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(Management of patients suspected of hydrocephalus)
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(Management of patients suspected of HCP with increased intracranial pressure)
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(Management of newborn infants with myelomeningocele/encephalomeningocele)
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(Management of elderly patients suspected of normal pressure hydrocephalus)
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(Signs of increased intracranial pressure in infants)
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(MR Imaging of normal pressure hydrocephalus)
3. CSF diversion 32
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(Categorization of patients suspected of hydrocephalus)
UHUNNN 2 6
o o o Y d' v 1A M) g’ 1 [ [
LL‘L!TVINﬂﬁ‘UT]JﬂiﬂHW@‘ﬂ’JfJVI \| E;IJWNE]TJ%I“VWQ ll’é)\‘]ﬂ\iuﬁ’mﬂ‘Uﬂ’NllﬂuﬁluﬂgTﬁﬁﬂ
GER TR
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(Management of preterm baby with intraventricular hemorrhage suspected of hydrocephalus)
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(Management of newborn with myelomeningocele or encephalomeningocele)
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(Management of elderly patient suspected of normal pressure hydrocephalus)
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Tensed and bulged anterior fontanelle

Dilated scalp vein

M3A3299283F transillumination 1aelF lvinie 'ENﬁ anterior fontanel
Transillumination test

Fronto-ethmoidal encephalomeningocele

Myelomeningocele

Ultrasound of hydrocephalus

MRI of intraventricular tumor

MRI of Chiari malformation

wwugin asmlnveamanSapAn Taveamsniinaeaneuimuaudeny 1 1
uwugﬁu ERGRI ”ui DUNATHE (occipito-frontal circumference; OFC)
“lmﬁﬂmqé?qwimmﬁﬂﬁq 3%

Axial T2W MR shows ventriculomegaly.

Sagittal TIW MR shows aqueductal flow void sign.

T2W MR shows enlarged ventricles with rounded frontal horns.

Axial FLAIR MR shows ventriculomegaly out of proportion to sulcal enlargement.
Axial CT scan with contrast media shows symmetrical dilatation of ventricles
out of proportion to sulcal enlargement.

Axial CT scan with contrast media shows frontal and occipital periventricular
hypodensities suggest transependymal CSF flow.

Proton MR spectra (TR/TE, 2000/135) in the patient with NPH.

Proton MR spectra (TR/TE, 2000/135) in two patients with NPH.

Proton MR spectra (TR/TE, 2000/135) before and after continuous spinal drainage
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CNS
CSF
CT
DDST
EVD
HCP
ICP
IVH
LP
MRI
MRS
MRV
NPH
PHH

UsS

A0

Central nervous system
Cerebrospinal fluid
Computerized tomography
Denver developmental screening test
External ventricular drainage
Hydrocephalus

Increased intracranial pressure
Intraventricular hemorrhage
Lumbar puncture

Magnetic resonance imaging
Magnetic resonance spectroscopy
Magnetic resonance venography
Normal pressure hydrocephalus
Post hemorrhagic hydrocephalus

Ultrasound
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Grade Recommendation
A supported by data from randomized control trials with low false-positive and low
false-negative errors
B supported by data from randomized control trials with high false-positive and high
false-negative errors
C supported by data from non-randomized cohort studies, case series, case report, expert

opinion or consensus
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(Management of patients suspected of hydrocephalus)
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(Categorization of patients suspected of hydrocephalus)

Patients suspected of hydrocephalus

¢ v v h 4
Patients with Preterm baby with Newborn with Elderly patients
symptoms & signs of intraventricular myelomeningocele or suspected of
increased ICP hemorrhage encephalomeningocele NPH
NB : ICP = Intracranial pressure

NPH

Normal pressure hydrocephalus
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1. gihedfioimsuazeimsn asvesnnuaulung IvanAsue 9 (symptoms & signs of
increased intracranial pressure) ¥aNANULANA AU TULAAZNAURIY AD
1 3 g { @ 15
1.1 ihheaniani anterior fontanel §4137a 919381715 tensed and bulged anterior fontanel,
separation of skull suture, cracked pot sound of skull (Macewen’s sign), sunset eyes,
positive transillumination test, accelerated head growth (mﬂwu’mﬁ 1)
1 < 1
1.2 é’ﬂ’mmﬂmmzéﬂmg 21900173 progressive headache & vomiting, dilated scalp veins,
acquired lateral rectus palsy, hyper-reflexia, papilledema, alteration of consciousness
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MUUHUNNTN 3
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3. Qﬂ’mmﬂmﬂmﬂmﬂu myelomeningocele & encephalomeningocele TannsauuINIems
FNRIUUHUYNN 4
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4. QJITJ’JEJ L397gN 82U normal pressure hydrocephalus (NPH) #3U®1017 108y 1&un
gait disturbance, dementia and urinary incontinence THW91FBIMUINIIMISNHINWUNUYIN 5
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(Management of patients suspected of HCP with increased intracranial pressure)

