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Abstract

Classification of hydrocephalus is the most crucial but the most complicated academic challenge within
the hydrocephalus research field. The major difficulty in this challenge arises from the fact that the
classification is based on almost all subjects in hydrocephalus research, i.e., definition and terminology
of hydrocephalus, pathophysiology, hydrocephalus chronology, specific forms of hydrocephalus, asso-
ciated congenital anomalies/syndrome and wunderlying conditions, diagnostic procedures for
hydrocephalus, and treatment modalities in hydrocephalus. The current status of the classification of
hydrocephalus in individual subgroups was reviewed and summarized from publications in the last 60
years (1950-2010), and discussed focusing on the variety of characteristics in hydrocephalus, with more
and more new aspects recently disclosed not only in fetal and pediatric but also in adult hydrocephalus.
A recently-reported classification of hydrocephalus, ‘¢‘Multi-categorical Hydrocephalus Classification”’
provides comprehensive coverage of the entire aspects of hydrocephalus with current important clas-

sification categories and subtypes.
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Introduction

“The basic facts permit an understanding of the dy-
namics of cerebrospinal fluid (CSF) circulation and of
the various types of hydrocephalus” (Anthony J. Rai-
mondi, 1972).

Since hydrocephalus is not a single pathological
disease but a pathophysiological condition of dis-
turbed cerebrospinal fluid (CSF) dynamics with or
without underlying disease, the classification is
often confused and complex. There is a great variety
of classification categories, items, and criteria.
Since hydrocephalus in the individual patient can be
classified in various individual categories and items,
the combinations of the classified subtypes of
hydrocephalus will be almost limitless, i.e., “con-
genital/neonatal/primary/syndromic ~ with  holo-
prosencephaly/macrocephalic/non-communicating/
internal/high-pressure/progressive” hydrocephalus
etc. in children, and ‘“adult/idiopathic/normoce-
phalic/dementia/communicating/internal / normal-
pressure/progressive”’ hydrocephalus, etc. in adults.

Hydrocephalus Research is de facto recognized by
neurosurgeons, by all other medical and surgical
specialties, and by societies. The principles are

classification and definition,
cerebrospinal fluid dynamics
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fetal hydrocephalus,

being established, limits extended and defined, and
practitioners identified, but in the one hundred year
history of Hydrocephalus Research,'-*?) various
specific entities, pathophysiology, treatment modali-
ties/findication, and fundamental basic science
remain controversial.

It is hoped that a critical review of the epoch-mak-
ing publications in hydrocephalus may serve as an
update on Hydrocephalus Research, and simultane-
ously stimulate present and future hydrocephalus
researchers to advance the present knowledge and
treatment modalities in hydrocephalus, to more ef-
fectively treat the sick children suffering from this
malady. In the field of Hydrocephalus Research in
adults, there is growing new consensus of entities
other than classical “normal pressure hydrocepha-
lus”’ (NPH), which have been always debatable in the
concept of this entity.12:30

Based on such various characteristics in
hydrocephalus, with more and more new aspects re-
cently disclosed not only in fetal and pediatric but
also in adult hydrocephalus, the current status of
classification of hydrocephalus in the individual
subgroup was reviewed focusing on the critical
points of the individual category of hydrocephalus.
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The purpose of this paper is to review the previously
proposed or published classifications of hydroce-
phalus from the fetal to the adult types, and to dis-
cuss the various aspects in hydrocephalus based on
the current considerable variations in classification
categories and subtypes.

Materials and Methods

Previous publications related to Hydrocephalus and
CSF Research were identified using ‘“PubMed ad-
vanced search” during the period of 1950 to April
20, 2010 with the key words, ‘“Hydrocephalus”
and/or “CSF” either in the ‘“key words” or the title
from all English publications.

Previous proposals and publications related to
classification of hydrocephalus were identified us-
ing “PubMed advanced search” during the period of
1950 to April 20, 2010 with the key words,
“Hydrocephalus Classification” either in the ‘key
words” or the title from all English publications.
Based on the entire review of these publications
dealing with classification of hydrocephalus, the
historical trends of Hydrocephalus Research in Japan
are summarized. Critical discussion considers these
historical trends to present major proposals for the
classification of hydrocephalus in Japan.

Results

Results of the ‘“PubMed advanced search” during
the period of 1950 to April 20, 2010 for previous pub-
lications related to Hydrocephalus Research and CSF
Research are summarized in Fig. 1 and Fig. 2, re-
spectively. The annual numbers of publications
related to Hydrocephalus Research have been in-
creasing steadily (Fig. 1). The number of publica-
tions related to Hydrocephalus Research listed in
1950 was just 12, but reached to over 300 within fol-
lowing 60 years. Compared to Hydrocephalus
Research, the numbers of publications related to CSF
Research suggested that CSF Research was more ac-
tive than Hydrocephalus Research in the 1950s and
early 1960s, and has been slowly increasing or un-
changed (Fig. 2).

The ‘“PubMed advanced search” during the
period of 1950 to April 20 identified 2010 previous
proposals and publications related to classification
of hydrocephalus listed in Table 1. Based on the rev-
iew of all these publications dealing with classifica-
tion of hydrocephalus, the historical trend of
Hydrocephalus Research in Japan was marked down
with one recent publication on this topic published
in the Journal of Hydrocephalus!? (Table 2).
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Fig. 1 PubMed advanced search results during the
period of 1950 to April 20, 2010 for previous publica-
tions related to Hydrocephalus Research (accessed on
February 17, 2010). The annual numbers of the publica-
tion related to Hydrocephalus Research have been in-
creasing steadily. The number of publications related to
Hydrocephalus Research listed in 1950 was just 12, but
reached to over 300 within the following 60 years.

25

70
53
i ||I
111111
= s © < Y
x

A== e A T R R e e

Fig. 2 PubMed advanced search results during the
period of 1950 to April 20, 2010 for previous publica-
tions related to cerebrospinal fluid (CSF) Research. The
numbers of publication related to CSF Research suggest-
ed that CSF Research was already active in the 1950s and
early 1960s, and has been slowly increasing or un-
changed.

