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Summary

There have been many references to the complications that result from the surgical treatment for hydrocephalic
children, but only a few papers about radiological changes of skull following the procedure have been reported.
During the last 6 years 120 cases of pediatric hydrocephalic patients were treated with ventriculo-atrial (V-A) or
ventriculo-peritoneal (V-P) shunts. Significant skull changes were observed radiologically in those patients who
showed increased head circumference at the time of initial surgical procedure performed after the age of one year.
Selection of cases for this study was made upon the following criteria.

1. The diagnosis of hydrocephalus with enlarged skull and dilated ventricles was confirmed on the basis of
cerebral pneumoencephalography and other diagnostic studies.

2. The shunting procedure was performed after one year of age.

3. The head circumference at the initial operation was over 50 cm.

4. The patients had been followed for at least 2 years after the initial operation.

5. Adequate pre- and postoperative skull films were available.

20 cases were selected using the above criteria, and 15 cases among these cases showed significant radiological
skull changes.

The radiological abnormalities of the skull are as follows: 1) Thicking of the vault, 12 cases. 2) Premature fusion
of sutures, 12 cases. 3) Marked reduction in size of the sella turcica, 9 cases. 4) Lamination of the diploe, 6 cases.
5) Others: thickening of the cribriform plate, thickening of the planum sphenoidale and calcification of subdural
hematoma etc.

These alterations of the skull are due to inward growth of the inner table of the skull in response to the prolonged
cerebrospinal fluid shunting precedure and probably due to reduction of cerebrospinal fluid pressure and pulsation.
Marked skull changes were observed in cases of marked hydrocephalus with brain atrophy or hypoplasia, but no
difference were observed between the patients with V-A and V-P shunting procedures.

These skull changes, especially prémature fusion of sutures, may affect prognosis of children. But adequate
tfeatm_ent of these patients with the apparatus available at present seems to be difficult. We feel that it is important
to make diagnosis in early stage and that the surgical treatment for infantile hydrocephalus should be performed
before the size of the skull and ventricles are makedly increased. The appropriate shunting apparatus to prevent
excessive low intracranial pressure should be selected for the operative procedure for these patients.
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KEEOEHXMREE oML, K&2HEE, By
HEE, HAWMOBHE, KRMAMOE, v = ik
K, FREREOBEM, %Y, BREEOWERLETHS.
KEERE B E I NEOE ¥ 3RS A S 0T &
FozLicky, oD XBEE FOBLAERELT
BILIEELNZLTHEN, KA EEEs L,
EEWN, FEEFEE, MAREHES, ook
IMEAS ISR & 72 > C, H% ORFREREZRL TL 57
BELHY, KBEEREDOFHRALOLDICSTEDRE
FED LS REAETFH T3 X 5 RFHNFEOBRRI L
BLrELS.

Shunt FHRIEMTEZ & 723 Z & X siphon BRIV,
TERESO DS b I B MR o TETND, i,

KEEAETE S IR e+ B e b K AT S~
@%f%fﬁé, ﬁbiﬁﬂ%—ﬁﬂl@m: :&E}g&gﬁﬁa)ls)lsml)%)
REOHENRONS. L L, HEEFOXKR EOEL
BT 5HEIVEL, DEVERINTHRVORE
Ko X5 THs. Shunt PHHOBEMXMR ELOEIT,
BEOER, BE,OFHERI > E oM LIKX
VR -TL B, Thbh, HAERTRTRIVREES
Fr¥i0kHL, ASHEDRTREPRYBERICLT
W3, KiciEa oK Shunt FH58h, KERHE
E NEZHES TWBEFATRELVEE THS. SH
220X 5 RERE PR E I TH.