Y A o = aluszl < U " R a 1 o
Atheniinnzanuaulung Tvanfsse awuldnsluwanuazdlvg Funeonn wwgan q
Y Y
Wy iieaenly wea (brain tumors) msaaelu weq (CNS infection) W®JUIY (brain edema) NIIY
o g} I 9 [ c?// PRl A [
I‘Wi\‘] U934ANUY  (hydrocephalus) Lﬂuﬂu ANUU Q‘]J’JEJ“VI?JEHﬂﬁLLﬁ%EJ"IﬂﬁLL mmmmazmmau“lu
= Y] Y 1 Y A = A Y aa o [ A 9
ﬂxi‘ﬁﬁﬂﬁi‘lﬂg q,ﬂm"lﬂﬂan"lﬂuumm 1 WAITHTIIN "ILW@JLWE]Glﬁﬂﬁ’Ju%ﬂEJLLfigﬁf‘l]lel‘E]ﬂG]’tN

o a Qd'
BT VGUHNUINN 2
Y A @ = . ' =) . a
qﬂaammnzmmﬂuiuﬂﬂwaﬂﬁim L3 (increased ICP) 175 3473739 CT 15®@ MRI brain without
o ' < { o 15
or with contrast media (114?1‘5& 3 ¥ secondary HCP) 1ué’ﬂaﬂmﬂﬁ anterior fontanel §¢11la 1130
a o 4 o o
#9151 cranial ultrasound TAMUANUIMINE W WNIRINMIATINAITTANNTIUIRY) DIHAMITATID
"luwmmmaﬂwaq wosladalna @ a9 azanvaulungInanfsye _9919na9n 1
eu il wu space occupying lesion, pseudotumor cerebri, cryptococcal meningitis Lﬂumu [T RLRHY
quuu 9
9 Aa Aa ) 1 Y] .
nuvavedInse wedlanailna @ TausninilumsgaduvedszunTnsy ¥ed (ventri-
cular obstruction) H30MEUBNTEUDINT B3 (extraventricular obstruction)* @ ﬂimtﬂum‘j
E]ﬂ@u"lm\ﬁ UUI‘W?\? NﬂilﬂWi}Wimulu’J‘ﬂNﬂ1iiﬂ‘H1(5]111LLW‘1115‘|3J1/’I 2.1, 2.2, 2.3
ﬂ3f,uLﬂumﬁqﬂmmau@ﬂizuuiwaq WDY (extraventricular obstruction) S wmsﬂwﬁqmﬂ
MIATIING @m%u venous sinus occlusion 130 leptomeningeal enhancement W5 A Y6
Y
U 9 5WAUNITUINMN CSF diversion
9 ] [ [ = Y o A A S A a g
ﬂ?vlll‘W‘iJ UUANANINNITATIVNING @ 1147]1ﬂ15§]5’3ﬁ] CSF IWown mfummmmm%alu
A s g 4 o Yo v o Y o g
CSF niowaauz5aly CSF duilu wngues HCP Tmmssnwiany unaiiv o wazorduilueis
#91581791 CSF diversion 534A20
mﬂwamnm"lm Hﬂaﬁﬂﬂ@@ 1WT]1 CSF diversion LLG]E’HEN N EJ’)W UNAVDN HCP
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1 CSF diversion

RN *miqﬂﬁumauaﬂﬁzuﬂwaq WO (extraventricular obstruction) NIBD msqaﬁummmuﬁu
CSF 11521 leptomeninges, arachnoid granulation, venous system Tao15171910 mass lesion
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o U v FAl tﬂ' v 1A Q:l :’ | U U =
l!‘L!'J"ﬂNﬂ]ill'l‘]JﬂiﬂHWJiJ’JEl‘ﬂ 1 “aNizIngg ummuﬁmnummﬂﬁlunﬂﬁanﬂmzua

(Management of patients suspected of HCP with increased intracranial pressure)

Patients suspected of HCP with symptoms & signs of increased ICP

Cranial US, CT or MRI*

Ventricular dilatation .

