obstruction [2].

Hydrocephalus classification has been changing and
developing in parallel with development and implementa-
tion of new diagnostic and treatment techniques. In 1919,
W.E. Dandy identified the choroid plexus of the lateral
ventricles as the main structure producing CSFE. Evaluating
the possibility of injected contrast agent diffusing from the
cerebral ventricles into the spinal subarachnoid space
(SSS), he identified “communicating” and “non-commu-
nicating” hydrocephalus [3]. In 1960, J. Ransohoff et al.
were the first to prove that CSF flow can be obstructed both
in the ventricular system of the brain and outside it. They
proposed the term “extraventricular obstructive hydrocepha-
lus” signifying CSF flow obstruction outside the ventricles.
In contrast, they called intraventricular obstruction “intra-
ventricular obstructive hydrocephalus” [2, 4]. J. Li et al.
injected kaolin protein into the arachnoid cisterns of the
posterior cranial fossa (PCF) in test animals and showed the
possibility of hydrocephalus development in isolated ob-
struction of PCF ventral cisterns and in isolated obstruction
of convexital SSS [5].

Magnetic resonance imaging (MRI) of the head is the
main method of hydrocephalus diagnosis. It allows to as-
certain the conductivity of the cerebral aqueduct (CA)
through sequences of CSF flow-sensitive modes [6—8].
Sagittal sections show the position of the premamillar
membrane (PMM) dividing the third ventricle and the in-
terpeduncular cistern. It is assumed that its prolapse in the
ventral direction corresponds to the presence of constant
pressure gradient between these two CSF-containing spac-
es and, therefore, indirectly points to CSF flow obstruction.
This sign reliably predicts the possibility of effective endo-
scopic third ventriculostomy [9]. Additionally, MRI allows
to identify cases of PMM ventral dislocation without intra-
ventricular CSF flow obstruction [10, 11].

In 1998, H. Kitagaki et al. used volumetric MRI in idio-
pathic normal-pressure hydrocephalus and described ex-
tension of the Sylvian fissures and isolated sulci on the

convexital surface of the cerebral hemispheres with simul-
taneous SSS compression in the area of the superior sagit-
tal sinus and in the longitudinal fissure [12]. Later, this
condition was named disproportionately enlarged su-
barachnoid space hydrocephalus (DESH), and the
SYNPHONI trial confirmed high prognostic value of this
symptom in diagnosis of idiopathic normal-pressure hy-
drocephalus [13, 14].

There is no classification of idiopathic hydrocephalus
in the current scientific literature. Idiopathic normal-pres-
sure hydrocephalus and idiopathic aqueductal stenosis are
considered separate conditions. Additionally, detailed
search and analysis of the publications confirm high varia-
bility of the diagnosis. Systematization of neuroradiological
signs and focus on the key visualization characteristics are
absent for various forms of idiopathic hydrocephalus which
complicates diagnosis and, therefore, adequate patient
management and treatment. Classification and systemati-
zation of various forms of the disorder are necessary due
to development of endoscopic techniques, new treatment
methods.

Aim is to analyze and systematize neuroimaging cha-
racteristics of various forms of adult idiopathic hydroce-
phalus (AIH), evaluate its possible classification.

MATERIALS AND METHODS

Between October of 2011 and March of 2021 at the
N.N. Burdenko National Medical Research Center for
Neurosurgery (hereafter Neurosurgery Center), 290 pa-
tients underwent treatment due to signs of a disorder cor-
responding to AIH criteria:

« symptoms appearing in adult age;
« absence of indicators of hydrocephalus etiology and
congenital hydrocephalus.

Additionally, the study included patients who previous-
ly did not receive surgical treatment due to hydrocephalus
outside of the Neurosurgery Center. The database has been
prospectively updated during the whole period of material
accumulation.

Patient age varied between 18 and 85 years (mean age
was 50 * 18.2 years). There were more women in the total
group (54.1 %).

In September of 2014 at the annual conference of the
International Society for Hydrocephalus and CSF Disor-
ders (ISHCSF), radiologist Ari Blitz proposed a classifica-
tion of adult hydrocephalus per the level of CSF flow ob-
struction (Table 1). It was based on the approach proposed
earlier by H.L. Rekate [2]. Based on evaluation of the neu-
roradiological parameters presented below, the patients
were divided into groups depending on the obstruction lev-
el per the Blitz’s classification.