Discussion

I. Classification of hydrocephalus in CSF dy-

namics

Raimondi (1972) summarized the basic concept of
hydrocephalus in relation to the CSF dynamics as
“The basic facts permit an understanding of the dy-
namics of cerebrospinal fluid (CSF) circulation and of
the various types of hydrocephalus.” Classically,
there were two major definitions of disturbed CSF
dynamics or circulation in the major pathways,
“communicating vs. non-communicating” by Dandy
(1919),2 and ‘‘non-obstructive vs. obstructive” by
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Table 1 List of publications related to classification of hydrocephalus 1950-2010

1= Algin 0. Role ol complex hydrocephalus in unsuccessiul endoscopic third ventriculostomy. Chileds Nerv Syvs. 2010 Jan:
26 (1): 3-4; author reply 5-6. Epub 2009 Oct 13. PubMed PMID- 19823851

- Hamilton MG. Treatment of hydrocephalus in alults. Semin Pediatr Neurol. 2009 Mar; 16 (1) 34-41. Review. PubMed
PMID: 19410156,

- Rekate HL. A comtemporary delinition and classificatson of hydrocephalus. Semin Pedsalr Newrol. 20060 Mar: 16 (1)1 9-15.
Review. PubMed PMID- 19410151,

- Newman M, Tucker B, Nomes 8, Ward A, Lardells M. Allering presenilin gene activily in zebralish embryos causes
changes m expressson ol genes with polential imalvement in Alzheimer's disease pathogenesis. J Alzheimers Dis. 2009
Jan; 16 (1): 13347, PubMex PMID: 19158429,

- Rekate HL. Shunt-related headaches: the shit ventrcle syndromes. Childs Nerv Syst 2008 Apr; 24 (4): 423-30. Epub 2008
Feb 8. Review. PubMed PMID: 18259760,

6 Crosnyka Z, Keang N, Kim DJ, Radelovech D, Smielewsks P, Lavinio A, Schmidt EA, Moemjian S, Owler B, Pxckard 1D,
Crosnyka M. Pulse amplitude ol intracranial pressure wavelorm in hydrocephalus. Acla Neurachir Suppl. 2008; 102:
137-40. PubMed PMID- 19388305,

- Hirschver W, Pogoda HM, Kramer C. Thiess U, Hamprecht B, Wiesmiiller KH. Lauiner M. Verleyslonk 5. Biosynihesis

of Widrl6, a marker protein for Kinocilia-bearing cells, starts al the time ol kinocilia formation m ral, and wdrlé gene

knockdown causes hydrocephalus in zebradish. J Newrochem. 2007 Apre 101 (1): 274-85. PubMed PMID: 173494468,

Beni-Adani L, Biani N, Ben-Sirah L, Constantini 8. The occurrence of obstructive vs absorplive hydrocephalus in

newborns amd mlantss relevance o Ireaiment choices. Chalds Neryv Syst. 2006 Dec; 22 (12): 1543-63. Epub 2006 Nov 7.

Review. PubMed PMID- 17091274,

Kehler U, Regelsberger J, Gliemrath 1, Westphal M. Outcome prediction of third ventnculostomy: a proposed

hydrocephalus grading system. Minim Invasive Neurosurg. 2006 Auwg; 49 (4): 238-43. PubMed PMID: 17041537,

I i S, D1 Roceo C. Propasal of “evolution theory in cerebrospinal fluid dynamics™ and minar pathway hydrocephalus
m developing immature brain. Chalds Nery Syst. 2006 Jul; 22 (7): 662-9. Epub 2006 May 10. Review. PubMed PMID:
16685545

11: Marmarou A, Bergsnesder M, Relkin N, Klinge P. Black PM. Development of gudelines lor shiopathic normal-pressune
hydrocephalus: mtroduction. Neurosurgery. 205 Sep: 57 (3 Suppl)k: $1-3; dascussion i-v. PubMed PMID: 16160424,

12: Tisell M. Hoglund M. Wikkelsg C. Natsonal and regional incidence ol surgery for adull hydrocephalus in Sweden. Acla
Newrod Scand. 2005 Aug: 112 (2): 72-5. PubMed PMID: 16008530,

13: Cawan JA. McGint M), Woodwaorth G, Rigamomts D, Williams MA. The syndrome ol hydrocephalus i young and madelle-
aged adults (SHYMA). Neurol Res. 2005 Jul; 27 (5): 540-7. PubMed PMID: 15975182,

14: Scavarda D, Breaud J. Khalil M, Paredes AP, Takahashi M. Fouguel V. Lows-Bormione C, Lena G. Transumbilical
approach lor shunl insertion in the pedsatric population: an improvement in cosmetse results. Chalds Nerv Syst. 2005 Jan:
21 (1) 39-43. Epub 2004 Oct 1. PubMed PMID: 15459784,

15: Mazzim L, Campim R, Angelino E, Rognone F, Pastore 1, Olivers G. Posttraumatic hydrocephalus: a clinscal,
neuroradiologic. and neuropsychologic assessmemt of long-lerm outcome. Arch Phys Med Rehabil. 2003 Nov; 84 (110
1637-41. PubMed PMID: 14639563,

16 Kieler M, Eymann R, Komenda Y, Steudel W1 [A grading system lor chronic hydrocephalus |- Zentralb]l Nearochar, 2003
64 {3): 1049-15. German. PubMed PMID: 12975745,

17: von Koch CS. Gupta N, Sutton LN, Sun PP In utero surgery for hydrocephalus. Childs Nerv Sys. 2003 Aug; 19 (7-8):
574-86. Epub HX13 Jul 25. Review. PubMed PMID: 12955423,

LB Nowoslawska E, Polis L. Kaniewska D, Mikolyeevk W, Krawceyk J, Seymaniski W, Zakreewski K, Podesechowska J.
Effectiveness of neurcendoscopic procedures in the treatment ol complex compartmentalized hydrocephalus in chibdren
Childs Nerv Syst. 2003 Sep: 19 (9): 659-65. Epub 2003 Jun 13. PubMed PMID: 12955421,

1% Oi 5. Diagnosis, outcome, and management of fetal abnormalities: fetal hydrocephalus. Childs Nerv Syst. 2003 Aug: 19
(7-8): SO8-16. Epub 2003 Aug 14. PubMed PMID: 12920541,

2 Cavalherro 8, Moron AF, Zymberg ST. Dustali P. Fetal hydrocephalus—prenatal treatment. Chikls Nery Syst. 2003 Aug:
19 {7-8): 561-73. Epub 23 Aug B. PubMed PMID: 12908113,

21: Klemn O. Pierre-Kahn A, Boddaert N, Parisot D, Brunelle F. Dandy-Walker malformation: prenatal diagnosis amd
progoosss. Childs Nerv Syst. 2003 Aug; 19 (7-8): 484-9. Epub 2003 Jul 16. PubMed PMID: 12879343,

12 Fidlwke A, Berthold LD, Scharbrodt W, Schrath 1. Reiss [, Neubawer BA, Boker DK. Enid surgscal y ol the
paediatnic third ventricle stucdsed using virtual newrcendoscopy based on 3-D ulirasonography. Chalds Nerv Syst. 2003
Jun; 19 {5-6): 325.31. Epub 203 May 16. PubMed PMID: 12750936,