I

Extraventricular Treatment of
obstruction

1

Ventricular
obstruction

v

QUAUQEN 2.1, 2.2, 2.3

the causes **

Cause identified"

‘*

5“

LP for CSF examination for infection, infestation
and CSF cytology for spinal metastatic tumors

Treatment of the
causes” accordingly
+ CSF diversion

CNS infection or Positive cytology for

parasitic infestation spinal metastatic tumors

Treatment of infection or parasitic
infestation + CSF diversion

Treatment of the causes
accordingly + CSF diversion

# ly wnn wnsensiala

s unsdifl ventricle VNAUNA 11 A9 M increased ICP DINAAIIN UNHADU 1TU space
occupying lesion, pseudotumor cerebri, cryptococcal meningitis @udu

s55 Jun3@N 90 venous sinus obstruction DIVNITUIATINNUAN 1F1 MRV Fudu

a  lumaTineunugl
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(Management of patients with hydrocephalus from ventricular obstruction)

4

Dilatation of both lateral
ventricles (biventricular HCP)

Dilatation of one lateral ventricle

(monoventricular HCP)

Dilatation of third ventricle

"
=]

QABINUYNN 2.2 QABINUYNN 2.3

o ) Qd‘
meﬁmmmugu‘n 2.1
Lﬁﬂ@ilfﬂWU ventricular obstruction 61°|3‘iluflﬂ’j1

1. ¥ dilatation V04 lateral ventricle "IJNLﬂEJJ (monoventricular HCP) @UWU9) 2

D

ad
un 2.
dilatation U®Y lateral ventricle ‘VN 2 94 (biventricular HCP) QuWUN ﬁ 2.2

2. U

4 [
3. ¥ dilatation ¥BINY 3 ventricles (triventricular HCP) @,uwugnﬁ 2.3
4.1

Y
dilatation U0IN 4 ventricles (panventricular HCP) @,uwugﬁﬁ 2.3
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UNUYNTN 2.2
samamsthasnngibeiiiaazlnsg sesnahonmsgaduiinly “unas
A v foramen of Monro

(Management of patients with hydrocephalus from obstruction at foramen of Monro)

Obstruction at foramen of Monro

Obstruction at one foramen of Monro Obstruction at both foramen of Monro
(monoventricular HCP) (biventricular HCP)

Mass in lateral Mass in third Atresia of both
ventricle ventricle foramen of Monro

‘ CSF diversion® . Treatment of the causes accordingly + CSF diversion ' ‘ CSF diversion* '

8

* Junsaln 9 8109l active purulent meningitis/ventriculitis A94M329 CSF 11agsnn infection
111870 UTINITUIM permanent CSF diversion
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[ a Qd’
ﬂ1i’)ﬁ‘]ﬂﬂl!ﬂ‘ug3~l‘ﬂ 2.2
Lﬁ@ﬁ]i?i}‘W‘U dilatation of lateral ventricle 1@ third 18 fourth ventricle Huualnan aan
1 obstruction at foramen of Monro THN913M1NNNTQAAUYBY foramen of Monro ¥191A8I430 2 419
1. 5}1ﬁﬂ15@‘ﬂﬁu‘fl}NLaﬂ’Jﬁﬂﬁjﬁﬂ monoventricular HCP Glﬁjﬁi)ﬁmTjTﬁ mass lesion 7 lateral
ventricle ‘Vi?@]lli
v . ! . {
1.1 9% mass lesion 1¥U subependymal giant cell astrocytoma Anvlulsa tuberous
I [ 1 v A o
sclerosis® 1Hudu 195N uMg 3INAUNRITAUMN CSF diversion MUANUINING W
1.2 t1135 mass lesion 1¥#913901911 CSF diversion sn3unsdl 4 "8 1H active purulent
meningitis/ventriculitis é’fmm’m CSF 11ag5n¥1 infection iﬁ’ﬂ1ﬂﬁ®uﬁiﬁ%ﬁm1ﬁ1 permanent CSF
diversion
Y A v & 9y o Y a . . ya 1A . A @ .
2. DIUMTPAAUN 2 YN mline biventricular HCP IATERELTRRRLY mass lesion NT¥AY third
ventricle ‘Vi%"é]vlij
Y A . ' . . I 9 Yo
2.1 97U mass lesion I¥U craniopharyngioma, ependymoma Wudu Isnua UNE)
FINNUNIITHUIN CSF diversion MINANUINNIE |
2.2 Tunsain il mass 'auiwajtﬁﬂmﬂ atresia of both foramen of Monro 1HH9158119
CSF diversion oa3unsal ¢ "33l active purulent meningitis/ventriculitis #99A329 CSF Lazsnm
infection 1¥¥18AOUTIRNTUIMN permanent CSF diversion
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uNUYHT 2.3
o U CAl d'd Q'J :’ QU :, v %
!m’JYINﬂ'ITI.I]‘IJﬂiﬂ‘H”II’(J‘IJ’JEITISJJITJZI‘I/‘HQ Nﬂﬁﬂdu1%1ﬂﬂ1i@‘ﬂﬂuuﬂﬂl H1ag
d‘ o |l o' J . .
NAUKHIAINN third ventricle