Table 1. Classification of idiopathic hydrocephalus of adults

Type of hydrocephalus Name of hydrocephalus
AHI1 Hydrocephalus due to foramen of Monroe
obstruction (fig. 1, 2)
AH2a Hydrocephalus due to aqueduct stenosis (fig. 3)
AH2b Hydrocephalus due to foramen of Magendie and Lushka
obstruction (fig. 4)
Hydrocephalus due to obstruction of the posterior cranial fossa

AH3 ;

cisterns (fig. 5)

Hydrocephalus with disproportional enlarged subarachnoid

AH4

spaces (fig. 6)
AHS5

Note. Here and in table 2, 3: AH — adult hydrocephalus.

The data of MRI performed during patients admission
at the Neurosurgery Center were analyzed in the context
of the condition of various parts of the CSF fluid pathways
and changes in the position of anatomical structures.

The lateral ventricles were considered enlarged if the
frontal occipital horn ratio (FOHR) was >0.4 [15] or the
Evans index was >0.29.

CA obstruction was diagnosed if the lateral and 3™ ven-
tricles were enlarged and:

* visible membranes were present in the CA lumen
in FIESTA sagittal images;

* CA lumen had stenosis by thickened quadrigeminal plate;

» CSF flow was absent in the CA per images obtained in

CFS flow-sensitive modes (T23DCUBE, phase

contrast MRI (PC-MRI));

* CSF hyperpulsation was observed in PC-MRI in com-
bination with CSF pulsation artifact in CA,;
ventral dislocation of PMM was observed. This sign was
evaluated per sagittal MRI sections, preferably in mag-
netic resonance (MR) cisternography mode. If the available
images did not allow to assess PMM dislocation, this
sign was considered to be absent, and patients were sent
to additional examinations. Normal PMM position was
stated in cases when it was located on the line connec-
ting mammillary bodies and the optic chiasm.
Conductivity at the exit from the 4™ ventricle was evalua-
ted similarly. Additionally, to the described signs, tetraven-
tricular hydrocephalus was also assessed in all cases.

Convexital SSS were considered compromised if T2
MRI did not allow to visualize CSF above the gyri; in other
cases, they were considered visible, or DESH symptom was
present (see below).

Disproportional SSS extension (DESH) was assessed
as SSS compression in the posterior parts of the longitudinal
fissure and near the posterior third of the superior sagittal
sinus in combination with widened lateral sulci and, some-
times, sulci on the convexital surface of the cerebral hemi-
spheres.

Hydrocephalus without CSF obstruction (fig. 7)
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Place of obstruction

Foramen of Monroe
Aqueduct of the brain

Foramen of Magendie and Lushka
Posterior cranial fossa cisterns

Convexital subarachnoid spaces

Absence of obstruction (this wasn’t
found)

The 3" ventricle was considered enlarged at 3™ ventricle
transverse width >0.048; 4™ ventricle was considered enlarged
at 4" ventricle transverse width (FVWT) >0.14 and/or
4t ventricle anteroposterior width (FVWAP) >11.91 mm.

PCF subarachnoid spaces were evaluated visually with-
out the use of objective parameters. The evaluation was
based on the CSF signal on the medial sagittal images, their
conductance was assessed by the presence of CSF pulsation
artifact.

The presence of leukoaraiosis was assessed in T2/FLAIR
MRI, as well as changes in the signal from the basal ganglia,
white matter.

The sella turcica was considered enlarged for anter-
oposterior diameter >15 mm, depth >13 mm.

The cerebral aqueduct was considered normal in the
absence of 3 ventricle enlargement and presence of CSF
pulsation artifact in it. The following types of CA condition
were identified: enlarged rostrally (in case of frontal part
enlargement); enlarged caudally (in case of distal part en-
largement); enlarged whole CA; CA stenosis (combination
of triventricular hydrocephalus, presence of CSF pulsation
artifact in the CA, and CSF hyperpulsation in the CA per
PC-MRI).