13: Peiia A, Harns NG, Belton MD. Czosnyka M, Pickard JD. Communicating hydrocephalus: the biomechanics of
progressive ventricular enlargement revisaled. Acta Neurochir Suppl. 2002: B1: 549-63. PubMed PMID: 12168357,

24: Meter U The grading ol normal pressure hydrocephalus. Biomed Tech (Berl). 2002 Mar; 47 (3) 54-8. PubMed PMID:
11977443,

25: Summers LE, Guizerrez CM. Walsh JW, Nadell JM. Hydrocephalus. J La State Mexl Sac. 2002 Jan-Feb: 154 (1): 40-3.
PubMed PMID- 11892883,
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Russel (1949).39

It has been generally accepted that the major CSF
pathway starts from the bilateral lateral ventricles
with the choroid plexus as the significant CSF
production source merging with CSF produced in
the third and fourth ventricles, and CSF passes out-
side the ventricular system into the cisterns or
subarachnoid space. An appreciable volume of CSF
comes from sources other than the choroid plexus in
animals (Bering and Sato, 1963)," (Sato et al, 1975).20
The major absorption site is the arachnoid granula-
tion (Pacchionian body) or villi which soaks CSF up
into the sinuses, mainly the superior sagittal sinus
(Weed, 1914, 1916).4242 With the bi-directional
volume movement of CSF in the major pathway, the
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CSF dynamics create the bulk flow (Dandy and
Blackfan, 1914).%) The rate of CSF production is ap-
proximately 500 ml over 24 hours in humans and the
CSF major pathway contains some 130-140 ml, so
there may be physiologic turnover of the CSF three
or four times every day.

Based on these conventional concepts of CSF dy-
namics, the hydrocephalus has been defined as a
state of ‘““disturbed CSF circulation’ and classified
classically into two types, communicating and non-
communicating (Dandy, 1919).? In the definition of
Dandy’s communicating/non-communicating hy-
drocephalus, the communication of the CSF path-
way is between the lateral ventricle and the lumbar
subarachnoid space (confirmed by injection of dye
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ini. Review. PubMed

Chalds Nerv Sysi 1995 Apr: 11 {4): 220-6.

Alzhei

of noncommunicaling

26: Bradley WG Jr. Diagnostic wools i hydrocephalus. Newrosurg Clin N Am. 2001 Oct: 12 (4 661-84,
PMID: 11524288,

27: Meder U, Zeilinger FS, Rever T, Kintzel D. [Clinical experience with various shunl systems in normal pressure
hydrocephalus]. Zentralbl Neurochir. 20005 61 (3): 143-9. German. PubMed PMID- 11 18YSES.

28: Ishizaki R, Tashire Y, Inomoto T, Hashimota N. Acute and subscute hydrocephalus in a rat neonatal model: comrelatson
with functional injury ol neurotransmatler systems. Pediatr Newrosurg. 2000 Dec; 33 (6): 298-305. PubMed PMID:
11182640,

29: Baypas M, Katara R, Bhalnagar V, Agarwala 8, Gupla DK, Bharadwy M, Das K, Alladi A, Lama T, Sninvas M, Dave §,
Arara M, Dutta H, Pandey RM, Mitra DK. Managememt of hydrocephalus. Indsan | Pediatr. 1997 Nov-Dec; 64 (6 Suppl):
48-56. PubMed PMID: 11129881,

30: Gupta AK. Sharma R. Imaging in hydrocephalus and spinal dyssaphism. Inclian J Pedluatr, 1997 Nov-Dec: 64 (6 Suppl):
34-47. Review. PubMed PMID: [ 1129879,

31 Mitra DK, Srnavas M. Congenatal hydrocephalus. Inclian J Peduatr. 1997 Nov-Dec: 64 (6 Suppl): 15-21. Review. PubMed
PMID: 11129876,

32: Ohash T, Atsumi T. [Hydrocephalus|. Ryvoakibelsu Shokogun Shinzw. 2000; {30 P51 537-41. Review. Japanese. PubMed
PMID: 11057305,

33: Springer S, Erlewemn R, Naegele T, Becker [ Aver D, Grixld W, Kriigeloh-Mann [ Alexander disease--classification
revisited and solation of a peonatal form. Neuropedsatrics. 2000 Ape; 31 (2): 86-92. PubMed PMID: 10832583,

34: Mon K. Actualises in hydrocephalus classaificatson and management possibalines. Neurol Res. 2000 Jan; 22 (1) 127-30.
PubMed PMID: 10672591,

35: Boaz JC, Edwarnds-Brown MK. Hydrocephalus in children: neurosurgical and neursamaging concemns. Neurommaging Clin
N Am. 1999 Feb; 9 (1): 73-91. Reveew. PubMed PMID: 9974500,

36: Scont MA, Fletcher JM, Brookshire BL, Davidson KC, Landry SH. Bohan TC, Kramer LA, Brandt ME, Francis D).
Memory functions in children with early hydrocephalus. Neuropsyehology, 1998 Oct; 12 (4): 57-89. PubMed PMID:
YZ05328.

37: (1 §, Honda Y. Hidaka M, Sato O, Matsumato 8. Intrauterine high-resolution magnetic resonance imaging in letal
hydrocephalus and prenatal estimaton of posinatal sulcomes with “perspective classafication”. J Neurosurg. 1998 Apr; B8
{4} 685-94. PubMed PMID: 9525715,

38: Hirs S, Ono J, Yamaura A, Clinscal grading and outcome aller early surgery in aneurysmal subarachnoid bemorrhage.
Neurosurgery. 1996 Sep; 39 (3): 441-6; discussion 446-7. PubMed PMID: 8875473,

39: Domingo £, Peter J. Mudline developmental abnormalities of the posterior fossa: correlation of classification with
aulcame. Pedialr Neurosurg. 19%96: 24 {3): 111-5. PubMed PMID: 8870013,

40: Mon K, Shimasda J, Kurisaka M, Sato K, Watinabe K. Classilication of hydrocephalus and outcome of treatment. Brain
Dev. 1995 Sep-Oct; 17 {5): 338-48. PubMed PMID: 8579221,

41: Mon K. Cumrent concepl ol hydracephalus: evolution of new classifications. Chalds Nerv Syst. 1995 Sep; 11 (9): 523-31;
discussion p 531-2. Review. PubMed PMID: 8534219,

421: Chowdhury AR, Inlantile hydrocephalus: i 1L usaing CT
PubMed PMID: 7621483,

43: Licastra F, Parnewi L, Morini MC, Davis L1, Cucinotta D, Gaitn A, Senin UL Acute phase reactant alpha
l-antichy mtrypsin is increased in cerebrospinal flusd and serum of patients with probable Alzbe |
Das Assoc Disard. 1995 Summer; 9 (2 112-8. PubMed PMID: 7662323,

44: O §, Sawo O, Matsumate 8. [A new classilication for congenital hydrocephalus [perspective classilication of congenital
hydracephalus (PCCH)) and postnatal prognesis (Part 3). Newronal maturation process and prognosis in neonatal
hydrocephalus]. No To Haltasu, 1994 May; 26 (3): 232-8. Japanese. PubMed PMID: 8185576,

45: Sharma AK, Phadke SR. Madline mallormation syndromes. Am J Med Genel. 1994 Apr 15; 503 ) 304-5. PubMed PMID:
K042679.

