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Abstract

Objective: To investigate the relationship between intracranial hematoma and lateral ventricle changes
to initial Glasgow coma scale (GCS) assessment, pupil size and pupillary response to light in traumatic
brain injury patients.

Methods: A retrospective study studying the association in traumatic brain injury patients admit-
ted to Buriram hospital in 2021 underwent initial GCS assessment, pupil size and pupillary response
to light with a calculation of intracranial hematoma volume, and changes in the lateral ventricle were
obtained by calculating the %lateral ventricle area with data from brain computed tomography.

Results: Of the 246 traumatic brain injuries, 192 were men (78%), and 54 were women
(22%). The most common traumatic brain injury age range was 51-60 (22.8% ). The most com-
mon cause of accidents and classification of brain injuries were motorcycle accidents, 117 cases
(47.6%), and subdural hematoma, 228 cases (60.6% ), respectively. In assessing traumatic brain

injury patients with initial GCS assessment, pupil size and pupillary response to light were statistically

brain injury patients.

related to intracranial hematoma volume and lateral ventricle adaptation (p—value < 0.001 )
Conclusion: Intracranial hematoma volume and lateral ventricle changes according to initial

GCS assessment, pupil size and pupillary response to light could be guidelines for treating traumatic

Keywords: intracranial hematoma, lateral ventricle changes, Glasgow coma scale, pupil
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Sphenoid Wnsaeazisanin % lateral ventricle area
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AN5IASIERTNaN19ATRALAIUSWATH statisti-
cal package for social sciences version 29.0 (SPSS
Inc., Chicago, IL, USA) ?Taajarﬁl’autliﬁﬁ'm'ﬁnﬁhﬁﬂﬁ
saufiodldanaie, duwdesunainigiuuasioeas
dayanisuanuaslaiuni (nonparametric statistics) 14
Kendall coefficient of concordance ATAWAAITNILEN
A90EIINREAIATYNI9EAGEY p-value < 0.05 WAz
confidence interval (C1)=95% wideillanaans

s o

Lﬁ%ﬂﬂu‘ﬂﬂdﬂElwﬂ‘i"SNﬂﬁi'ﬁ]%tlﬁ’i‘jNI’NWEl'lUWaq%iNEI

wan1sdvey

[V Y]

INNANITANWIRIIWIRFUIALTUN T NDINITY
246 578 1 Unga18 192 518 gude 54 518 Aadn
J0882 78 WAZIDEAT 22 ATNAGU ﬁmqmﬁﬂ 50.1
¥ drsengguimiunisansswuniniigade 51-60 T
s998981AD 41-50 U waz 61-70 U Amiusoeaz

22.8, 17.1 uag 15.4 ANATFIU ﬂ’]L‘ﬂ[}*l‘ZlE]ﬂﬂ’]‘JU']ﬂ

L%‘U‘wumnv”iqmﬁaqﬂ'ﬁmamnsaﬁnsmuwm% 117
378 NARMNVNAN 62 S18UazN81N158N 17 918 AR
Wu3oeas 47.6, 25.2 WAL 6.9 ATNAIAU NE1SHNIN
fAnluanos® wunInfigaAe subdural hematoma 228
918 subarachnoid hemorrhage 66 318 LAY intrace-
rebral hemorrhage 31 518 ARLUWSBEAT 60.6, 17.6
WAL 8.2 ATNAIAU (mi"mﬁ 1, gﬂ"?'i 2, Ll,azgﬂﬁ 3)
nsUszfingUasumiunioanasizeiiasin
A8 GCS, ﬂ%ﬂﬂﬂﬂﬂgﬁﬂ%mqﬁgﬁﬁﬂﬂ?}ﬂ—ﬁ?ﬁlLLﬂzﬂTﬁﬁlE}‘U
AD9293HIUAADLEINANNINNUSHIUINIRSIER
sanlwnzlnanAsueuaznisUsuR1204 lateral ventricle
WONINANUIAMNENR RS sz 9USHms B anaen
Twnzlrandsueranisususigas lateral ventricle 8819
Aned1AYNNEDE JA1 p-value < 0.001 (mﬁ’m‘ﬁ 2,

A197°97 3, WAZAITNN 4)

a1919%1 1 Fayagirenlasuuimdunieanes

Characteristic data No. Percent Mean = SD
Sex 246

Male 192 78

Female 54 22
Ages (yr.) 50.1 + 18.7

Male 49.3+18.3

Female 59.2 + 20.1
Age ranks (yr.)

0-10 2 0.8

11-20 18 7.3

21-30 24 9.8

31-40 30 12.2

41-50 42 171

51-60 56 22.8

61-70 38 15.4

71-80 25 10.2

81-90 9 3.7

> 91 2 0.8
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SDH=subdural hematoma, SAH=subarachnoid hemorrhage, ICH=intracerebral hemorrhage, CC=cerebral contu-

sion, EDH=epidural hemorrhage, BS=brainstem hemorrhage, IVH=intraventricular hemorrhage
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B399 2 ‘ZT?JEES initial Glasgow coma scale, intracranial hematoma La< %lateral ventricle area

Initial GCS No. Percent Intracranial Hematoma (cm®) %Lateral ventricle area

Mean SD 95% Cl Mean SD 95% Cl
2t 39 15.9 90.4 61.7 (70.4,110.4) 1.9 1.5 (1.4,2.4)
3t 13 5.3 103.2 62.4 (65.5,141.0) 1.9 1.5 (1.0,2.8)
4t 3 1.2 81.0 29.9 (6.7,155.4) 2.7 3.1 (-4.9,10.3)
5t 12 4.9 95.3 63.5 (55.0,135.6) 2.2 1.5 (1.2,3.1)
6t 16 6.5 38.1 45.5 (13.8,62.4) 1.9 0.9 (1.4,2.4)
7t 4 1.6 19.8 16.4 (-6.3,46.0) 2.4 2.3 (-1.2,6.0)
8 4 1.6 29.6 19.1 (-0.8,60.1) 1.2 0.8 (-0.2,2.5)
8t 6 2.4 38.2 44.8 (-8.8,85.2) 2.4 2 (0.3,4.4)
9 3 1.2 70.2 68.6  (-100.2,240.6) 4.9 3.1 (-2.9,12.7)
ot 6 2.4 42.7 23.3 (18.3,67.2) 4.4 4.0 (0.2,8.6)
10 4 1.6 41.5 8.6 (27.9,55.2) 4.4 2.2 (1.0,7.9)
10t 6 2.4 34.2 24.9 (8.1,60.4) 4.6 2.9 (1.5,7.7)
11 2 0.8 20.9 5.5 (-28.3,70.2) 5.8 3.9 (-29.5,41.0)
12 8 3.3 12.0 11.4 (2.5,21.5) 1.8 1.2 (0.8,2.8)
13 12 4.9 21.4 24.5 (5.8,37.0) 2.1 1.1 (1 .4,2.8)
14 27 11.0 33.7 34.4 (20.1,47.3) 2.9 1.9 (2.1,3.6)
15 81 32.9 32.4 41.0 (23.3,41.4) 3 1.9 (2.6,3.4)

ANYLAG t=endotracheal tube

£15199 3 ﬁ’asja pupil-light reaction, intracranial hematoma Wae %lateral ventricle area