Cisterna magna size was evaluated subjectively. Its fill-
ing with the cerebellar tonsils, CSF signal visualization and
pulsation were taken into account.

Conductance of the PCF basal cisterns along the ven-
tral surface of the brainstem was evaluated by the presence
of CSF pulsation artifact in T2-weighted MRI. FIESTA
(CISS) MRI was used to visualize the presence of addition-
al membranes in the PCF cistern space.

Cerebellar tonsils were considered displaced if their
margin was lower than the McRae line.

For identification of more specific signs in each group
per the Blitz’s classification, study group patient data were
compared to the data from the rest of the patients. For
comparison of frequency of occurrence of qualitative signs,
Fisher’s exact test (two-sided variant) was used. For
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Fig. 1. Hydrocephalus due to unilateral obstruction of the foramen of Monroe (AH1 D). Axial T2: enlargement of the right lateral ventricle, left dislocation
of the septum pellucidum, convexital subarachnoid spaces normal (a). No neoplastic lessions on the post-contrast magnetic resonance imaging (b). Coronal
T2: enlargement of the right lateral ventricle, left dislocation of septum pellucidum, membrane obstruction of the right foramen of Monroe (c). The presence

of this membrane was confirmed due to endoscopic surgery

Fig. 2. Hydrocephalus due to bilateral obstruction of the foramens of Monroe (AH1). Both lateral ventricles are enlarged (a). No neoplastic lesions in the
Jforamens of Monroe (colloid cyst, tumor) (b). Normal size of the 37 ventricle (c). Sagittal image is demonstrated are flattening of the roof of the 3 ventricle,
4" ventricle has normal size, subarachnoid spaces of the posterior cranial fossa are normal, aqueduct is free and not enlarged (d)

intergroup comparison of quantitative parameters, Mann—
Whitney test (two-sided variant) was used. Statistically signi-
ficant level was p <0.05. The results were presented as medians,
means, standard deviations, minimums, and maximums.

RESULTS

Among all the forms of AIH, AH2a was the most com-
mon. Analysis of age showed that intraventricular obstruc-
tion (AH1, AH2a, AH2b) and extraventricular cistern ob-
struction (AH3) were significantly more frequent in young
patients (p <0.05). Mean age in these groups was <60 years.
Hydrocephalus with DESH symptom (AH4) can be con-
sidered hydrocephalus of the elderly, as mean patient age
was 68 £ 6.3 (55—85) years. In cases of AH5 hydrocephalus,
no significant correlation with patient age was observed, it
occurred equally frequently in all age groups (p >0.05)

In the context of sex, women more frequently developed
AHI (61.5 %) and AH3 (61.5 %) hydrocephalus. For other
forms, the ratio between sexes was approximately equal.

Age data and sex distribution for different forms of AIH
are presented in Table. 2.

The lateral ventricles were enlarged in all 290 (100 %)
patients.

Detailed data on neuroradiological parameters for each
AIH type are presented in Table. 3.

Evans, FOHR, FHR and BCR indices values were
higher in patients with AH3—0.37 £ 0.06 (0.29—0.64), 0.52 £
+ 0.06 (0.4—0.74), 0.46 = 0.07 (0.34—0.73), 0.29 £ 0.05
(0.17—0.48), respectively, but only the FOHR parameter
was significant (p = 0.031).

Enlargement of only one or both lateral ventricles is
significantly correlated with type AH1, as well as inter-
ventricular septum dislocation and flattening of the roof
of the 3™ ventricle (p <0.001). Hydrocephalus types
AH2a, AH4 and AHS5 were characterized by enlargement
of the lateral and 3" ventricles, while types AH2b, AH3
and some cases of AH4 and AH5 included enlargement
of the 4" ventricle.