46: Raimondi AJ. A unilying theory lor the delinstion and classafication of hydrocephalus. Childs Nerv Syst. 1994 Jan: 101}
2-12. Review. PubMed PMID: B 194058,

47: Aronyk KE. The history and classficatson of hyvdrocephalus. Newrosurg Clin N Am. 1993 Oct: 4 (4): 596089, PubMed
PMID: 8241783,

48: Loshakov VA, lusel ES, Likhterman LB, Kravchuk AD, Shcherbakova Ela, Tissen TP, Dobrokhotova TA,
Razumovsksi AE, Gogindze NV, [The diagnosis and surgical treatment ol pestiraumatsic hydrocephalus). Zh Vopr
Nesrokhir Im N N Burdenka. 1993 Jul-Sep; (31 18-22. Russian. PubMed PMID: 8256539,

49: Blehmer JU, Caemmerer CD, Bollmann R, Bartho S, [Relerences lor prenatal diagnesis of morphological defects
including the central nervous system|. Ultraschall Med. 1993 Feb; 14 (1): 8-12. German. PubMed PMID: 3465189,

50: Fedorcak M. [Clinscal aspects of hydrocephalus). Kixlerkrunkenschwester. 1992 Mar; 11 (3 107-8. German. PubMed
PMID: 1567762

51: Haase E. |[Hydrocephalus as an associated malformation|. Kinderkrankenschwester. 1992 Jan: 11 {1): 3-6. German.
PubMed PMID: 1503988,

52: Dulrymple 81, Kelly PJ. Compuler-assisted stereolactic thard ventricub v mn the
hydracephalus. Stereatact Funct Neurosurg, 1992 59 (1-4): 105-10. PubMed PMID: 1295027,

into the lateral ventricle and detection by lumbar
puncture). However, the terminology of obstructive
and non-obstructive hydrocephalus (Russel, 1949),%9
is defined as a condition of disturbed CSF circula-
tion due to a blockage at any region in the major CSF
pathway including the ventricular system and
cistern/subarachnoid apace, so that the causes for
non-obstructive hydrocephalus are limited to either
CSF overproduction by choroid plexus papilloma or
CSF malabsorption due to sinus thrombosis or
fetal/neonatal hydrocephalus during the period of
immature development of the Pacchionian bodies,
etc. These two classifications are based on a concept

to classify the type of hydrocephalus considering the
disturbed CSF dynamics only in the major CSF path-
way: ‘“Major Pathway Hydrocephalus” (Oi and Di
Rocco, 2006).1%

Since the CSF dynamics during the fetal and ne-
onatal/early infantile periods are mainly maintained
in the “minor CSF pathway,” hydrocephalus occur-
ring during these periods can be defined as dis-
turbed CSF circulation in the “minor CSF pathway”
(“Minor CSF Pathway Hydrocephalus”: Oi and Di
Rocco, 2006).14 Therefore, the mechanism or patho-
genesis of hydrocephalus may be different from the
“Major CSF Pathway Hydrocephalus.” The classical

Neurol Med Chir (Tokyo) 50, September, 2010



Table 1 Contd.

classification of
municating” (Dandy)? and “obstructive vs. non-ob-

Classification of Hydrocephalus

53: Mielke R, Lu JH, Kowalewski 8. [Nosology and ultrasound findings i porencephaly . Ultraschall Med. 1991 Oct; 12 (5):
206-10. German. PubMed PMID: 1759153,

54: Mori K. Hydrocephalus--revision of its definition and classification with special reference 1o “intractable infantile
hydrocephalus”. Childs Nerv Syst. 1990 Jun: 6 (4): 198-204. Review. PubMed PMID: 2200607.

55: Barkovich Al, Kjos BO, Norman D, Edwards MS. Revised classification of posterior fossa cysts and cystlike
malformations based on the results of multiplanar MR imaging. AJR Am | Roemgenol. 1989 Dec; 153 (6) 1289-300.
PubMed PMID: 28 1664E.

56c Heros RC. Acule hydrocephalus afler subarachnod hemoarrhage. Stroke. 1989 Jun; 20 {6):715-7. Review. PubMed PMID:
2658205,

57: Plets C, Van Calenbergh F. [Pencerchral collections. Amalysis of neuroradiologic and radsonuclide tests and therapeutic
results]. Newrochirurgie. 1989: 35 (6) 390-4, 410-1. French. PubMed PMID- 2633061,

58: Willems PJ. Heterogeneity m lamilial hydrocephalus. Am J Med Genetl 1988 Oct: 31(2): 471-3. PubMed PMID: 3232710,

5% Richard KE [Infantile hydrocephalus and s tr ). Dtsch Krankenpflegez. 1988 Feb; 41 (2): 135-40. German.
PubMed PMID: 3152715.

6 Sheherbakova Ela, Sobaleva O, Liass FM, Ozerova V1 [Radionuclide ventriculography in the diagnosis of hydrocephalus
m children|. Med Radsol (Mosk). 1984 Apr: 29 (4): 21-7. Russian. PubMed PMID: 6371434,

61: Samat HB, Netsky MG. Hypothesis: Phylogenetic diseases of the nervous system. Can J Neurol Sca. 1984 Feb; 11 (1)
24-33. PubMed PMID: 6704791,

62: Madraza-Navarro 1, Priia-Barba ME, Maldonaxdo-Leda JA, Jardin-Careaga F, Lopez-Vega FJ. Enzymatic behavior (lactic
dehydrogenase and its ispenzymes) of the hydrocephalus of the child. Arch Invest Med (Mex). 1983; 14 (1): 77-81 passim.
English, Spanish. PubMed PMID- 6838314,

63: Goriunova AV, Orekhova LS, Tarashchenko VM. [Dynamics of the hyperiensive-hydrocephalic syndrome in infanis). Zh
Nevrapatel Psikhiatr Im 8 § Korsakova, 1981; 81 (10): 1474-8. Russaan. PubMed PMID: 7315029,