Pupil-light No. Percent Intracranial hematoma (cm®) %Lateral ventricle area
reaction Mean SD 95% CI Mean SD 95% CI
React 189 76.8 36.7 40.1 (31.0,42.5) 2.9 2 (2.6,3.2)
Slightly react 13 53 83.1 1.4 (1.2,2.8) 2.0 1.4 (1.2,2.8)
Non react 44 17.9 91.7 67.5 (71.1,112.2) 1.8 1.5 (1.3,2.3)
f15197 4 Ha correlation coefficient
Correlation coefficient Side Mean ranks Kendall’s W* df p—value
Initial GCS/hematoma volume 1.32/1.68 0.128 1 < 0.001
initial GCS/%lateral ventricle area 1.85/1.15 0.489 1 < 0.001
pupil-size/hematoma volume right 1.12/1.88 0.584 1 < 0.001
left 1.13/1.87 0.559 1 < 0.001
pupil-size/%lateral ventricle area right 1.79/1.21 0.333 1 < 0.001
left 1.79/1.21 0.343 1 < 0.001
pupil-light react/hematoma volume 1.06/1.94 0.785 1 < 0.001
pupil-light react/%]lateral ventricle area 1.29/1.71 0.172 1 < 0.001
hematoma volume/%|ateral ventricle area 1.91/1.09 0.661 1 < 0.001

ANTGLYIB) * Kendall’s coefficient of concordance
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nsUssLfinszezSnawIng GCS=9 lUissAuAzLLL
289 GCS=8t # wlateral ventricle area 8AaJYaN
Sagaz 4.9 Udisaeas 2.4 wamiflen1sUSURI289
lateral ventricle @ fuagnoann thasanninwedann
2BINITUIALEUNENDLARFUnaE g aNTa N T E Y
\RameanlunslvanAsws, NIzdaNaIUIN, intraven-
tricular hemorrhage 7138 hydrocephalus Wnst waz
nNsAnEINUINUSHNasiAenaaniunslnandsue
HAMNTNNRE N e 1IN RE 1A N1eaRRAEN15USU
Fa209 lateral ventricle AATwN15W13a1A289 %lateral
ventricle area TUldRasldsaniudayailaainnisnse
aeeBwlsznaui

o a

AMNTNNBE DN TR NI FRRTLHINDWA

)

g

Hematoma volume
(em?)
g
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react
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Clinical and Angiographic Outcomes of Covered Stent for Reconstruction of Cavernous

Internal Carotid Artery Traumatic Pseudoaneurysms: A Single—Center Case Series

Gahn Duangprasert, M.D., FRCNST, Thanapum Kaewprasert, M.D., Asst.Prof.Dilok Tantongtip, M.D., FRCNST

Division of Neurosurgery, Department of Surgery, Thammasat University Hospital

Abstract

Background: Pseudoaneurysms (PSAs) of the internal carotid artery (ICA) are an uncommon condition
where treatment consensus is lacking despite substantial development in both surgical and endovascular
treatment. The covered stent has been reported in the treatment of these conditions, however, data are
limited. Here we report our experience in utilizing the covered stent for traumatic PSAs with its outcome.

Method: We retrospectively reviewed patients from 2014 to 2021 with traumatic PSAs of the cavern-
ous segment of the internal carotid artery who were treated by endovascular procedures using the covered
stent. The treatment’s safety and efficacy were evaluated by neurological symptoms and improvement,
angiographic obliteration, and complications.

Result: Of 6 patients, five had a history of head trauma and 1 case had an iatrogenic injury with
31.1 mean age (range, 16 to 56 years). All had PSAs at a cavernous segment of the ICA. Four patients
(66.7%) presented with massive epistaxis. All cases had immediate aneurysm obliteration in a single
session and hemorrhagic complication was noted in 1 case (1 6.7%). There are no clinical or angiographic
signs of aneurysm recurrence at a mean follow-up of 29.6 months.

Conclusion: Endovascular treatment with covered stent graft placement for traumatic PSAs of cavernous
internal carotid artery delivers favorable clinical and angiographic outcomes with a low rate of complication.
Nevertheless, the covered stent should be used with caution especially in cases with multiple trauma to

avoid hemorrhagic complications.

Keywords: Pseudoaneurysm, traumatic aneurysm, covered stent, case series
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iﬂ&liiﬂagiu%mm anterior genu 989 cavernous seg-
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fnuwaiznaanianRnAgINIn vasnikesiinslw
g1awNanRaaLAgUH IwN19a8lHRDIMS (na-
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gunzlnan) laeusznausieen Aspirin 2w1m 325
NA. 31%I% 2 LHA WATen Clopidogrel 2W1A 75 wA.
$1wa 2 1R nasenTwazdun13ng covered stent
graft B99W1A WATAIIHETT THEAUIWIATELST Uaz
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findunns (Graft master stent, Abbott, USA) #9914
covered stent 1¥iaga1nsaesmadedIus (proximal)

uazawlane (distal) B819%08 0.5 LARALNAT LAY
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o & @ a a a o o 1
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wan1sAnuY

HUaelsanasniionsnasldinasaingufivnezes
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31]‘7; 1 aengidraafiatmasanss (A) wunsuan3nazesgiunzlnanuiiams sphenoid uaz ethmoid sinus. (B uae
¢) nunasaiienanasltinasaimanniienunsanlsfing1o2a1 Huwda1usian sphenoid sinus (anAsas) T
NNHDIAIUTY UATFIWNUT ATNAIAY
(D waz E) nwdninseniiensuasassvaaniianunsalsindieanluyanesaindiumii wufinssiees
naemian (gnAsann) uazsaesmneglundonisld covered stent. (F uaz G) Nwdndvraeniionduaizainasn
\Foaumsnlsindnsanlusuaesandming wusinszesmaoniden (gnasi) uazsassamelundonsld
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M5e8nsandnasnienanns wusessImasn
vRananaslUsnasusiiod anterior genu 9a4 cavernous
segment 2a9naaALAaALAIATlsAR uazgninedis
saysailaenisld covered stent (U1 1D §1 G) uaz
9nn13R59ERaNT 6 ien Tadwunisiindizae

vaanlaanaNasllonas aNdelHNUNITRUAY BB

A1EUNINFaUINNITTN (gﬂ‘ﬁ TH uag 1)
wadn153nw1 1 U TAAN15RI9RARNA2E com-

puted tomography angiography (CTA) HIUTRIRILNAY

WNIZEN2BY covered stent L4 cavernous segment 284

vaamLaaALAIA1lsAn wazlinuni1sAusk niasaasa

apesaelsmin (Ul 2A 9 D)

sUf 2 awenzisdreafiamadaaassaniunisininaonfonduos (A-C) waAIAILAWKIZEY covered stent T

cavernous segment 2897ABALADALAIATLIAAGIULIT AINATWHNNDIFIUUK ATBAUT LAZAIUI AINEIHU

lnglanuanumzseessa vienshiuawlosvasaldeauninlsin sauis (D) N 3 AR LaRIANYMZABY covered

stent (gnAsaaN) Tu cavernous segment 2adnannLioauain1lsfn Iaalaifnszauaad anterior clinoid process

(RBNAW)