o % il

Mk 6 £ 12060/ NEASREICR LT M= L F
(V-A shunt), %73 (V-P shunt) Y &7

Table 1 Roentgenographic skull changes following
No Sex Diagnosis Age at H.C.* at Duration Shunt** Increase of
Surgery Surgery of Operation H.C. after
© (cm) Follow-up Operation(cm)
F Ara(l:lf‘l‘r-lc.)id.C-yst/ . 6y 10m 55.0 2}; 0om VP 10
2 F Communicating ly 4m 55.3 5y VA 1.7
Hydrocephalus
3 F Communicating ly 5m 53.5 3y 2m ' VP 15
Hydrocephalus
4 F Communicating ly 7m 50.5 4y 6m VP 2.0
Hydrocephalus
5 F VIth Ventricle ly 6m 57.5 3y 6m \'23 0.5
Obstruction ,
6 F Aqueduct ly Im 53.8 3y 4m VP 1.3
Stenosis
7 F Aqueduct ly 2m 57.2 9y VA 3.5
Stenosis
8 F Arnold-Chiari 2y 8m 50.0 2y 6m VP 1.9
Malformation ‘
9 F Aqueduct 6y 4m 50.7 3y 5m VA 1.0
Stenosis
10 F Arnold-Chiari 5y 6m 53.0 4y VP 2.0
Malformation
11 M Communciating 5y 8m 60.0 2y 1m VP 0
Hydrocephalus »
12 F Arachnoid Cyst 6y 3m 55.0 3y 4m \%3 0.5
13 F Foramen Monroe 3y 3m 56.5 4y 10m VA 0.5
Obstruction
14 F Communicating ly Om 53.5 2y 10m VA 0.7
Hydrocephalus :
15 F Communicating ly 2m 50.3 3y 7m VP 0
Hydrocephalus
*H.C.: head.circumference
**VA: ventriculo-atrial shunt
VP: ventriculo-peritoneal shunt
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> T3, FifiE 1 U EORT, FH% 25U L
BBL, FEREARKEL (50 cm BLE), L b REIEAD
BETH o TEMI2MFch o, RO DERP, X
B EDELE T L 1SERIC v TR L7z (Table 1).
X Lo, BIEELZ, ReMEHRSI126), 17
FEIJE o FEIRMEE 6 1 1 v BB O 1, FERE T MLAEG IR
K2flchot. BLAEDEFIMLPOX B HE
EOBERDY, EEEEE, REEO B R
(Fig. 1), b va¥PohiZ L OoRaHET L3
Brofz. Shunt FHEOTERET mESFHEIT 7 flic
RN, XBERERRILERE T Loz zh b o
5B 2floHTH ot (Fig. 2). HAORIHES LK
EIR, RRBEAICE < (Fig. 3), AFHMAEb- LD
Whptrote. i b OREHIOFY shunt T OB
34210 i T o7, Shunt FHEOTEES K 13 ¥

CSF shunting for hydrocephalus

1.3ecm ©HY, 142 0.4cm gl LB L T v &
V. B, BESRHEICARD L, ERoOESEEHE
DEIMXE LA ERVD, ELDTHRVENIZ LiT
259, &b CERHXRERTHEBOREIME, WKL
PRBILCHELTRS L, BEOBS, I8, MEEL
AR CTRHEIVELLEVDIK L, WRTERWTR
LWL, HHEBIFLE L L THRIRE» > THE/NLT
WBZLERLTVS, o

BRI AR TR IEE LT B b o3 5 45 (Fig.
3), BEHS 2 B, B ARIEEER LI bR 3 FITh -
To. EREEEZE-> TV LS REMACIREESIRE
BRI VEECH-(Fig. 4). ERCEEREEOR L
NIERITIX, BHESHBERIELRT L0, TA»A
RIEEETZ L0, HEBOBERLD, FHKEEMD
b0 E, KEEMUIMCHEERE RN DORE -

Sﬁbdural - Mental

Skull Premature Fusion of Small ‘ Diploic
Thickness Sutures Sella Lamination Hematoma Physical
Coronal Sagittal Lambdoid  Turcica Calcification =~ Development
- " " N ++. + T ———— good
+++ + + + +++ ‘ + + fair
— + —_ — _ — - excellent
+ T+ + + +++ — - good
_ 4;' - P = = egcenept
+ + — —_ — — excellent
+ - _ — — o+ fair
— — — + — — — excellent
+ - — — - o — poor
+++ + + + + =+ - fair
4 + + — + ; — — excellent
+ - _ - + — — good
+++ + + + - + - poor
++ + + - + + — fair
+ + + + + + - poor
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Fig. 1 AP view of the skull of a patient at age 9
years and 6 months after a V-P shunt had been

placed for 4 years reveals calvarial thickening and
diploic lamination (case 10)

Fig. 3 Lateral view of the skull at age 4 years and
5 months old with normal intelligence. Calvarial
thickening is confined to the frontal bone. Fusion
of coronal suture, small sella turcica (7 X8 mm)
and upward bowing of planum sphenoidale are
seen (case 6)

Fig. 2 Lateral view of the skull at age 5 years and
4 months after a V-A shunt had been placed for 5
years. There is difinite thickening of the calvaria
with the inner table thicker than the outer table.
The sella turcica is small (5x6 mm). Fusion of
coronal, lambdoid and parietotemporal sutures,
calcification of subdural hematoma in front opa-

rietal region are seen (case 2)

To. IRENE O b HEH T HBRECELAZ TS LN Fig. 4 Marked thickening of the calvaria in a 8