64: Osaka K, Mon K. Handa H. [New classification of hydrocephalus based on recent concept of cerebrospinal fluid
carculation (author's ransl)|. No Shinkei Geka. 1979 May; 7 (5): 475-85. Review. Japanese. PubMed PMID: 379678,

65: Oberson R. [Nuclear medicine diagnostic in hydrocephalus (author's transl)]. Radiologe. 1977 Nov; 17 (11): 448-54.
German. PubMexd PMID: 594358,

66 Woallam DH. The dynamics of hydrocephalus. Mod Trends Neural. 1975; 6: 267-83. Review. PubMed PMID: 1105143,

67: Kiefler SA. Narmal pressure hydrocephalus. Geriatrics. 1974 Mar; 29(3): 77-82 passim. Review. PubMed PMID: 4591935,

68: Destombes P, Fenart R. [Research on vanous types of hydrocephalus using an experimental anatomscal method]. Arch
Anat Pathol (Paris). 1973 Dec; 21 (4): 317-25. French. PubMed PMID- 4771739,

6% Sand PL, Taylor N, Rawlings M, Chitnis 5. Performance of children with spina bifida manifesta on the Frostig
Developmental Test of Visual Perception. Percept Mot Skills. 1973 Oct; 37 (2): 539-46. PubMed PMID: 4583731,

Ti: Shurtleff DB. Foliz EL, Loeser JD. Hydrocephalus. A definition of its progression and relationship to intellectual function,
diagnosis, and complications. Am J Dis Child. 1973 May; 1215 (5): 688-93. PubMed PMID: 4699501,

T1: Terk B. Dy bes P. [Expen 1 hydrocephaly in rats: sty of dental displacement in so-called slow cases, by the
vestibular method|. Orthod Fr. 1973; 44 (1): 259.-70. French. PubMed PMID: 4534420,

72 James AE Jr, New PF, Hemnz ER, Hodges FI, Deland FH. A cisternographic classification of hydrocephalus. Am J
Roenlgenol Radium Ther Nucl Med. 1972 May; 115 {1): 39-49. PubMed PMID: 4537198,

73: New PF, Wemner MA. The raxbiologscal investigation ol hydrocephalus. Radiol Clin North Am. 1971 Ape; 9 (1 11740
Review. PubMed PMID- 4929403,

74: Baller F, Le May M. Wright RL. Diagnosis and differentiation of various types of hydrocephalus in adulis by angsography.
Br ] Radiol. 1970 Jun: 43 (510): 384-90. PubMed PMID: 5310615,

75: Lazorthes G, Espagno 1, Lazorthes Y. Zadeh 10, [The anatome-pathogense classification of non-tumoral hydrocephalus,
mlants excepted]. Neurochirurgee. 1968 Jan-Feb; 14 (1): 5-12. French. PubMed PMID: $301800.

T6c Jensen HP. Viehweger G, Nadjmi M. [Unusual aspects in the carolid artery angiogram in early childhood hydrocephalus ).
Raliologe. 1966 Nav; 6 (11): 465-8. German. PubMed PMID: 5994125,

T7: Cube HM, Monozea AB, Gopez CA. Hydrocephalus. J Phalipp Med Assoc. 1964 Nov; 40: B58.68. PubMed PMID:
14263506.
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computed tomography (CT) ventriculo-cisternogra-

phy data demonstrated remarkable intraparen-

structive” (Russell)*¥ do not correctly reflect the dis-
turbed CSF circulation in the fetal and neonatal/ear-
ly infantile periods when the major CSF pathway is
not yet mature (Fig. 3).

In the CSF circulation, as in the immature form,
CSF absorption may possibly be disturbed at various
absorption sites including the subpial space— per-
ivascular space—subarachnoid space— neuroepithe-
lium intracellular space, choroid plexus epithe-
lium—venous fenestrated capillary— galenic system,
and/or perineural space—lymphatic channel. Our
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chymal CSF passage and delayed clearance of the
contrast not only in the ventriculo-cisternal space
(“major CSF pathway”) but also from the cerebral
parenchyma as in the ‘“‘minor CSF pathway”
(“Minor CSF Pathway Hydrocephalus”). The condi-
tion of “Minor CSF Pathway Hydrocephalus,”'¥
however, may improve later with the development
of the Pacchionian body in late infancy which will
increase the CSF absorption function in the major
CSF pathway. The high success rate of neuroen-
doscopic surgery, or even spontaneous arrested



864 S. Oi

Table 2 Historical trend of Hydrocephalus Research for ‘“Classification of Hydrocephalus’’ in Japan

Year Author(s): Concept Source
2010 Oi: “Multi-categorical Hydrocephalus Classification” (McHC)
Journal of Hydrocephalus 2: 1-21, 2010"%
2006 Oi and Di Rocco: Proposal of “Evolution Theory in CSF Dynamics” and ‘“Minor Pathway Hydrocephalus”
Childs Nerv Syst 22: 662-669, 20064
2003 Oi: Prenatal Diagnosis and Management of ‘“Fetal Hydrocephalus”
Childs Nerv Syst 19: 508-516, 2003
2000 Ishizaki et al.: “Acute and Subacute Hydrocephalus” Rat Model.
Pediatr Neurosurg 33: 298-305, 2000
2000 Mori: Actualities in Hydrocephalus Classification and Management Possibilities.
Neurol Res 22: 127-130, 2000
1998 Oi et al.: “Perspective Classification of Congenital Hydrocephalus’” (PCCH).
] Neurosurg 88: 685-694, 199818
1996 Hirai et al.: Clinical Grading in Post-SAH hydrocephalus.
Neurosurgery 39: 441-447, 1996
1995 Mori et al.: Classification of Hydrocephalus and Outcome of Treatment
Brain Dev 17: 338-348, 1995
1995 Mori: Evolution of New Classifications.
Childs Nerv Syst 11: 523-532, 1995
1990 Mori: “Intractable Infantile Hydrocephalus”
Childs Nerv Syst 6: 198-204, 1990
1964 Sano: Hydrocephalus and Its Various Subtypes
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Fig. 3 Schematic drawings of two classical types of
hydrocephalus classified in the conventional concept of
cerebrospinal fluid (CSF) dynamics. Reprinted with per-
mission from Oi, S.1¥ Left: Communicating and non-
communicating hydrocephalus.?? Right: Obstructive
and non-obstructive hydrocephalus.?® In the defini-
tion of Dandy’s communicating/non-communicating
hydrocephalus, the communication of the CSF pathway
is between the lateral ventricle and the lumbar
subarachnoid space (confirmed by injection of dye into
the lateral ventricle and detection by lumbar puncture).
Obstructive and non-obstructive hydrocephalus is de-
fined as a condition of disturbed CSF circulation due to
a blockage at any region in the major CSF pathway in-
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ummum‘wr}u " Hydrocephatas
Clastionl Termamalogy and Delmiton i C3F Uynamics
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cluding the ventricular system and cistern/
subarachnoid space.
hydrocephalus and disappearance of external

hydrocephalus, are all expected after this period,
when the ‘“major CSF pathway’’ is completed and
functionally matured.!¥

II. Classification of fetal and
hydrocephalus

The underlying lesions or causative factors may
differ completely in the fetal or perinatal period
from childhood and adulthood. These two catego-
ries are most essential in the classification of
hydrocephalus, and the underlying lesion, if any, is
the most important factor for the cause of
hydrocephalus.