HENPOXUPYPTUA
TOM 25 Volume 25

Russian Journal of Neurosurgery

Fig. 3. Hydrocephalus due to aqueduct stenosis (AH2a): a — axial T2: enlargement of the both lateral ventricles and normal convexital subarachnoid spaces;
b — sagittal T2 is making a false impression about patency of aqueduct, frame of the 3 ventricle is smoothed; ¢ — sagittal FIESTA is verified a membrane of
caudal part of the aqueduct; d — typical picture of the obstruction of the aqueduct of brain: lateral ventricles and 3 ventricle are enlarged, the lumen of the
aqueduct is blocked by the membrane, rostral part of the aqueduct is enlarged, premamillary membrane has a ventral position, herniation of tonsillas,
compression of the posterior cranial fossa subarachnoid spaces; e — frontal T2 scan: lateral ventricles and 3 ventricle are enlarged, compression of convexital
subarachnoid spaces; f — variant of the aqueduct stenosis with more rostral expansion than on figure “d”; g — sagittal T2 is presented far advanced aqueduct
stenosis: whole aqueduct is extremely enlarged as a result of caudal membranous obstruction; h — aqueduct stenosis as a result of thickening of the quadrigeminal
plate, T2 signal from this and from the brain are the same, which is making a possible to exclude glioma

Fig. 4. Hydrocephalus due to obstruction of the outlets of the 4" ventricle (AH2b): a, b — enlargement of the both lateral and 3 ventricles, convexital
subarachnoid spaces of the posterior cranial fossa are compressed; ¢ — enlargement of the 4" ventricle, convexital subarachnoid spaces of the posterior cranial
fossa are compressed; d — sagittal image: ventral dislocation of the premamillary membrane, enlargement of the aqueduct, tonsillas herniation

Absence of the CSF pulsation artifact in CA is a signif-
icant (p <0.001) characteristic only in AH2a type (99.1 %).
An exception was seen in 1 patient with incomplete CA
stenosis where artifact was preserved but PC-MRI showed
signs of CA stenosis.

Type of CA obstruction did not affect selection of sur-
gical treatment tactics. Therefore, frequency of each type
was not evaluated.

Presence of a membrane at the exit from the 4™ ventri-
cle and absence of CSF pulsation artifact in this area were

characteristic of AH2b hydrocephalus (p <0.001). In pa-
tients with other types of AIH these features were not ob-
served.

Ventral PMM dislocation was observed in 174 (60 %)
patients of the total group. This sign was characteristic
of AH2a (85 %), AH2b (100 %) and AH3 (87.7 %) types.
The severity of its prolapse wasn»t graded as it did not affect
treatment tactics selection.

Convexital SSS was compromised in 118 (40.7 %) pa-
tients. Most frequently this symptom was observed in patients
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Fig. 5. Hydrocephalus due to obstruction of the posterior cranial fossa cisterns (AH3). Lateral ventricles and 37 ventricle are enlarged (a—c), periventricular
changing of the signal is absent (a, b), convexital subarachnoid spaces are normal (a, c, f). Sagittal scans are demonstrated, that aqueduct and 4" ventricle
outlets are free (d, e). Caudal part of the aqueduct is more expanded than rostral (d, e). Subarachnoid spaces of the posterior cranial fossa are not changed or

enlarged (e). Additional membrane between ventral surface of the pons and clivus is visualized on the cisternography scan (arrowed) (e), cisterna magna
is enlarged. Corpus collosum corner is sharp (f)

Fig. 6. Hydrocephalus with DESH-symptom (AH4). Lateral ventricles and 3 ventricle are enlarged (a, d). Sizes of the 4" ventricle close to normal (c).
Premamillary membrane has a normal position, aqueduct and 4" ventricle outlets are free, that’s confirmed by the “flow void” on the T2 scan (c). Frontal T2
shows a significant expansion of the lateral fissures, while subarachnoid spaces of the parasaggital and interhemispheric regions are compressed. Hyperintensive
periventricular, subcortical and brain stem signal T2 and FLAIR (a, b, d)

Table 2. Age and sex difference between different types of idiopathic hydrocephalus of adults