J91snd
=1 dy 1 U d‘
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naaaldenundAlsfin ludimlnssdonsiaiasny
Winn1sanzesniiinasndonuaziidenanzidnlule
3:%%05?% tunica media WLAa¢ tunica adventitia 283
HbIviaaALAoALAIAlSAR (pseudoaneurysm) #ad
NHRINI58N21A20999% tunica adventitia ¥ 1¥LAA
WReanaanludnes nieenavinliidendanlnastng
JMUL39 (massive epistaxis) Tunsdifinunsuansnizes
gunslnan3ansiae (skull base fracture) sLAEEIR
mel,ﬁmnﬂqﬁ'ﬁmr;;vlﬁﬁy’m,l,uu blunt LAY penetrating
injury ¥i38813LAR1AN iatrogenic injury L4% NI1SHIAR
endoscopic endonasal surgery LATHNISUIALRUZDY
cavernous segment 284v180ALRaALAIANLSARALA T Wal
aazssnannulelaves iiessesas 1 2aslsAnaen
BonanaslUanasionan wilfinnizfisunsie uaz
\imenisgwssivnisiiedinlstissaeas 20° nIage
f95eaz 50 wnldlasun1ssnen ' vildn1ssnen
foldwn12L99A9% LazABINIBN1IINWIBE1NANIZEN
WrNNe289n195091 Aa N1TWENEIRIBIHADA
\Gonldswaseananvasadonund Tnefisnwiviaans
WRaaunsty LLﬁiLﬁ;mmnmamﬁam[ﬂawm’mqﬁ'ﬁm&;
Fa15ln pseudoaneurysm LafintaUnfnilanlsanasn
\donanasldenasiall vnldmdudadiimaasnisdiss
niunaamianlUines SINIFILAIS cavernous seg-
ment ICA lTuuS e ienamdr lsenn SAnadesgeda
ANHANIT WAZNITUIABUBILERUSEENEND
n135nw13euualamdn deconstuction n3a re-
construction technique Imamﬂﬁan deconstruction
technique (Hwn1sgavaeaLdonuUnd definnadessde
nsiRaNeNALReRisaeas 5 69 22" WaNIW
N15M573A38 balloon test occlusion N15L88NIEN1S
chﬁmﬁaqm%aamﬁammamhﬁm (trapping)'” 98N
FaensH1anAenasndaniofisdenlUidesnas
(revascularization surgery)'®?° agglsnnin e
wsnaesmaingiiing Insanizdiaeiifinnizanas
Uan onvzldfnANgInAen1sHnae Wieanade
NARBAINAIBE 2DINAaRLRoRNaIEIBTigNARs S

(bypass patency) 16 Aenivn1enanaasn1ssnun

213N TWN1I5N¥I68 reconstruction technique
WNBSNENasALEaREANAIUNR WATARAINNLAEIZDINTS

\iRdANDINALRAR

N1sSNu1MJ8 covered stent

N153N¥IRI8 reconstruction technique qn135nw
HwdnedinnanaLdondunan (endovascular treat-
ment) B9fin13eawiienisldznain Sanduaidne
lawe (stent-assisted coiling embolization ) WL899710
pseudoaneurysm bNHANWNULABILININADALREAUNG
(true wall) ¥inlWiAnn1snzquasanaineanlunanuis
naamdanldines wazanarinlvnasndonanaslis

5272 | Hunnnzainisale covered stent

wawmnt
graft ‘l%mi%’ﬂmﬁm reconstruction technique L‘ﬁ;mﬁl’m
g1x13adnsessizasniirasmionla wasdufu
SnwviaentdonuwadAlsAnainunA LA 220
swdetaine am1sadasassalanud SAnnausne
2a9AWAUNINIT9gUNTal uazaa1sarinlaedng
1057 881915NANEBS1NR2BINTLY covered stent
Teiur covered stent AanwmzAaud19uds ladnngw
Lﬁaamnaaﬁﬂiznamaaqﬂnifﬁﬁﬁ”’adumaa stent,
PTFE (Polytetraflouroethylene) graft WazUBAg® Fovinle
gnnsanisldlunasnion lnseniznsdiivasmaon
fiamnaAnfel nianaendensnasusiingunzlnan
Fonaandanlasnnsninnin covered stent 16 3o
anwuznanionuluggieny

HN1SWBHI covered stent Tﬁ’ﬁﬁﬂwmzﬁﬂmj%
Weldmansiunisldlunasndensuosninis (Willis

28,31-33

covered stent) #lABAANEN1IINWINA LA
289lsNANTDYAEIIAR LAZEIZIANITAARTNIY
szazend N trgelidnsAnwUSeuieunu covered
dl . . e 1
stent graft L»ada1n Willis covered stent galaifilalu
Uszindlne Jaguudeldilu covered stent isanuuu

N1§IMIU coronary artery

N12:1INSNGdUYEVNISSNUNAJY covered stent

A1MSUNIZUNINTaUIDINISLE covered stent
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Tleud n1siianasmiangamn (stent occlusion) 3o
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wuleSoeaz 0 9 52°% Feenaimannnislesuen
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AlsAim lawn ophthalmic artery, posterior communicat-
ing artery W% anterior choroidal artery)
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ﬁﬂunﬂ*nanﬁsu:lﬁi'] (low pressure headache %38

o

intracranial hypotension) ﬁﬂnﬁ;l%mmiﬂ’mﬁﬁﬁé’sqﬁuﬁ
Y da DXl a
Auvianendswege IwgUlreursawatanuniizifen
aaﬂimLﬁlanNﬁNmiﬂ (subdural hematoma)
Ventricular coaptation: A1IzlWSIaNDIAULAY &
AITHANIELAWLEEIAU slit ventricle nINFUIBRBINS
Umdsueiinainnslaaneszunevinlulnsiaunassu
FIEALL5ENIN symptomatic ventricular coaptation5
Symptomatic ventricular collapse: ﬂ’]lzIWiﬁﬂNa\‘i
a = ' o a a
AULAUNNUIINAUDINISUIRASHE 871138% Wasns
wWaswwlasauganaa luguaenlasunisdinala
daszunernlulnssanaslaeiinainnisvineuaas
dneszunesinlulwseanasfinnuinuni (slow flling

of the valve reservoir)'®
INUriN1S3t0aY
LA NISINARBANIE slit ventricle syndrome

s

9IAEINTIITINAUNNANSITIRAY A"
a o = & &
1. Urarswe anwuetdwASiAgi? Uiansias
Usgunm 10-90 W
2. Tws9aNaINaNwMEAULAY IINATNAIENIS
S9FDIANDI
3. AN1SAWEIZDY reservoir 29885 UILYN 1
Inseanoed1@nUnd (slow refiling)
1 (=3 L o aa s U
agalsnealulagiuinarinisinedelude 3
Talasupnatiendnsaly 1Hasa1NnaI9nas18Na1a
LWARYINNITNAFDU reservoir 28981852 U81 1slNS9

dnag'®

slmyav Slit ventricle syndrome

ngua1n1sUIndsweiinaunienaslasunis

Tdaneszuneinlulnseanss (headache syndrome in
shunted patients) wuslamdn s ﬂﬁiN #1N Rekate clas-
sification lAgfiaN5aN1ANE1SE33INEN4 ULATAITHNA
TwnslnanAsue (intracranial pressure: ICP)'*'® Bath

1. Intermittent, extremely low—pressure head-
aches that analogous to spinal headaches: ﬂ@: Nﬁﬂl&l
fimnsulunzlnaniswzan wiinezlasunisldane
SEUNBAASURINAWIEAUFILAINAN (high pressure
valve)'®

2. Intermittent proximal obstruction: ﬂdmjﬂm‘ﬁl

o
o s o

AN190AAKADIFITZUNEH I INTIAND LT BASIAT7

9

FINANWUZDINIIUTAIFINLNUNNITIRILENG 3 28
28901172 slit ventricle syndrome (classic slit ventricle
! d4 a o

syndrome) Iﬂﬂiuﬁaamnmmiqmmaaﬂmﬂma
S2UNEUN I NTIANDIEI proximal 3zHNTHAAIING®
Twnzlranfswegedin 31NKWDINTITALUTINIALID
fneszungnauNinewlauni e

3. Shunt failure with small ventricles (normal vol-

1 Ul dld s

ume hydrocephalus): ngagiUaenfnnuaulunzlnan
Aswegs 1Ho9a1nn19ineInaasaeszuten lulnsg
anpsdnUnAnsaldiiasne wanaullnssanosawin

£19,20

Uni'2 dafinennnisiilwssanalazenesnsiii
ns3zunenn iwlnseanecazlsdifieomwe donalimis
sulunzlnandsvegodwuaninanenieiodoosanas
naunansnsIaNasfiawIAUNG Nquifanisaasuie
mmr;mmn*mﬁmﬁmNﬂaﬁaﬂaofwsqauaamﬁﬁaﬂﬁa:
subependymal gliosis Wa% Brain turgor®'#*?°