Up to the late 1990s, no available classification
systems took into account the chronological changes
of the hydrocephalic state from the fetal to neonatal
and infantile periods, and reflected the underlying
developmental or embryological stages of the brain,
especially the neuronal maturation process. It was
essential to have some definitive method with which
to estimate postnatal prognosis in fetal hydrocepha-
lus. The prognosis may also depend on the progres-
sion of the fetal hydrocephalus and the affected
brain, and on the degree of damage to the neuronal
maturation process.

Therefore, a new classification system was devel-
oped for congenital hydrocephalus, ‘“Perspective
Classification of Congenital Hydrocephalus”
(PCCH).1828) This classification is based on the stage,
type, and clinical category of congenital
hydrocephalus. Regarding the clinical-embryologi-
cal stages, each stage reflects both clinical and em-
bryological developmental aspects of the neuronal
maturation process in the hydrocephalic fetus or in-

congenital
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Fig. 4 Schematic drawings of the concept of ‘“Perspec-
tive Classification of Congenital Hydrocephalus”
(PCCH Stages I-V). Reprinted with permission from Oi,
S.13  *Stage I occurs between 8 and 21 weeks of gesta-
tion, which is the period of legally, except for fetus dis-
ease, permissible termination of pregnancy in Japan.
Cell proliferation is the main process in neuronal matu-
ration. **Stage II extends from 22 to 31 weeks of gesta-
tion, the period of intrauterine preservation of the fetus
before pulmonary maturation is completed. Cell
differentiation and migration are the main processes in
neuronal maturation. ***Stage III extends from 32 to 40
weeks of gestation, a period of possible premature/
preterm neonatal hydrocephalus, if delivery occurs. Ax-
onal maturation is the main process in neuronal matura-
tion. ****Stage IV occurs between 0 and 4 weeks of
postnatal age, the period of neonatal hydrocephalus.
Dendritic maturation is the main process in neuronal
maturation. *****Stage V extends from 5 to 50 weeks of
postnatal age, the period of infantile hydrocephalus.
Myelination is the main process in neuronal matura-
tion.

fant, as summarized in Fig. 4.

The clinicoembryological stages (PCCH Stages
[-V) are as follows.
Stage I occurs between 8 and 21 weeks of gestation,
which is the period of legally, except for fetal dis-
ease, permissible termination of pregnancy in Japan.
Cell proliferation is the main process in neuronal
maturation.
Stage II extends from 22 to 31 weeks of gestation, the
period of intrauterine preservation of the fetus be-
fore pulmonary maturation is completed. Cell
differentiation and migration are the main processes
in neuronal maturation.
Stage III extends from 32 to 40 weeks of gestation, a
period of possible premature/preterm neonatal
hydrocephalus, if delivery occurs. Axonal matura-
tion is the main process in neuronal maturation.
Stage IV occurs between 0 and 4 weeks of postnatal
age, the period of neonatal hydrocephalus. Dendritic
maturation is the main process in neuronal matura-
tion.
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Stage V extends from 5 to 50 weeks of postnatal age,
the period of infantile hydrocephalus. Myelination
is the main process in neuronal maturation.

In each stage, individual conditions with differing
features of hydrocephalus can be classified along
with the embryological or developmental back-
ground of the affected brain and the CSF circulation
in each pathological type with subtypes. The three
clinicopathological subtypes are: primary
hydrocephalus, including communicating or non-
complicated hydrocephalus, aqueductal stenosis,
foramen atresia, and others; dysgenetic hydrocepha-
lus, including hydrocephalus with spina bifida, bifid
cranium, Dandy-Walker cyst, holoprosencephaly,
hydranencephaly, lissencephaly, congenital cyst,
and others; and secondary hydrocephalus,
hydrocephalus due to brain tumor, hemorrhagic or
other vascular disease(s), infection, trauma, sub-
dural fluid collection, and others. These conditions
should be considered in the standard clinical catego-
ries of fetal, neonatal, and infantile hydrocephalus,
based on the essential differences in their
pathophysiological appearance, including the dy-
namics of intracranial pressure and CSF circulation.

Further analysis performed using the new classifi-
cation, PCCH, suggests that postnatal outcomes
differ, depending on the time of onset of the
hydrocephalus, even within the same category or
sub types. The intelligence quotient (IQ) or develop-
mental quotient (DQ) of patients whose hydrocepha-
lus was diagnosed at PCCH Stage III was higher
compared with those diagnosed at Stage II in cases
of primary hydrocephalus, and compared with those
cases with some types of dysgenetic hydrocephalus
such as myeloschisis.®

III. Classification of adult hydrocephalus

It is generally recognized that the intracranial
pressure (ICP) dynamics of hydrocephalus change
chronologically. The chronological changes in
hydrocephalic ICP dynamics and symptomatology
were reported in adult patients, namely,
“Hydrocephalus Chronology in Adults” (HCA), and
the Staging of I-V from the acute to chronic and
post-shunt periods.?® The triad of symptoms, de-
mentia, gait disturbance and urinary incontinence is
observed even in cases revealing high ICP dynamics
and non-communicating hydrocephalus before the
truly chronic stage, such as HCA Stage III.'%
Hydrocephalus in this stage can be treated with a
medium-pressure shunt system. There is some phase
discrepancy between the symptomatology of “NPH”
(Hakim and Adams)” and the chronological change
in ICP dynamics in hydrocephalus. In the truly
chronic phase of hydrocephalus, it may be normal-
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ized in the ICP dynamics. ICP dynamics is associ-
ated with biomechanical changes in the
hydrocephalic brain in the chronic stage (Fig. 5).
The author proposed a unique category of
hydrocephalus in adults, namely, a long-term type of
hydrocephalus, ‘“long-standing overt ventriculome-
galy in adult” (LOVA).39 Although its mechanism
still remains unclear, patients with LOVA often
suffer from a progressive course of hydrocephalus
that continues into adulthood. We also reported that
the hydrocephalic state in LOVA is extremely
difficult to treat with a shunt because of lost in-
tracranial compliance. Patients with LOVA in
whom significant progressive symptoms of
hydrocephalus had developed were first diagnosed
as hydrocephalic during adulthood.?? In all patients,
ventriculomegaly was prominent, involving the
lateral and third ventricles as demonstrated on CT
and/or magnetic resonance images. None of the
patients had any known underlying disease or sym-
ptoms or signs, indicating that the hydrocephalus