Parameter Cg:'(‘)‘;‘;’“ AH1 AH2a AH2b AH3 AH4 AH5
Age, years 50 + 18.2 40+124 42+167 47+165 462+ 18.1 68 +6.3 63+11.8
» ¥ (18—85) (23-67) (18=77) (26—74) (18—79) (55—85) (29-77)
Sex, %:
woman 54.1 61.5 49.5 61.1 61.5 48.1 59.3
man 45.9 38.4 50.5 38.9 38.5 51.9 40.7
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Fig. 7. Hydrocephalus without verified obstruction (AH5). Scans show a variable of the group of patients AHS. The next signs may be observed at different
patients: enlargement of the lateral both (a), 3 (b, d) and 4" (b) ventricles. Convexital subarachnoid spaces may be compressed (c) or normal (f), or unevenly
expanded (f, d). Premamillary membrane has a normal position (b, e). Subarachnoid spaces of the posterior cranial fossa are usual. “Flow void” in the aque-
duct (e). Cisterna magna is usual (e). Several foci of hyperintensive signal in T2/FLAIR around ventricles, in the cortex, in the deep white mater of the
hemispheres (a, b, d)

with AH2b (72.3 %) and AH2a (69.9 %) hydrocephalus,
and it was never observed in patients with AH4.

DESH symptom was significantly correlated with AH4,
«hydrocephalus of the elderly» (p <0.001). In patients aged
60 years and older, DESH was also observed in AH2a
0.9 %).

The 3" ventricle was enlarged in all patients except the
AHI1 group. The enlargement was larger in patients with
AH2b (p = 0.006) and AH3 (p <0.001).

Enlargement of the 4™ ventricle (FVWT and FVWAP)
was observed in patients with AH2b (94.4 %), AH3
(89.2 %), as well as in some patients with AH4 (5.5 %)
and AH5 (29.6 %). In patients with AH1, the 4" ventri-
cle was always of normal size. Enlargement of the 4" ven-
tricle was significantly associated with AH2b and AH3
(p <0.05).

PCF subarachnoid spaces were enlarged in patients
with AH3 (69.2 %) and AH4 (51.9 %) significantly more
frequently than in other cases. In contrast, in patients with
AH?2b a trend toward compression of these CSF spaces was
observed (72.2 %) (p = 0.039).

Presence of leukoaraiosis in T2/FLAIR MR images,
as well as changes in signal in the basal ganglia, white mat-
ter, were significantly more frequent (p <0.001, p = 0.004)
in patients with AH4 (96.3 and 87 %, respectively), as well
as in other types of intraventricular obstructive hydrocepha-
lus in patients aged 60 years and older.

Increased size of the sella turcica was more common
in patients with AH2a and AH2b (33.6 and 33.3 %, respec-
tively), less common in AH3 (21.5 %). In the other groups
this sign was minimal or absent.

Cerebral aqueduct was enlarged only rostrally only
in patients with AH2a (94.7 %, p <0.001). Separately, en-
largement of only the caudal CA was observed in AH3
(73.8 %) and AH2b (11.2 %). Enlargement of CA as a whole
was significantly more frequent in AH2b (77.8 %, p=0.002),
and was also seen in AH3 (20 %) and AH5 (3.7 %). CA
stenosis with preserved conductance was observed in 1 case
only.

Size of the cisterna magna was increased in all patients
with AH3 which was a significant sign of this type of AIH
(90.8 %, p <0.001).
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Conductance of the PCF cisterns was preserved in all
types except AH3 where it was absent in 100 % of cases.
In some patients with AH2b and AH2a, cistern conduct-
ance was hard to measure due to strong pressure gradient.
Additional membranes in the PCF cisterns were observed
only in AH3 which was a pathognomic sign (p <0.001).

Lowering of the cerebellar tonsils into the great occip-
ital foramen was observed in patients with AH1 (16.7 %),
AH2a (9.7 %) and AH2b (38.8 %). In other AIH types,
dislocation of the cerebellar tonsils did not occur.

DISCUSSION

The etiological factor is one of the main factors in hy-
drocephalus classification as it determines the advisability
of endoscopic operation for correction of CSF flow. Post-
infectious, posthemorrhagic, posttraumatic and sometimes
congenital hydrocephalus are always associated with abnor-
mal CSF resorption, therefore endoscopic intervention is
not effective or useful irrespectively of the presence of in-
traventricular obstruction. The only approach to treatment
for these patients is CSF shunt surgery. Hydrocephalus eti-
ology can be determined through detailed medical history
obtained from the patient and their closest circle. Patients
with tumors causing CA obstruction that cannot be resect-
ed due to various causes, are good candidates for endoscop-
ic 3rd ventriculostomy.