Motr. FHFE V-Ashunt 3 47, V-Pshunt 8 5], V-A years and one month old patient of postmenigitic
shunt 755 V-P shunt 25 L 72 b 0 4 5T - 7. hydrocephalus with brain atrophy, after the V-A

shunt had been placed for 4 years and 10 months

Shunt 38 324 Pudenz B A valve 2 fEH L7z, TE
(case 13)

FHEALX V-A shunt, V-P shunt &47 > 7cFhic s ,

Ronle. MEOMICHETREZRIAL L 20 >  BRELADhE. ChbOBLLEMe, BEFPSE
Te. REEIMITFHES (premature fusion) DMICKHER  HICH—ITEEL, XRFREL#EHIMELALRLR
DAL 6 flic B bz (Fig. 5). ZOBIZTRT R, RHATHEFRECED 21T ERVERD
DRESERICH DT, BICANFHEE, WRMSRES  Horc '
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BICHBIRZEE, Mol BB 3w, &L LT
HNERTEFABL . 7R BHEEEO R
BlbbRbhic. £ OMBEE0 mEH (RAEIRE,
TEEIARE), % 4 = —REER, BERERE AR
v, &l LTEENREERE L OEMR bh k.

m # =

AREEEFIHE, ZRHEEE, HEEFIEE, bLvagk
PNEORBERSPEZ BEE L L TESEEET 5
FEENEETMERELTWA, L LERZERIAR
BiC, Anderson 5213934 7 FlicElLE RT3,

Fig. 5 AP view of the skull at age 6 years and one =~ S€C @9‘&@‘%%%’-@&’%’%4573?%%, R Ci#EzE L
month after the V-P shunt had been implanted e REBOERNC BB Z R WD L TRV ERRT
for 4 years and 6 months. Hyperostotic changes 5. Griscom 5% piMO{ﬁ!JKP 5 m’ Loop 511114tk

of the coronal, sagittal and lambdoid sutures are
seen (case 4)

B5H e B E BT, NFRIIPTEE 9, HEEFREL,
REE RS (diploic lamination) 14l ¢H -7, L
2L, T0X5REEERILEKEERROAMIEL L
TEHL TRV Z WY, 20X 5 A b
PRYVDELSERDB. FOJEE L LT(1) follow up
DRV F, KEREOCRE, (3) shunt FHEHIZ 8035
Fohk o, Fx oER < 120401561k R T
BY, MOSCEREHRD LOREREN, FIREFD
& A EVBMROHEESE 2 v = —PRRFHR R L
T o TEFIT, 272 VAT LIDERINRSWZ &, ik
(R B DR BRIREE T b B 7o d+ 4372 follow up 2347
R rRERIBIDEREDRS, ‘ o
4% 6 1 B LIRIIC I & 7o KEEAE @ shunt T
LPEEXREE FRBRRON D, ZOBIEEEHE
B, BARURAC XA RAEESZ XK LT 5D
XL, IBPMRIC T2 2T ek & REE, W=E2 D
STl Cix, EEFIEE, Vo, BANESR
& REEZLTLMEDRW) 2EELLTWS, B
 H TSR LTS Z L RE <, shunt FHE,
A BEENEC 5720, EBIZEE shont F4HE1 X
DINEL 2B, ZORDEEZNEDRIEL shunt 4
#EHIEEE T 5 Z L X holoprosencephaly, hydranen-
cephaly @ X 5 (0 B EE 72 ME T % £ o 7o KEEEEF & BV

Fig. 6 Reduction of the sella turcica in the lateral

view after shunting for hydrocephalus for one Tt Lsd7izl ? FUERDFEEL, BES /b s < 72
year and 6 months in case 4. The sphenoid sinus v, SEHEANR%W 2 L, shunt dependent ¢ - T b {KEH
shows a prominent overgrowth. a) At age 4 years EREORETIER L, BIIERAMBEHEAN S L&®

5 months, sella turcica(10.0 X 6.0 mm). b) At age
6 years one month, sella turcica (7.0 x 3.5 mm)

DOEALHE Z i, M ZIRETPERE & U CREENE
I Y L L AHEBNETEER P EROICHBEL 2o T

M aBEOPMEIC b REA ORIR S Y, SEITKEST KB, LdpLeds, SE0v Y —X0k5ic 1 gl
5 b0 24 (Fig.6), BED LD 3F, TN b D 24, VA i shunt FHyE4TV, BHE, WMEHLEEICHER L ICER]
B2 choTe. 2ECAEOEORENRR LIIH, T, AT AE RO X 5 KB L TW i L, XiR
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FREATEEBR D B - THREEORAE LTS e,
shunt i, EFEBNENEZ - T b, AW CHER