(Management of patients with hydrocephalus from obstruction distal to third ventricle)

Obstruction distal to third ventricle

Dilatation of fourth ventricle

. ¢ . 1. Dandy-Walker syndrome
Mass No mass Aqueductal No mass Mass 2. Chiari malformation
lesion lesion slenosis lesion lesion ete.

* Tunsaln 9 809l active purulent meningitis/ventriculitis A94M3I9 CSF 11a¥snN infection
1 M18n0UINNTUIMN permanent CSF diversion
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ﬁm%mmmugﬁﬁ 2.3
Lﬁi@ﬁ]i?i}‘W‘U dilatation of lateral ventricles L& third ventricle °lﬁ'ﬁmimwﬂ’j1 3 dilatation Y99
fourth ventricle H30 13
1. 1 fourth ventricle 141a Jianaiuily aqueductal obstruction
1.1 #1% mass lesion mﬂu UMAUey HCP (U tectal astrocytoma, pineal region tumor,
posterior fossa tumor, cysticercosis Lﬂumu I VRTREY WMG]H‘L! 9 FINAVNVITUI CSF diversion
1.2 §1145 mass 3ivseiuilu aqueductal stenosis  FenmiunruAnUnduudiuia
(congenital) iRt umends (acquired) 1¥1M35ne1 TABN3M CSF diversion Tunsaifi 9 "o 9T active
purulent meningitis/ventriculitis A94A529 CSF 1asny infection 1¥¥ensudsinIsanm permanent
CSF diversion
2. aN fourth ventricle 1@ °l‘nuamuﬂummwﬂﬂﬂﬁmgmmmﬂ (congenital) LGIf‘L! Dandy Walker
syndrome, Chiari malformation Wudu Wrpaw HVWI‘L!I! 9 n3eduiu WLWG]TILﬂWIJuj‘IW‘I’mQ
(acquired) °11/iwmmnm mass lesion w30l
2.1 813 mass lesion ﬁﬁju UraUed HCP 13U meningioma U3 foramen magnum
Fudu WEnma w9 IFURNTANR CSF diversion MUANIMING W
2.2 $11303 mass lesion 1915811 CSF diversion Gluﬂiﬁ‘ﬁ' 3“9 active purulent
meningitis/ventriculitis é’]’mmn CSF 11ag5n¥1 infection Gl,ﬁ'mﬂﬁauﬁqﬁmﬁmwﬁw permanent CSF

diversion
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(Management of preterm babies with IVH suspected of HCP)

=< 7 < a 1 o A A ) 1 ] 4 A
NIMIANYIVD Ment tazame’ Tudninanaumuua NU1wATINTRENI 34 “1an 130
Y
o Y U [ 1 va 4
wmindesndn 1,500 nsu wud HgliamsaiveudsaeonluInsy e (intraventricular hemorrhage :

7, 8,9, 10

IVH) fosaz 15 - 35" ° uay $98ar 20 - 50 VO IVH 92NanMzIngd ueeaain (post

hemorrhagic hydrocephalus : PHH) fiatiu Tuifiniianoumyuaiil IVH A15a529M191% PHH W3 'l