In idiopathic hydrocephalus, identification of the CSF
obstruction location, determination of capabilities of endo-
scopic and shunt surgeries are the basis of quality patient
treatment, decreased frequency of complications in the
early and late postoperative period.

Detailed knowledge of the anatomy of CSF-containing
spaces, sequence of CSF flow in combination with MRI
capabilities allow to reasonably accurately verify the level
of CSF flow obstruction in the majority of patients [6—11].

The presented classification is relatively simple, logical
and includes the whole spectrum of AIH. It is convenient
for a surgeon as it allows them to rationally plan invasive
pre-surgical diagnostic procedures and helps with treatment
method selection.

The presence of hydrocephalus in groups AH1, AH2a,
AH2b, AH3 and AH4 is undeniable. Having neuroimaging
data, a specialist can focus on the reversibility of the pa-
tient’s symptoms, probability of further health decline
in comparison with the risk of surgical treatment. In AH5
group, due to the absence of reliable data on the presence
of CSF flow obstruction, the presence of hydrocephalus is
not obvious, and differential diagnosis with diseases accom-
panied by decreased volume of brain matter due to causes
other than abnormal CSF circulation is necessary.

The level of CSF obstruction affects the timing of hy-
drocephalus progression [5], and this is understandable.
In intraventricular obstruction, only transependymal CSF
resorption is possible [16]. In obstruction at the basal cistern
level, resorption into the lymph vessels along the spinal
roots is possible especially in the standing position when

CSF pressure in the spinal SSS is maximal. During obstruc-
tion only in the convexital SSS, additional resorption oc-
curs in the cranial lymph pathways through the cribriform
plate. And in fully conductive SSS, resorption into the in-
terstitial spaces of the brain, as well as venous sinuses
through the arachnoid granulations and villi, is available
[17]. Considering all these factors, we assume that the clas-
sification being discussed allows to deliberately approach
the evaluation of the risk of symptom progression in differ-
ent types of hydrocephalus which affects indications for
surgery.

For clarification of indications for hydrocephalus treat-
ment, CSF evaluation is frequently used [18, 19]. In intra-
ventricular obstruction hydrocephalus (AH1, AH2a, AH2b),
it is effectively contraindicated. In other cases, it can be
performed if indicated.

Predominance of intraventricular obstruction and cis-
tern obstruction in our material can be explained by limited
availability of endoscopic equipment. At the same time,
CSF shunt surgeries are significantly more accessible. Due
to this, the patients were referred to the Neurosurgery
Center for consultation.

MRI examination protocol in AIH which we consider
to be optimal in the conditions of our clinic is presented
in Table 4.

Table 4. Mandatory magnetic resonance imaging (MRI) components
in cases of idiopathic hydrocephalus of adults

MRI mode Image projection, comments
T2 Axial, sagittal and coronal
T2 sensitive to CSF .
pulsing Sagittal and/or coronal
FLAIR Axial

Magnetic resonance
cisternography (CISS,
FIESTA)

Sagittal, coronal

Oblique axial scan perpendicular
to the aqueduct, quantitative study
of the parameters of the CSF
pulsing through the aqueduct
(necessary if obstruction of the
aqueduct is questionable)

Optional: phase-contrast
MRI with
cardiosynchronization

Axial T2-weighted and FLAIR images are the standard
of survey examination, allowing to assess anatomy of the
brain, ventricular system, SSS, presence of periventricular
signal changes and other changes in the cerebral parenchyma
and propose a possible obstruction level. It is important
to have T2-weighted CSF flow-sensitive images [7] which
allow to determine conductance of CSF pathways in the
narrowest parts of the CSF flow system. In suspected ob-
struction at the foramen of Monro level, frontal sections are
necessary; in all other cases the presence of sagittal images is
considered necessary. CSF flow artifact (flow void) is a reli-
able sign of CSF pathway conductance. In hydrocephalus,



the best anatomical mode is MR cisternography (CISS,
3d-CISS, FIESTA sequences combining high CSF and soft
tissue contrast with the absence of artifacts caused by CSF
movement allow to visualize the thinnest membranes of the
CSF system: in the CA, at the 4" ventricle exit, PCF cis-
terns) [6, 8, 11, 20]. More accurate data on CSF flow in CA
can be obtained using PC-MRI [20, 21] and modern
spin labeling techniques (time-SLIP) [21—23]. We consid-
er availability of T2-weighted and MR cisternography im-
ages in the corresponding projections entirely sufficient for
accurate diagnosis of obstruction location and recommend
to use PC-MRI only in cases of suspected incomplete CA
stenosis.