4. Intracranial hypertension with working shunts
(cephalocranial hypertension): ndué’ﬂ?ﬂﬁﬁmwﬁ%
Tunzlnandssegefinnuaessunesilulnsanasld
nslaung wisneszuneinlulwseaneofisarinenls
1Jnﬁﬁ?%na?’uﬂizlﬁjﬂﬁlﬁmmuzn:[ﬂanﬁwu%’iauﬁmﬁ’u
Haunfuuunfiad (secondary craniosynostosis) %
MldAnnzdndnsainzlnandsuefinuni (cepha-

locranial disproportion: CCD) LLa:mwﬁu‘lunﬂmﬂ
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Aswzgomann >

5. Headaches unrelated to shunt function
(shunt-related migraine): ngngUleaIn15UInfsue
TodunusAun1svineuaasanaszutevin lulnseanes
é 1 U | 1 é’o (< & £% o [
ZolungugUismantdndunazdasionisnsiain
ANNARIwnzlrandsue (ICP monitoring) 1aueNN
21N15UIRRAS Y HENNBS NUNITRIITWABIFNBTZUNE
gl A 1 1 -] s Qs o
W lulwssanaandalad ninnuanludRINTNR WS
AvuaIgUIenguiaInIsasneIAI8n1slde1uTIn

[=1
271N15UIR RIS

auANISU

Slit ventricle syndrome wulpsasaz 4 desauas
37°%° 91N15AN®1289 Fattal WATAMEWUI slit ven-
tricle syndrome wulwngugUaeisinangiosndn 10 U
Tmamﬁﬁﬂﬁzmmhomq 2 98 5 U (*° Tuameiinns
Anwiaes Major uazAMEIE9TMEURNTRIgegANUT
o1gade 6.5 1°7) Taefiheazfonnisnnendinisld
sneszutern lulnseanasrsiusnUszao 3 Ui 5 9
wazwuIniaeaz 50 aaegieiaelasun1sWAnlaae

szunavnlulwseanasninndn 1 Ase°

we15assIngn

ﬂav[,ﬂmiLﬁﬂ Slit ventricle syndrome é'llﬁvLaJL"ﬂ%
= Y o | < a ad |
ﬂﬂiﬂULLuﬂmTuﬂaquu adnelsfimufinguiininin
d115095Un8nNabnn1sIARA132 Slit ventricle syn-
drome langnatengud] uazluguieufazsnewueia:

LiRANNHALNALNTINAWLE FINasanISLRaNLWINIG

'
dadd

NM35nw1 ngedifnsnanadeiudsod
1. ngwfin1dnsia (Siphon effect) iiiagaefings

o | | I I & A A do |
WanNINI9aINTI R W U 1nIa B nnALA e g
Aswzgedn azrildiiinnisiufewnlasaaininunn
sErieAnNAklnnzlnanAsusuazANNABlnIDTag
28-30

(Intraabdominal pressure: IAP) ATHNH2BY Stevin

NI8209 LnlnssanaINanaein i I nssaNasAULAY

wazANAwlwnzlnanAsweA1as USniaaann by
& | &
\Reaneg (Cerebral blood volume) NaAaY S9HA1HAT

Y

TAgavnanaIazuSNuaes (Subarachnoid space) uaz

q
o

AnlALHoaENIRI1218AUIA Fepnafvinvsaidan
panlAZTWAINET2 (Subdural effusion or hematoma)®"*
2. nouflwssanosfiunAuu19dIn (Ventricular
collapse and CSF isolation) \WWalinnisszunesinle
Twseanasnniinly azvinlvlwseanasdonlaans
szunevn lnlnssanasfuLAULaz a5z U Y Tl
ANDINNIWIARDEAY [NSIaNINIRTITINT LH A5y
A1592U78MN IlnseaNaaziinn15281867991nN151
Foramen of Monro g§nUaN®aINN15tAaauUaA289uIk
Iwseanee (Septal displacement) BIALARAIING
=1 3 | L o
Tunslnandsuegednninnt gUaesinazioinisuan
Aswzidwase s Tuwdendnisviiewaieszulesiiln
Twssanasiaeag®®
=K. 1 a a o
3. nquidndinzesnslvandsueinung (Ac-
quired craniocerebral disproportion) Gluﬂﬁjmiﬂ:]ﬂlﬁn
& = & dY vo | &
NIINAIALANLANTLASUNISLaa85z U8 Lwlngg
daag aznszawldlianIsdaniusznitenslnan
Asweannin (Early suture ossification)36 a9Wal#LAR
=1 a [~ 1 o [=3 [=Y (=]
naznzlnandswelaFinewimuauuuniegiuazs

s

anwazgainzlnandsweinung '’

duaedinlnegjas
fianwaenzlnanAsuelan (Microcephaly) Waziawim
nzlnanfsweusiiurinenasidnnituni (Posterior
fossa hypoplasia) GL%ﬁWﬂﬁEjﬁlLﬁaﬁmﬂ’lﬂT%ﬂ:‘[ﬁﬂﬂ
Asweldadninuaiazinldiinniazanaawlwnzlnan
Aswegonazanaiinnisiafoudoszasanasiosdim
q/IEl‘irla‘ziﬂ(Cerebellar tonsillar herniation) #381122 Ac-
quired Chiari | malformation A1H}1%%* ﬂﬂ?xLﬁﬁﬂﬁgﬂ
nszgwleananauanAzasanNaRlunzlnandsus
WAZANABUSLIIAL Foramen magnum TLANZ 12%
Mendin1sa1zinladunds (Lumbar puncture) #3e
nsldaneszuneinluladundonuudanga (Lumbar

drainage) W3an1stdangszungwnladunas (LPS)
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4. nguilionndlunaealfonR1LaZAITN
#Avie DI bEFNBILNNT (Venous congestion and
increased cerebral elastance) \WWafinnsszuieinl

o a a 1 63
TwseanasfinnniAnlunienainisld vP shunt 1dw
STELLINIWI AZAIHALARIINABID IR Il adunA
IweNBIaRAT BAIIINHUANNAKIDINADALRDARNDL

o o & d o
HAN19U3UFgeanNa AL AR EIUATNNH T8 Monro-
Kellie (42) vildiAnnnaziionnslunasnidonsn
(Venous congestion) WAZAIINEATIEWIBILHETANEDY

. a & 8,23 , & 13 Y &
(Brain elastance) Wna%>** 1 Unuarinliaeszunein
Tulwseanasnganisinen Annsuwlwnzlnandsvs
WAZAITNAWITNININ (Transmural pressure) 3959
& _
7S TV Vo R

5. NQWHN130ATNTDINADALADALAIBEAARG
(Capillary absorption laziness) tfafinnsseunasinln

> a o v a Y
Inssanasfanninluanrinldifinauaulunzluan
=1 0' (=] 3 a > [ [ Id
AswzanainsouiAsuinmaawlnay vinldlad
n1sganauzasii ladunasluduiBornaaosasus
nuaes fowwiaaeszutein lulnsssnaIngaiew
3 a dl 1 v o s
Wwaiww nasadeaunsdosnlalaviinisganau
i ladunaaluiaiwinazliaginisanaunnyinems

) a 1 o d& o v a < & d
TaUnfad1eund JevinldiAnn1sAsaanifagniewan

o . ° by 1Y)

1988 (Extracellular fluid) wazinldAnawlnnzlnan
a =3 1o a 1 & o
A9 g nusLHaIaINAINEATIEUIB L D AN I g
é} o 1 U | =3 e
aninlAlnseanaslaianansnzeneawiale gUlededs
fanwazanslnsednasnfiuuau®®