o a Qd'
AT UIBUNHIUN 3
IS a 1 3 A A v 1A 4 a Y
LﬂﬂLﬂﬂﬂ@uﬂ]ﬁuﬂﬂ%kﬁﬂﬂﬂﬂﬂiuiWﬁﬂ oAy 3 MU HCP LINNYAITNATUINTID UDIAY
v 9
ultrasound %30 CT scan WN318 (recommendation C) 91liwun1gInss wesnwuhldaamugua
pg19Indvase 11
9 M g’ = ] ] & o Lﬂy
ﬂWW‘UﬂTJ%IWN mmmmu,azuamﬁamﬂﬂammmmm"lﬂu
1. Change in clinical condition 1% alteration of consciousness, irritable, lethargy vomiting
[ 9
wuau
2. Bulging of anterior fontanel
<] a 1 o {
3. Accelerated head growth > 2 cm./wk. ﬂﬂi1ﬂ1ulﬂﬂlﬂﬂﬂﬂum‘ﬁuﬂ MANUINT 1
Y
THmmssapuilesdu (temporizing measures) (HU LP', EVD'?, ventricular access device'® ', early
1 I 1 [
shunting, medical treatment {¥U acetazolamide, furosemide Lﬂuﬁu (recommendation C) uﬁ’mms TN
v oy . . 9 Y Ay 1A '
ﬂTJ&IWiQ UOIANUIANIYYN acetazolamide, furosemide Glui’gjﬂ?ﬂiJNi”lfJﬂ%"lﬂNaﬂ UANV NI UNDIN
") Y Y] [ 9 [ < a 1 o Ao A 15. 16
llllhlﬂWa!Lﬁ&ﬂ?ii%ﬂﬂi%’)\‘ﬂﬂﬂWii%ﬂWﬂlHWﬂ ﬂ\iﬂ‘1JLﬂﬂlﬂﬂﬂﬂuﬂ?ﬁuﬂﬂnmﬂﬂﬂﬂﬂiu}lﬁﬁﬂ yald ™
) Ve o A vy gy o~ Aq va 0
(recommendation B) ﬂﬂ‘ﬁfﬂi3ﬂ‘};l1L‘1JE]\1G]‘L!!.La’JE&‘]J’JfJllf)”Iﬂﬁﬂxi“ﬂi‘ﬁﬂﬂﬁﬁJﬂ@Wﬂﬁﬁ@Ulﬂ
Y = dgl . .. - A a1 A A A .
mmﬂwummmmmu (worsening of clinical conditions) %30 luaminng used progressive
o 4 i A o % o
ventricular dilatation 1¥{UTap1U5e MAaeunng WoN15811 permanent CSF diversion #auuziinlyd
o 4 <3 g’ o J o 1
Mieaaniminunnn 1,500 N3y uag CSF protein "eundn 500 mg%17 (recommendation C)
7 nm vy < v 1 o 9 o dy Y A 3 A ~ a .
ﬁWﬂfN"lﬁJllﬂLﬂﬂ!“ﬂﬂQﬂaTJ LLuzuﬂwmmsﬁﬂmmamum”lﬂ mmmﬂmmﬂam NILINA shunt obstruction
%30 skin break down
Y Y = 1 1 a a o 1 Y 9 ya
EHQﬂ’JEJlIﬂW?ZTWﬁQ N@flimmllilwﬂWﬂWiN@I‘]Jﬂﬂﬂ\iﬂaTJ"llNG]u “lwmmnmmmazmaﬂ
Y
< @
cranial ultrasound %138 CT scan (JUATIATIIANANMHMNIE U

v L ¥ o @
12 LLu'JVIq\iﬂqﬁ‘ﬁ‘ﬂﬂ']ﬂ']'JziW?ﬁ HBIANUT  TURTULNN
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tas Qvﬁlﬂ13$i1/‘liﬂ UBININ

(Management of preterm baby with intraventricular hemorrhage suspected of hydrocephalus)

A preterm baby with IVH suspected of HCP

Cranial US for HCP i

v v

Yes No

v v

Follow up closely

1. Change in clinical conditions* or

2. Bulging of anterior fontanel or
3. Head growth > 2 cm./wk.

|

v v

Yes No
Temporizing measures** Follow up US
| —
Stable Progressive®*# Stable
Follow up closely Consult neurosurgeon for permanent Follow up closely

CSF diversion

*  Change in clinical condition means : alteration of consciousness, irritable, lethargy, vomiting
*% 1. Lumbar puncture 2. External ventricular drainage

3. Ventricular access device 4. Medical treatment
*%* Progressive

1. Worsening of clinical conditions 2. Progressive ventricular dilatation
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mIMIMsihasnyuanusnaasanil myelomeningocele/encephalomeningocele

(Management of newborn infants with myelomeningocele/encephalomeningocele)

1 <] {
MIANEIVOY Lorber'® WuNTosaz 70 voudnusnAaeanll myelomeningocele AL
v 9 E4 ] v Y v
Tnse weena Nasaamuiielunguil mognigInse wesnuiedelndsa auunugin 4