The main focus in neuroimaging diagnosis of AIH
should be on the number of enlarged ventricles and detec-
tion of pressure gradient between different parts of the CSF
system. Its detection and possibility of relief are the key
to the selection of optimal surgical treatment technique.

Thus, interventricular septum is an anatomical struc-
ture which is well visualized in MRI, and its dislocation
in either direction testifies to the presence of pressure gra-
dient between the lateral ventricles due to obstruction at the
foramen of Monro level on one side. The roof of the 3 ven-
tricle represented by tela choroidea and corpus collosum is
also a well-visualized structure which normally has a typical
curved upwards position. The concept of normal for these
landmarks is relative, it does not have evidence-based digital
values, but flattening of these structures and sometimes ventral
invagination into the 3™ ventricle in combination with enlarge-
ment of both lateral ventricles mean the presence of pressure
gradient between them and the 3™ ventricle. This is the rarest
type of AIH, and special attention should be paid to differen-
tial diagnosis with space-occupying lesions of the foramen
of Monro area (primarily, colloid cyst).

PMM dislocation in the ventral direction is the most
known and widespread criterion of pressure gradient pres-
ence between the ventricular system and cistern of the PCF
base. Ventral PMM dislocation is a sign which reliably pre-
dicts the effectiveness of endoscopic 3" ventriculostomy. It
consistently occurs in such AIH types as AH2a, AH2b and
AH3, and is absent in AH1, AH4, AH5. MR cisternography
sagittal images allow to identify additional membranes be-
tween the cerebral clivus and stem supporting AH3 type
hydrocephalus.

DESH symptom is a peculiar indirect marker of pres-
sure gradient between the different parts of convexital SSS.

Russian Journal of Neurosurgery

HENPOXUPYPTUA
TOM 25 Volume 25

It is well distinguished in the T2-weighted coronal (frontal)
images and reliably points to AH4 hydrocephalus [12, 13].

Such features as intensity of SSS of various locations,
cisterna magna, changes in the signal from the cerebral
parenchyma, size of the sella turcica, cerebellar tonsils
dystopia into the great foramen, ventricular system indi-
ces, angle of the corpus collosum and combination
of these parameters are additional data indirectly point-
ing to some level of compensation in intracranial volu-
metric interactions and disease duration and should be
supported by medical history and objective patient exa-
mination data.

In our opinion, the main weak point of the presented
classification is heterogeneity of the AH5 group. It can in-
clude patients: 1) with communicating hydrocephalus
of varying nature; 2) AH3 in the compensation stage; 3) en-
cephalopathy of varying origin; 4) neurodegenerative dis-
ease. Reliable radiological criteria allowing to distinguish
these conditions in routine MRI exams has not yet been
determined.

Blitz’s classification of hydrocephalus can be used for
AIH. It allows to rationally plan further examinations and
treatment. Currently, the decision on invasive diagnostics
and surgical treatment of patients with AIH should not be
made without quality MRI. Otherwise, there exists a high
probability of diagnostic errors, unnecessary and/or dan-
gerous surgical manipulations, incorrect selection of treat-
ment tactics and method. The protocol of MRI examina-
tion should at minimum include T2-weighted images
in the necessary projections, FLAIR in axial plane, MR
cisternography (FIESTA/CISS) in sagittal /coronal planes
(see Table 4).

CONCLUSION

Study and statistical analysis of MR imaging data allo-
wed to determine general signs occurring in all types of hy-
drocephalus and specific features characterizing individual
types of the disorder. The presented classification is simple,
logical, and substantiated, it can be easily applied in neuro-
surgical and radiological practice and allows to rationally
plan diagnostic and treatment measures in patients. The cur-
rent MRI protocol must at a minimum include T2-weigh-
ted and FIESTA/CISS images in the necessary planes,
FLAIR images in the axial plane. Other additional imaging
studies should be performed for diagnosis specification
in ambiguous cases.
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