6. nguifiAnN19nTsinazesnlunlnsednas
(Pulsatile vector for shunt over-drainage) WuLlw
nuflnafinaiafenisiufenulasaesfiAniens
Trazasinladunaslulnseanas anndafilnasanly
gusuneveniBornansuwazladunas (Extrathe-
cal compartment) uadlUviaaaians usliasinsld

deszuiainlulnssanasazinlrinladunaaUasn

#ennslnassganaszunalaenss vasmdansiAe

sunislnazasrinladunasdafinnisususanlenis
ALBAUIA N AANISAIIDILRDA IWANADALRDARILAS
LA ANDIUINAINNT WAz lrANAwlwnzlrnanfTwe
ﬂq47,48

7. nguflwseanaafednin (Periventricular
gliosis or “stiff ventricle”) tHain155zu18ilulnge

I ad da o

anondwa win ngudhiiadiuieasdnseanes

J a I o U
waziaanassaulnssanasaztinwaatdn wazvinla
TnsoaNalBeanNIN LARANWMNENIIINTIATNDINUE
wazgiieANAINIInlwA1EN8AI20 NS I N
(stiff ventricle) ag19lsfnaluilagiwnguiilals
SURINTENLIHEIINANISAN YN LANIIN1SNAaR AR
s luInlnseanaenidananIn wanNUINLa

U Qs 1 J 1
N13618NAANAILINIIENDIBDNGIadNDIRE g

Anunsle®

msaAdulsana:ennisuano

n13eLwlsAL Slit ventricle syndrome Nanwe
5 N{NBIN1IAD

1. ngnemsfitrainasszunesinlulnseanes
fianniuluuazanuswlulnsiaaaaduau (True over
drainage with negative pressure)

2. ﬂéjNﬂﬂﬂ’liLLUULﬂ%ﬂ%ﬂi']? (On off symptom
complex)

3. ﬂq'&la”lﬂ'l’iﬁlLﬁﬁlﬁl']ﬂﬂﬁﬁl%iﬂ%IWiﬂﬂNaﬂﬂ'?%

v s

wgARAW (Recurring proximal ventricular dysfunction)

'
1 I

4. NANAINIINLARIINNITHIISaLRanaNla

q

‘z“?méaﬁ’a\lﬂuaﬂ@‘i'l (Chronic subdural collections due
to shunt over drainage)

5. ngnonsUanAswed LidninsiunTiaw
ﬂ@ﬂﬂ’lﬂ‘i%’l&lﬁﬂﬂ‘lﬁl‘ﬁﬂﬂﬂﬂﬂ (Headaches unrelated
to shunt function)

81N13NNUUBENEAZaY Slit ventricle syndrome

a o < IS v & Y
ARaIN15UIRATYS ﬂﬂﬂquiﬂLﬂ%vLﬂqﬂﬂq]']ﬂﬂ'ﬂqNﬂ%

=Y o o o

TuwnzlvanfswedndoinazdunwsnunisiUaeunain
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vnanAsweanludswzge (Siphoning) Wiaanis

o & ) a &
Uindswziduannanuaulunzlnandsuege AL
AnazuanIaIn1sUInATwsLuULTnASIAS1Y (On off

symptom complex) mmgmwwaammimminwu"[ﬁ

%)
(3 |

pousUamEniaeandusunIniiauszdnin a1
Suinutanmelaud adwld 015en nsiewulac
FZAUAIINSANAD NIzAUNIZENE BOWWAY NIILAY
MnI0N1INTEINAUNG NasAw1ngDn Fnin5e val
vensdiganulioeRagiheataazlaifionnis (Atypical

form) ¥inlAenfansifaae™?’

N1sdvnsa03U0ad

AMWENeIFRaNNILADSANDY (CT brain) WU

gaolnssaNasfunAuLaz iRy ladunasluwlnssanas

ushimUanesneszuiedniulnasanas® (U 1A) fthe
vanguetanulnssanasauinuni vsalwseanag
FunAuuazzenefuednle®™ (SU 1B) wanand
snnsanusniaidensanlddwborinanoigiiin
se (3U 1¢) Tungugtaetfinnisn (infants) 813150
wusnuwnzsesennzlnanaswzdadauiinua (Su-
ture sclerosis) nzlnanAswerwinaninninunfuas
TndwzasnsInanfsusiauni®®® (Ul 1D)
AnaerawLEranlWH gx09 (MRI brain)
snansaliTeazdefisfingn CT brain Ao sosaues
n3198% (Widened brain sulci) Ja9sae@uyuluiile
ax9 (3UT 2A) wiednwmzAanaiaUnfzasladunds

o & o a
L Ha991nN1TTzUNeaas lwlnssaNasnNnL ALY

(5U7 2B)

sU# 1 awaeSidreafianedanes AdnwauzlnssaNaIfiuLAU B. INS9aNaIRULAULAZA8NFC. Lannaan aawEs

ANaNDIg1 naInstaaneszuteinlulnsianas D. nzlnandswenwisiuazdnadiuzasnzlnandsueinuns

o 1 o 1 O o ] v & dd
3‘1]?1 2 ﬂ?WﬂWﬂﬂﬂ%LLNLﬁgﬂvLW’WWﬁNSG A. 'e"iﬂ‘HﬂA&’I‘WiG'ﬂNBGGI‘IJLLFIULLﬂziEl\?ﬂNa\‘iﬂ'J'N‘EI% B. IW?\‘]E“NQG‘Y]E{ (fourth ven-

'
d

tricle) Hawinlnauazfilnsedluladunas (Syringomyelia) thasainnisszuiesinlulnssanasiinnniinluidn

0YSLIATUTIN
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N3M5IRARINANINABIBINSIFNBS (ICP moni-
toring) tiaUszIingULUUIBIAIHARIWINT AN I
3| 1 s o .
\Dunguanasululwseanassin (Hypotensive pattern)
WIBANARIBINTIANBIgY (Hypertensive pattern)
WhoeanenisuaaszesgUieliansonenanwe

ANl nsaNaala 2

HUINIONISSNYN

N155n®12849 Slit ventricle syndrome Eall\?v[,aiﬁ
LmeaﬁiTmamsluﬁﬁ]ﬁ;ﬁu nsARAnlatdanisnng
SnwiazenAenendassInegasgureunazsnalnnig
NI

Tu‘ﬁ'NLL‘iﬂﬁLﬁmmaz Slit ventricle syndrome Ine
awzlwfinangiasnin 1 e Aeidudaefidonnis
Tannuazdaslesun1ssnwiagenwiaei e
nsLinn1zEeS991nnsszuneinlulnseanasinnn
Awlu™ msndanasugunsaliasuaunislvazesans
szuneinlulnssanas (Valve) asdaeannisiine1nis
annsauLAUaslNsIsNeILaTansnIINNTHIGAEN 6
Wnsnegasnissnunludreiaenisifiausedwaans
swinf lnaainlnseansrnuangszune® lasafiingng
§852UNET NS AN IEIN15a T8RS HFINTHIAE
’g’leﬁTﬁa Adjustable differential pressure valves Wag
Integrated gravitational units®®

ﬁm%’uqﬂnisﬁmuqumivlmﬂmmmzmslﬁﬂ
Tulnwssanneafinawnsina (Anti-siphon device:
asD) siuealZidunissnwusnlugleifinnsszune
dinsnninly Tnsanzlusiefiinainnalanidniin
Anti-siphon device & 3 Uszian definalnzaonis
wauuaziinnumanzaalunisideniiluldfuen
A9 Bogio "

1. Membrane ASD §1H1508ANTITZUNEABIANE
ssunevinlulwssanaadegiheaglurinisnnclua
fineladn usfidodedoaarnliladifnnisssuneiin