o a Qld'
MAMIBTUYUNUHUN 4
91 . ! . 7 Y o w | Y .
Q“JJ’JEJ myelomeningocele 130 encephalomeningocele UNNINI5 AN mnﬂumsmm repair
. g A y a A& v a , o q ¥
myelomeningocele 18157 iedloanumsAaemeszuuilse m a1 swnenwialadanundounuziir i
i1 ' 4
cranial ultrasound/CT (recommendation C) ApUEIdA 1ilsziiunizInse weenui Taeglum iy
MIAIAAAIT SINY severe hydrocephalus 919911 CSF diversion 928
{ ] Y] -4 U o o
Tu owwernai lifilse wdasuwnd aslidilhevuounnaaoanamazil wet dressing
9y . o A @ S A o 1w <
13uu myelomeningocele 91011 "sfihelUnnilse mdasuwnd ivesirida Tae)
WAINIAA repair myelomeningocele ADIAAMINADIMIAII Tormsadaansela wu 01ms
e asnzanuaulun: TnanAsuy an3001m15NUNI92Y Chiari crisis 1AUA laryngeal stridor,
drooling, increased tone in arms and legs, retropulsion of head (opisthotonic posturing), apneic spells
IS 1 ] 1 @
Audu encephalomeningocele 13wu39uAY Chiari malformation
N38ll Chiari crisis @045U 9A529 CT W30 MRI brain teilsziiunnuialndves wes
1 [ o ?,’ < [ a { 1
MUNEA (posterior fossa) a1z Tnse uoeni1 laeiia wionlimssnymamuimang u 15U posterior
.19 g 2 . g g ST
fossa decompression = 13® immediate ventriculostomy Wudu
NTAUNAWIAR repair 118291M51004A 143 Chiari crisis 11 4 ultrasound %38 CT brain
< y a ) 5
Tae152 Lﬁﬁ]ﬂ3&111!ﬂ’JﬁJ;uLLNﬂJ@JﬂTJzIW‘N UBIANUININVUIAUDN ventricle LLAS periventricular edema
4
ez l¥mstiasnuiaail
Y A $ 8 = Y o . . 2
1. MuazInsy weenshunadannl¥m CSF diversion Taoi5)
R N = ya ' va Y 1w
2. ﬂ1hlllllﬂ13$T‘W5\1 yesnavsellanties lvaamueinisedialnaya h1@’ILL‘T‘I A head
. A A .3 o A4 g o g 1y 4
circumference 1182/M50A3599 ultrasound 130 CT brain 1TuA5IAT1 Wodnlogawa 6 “Uamiaull
o a @ 3 a
nuzihIvdszdiviannmsveadn (psychomotor developmental assessment) 81Mi¥U Denver Develop-
. Sy, 2. .
mental Screening Test (DDST)™ Wuau (recommendation C)
b4
2.1 wmé’ﬂwﬁmms;uuﬁmﬂﬁu 1aun progressive HCP %50 lower cranial nerve

dysfunction 130 delayed psychomotor development 19915841901 CSF diversion
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A a Y ' ya Y A a a A
2.2 edamuiieeg 1 lndra mindieliensnaauiazll psychomotor development 1N
wazuTe1M 31 AIUDA Chiari crisis 1AL (09 CT W30 US WUNN cerebral cortex WU (3 cortical

A g A 21. 22 . P 1 [l =1 o =
mantle > 3.5 cm ma@ﬂaﬂmq 5 IOU)" °° (recommendation C) Q‘IJGEJ ﬂunlﬁﬂluﬂzuﬂ1iWﬂWﬂimIiﬂﬂ

[l 1 Y
09910 INTe WoIA IUINNILIAANAINIAA repair myelomeningocele encephalo-
. 2 o I g ¥a A .
meningocele Usegmnamiie “dari a9l ouaniemsasn Iine1seasIv ultrasound %50 CT brain
v 1w &2 o s A a M g’ 9 Y] 1 9 9
naaaalszanamine et ellsziiun1zIngs ¥eIda @mude 1 uaz 2 AINA1VNAY)
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UHUDIN 4
HIMIMSINUASHYUANUINAADANI myelomeningocele 130 encephalomeningocele

(Management of newborn with myelomeningocele or encephalomeningocele)

A newborn with myelomeningocele or encephalomeningocele

‘ Repair myelomeningocele or encephalomeningocele + CSF diversion* I

v v
Clinically worse Clinically stable
Yes Chiari crisis** » No I
T

Consider cranial US/CT approximately one

Immediate Urgent cranial US/CT I week after surgical repair
CT/MRI brain [

CSF diversion ‘ Follow up closely CSF diversion

Close follow up at least until

age 5 months

+ Ty ounernanianunieunIsM cranial US 11358 CT AOUNIAA repair myelomeningocele
. 9 1 o Yy " v Y L)
or encephalomeningocele 'l himsrdadesaii
*#%  Chiari crisis (W‘Ui' WA myelomeningocele Uszana 5% ua linusauny encephalomeningocele)
ﬁﬂ?&l%ﬁ symptomatic brainstem compression F9301M3 retropulsion of head (opisthotonic
posturing), laryngeal stridor, drooling, increased tone in arms and legs, apnea