“Hydrocephalus Chronelogy in Adults™

“LOVA”
@ “Hvdrocephalic Dementia”™
/ “True NPH”

Icr
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Fig. 5 Schematic drawings of the concept of
‘“‘Hydrocephalus Chronology in Adults’’ (HCA Stages
I-V).12) Reprinted with permission from Oi, S.® Stag-
ing of I-V from the acute to chronic and post-shunt
periods. The triad of symptoms, dementia, gait distur-
bance, and urinary incontinence, is observed even in
patients with high intracranial pressure (ICP) dynamics
and non-communicating hydrocephalus before the truly
chronic stage, such as HCA Stage III. Hydrocephalus in
this stage can be treated with a medium-pressure shunt
system. There is some phase discrepancy between the
symptomatology of ‘‘normal pressure hydrocephalus
(NPH)’? and the chronological change in ICP dynamics
in hydrocephalus. In the truly chronic phase of
hydrocephalus, it may be normalized in the ICP dynam-
ics. ICP dynamics is associated with biomechanical
changes in the hydrocephalic brain in the chronic stage.

had first occurred at birth or during infancy in ac-
cordance with neuroimaging findings of long-stand-
ing hydrocephalus. The specific diagnostic criteria
for LOVA includes macrocephaly greater than two
standard deviations in head circumference, 57 cm in
female and 58 cm in male patients, and/or neu-
roradiological evidence of a significantly expanded
or destroyed sella turcica in addition to the non-
communicating overt ventriculomegaly.3%

LOVA is a chronological concept of hydrocepha-
lus. As described here, LOVA may be summarized as
a complex entity with the following compatible sub-
types: 1) onset may be congenital in origin but
becomes manifest during adulthood; 2) the under-
lying lesion is aqueductal stenosis; 3) symptoms in-
clude macrocephaly, increased ICP symptoms, de-
mentia and subnormal IQ, but occasionally high or
even super-high IQ; 4) pathophysiological charac-
teristics include noncommunicating CSF circula-
tion and ICP dynamics that mainly consists of high
ICP; 5) the chronology is long term and progressive;
and 6) the hydrocephalus becomes arrested again
after shunt placement or neuroendoscopic ven-
triculostomy.3%

IV. Classification of post-shunt isolated compart-
ments
The authors have previously reported that excess
drainage of CSF via a ventricular shunt system
will cause morphological changes in the CSF path-

Napbous Forms ol = Post-shumt Dsolined Compatments”
00, § : ). Mychcephehas 2014, 200

Fig. 6 Schematic drawings of the concept of ‘“Post-
shunt Isolated Compartments’’ (Types I-IV).19 Reprint-
ed with permission from Oi, S.1®) Isolated unilateral
hydrocephalus (IUH), isolated fourth ventricle (IFV),
disproportionately large fourth ventricle, isolated rhom-
bencephalic ventricle (IRV), isolated central canal dila-
tion (ICCD), isolated quarto-ventriculomegaly, dorsal
sac in holoprosencephaly, and loculated ventricle.1?
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ways and possibly lead to isolation of compart-
ments.19-2426) These phenomena produce a slit-
like ventricle most commonly seen in young in-
fants!9.21-23.25) and occasionally lead to the slit ventri-
cle syndrome.?® The mechanism of development of
an isolated ventricle after shunting is closely related
to the presence of a slit-like ventricle.?¥ The mechan-
ism of obstruction at the foramen of Monro in isolat-

Table 3

‘‘Multi-categorical Hydrocephalus Classification’

ed unilateral hydrocephalus (IUH)?® and that of
aqueductal obstruction in isolated fourth ventricles
(IFV)?21.22) gccurring after shunt placement are essen-
tially the same. Both occur in a previously com-
municating ventricular system, and in both cases
reduction of the size of all ventricles is initially seen
after shunting.?) Isolation then gradually develops
and relargement of the isolated compartment is ob-

’: [McHC] to cover the entire aspects of hydrocephalus

with all considerable classification items and factors (Oi, S)'?

Mc HC: Multi-categorical Hydrocephalus Classification (04, S: Journal of hydrocephalus Vol.2 No.1, 2010]

Subjects Calegories Subtypes w4 pexsreference]
I. Omset (Pre-/Post-natal ) 1 Congenital 2 Acquired
Onsel {Age) I Fetal [POCH Stage ()] 2 Neonatal 3 Infantile
4 Child 5 Adult =¥y, 5)
Others ( )
II. Cause I Primary 2 Secondary 3 Idsopathi:
Il Underlying Leswon I Dysgenetic Symdramse ( )
Patbent 2 Post hemarrhagic 3 Post meningilic 4 Post traumatic
5 With Tumaor / Cyst / Mass Lesions others | 1
IV. Symptomatalagy (Head) 1 Macrocephalic 2 Normovephalic 3 Micracephalic
(Symplom) I Oceult (asy ’) 2 Symplomatic 3 Ovent
(Conciousness & Mentality ) I Comatose 2 Swparous 3 Dementia
4 Retarded athers ( ) **#[Hakim, 5]
{Syndrome: ) I Hydrocephalus / Parkinsonism Complex =+, 5)
V. Pathophysiology: I Communicating 2 Noncommunicating =*4 Dancly, WE]
CSF Circulation {Occlusion) | 3 Non-obsiructive 4 Obsructve **#Russell, DS |
(Accumulation) | gy 2 Intermal R stod ATl
4 Localized 5 Minor Pathway ::;1[:»?‘5&&0[]51 Rt €]
csp {Isolated Compariment) | Isolated Compartment: [1 UH 2 IFV 3 IRV 4 ICCD 5 DCH
6 DLFV 7 HMH olhers ( | **#[Rekate, H]**[OL, 8]
i :‘Cu;,ug;:ﬂtﬁ I High Pressure 2 Normal Pressure :::{g:’:‘itf,lq
VIL Chronaolagy (Phase) 1 Acute 2 Chranic 3 Long standing
(Progression) I Progressive 2 Spontaneously Amested  **[0q, 5
VIII. Past-gshumt 1 Shunt dependent 2 Shunt indepenclent
Treatment IX. Post-neuromloscapic I Slit ventnicle syndrome 2 Postoperative Subdural Hematoma
Ventriculostomy [NEV) 1 NEV dependent 2 NEV independent
X. Onhers Onbers: ( }