Tuvniteniieswaun wazlaan1saldsaniu LP shunt

"Lﬁﬁz,es

2. Flow—controlled devices (FCD) amN1592
v lulnssanasrien1slanisinawessaiessy
1eLfiadnsnIssEuIgR L indnafidimualizesgun

- cd  a o i LY
U IG]EIE]IUﬂ’imuﬁl:Nﬁ’ltl’iz‘U'lEWIEJ'I'mTILLa:Lﬁ%N’m

' ' (%
=1 o v o

Augnanefiiinniniefiaunssduninnisssunes
nlnsanes uAfidoifenaonarnliinnisszuned
soafinlulufihefidmgaiaeniosanivnlfifinus
RUTRBON DY RPrEter LA

3) Gravitational valves (GV) azld5zuugnuaal
anslunismuANnIsIEUIe FoumnsngaInsgszune
1 2 Afiafinaiangeiuiiaze1fessuuANNLANAg
ADILIIAUN GV RAATiEIH130USUSTAUANA
16 (Programmable) githefiazidanldgunsaiiidnd
soolasunisiamnasululnssanasnolurinionas
Muew IuneinANNgIkazAnaswludaiasion
YNNG aa"mvliﬁmuqﬂmcﬁﬁfﬁﬁmﬁaﬁaﬁé’mq
n33zU1e Ll meR lwrhouazanalfinn1sssunenn
woefinluludurefivonRnifies oo

dnsuduaeffilnssanasfuuauiissunsdan
nssAaiaUSuSunseszutei lulnseanas

s

duswlviaglusunelnssanodnenlossaniunis
) o ad X ) v @ addd
lds2uusii (Neuronavigation) wuldnisnfininu
VANIZEAN BNITNWUNITHIARLNDLINSLADNTZHING
& y =3
Inseanaenadosils (Septostomy) Aan1sauilaniaz
fonanabandwin lagaaldnisindndasndaslulngs
dx®9 (Neuroendoscopy)®*°77°7"2
ad ol a a & y
TwnsdingUleilnsednasfiuuaunsgadils anq
NINFUINITHIF8TEUIEwIEIBUA18aBNNIN1EWEN
70497189 (Shunt externalization) W&ZYIIN1IATIFARTN
ANNABLWINSIENDI (ICP monitoring) HIAWUIN NS
a9 1 a a &
ANDIFINITNAENEAWIA LA LAET LN NN N NAD
AMNAwlwNzlnanAswisazfiansuiignessuie
wilulwsednaseanls uaningUaefiannisainnisi

Inseanasaengawianazinanwlnnzlranfdsuege
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L IANINITUININTITHIH AL ZL T B NN1952 U810
U%LamTWiaaNaoﬁ 3 (Endoscopic third ventriculosto-

my: ETV)"*7* wanainigelgUaednngundlnsesnas

a

s

fanwmuzivuay uiinazianaaulwnslnandsuzge
praRasmuilelnenisldaeszuneinladunds Lps
iiaszuneinimaglutimdaruanas wnlunsdie
Uhefddadinlunsdianld LPS anafiansmiszune
iknuniedesinladundsusianriienas (Cisterna
magna) NALNle’°

s !

1 U | dld =] a a
lungudUaenddndinzasnzlnandsuwziaun

%

nnusINdu1zideaAclunaamions Fefen
Ffefinuinnislienngs steroid a1n13AEIEUTIN
ansUanAsue e saanenunislwensnunlanss
snnsnaanistinienfclunasaionsils’® nsld
ngnennanfiezduszlogtludnounisiin o
wannslunmsegnAaiazeneawianslnandsue Tu
ﬂa}fgﬂ'%mﬂﬁﬂﬁiﬁ”ﬁanflssjflﬁmawn:[wanﬁw:ma
ANWRA (Parietal and posterior cranial vault expan-
sion) @MMSUNNSHNAAKEnsaERaraInslnanAsyy
(Suturectomy) uazinafanisaenanzluanlsnszgn

MRS (Subtemporal decompression) wulalasy

'
=] s

dnsulusnenianwue

77-82

AnNAgnludaguinua
N19LAREWAI2DINDIRBE (Acquired Chiari malforma-
tion) @1afia1smvinnIsHIaRzeenzlrandswenig

FIWULNY (Supratentorial cranial expansion)®

asu

ﬂ@:&lmm’i Slit ventricle syndrome fadnnie

'
s v o

unInFawnaIALaziINIed1rIuUsEaMAaELNNE
Tun153H9dBuaN15RNTUIUKINIINITI W {18
AslAsuNsIRadefigniasuaslasunissnuiasig
wRNzaNaINnatnnsiialsAlwLAazs18 N155NEN
ad19nwrefiasilnan1sinwIA d1N1508ANTS

o & o 8 do @1 v
N'H;]ﬂ'ﬁ’]LLﬂ:ﬁaﬁ]iqﬂqiLﬂﬂﬁqm?}ﬂﬂQﬂjﬂaﬂ‘lﬂ

19Na1SHIVI0

1. Hyde-Rowan MD, Rekate HL, Nulsen FE. Reexpansion
of previously collapsed ventricles: the slit ventricle
syndrome. J Neurosurg. 1982;56(4):536-9.

2. Linder M, Diehl J, Sklar FH. Subtemporal decompres-
sions for shunt-dependent ventricles: mechanism of
action. Surg Neurol. 1983;19(6):520-3.

3. Serlo W, Heikkinen E, Saukkonen AL, von Wendt L.
Classification and management of the slit ventricle
syndrome. Childs Nerv Syst. 1985;1(4):194-9.

4. Rekate HL. Classification of slit-ventricle syndromes
using intracranial pressure monitoring. Pediatr Neu-
rosurg. 1993;19(1):15-20.

5. Benzel EC, Reeves JD, Kesterson L, Hadden TA. Slit
ventricle syndrome in children: clinical presentation
and treatment. Acta Neurochir (Wien). 1992;117(1-
2):7-14.

6. Olson S. The problematic slit ventricle syndrome. A
review of the literature and proposed algorithm for
treatment. Pediatr Neurosurg. 2004;40(6):264-9.

7. Buxton N, Punt J. Subtemporal decompression: the
treatment of noncompliant ventricle syndrome. Neu-
rosurgery. 1999;44(3):513-8; discussion 8-9.

8. Rekate HL. Shunt-related headaches: the slit ventricle
syndromes. Childs Nerv Syst. 2008;24(4):423-30.

9. Ros B, lIglesias S, Martin A, Carrasco A, Ibanez G,
Arraez MA. Shunt overdrainage syndrome: review of
the literature. Neurosurg Rev. 2018;41(4):969-81.

10. Martinez-Lage JF, Perez-Espejo MA, Almagro MJ,
Ros de San Pedro J, Lopez F, Piqueras C, et al.
[Syndromes of overdrainage of ventricular shunting
in childhood hydrocephalus]. Neurocirugia (Astur).
2005;16(2):124-33.

11. Dahlerup B, Gjerris F, Harmsen A, Sorensen PS.
Severe headache as the only symptom of long-
standing shunt dysfunction in hydrocephalic children
with normal or slit ventricles revealed by computed
tomography. Childs Nerv Syst. 1985;1(1):49-52.

12. Di Rocco C. Is the slit ventricle syndrome al-
ways a slit ventricle syndrome? Childs Nerv Syst.
1994;10(1):49-58.

13. Piatt JH, Jr. Physical examination of patients with ce-



Neurological Surgery
Vol. 13 No. 2 July - December 2022

83

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

rebrospinal fluid shunts: is there useful information in
pumping the shunt? Pediatrics. 1992;89(3):470-3.
Abbott R, Epstein FJ, Wisoff JH. Chronic headache as-
sociated with a functioning shunt: usefulness of pres-
sure monitoring. Neurosurgery. 1991;28(1):72-6;
discussion 6-7.

Rekate HL. The slit ventricle syndrome: advances
based on technology and understanding. Pediatr
Neurosurg. 2004;40(6):259-63.

Foltz EL, Blanks JP. Symptomatic low intracranial
pressure in shunted hydrocephalus. J Neurosurg.
1988;68(3):401-8.