! . . . . ST
*%%* Emergency management I U posterior fossa decompression, immediate ventriculostomy wWuau

LUINMNNNITSNEINIZINGY NAIASUT RS ULNNE
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0o U W EAl d’ v
ummammmmnmgﬂm L3078N 9 etily normal pressure hydrocephalus

(Management of elderly patient suspected of normal pressure hydrocephalus)

11![‘4‘1]38 qumnmmi gait disturbance, dementia, urinary incontinence 19 4 fJNE)W%L‘ﬂu
m% ummuwuﬂmmﬂuiu woaly L3 (normal pressure hydrocephalus, NPH) mﬂwﬂaﬂwmmi
ﬂﬁ‘U‘VN WNGEJNTH N EJ’JW%L‘]J‘L! classical NPH LL@’IE{‘]J’JEJ ’J’L!clﬂﬂluiJfNﬂﬁL‘WfN gait disturbance ’ENTL!
~ . a A A A . g 23
1Y dementia UATDNATIVUIY urinary incontinence
Y Y = = ] 1 = 9 A ! . > o
fnﬁ‘ﬂ’)ﬂllf]1ﬂ13!.WEN@EJNGlﬂﬂﬂWQWHQﬁ]%G\@QLLﬂﬂ%WﬂTﬁﬂ@‘H 1 U  Alzheimer s disease,
< [
vascular dementia, chronic subdural hematoma Wudu 913 gait disturbance 1y NPH Nanvme short
stepped gait FIA0IUININ myelopathy %30 Parkinsonism IU®IAT urinary incontinence Hanyue
9 ]
aauil 121314 (uninhibited urinary incontinence) @oauenanlsadu g vesszvumaauil e

o a Qd'
ARTLNBNUYIN 5
Jihedt 4" NPH 1 99599 CT %50 MRI brain tiegNiInse weslaninnanielu
Y
@ o 1 1 a o 1
Srnalndliin wgau 9 wassnma i 9 mavnalngnundlisuuniudunng e
U v
Aaduunla
9 1 a . . a Y o v w aa
1. MInse wealanInlnfuaz iy ventricular obstruction N3N 1¥MITITATNEIMLHUYNN
2.1, 2.2, 2.3
9 1 a 1 1 . . Yya
2. MInsa weelandnndus 1wy ventricular obstruction 1H#W913AN0INMT ©IMIL A9 AL
HAN13M3599 CT/MRI brain
Yaa o 1 A~ . . . 1 9y 9 1 Y .
2.1 Taaneduilu NPH ol clinical criteria 819408 2 1u 3 4o 5200 suggestive

radiographic imaging

Criteria for diagnosis of NPH (modified from reference 23 - 25)
.. Al A
1) Clinical : #1738 101013
® gait disturbance
® dementia
® urinary incontinence®’

" Ay A
Iﬂﬂ@'lﬂ'lilwa'lu@ﬂquﬂﬂﬁl']ﬂ UNABDU

L UANINIFSNEINIEINGS NBIAIUN uTULANg 17




2) Radiographic imaging
® CT scan
- Rounding of frontal horn of lateral ventricles with periventicular edema
- Symmetrical dilatation of lateral ventricles out of proportion to sulcal enlargement24
® MRI
- Rounding of frontal horn of lateral ventricles with periventicular edema

Symmetrical dilatation of lateral ventricles out of proportion to sulcal enlargement24

- Normal hippocampus

- Aqueductal “flow void”~ sign25

2.2 1 criteria IWAsLLASY ¢ plumsdiiese IRRNsANesMRNANANANLIINE W
(Optional) it
2.2.1 Invasive investigation
- serial lumbar puncture %30 lumbar drainage26 Lﬁaﬁuﬁumﬁﬁ%ﬁ'ﬂuaz
UszumMsnoy UeIReMISNY (therapeutic diagnosis)
- ICP monitoring
2.2.2 Non invasive investigation
_ MRI eriinanudanulumsiiese Aunsdinglaldaiie
27, 28

- CSF flow studies in MRI : increased velocity CSF flow

- MRS (magnetic resonance spectroscopy) : lactate peak in lateral ventricles™

1 Sal Y Y= Q 5 . Yy Yo A
fwamsasrunu@udn lany NPH 1dW01se191 CSF diversion Minidn 1any wrgou
Y
1#5nam wngu 9
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UHUHIN 5
o W FAl d' v
uuIMamsthiasnegiie se1gn 9 iy normal pressure hydrocephalus