* ICP = Intracrunial Pressure, CSF = Cerebrospinal Fluid, NEV = N

Iscopic Ventricul y, UH = Uni 1 Hydrocephal

IFV = Isolated Fourth Ventricle, [RV = Isolated Rhombencephalic Ventricle, 1CCD = Isolated Cenlr.ll Canal Dikatation, DCH = Double

C Hydrac

¥

DLFV = Dispropartionately Large Fourth Ventricle, HMH = Hydromyelic Hydrocephalus

**Reference: 1. Hydromyelic Hyllmccpbﬂua 01, S et al: Journal of Neurasusgery 74: 371-379, 1991

2. Experimental Models of Cangenital Hydrocephalus and C

3. Perspective Classification of Cang
-“.L‘.‘5 jing Owvent Ventricul

hle Clinical Types: Oi, S et al: Child’s Nerv Syst 12: 202.302, 1996,
ital Hydrocephalus{PCCH Stage 1-V]: O4, S et al: Journal of Neurnsurgery 88: 685, 1998
ly in Adults [LOVA]: O, S et al: Journal of Neurosurgery 92: $33.940, 2000

5. Hydrocephalus-Parkinsonism Complex: Oi. 8 et al: Chald's Nerv Syst 2{x 37-40, 2004
6. Evalution Theory of CSF Dyn.u!m.s :nd Minor Pathway Hydrocephalus: Oi, S and Di Rocco, C: Child's Nerv Syst 22: 662-669, 2006

7. Multi-categosical Hyd Cl,
ce: 8. C
Dandy, WE & Blackfan,

- Am J Dis Child §: 406-482,1914

[Mc HC): i S: Fouwmal of hydrocephakas Yol 2 No.1, 2010
Nomn- icating Hydrocephabas: Dandy, WE: Ann Surg 70 129-142. 1919 and

9. Obstructive/ Nan-obstructive Hydrocephalus: Russell, D Medical research council. Special repant series No. 265. His Majesty's

Stationery Office. Landan ppl 12113

14). Narmal Pressure Hydrocephalus: Hakim, S & Adams, RD 1. Neural. Sci. 2

: 307.327, 1965

11. Bulk flow in CSF system: Sato, O and Bering, EA- Acta Neurod Scand 51: 111, 1975
12. Ventriculomegaly induced by Pulse Pressure: Di Rocco C et al: ] Newrasurg 42: 681689, 1975

13. A Unifyimg Theary -Extr.

nchymal and Intraparenchymal Flusd Accomalation: Raimandi, AJ: Chald's Nexv Syst 10, 2-12, 1954

apare
14. Dynamacs of CSF as a Hydraulic Circuit: Rekate, HL Semin Pediatr Newrol 16: 915, 2009

Considerable items in classification for hydrocephalus among 3 subjects: patient, cerebrospinal fluid (CSF), and treatment
are divided into 10 categories. McHC Category I: Onset (age, phase); II: Cause; II1I: Underlying lesion; IV: Symptomatolo-
gy; V: Pathophysiology 1, CSF circulation; VI: Pathophysiology 2, intracranial pressure (ICP) dynamics; VII: Chronology;
VIII: Post-shunt; IX: Post-endoscopic ventriculostomy (EVS); and X: Others. There were 54 subtypes of hydrocephalus list-
ed up, and these were divided into the 10 McHC Categories, 2-7 in each, respectively.

Neurol Med Chir (Tokyo) 50, September, 2010



868 S. Oi

served. Dynamic studies of the CSF using
metrizamide CT ventriculography have confirmed
the presence of a one-way valve at either the fora-
men of Monro or the aqueduct,?’??) and pressure
gradients between the compartments have also been
recorded. We suggested that similar isolation may
occur after placement of a shunt in the lateral ventri-
cle in cases of communicating holoneural canal dila-
tion. Various types of isolation (Types I to IV) may
then develop, depending upon the site of occlusion!?
(Fig. 6).

Neuroendoscopic surgery was used to treat
patients with various forms of isolated compart-
ments with specific pathophysiology'® including
IUH, IFV, disproportionately large fourth ventricle
(DLFV), isolated rhombencephalic ventricle (IRV),
isolated central canal dilatation (ICCD), isolated
quarto-ventriculomegaly (IQV), dorsal sac in
holoprosencephaly (DS), and loculated ventricle
(LV).1)

V. Proposal for comprehensive ‘“Multi-categori-
cal Hydrocephalus Classification”” (McHC)
Various items for classification of hydrocephalus

were previously proposed, such as associated
anomalies/underlying lesions, CSF circulation/in-
tracranial pressure (ICP) patterns, clinical features,
and other categories. No definitive classification has
been published comprehensively to cover the variety
of these aspects.

The authors designed and developed a new clas-
sification of hydrocephalus, McHC (Oi, 2010)'® to
cover the entire aspects of hydrocephalus with all
important classification items and factors. Im-
portant items in the classification for hydrocephalus
cover 3 subjects, patient, CSF and treatment, and are
divided into 10 categories, “McHC”’ Category I: On-
set (age, phase); II: Cause; III: Underlying lesion; IV:
Symptomatology; V: Pathophysiology 1, CSF circu-
lation; VI: Pathophysiology 2, ICP dynamics; VII:
Chronology; VIII: Post-shunt; IX: Post-endoscopic
ventriculostomy (EVS); and X: Others. A total of 54
subtypes of hydrocephalus are listed, and these are
divided into 10 “McHC” Categories, 2-7 in each
(Table 3). There could be theoretically 72,576,000
patterns of hydrocephalus classified with all these
combinations. “McHC” has been applied to analyze
the clinical data prospectively collected from the
most experienced centers in Japan as a part of the
nationwide cooperative study for fetal and congeni-
tal hydrocephalus in the Center of Excellence
(COE)—Fetal Hydrocephalus Top 10 Japan nominat-
ed from the retrospective survey for 2008.

Conclusions

Classification of hydrocephalus is the most crucial
but the most complicated academic challenge within
hydrocephalus research. The major difficulty in this
challenge arises from the fact that the classifications
are based on almost all subjects in hydrocephalus
research. The current status of classification of
hydrocephalus in the individual subgroups was rev-
iewed and summarized from publications in the last
60 years (1950-2010), and discussed focusing on the
variety of characteristics in hydrocephalus, with
more and more new aspects recently disclosed not
only in fetal and pediatric but also in adult
hydrocephalus. A recently reported classification of
hydrocephalus, McHC provides comprehensive
coverage of the entire aspects of hydrocephalus with
current important classification categories and sub-

types.
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