Epstein F, Marlin AE, Wald A. Chronic headache in
the shunt-dependent adolescent with nearly normal
ventricular volume: diagnosis and treatment. Neuro-
surgery. 1978;3(3):351-5.

Agarwal N, Vernier E, Ravenscroft S, Schwartz L,
Oleske J, Ming X. Slit ventricle syndrome: a case
report of intermittent intracranial hypertension. J Child
Neurol. 2013;28(6):784-6.

Engel M, Carmel PW, Chutorian AM. Increased in-
traventricular pressure without ventriculomegaly in
children with shunts: “normal volume” hydrocephalus.
Neurosurgery. 1979;5(5):549-52.

McNatt SA, Kim A, Hohuan D, Krieger M, McComb
JG. Pediatric shunt malfunction without ventricular
dilatation. Pediatr Neurosurg. 2008;44(2):128-32.
Rekate HL. The usefulness of mathematical mod-
eling in hydrocephalus research. Childs Nerv Syst.
1994;10(1):13-8.

Rekate HL, Brodkey JA, Chizeck HJ, el Sakka W, Ko
WH. Ventricular volume regulation: a mathematical
model and computer simulation. Pediatr Neurosci.
1988;14(2):77-84.

Rekate HL. Brain turgor (Kb): intrinsic property of
the brain to resist distortion. Pediatr Neurosurg.
1992;18(5-6):257-62.

Albright AL, Tyler-Kabara E. Slit-ventricle syndrome
secondary to shunt-induced suture ossification. Neu-
rosurgery. 2001;48(4):764-9; discussion 9-70.
Serlo W, Saukkonen AL, Heikkinen E, von Wendt L.
The incidence and management of the slit ventricle
syndrome. Acta Neurochir (Wien). 1989;99(3-

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

4):113-6.

Fattal-Valevski A, Beni-Adani L, Constantini S.
Short-term dexamethasone treatment for symp-
tomatic slit ventricle syndrome. Childs Nerv Syst.
2005;21(11):981-4.

Major O, Fedorcsak I, Sipos L, Hantos P, Konya E, Do-
bronyi I, et al. Slit-ventricle syndrome in shunt oper-
ated children. Acta Neurochir (Wien). 1994;127(1-
2):69-72.

Fox JL, McCullough DC, Green RC. Effect of cere-
brospinal fluid shunts on intracranial pressure and
on cerebrospinal fluid dynamics. 2. A new technique
of pressure measurements:. results and concepts.
3. A concept of hydrocephalus. J Neurol Neurosurg
Psychiatry. 1973;36(2):302-12.

Portnoy HD, Schulte RR, Fox JL, Croissant PD, Tripp L.
Anti-siphon and reversible occlusion valves for shunt-
ing in hydrocephalus and preventing post-shunt sub-
dural hematomas. J Neurosurg. 1973;38(6):729-
38.

Pudenz RH, Foltz EL. Hydrocephalus: overdrainage by
ventricular shunts. A review and recommendations.
Surg Neurol. 1991;35(3):200-12.

Chapman PH, Cosman ER, Arnold MA. The relationship
between ventricular fluid pressure and body position
in normal subjects and subjects with shunts: a tele-
metric study. Neurosurgery. 1990;26(2):181-9.
Ros B, Iglesias S, Linares J, Cerro L, Casado J, Arraez
MA. Shunt Overdrainage: Reappraisal of the Syndrome
and Proposal for an Integrative Model. J Clin Med.
2021;10(16).

Oi S, Matsumoto S. Slit ventricles as a cause of
isolated ventricles after shunting. Childs Nerv Syst.
1985;1(4):189-93.

Sood S, Barrett RJ, Powell T, Ham SD. The role of
lumbar shunts in the management of slit ventricles:
does the slit-ventricle syndrome exist? J Neurosurg.
2005;103(2 Suppl):119-23.

Atalay B, Yilmaz C, Cekinmez M, Altinors N, Caner
H. Treatment of hydrocephalus with function-
ally isolated ventricles. Acta Neurochir (Wien).
2006;148(12):1293-6; discussion 6.

Hoffman HJ, Tucker WS. Cephalocranial disproportion.



84

01saisus:anfiagmans
Uf 13 auuil 2 nsnpiAw - SUCAL 2565

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

A complication of the treatment of hydrocephalus in
children. Childs Brain. 1976;2(3):167-76.

Di Rocco C, Massimi L, Tamburrini G. Shunts vs en-
doscopic third ventriculostomy in infants: are there
different types and/or rates of complications? A
review. Childs Nerv Syst. 2006;22(12):1573-89.
Payner TD, Prenger E, Berger TS, Crone KR. Acquired
Chiari malformations: incidence, diagnosis, and
management. Neurosurgery. 1994;34(3):429-34;
discussion 34.

Chumas PD, Armstrong DC, Drake JM, Kulkarni AV,
Hoffman HJ, Humphreys RP, et al. Tonsillar herniation:
the rule rather than the exception after lumboperito-
neal shunting in the pediatric population. J Neurosurg.
1993;78(4):568-73.

Lazareff JA, Kelly J, Saito M. Herniation of cerebel-
lar tonsils following supratentorial shunt placement.
Childs Nerv Syst. 1998;14(8):394-7.

Rekate HL, Wallace D. Lumboperitoneal shunts in
children. Pediatr Neurosurg. 2003;38(1):41-6.
Mokri B, Parisi JE, Scheithauer BW, Piepgras DG,
Miller GM. Meningeal biopsy in intracranial hypoten-
sion: meningeal enhancement on MRI. Neurology.
1995;45(10):1801-7.

Epstein F, Lapras C, Wisoff JH. ‘Slit-ventricle syn-
drome’: etiology and treatment. Pediatr Neurosci.
1988;14(1):5-10.

Foltz EL. Hydrocephalus--the value of treatment.
South Med J. 1968;61(5):443-54.
Panagopoulos D, Karydakis P, Themistocleous M.
Slit ventricle syndrome: Historical considerations,
diagnosis, pathophysiology, and treatment review.
Brain Circ. 2021;7(3):167-77.

Jang M, Yoon SH. Hypothesis for intracranial hy-
pertension in slit ventricle syndrome: new concept
of capillary absorption laziness in the hydrocephalic
patients with long-term shunts. Med Hypotheses.
2013;81(2):199-201.

Preuss M, Hoffmann KT, Reiss-Zimmermann M,
Hirsch W, Merkenschlager A, Meixensberger J, et
al. Updated physiology and pathophysiology of CSF
circulation--the pulsatile vector theory. Childs Nerv
Syst. 2013;29(10):1811-25.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Rekate HL. Circuit diagram of the circulation of
cerebrospinal fluid. 1989. Pediatr Neurosurg.
1994;21(4):248-52; discussion 53.

Tuli S, O’Hayon B, Drake J, Clarke M, Kestle J. Change
in ventricular size and effect of ventricular catheter
placement in pediatric patients with shunted hydro-
cephalus. Neurosurgery. 1999;45(6):1329-33;
discussion 33-5.

Sandler AL, Goodrich JT, Daniels LB, 3rd, Biswas
A, Abbott R. Craniocerebral disproportion: a topi-
cal review and proposal toward a new definition,
diagnosis, and treatment protocol. Childs Nerv Syst.
2013;29(11):1997-2010.

Saehle T, Eide PK. Intracranial pressure monitoring
in pediatric and adult patients with hydrocephalus
and tentative shunt failure: a single-center experi-
ence over 10 years in 146 patients. J Neurosurg.
2015;122(5):1076-86.

Horcajadas A, Roman A, Olivares G, Saura E, Jorques
A, Cordero N, et al. [Usefulness of IPC continuous
monitoring in shunt dysfunction]. Neurocirugia (Astur).
2011;22(4):310-23.