(Management of elderly patient suspected of normal pressure hydrocephalus)

An elderly patient suspected of NPH

CT/MRI brain*

‘ Ventricular obstruction identified '

Review clinical and imaging criteria for NPH**

4
NPH Possible NPH
—
v

= Further investigation®**
AUNUIN 2.1 - 2.3

x ly owfianumdeniiszaste MRI 14

** Normal pressure hydrocephalus #oalldnyULMN Criteria for diagnosis of NPH (Mo5UY
uwuqﬁﬁ 5)

#x# Further investigation 913WVTUIMAMMANUHKUIE WUASANIAINUDY DIUNEIVIA
(ﬁm%mmmugﬁﬁ 5)
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(Signs of increased intracranial pressure in infants)

3 i/ 2 Dilated scalp vein
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71/il 3 M35A53961383% transillumination lnglyIWme ‘a9i anterior fontanel

gl]ﬁ 4 Transillumination test
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3 1 5 Fronto-ethmoidal encephalomeningocele

] i 6 Myelomeningocele
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gl/ﬁ 7 Ultrasound of hydrocephalus g?fﬁ 8 MRI of intraventricular tumor

F] 1/#i 9 MRI of Chiari malformation
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GROWTH RECORD FOR PREMATURE INFANTS

In relation to

GESTATIONAL AGE AND FETAL AND INFANT NORMS

(combined sexes)
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(From Babson SB, Benda GI. Growth record for premature infants in relation to

gestational age and fetal and infant norms (combined sexes). J Pediatr 1989;

89: 814-820.)
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(From DeMyer W. Technique of the neurologic examination.

A programmed text. 4" ed. New York: McGraw-Hill, 1994.)
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5111/‘1&1'18711&%’&46114&4:]1']38 normal pressure hydrocephalus

(MR imaging of normal pressure hydrocephalus)
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31N 12 Axial T2W MR
shows ventriculomegaly.
31N 18 Sagittal TIW MR

shows aqueductal flow void sign (arrow).

g?fﬁ; 14 T2W MR

shows enlarged ventricles with
rounded frontal horns.

g?fﬁ' 15 Axial FLAIR MR
shows ventriculomegaly out of

proportion to sulcal enlargement.

gl]‘ﬁ 16 Axial CT scan with contrast
media shows symmetrical dilatation of
ventricles out of proportion to sulcal
enlargement.

gl]ﬁ 17 Axial CT scan with contrast
media shows frontal and occipital
periventricular hypodensities suggest

transependymal CSF flow.



Mwee MRS tWensI9q lactate peak

g?fﬁ 18 Proton MR spectra (TR/TE, 2000/185) in the patient with NPH.

Proton MR spectra (TR/TE, 2000/135) in the patient with NPH.

(Upper left) axial TIW MR image. A box outlines volume of interest, which includes the bodies of lateral
ventricles in the hemisphere. Lower left corner shows spectra from the body of the left lateral ventricle and
surrounding parenchyma. The spectrum from the voxel of the parenchyma (white arrow) shows normal
spectral pattern (upper right). The spectrum from the voxel in the body of left lateral ventricle (black
arrow) shows the lactate peak (lower right). NAA, Cho, and Cr peaks also are observed, suggesting that

this intraventricular voxel contains periventricular brain tissue
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71/ 19 Proton MR spectra (TR/TE, 2000/185) in two patients with NPH.

Proton MR spectra (TR/TE, 2000/135) in two patients with NPH. The spectra obtained from
periventricular regions (upper row) with the intraventricular spectra (lower row) are shown. Apparent
inverted doublet peaks at 1.3 ppm are observed in the intraventricular spectrum of one case (left side) and
can be recognized as lactate peaks. In the other case (right side), good qualities of lactate peaks are seen

compared with the peaks from the periventricular region in the upper row

30 LUINNNAITINEINIEINGS NBIAIUT  1TUSULLNNE




Before drainage | After drainage
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3 1 20 Proton MR spectra (TR/TE, 2000/185) before and after continuous spinal drainage

Proton MR spectra (TR/TE, 2000/135) before and after continuous spinal drainage in the lateral
ventrical of a patient with NPH. The spectra were obtained from a intraventricular voxel (black arrow in
upper left). Before treatment, lactate peaks are observed as inverted double peaks at 1.3 ppm from the
intraventricular voxel of NPH (lower left). Cho, Cr, and NAA peaks suggest partial volume artifact from
periventricular brain tissue. A metabolic image of lactate (upper right) before treatment shows that lactate
is confined to the lateral ventricles and surroundings. After treatment, lactate is not observed clearly (lower

right).
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