Sood S, Kumar CR, Jamous M, Schuhmann MU,
Ham SD, Canady Al. Pathophysiological changes in
cerebrovascular distensibility in patients undergoing
chronic shunt therapy. J Neurosurg. 2004;100(5
Suppl Pediatrics):447-53.

Liniger P, Marchand S, Kaiser GL. Flow control ver-
sus antisiphon valves: late results concerning slit
ventricles and slit-ventricle syndrome. Eur J Pediatr
Surg. 2003;13 Suppl 1:S3-6.

Alavi S, Schulz M, Schaumann A, Schwarz K, Thomale
UW. Valve exchange towards an adjustable differ-
ential pressure valve with gravitational unit, clinical
outcome of a single-center study. Childs Nerv Syst.
2017;33(5):759-65.

Thomale UW, Gebert AF, Haberl H, Schulz M. Shunt
survival rates by using the adjustable differential
pressure valve combined with a gravitational unit
(proGAV) in pediatric neurosurgery. Childs Nerv Syst.
2013;29(3):425-31.

Gehlen M, Eklund A, Kurtcuoglu V, Malm J, Schmid

Daners M. Comparison of anti-siphon devices-how do



Neurological Surgery
Vol. 13 No. 2 July - December 2022

85

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

they affect CSF dynamics in supine and upright pos-
ture? Acta Neurochir (Wien). 2017;159(8):1389-
97.

Kan P, Walker ML, Drake JM, Kestle JR. Predicting
slitlike ventricles in children on the basis of baseline
characteristics at the time of shunt insertion. J Neu-
rosurg. 2007;106(5 Suppl):347-9.

Aschoff A, Kremer P, Hashemi B, Kunze S. The sci-
entific history of hydrocephalus and its treatment.
Neurosurg Rev. 1999;22(2-3):67-93; discussion
4-5.

Gruber RW, Roehrig B. Prevention of ventricular cath-
eter obstruction and slit ventricle syndrome by the
prophylactic use of the Integra antisiphon device in
shunt therapy for pediatric hypertensive hydrocepha-
lus: a 25-year follow-up study. J Neurosurg Pediatr.
2010;5(1):4-16.

Sotelo J. The hydrokinetic parameters of shunts for
hydrocephalus might be inadequate. Surg Neurol Int.
2012;3:40.

Pinto FC, Pereira RM, Saad F, Teixeira MJ. Per-
formance of fixed-pressure valve with antisiphon
device SPHERA((R)) in hydrocephalus treatment
and overdrainage prevention. Arg Neuropsiquiatr.
2012;70(9):704-9.

Pinto FCG, Oliveira MF, Castro JPS, Morais JVR, Pinto
FMG, Teixeira MJ. Clinical performance of fixed-
pressure Sphera Duo(R) hydrocephalus shunt. Arg
Neuropsiquiatr. 2020;78(1):9-12.

Bozhkov Y, Roessler K, Hore N, Buchfelder M, Brand-
ner S. Neurological outcome and frequency of over-
drainage in normal pressure hydrocephalus directly
correlates with implanted ventriculo-peritoneal shunt
valve type. Neurol Res. 2017;39(7):601-5.
Freimann FB, Kimura T, Stockhammer F, Schulz M,
Rohde V, Thomale UW. In vitro performance and
principles of anti-siphoning devices. Acta Neurochir
(Wien). 2014;156(11):2191-9.

Lemcke J, Meier U. Improved outcome in shunted iNPH
with a combination of a Codman Hakim programmable
valve and an Aesculap-Miethke ShuntAssistant. Cent
Eur Neurosurg. 2010;71(3):113-6.

Lemcke J, Meier U, Muller C, Fritsch M, Kiefer M,

68.

69.

70.

71.

72.

73.

74.

75.

76.

Eymann R, et al. On the method of a randomised
comparison of programmable valves with and without
gravitational units: the SVASONA study. Acta Neurochir
Suppl. 2012;114:243-6.

Desai VR, Sadrameli SS, Jenson AV, Asante SK,
Daniels B, Trask TW, et al. Ventriculoperitoneal shunt
complications in an adult population: A comparison of
various shunt designs to prevent overdrainage. Surg
Neurol Int. 2020;11:269.

Kaestner S, Kruschat T, Nitzsche N, Deinsberger W.
Gravitational shunt units may cause under-drainage
in bedridden patients. Acta Neurochir (Wien).
2009;151(3):217-21; discussion 21.

Chernov MF, Kamikawa S, Yamane F, Ishihara S,
Hori T. Neurofiberscope-guided management of
slit-ventricle syndrome due to shunt placement. J
Neurosurg. 2005;102(3 Suppl):260-7.

Steinbok P, Poskitt KJ, Cochrane DD, Kestle JR.
Prevention of postshunting ventricular asymmetry by
transseptal placement of ventricular catheters. A ran-
domized study. Pediatr Neurosurg. 1994;21(1):59-
64, discussion 5.

Gil Z, Siomin V, Beni-Adani L, Sira B, Constantini
S. Ventricular catheter placement in children with
hydrocephalus and small ventricles: the use of a
frameless neuronavigation system. Childs Nerv Syst.
2002;18(1-2):26-9.

Rekate HL, Nadkarni TD, Wallace D. The importance
of the cortical subarachnoid space in understanding
hydrocephalus. J Neurosurg Pediatr. 2008;2(1):1 -
11.

Butler WE, Khan SA. The application of controlled
intracranial hypertension in slit ventricle syndrome
patients with obstructive hydrocephalus and shunt
malfunction. Pediatr Neurosurg. 2001;35(6):305-
10.

Al-Zabin MM, Vorbringer M, editors. The dilemma
of the slit ventricle-syndrome (svs): evaluation and
retrospective study of own series and review of the
literature 2019.

Obana WG, Raskin NH, Cogen PH, Szymanski JA,
Edwards MS. Antimigraine treatment for slit ventricle
syndrome. Neurosurgery. 1990;27(5):760-3; dis-



86

01saisus:anfiagmans
Uf 13 auuil 2 nsnpiAw - SUCAL 2565

7.

78.

79.

80.

cussion 3.

Walsh JW, James HE. Subtemporal craniectomy and
elevation of shunt valve opening pressure in the
management of small ventricle-induced cerebrospinal
fluid shunt dysfunction. Neurosurgery. 1982;1 0(6 Pt
1):698-703.

Gough J, Walker DG, Theile R, Tomlinson FH. The role
of cranial expansion for craniocephalic disproportion.
Pediatr Neurosurg. 2005;41(2):61-9.
Martinez-Lage JF, Ruiz-Espejo Vilar A, Perez-Espejo
MA, Almagro MJ, Ros de San Pedro J, Felipe Murcia M.
Shunt-related craniocerebral disproportion: treatment
with cranial vault expanding procedures. Neurosurg
Rev. 2006;29(3):229-35.

Weinzweig J, Bartlett SP, Chen JC, Losee J, Sut-

ton L, Duhaime AC, et al. Cranial vault expansion

81.

82.

83.

in the management of postshunt craniosynostosis
and slit ventricle syndrome. Plast Reconstr Surg.
2008;122(4):1171-80.

Hankinson TC, Mocco J, Kimball B, Anderson RC,
Feldstein NA. Internal cranial expansion procedure for
the treatment of symptomatic intracranial hyperten-
sion. J Neurosurg. 2007;107(5 Suppl):402-5.
Ellis JA, Anderson RC, O’Hanlon J, Goodman RR, Feld-
stein NA, Ghatan S. Internal cranial expansion surgery
for the treatment of refractory idiopathic intracranial
hypertension. J Neurosurg Pediatr. 2012;10(1):14-
20.

Di Rocco C, Velardi F. Acquired Chiari type | malforma-
tion managed by supratentorial cranial enlargement.
Childs Nerv Syst. 2003;19(12):800-7.