B 6T, EHEINES BV, Lo T, K&
R T A E R L IOEFILAS T shunt F4iic X Y 4
HEOEENEZ Y, MNENRE 5% oM, KHEELE
Hlichlco TEFET AT OICEEBTICRETEE LIRS
729, balEEh, EERRESO XY BEARETR
EETHLORAEZOTHAH. ERHEEBENELTHS
CHENOREDKTE2EZL, TORLOEELH LKL
F2HbH VB OFREBEFRLL 2o THND XD
ks b0rELONS. XIBEHE EDZE{IZ Anderson
B WA TWB Z L L, shunt FFHERNLDOTIX L
FEPNCHALPREERLTL S X5TH5. D
ko REMOL T, BEBEN, REEZITTICK
BaxhTwk, MEARYGR Y OB shunt F4f
5 LN TERPol, ERFEBECITORIZFHH
BEELZEEICR>TWE L) L ) BEFTH -1
Kaufman 51z X 5 & Z 1 b DEEBEE/LITHEESEIIK
£ (premature fusion) DSMIFHHTH Y, HEBIEE
LYHEENERER TS LHOHELI RS LB TWS, L
LB OEF T2 IEERSIRENRoh, %
shunt NFAE L2 £ EHE CEEMIVR VDY S
shunt (REEMATERICR o TWAb D LEEZ DR, &
4% o BATEIRERIZ 5\ T i3 Aushing device iR RRYEHE
X Bk, , 88XV shuntgram® 7 Y OFT R X 0 fE
Lic. %7z shunt 23ASE L72REB, Wb 5 BRMELLME
(Rofg) KEEE T, EHEFRE, Mo goX
BEOEE &SI LR EX VHEBT Le. Lk
-T, shunt BEERBERHCIZTHOPRBEMNELEL
Lic. 20 bEEEE O OVWTERTE 5
Bz —XiciRgEhTniny,

1. TEZEEJRE (Thickening of the vault)

& BOE S CHEAEN DSBS, EFETE 1.0
BIxBT iV, bLEREIZALERMLLD
BEPEZADERDD L b TWEY, EHEFEE
BETREBLLTOE, KBTHLBER T 54 0
L, BIcERT 3 b0 LR85, HIFICIXREREDCBR
B (WREHO 2 ViR, Paget IR, RIFRIRBEREIRTIE 22
2), BRicEENRZRE EHcblcs Bt R
i, $kRZMEAM), Dilantin 5P ERHSB. Th b
DEBTIFRECH TRAEBOBHESI R b 2
v\3)'

BCERET 5 b0, /NEE, HEEEDZ L KD
CRBIEERDY, TORDBEELOEVHERLARNE
.%KE6M6.%E&M%%%M%ﬁ%%k?%%ﬂm

BEREASHEL, Zhic shunt EHE4T X TEEFPEE
TAHREMSHERL, XVEERBERL XTI LR+
SEEZBbND LA THS. Schwartz b sk
woplic BROIRESE RICEFAERE L TWEH, ,x
OEFD 5 B, KIEEE shunt FHiitk, BRBEEM 2 & 2
L, —RloRREREME X 7o LIOER GEFIL0) <k
WREAREEBIEEL X LEPEAZERR O R
o7z, Moss & Young® [3EHEMMILE O F 0RO FiE
BRGNS DY, MO ORBAMET T ISESER
EE S % L3k, Campbell® (2o hypoplasia D
FIZIEE L RSB OEMEREL TW5. EicMosley
LWRHEEORBTRIRHEERIMOBERR L 13RR
D, EENEBEET S LENCE, TEXHEAL,
7o HE A L LR T W5, Shunt PAFLEE 2 RN A H
stayic Th oY, FEMLe ) ThITHEEEPIEET S
TrRTHEZLNDBILTHS.

2. A DZE{L (Premature fusion of suturés)

% DEFMCHARIRE N Abhi. X EESE
BEE G E R TER L, FiESEIHBTERVIE
UM OEEI R > TWAEFABRAORZ. £ OE
FlicEIR, RREAOBIEAE RTVa5, ANFHa

Hbo LV BREEAEZERLIZA VWL ) ThoTe. &

IR, BHRLIREOKEELEIC shunt 4 21T - IoER O
O BEHEAIMOBE R R 2EE, WREERE 2
BUBICEL, BROXMIKRLRZHHEVEID 95, L
2L, SEDY Y —AD X Hic | BEMRIC shunt Fiff %
fFv>, shunt FHFEFFERAEY 54. 1 em b Y, FE
BEEEAPDLTHTHHERT, REHEHEASFIE
Bk % LicHe OBRMERTIE-> &) LRwDS, B
ESA—BRAR E DT 2 - THIBERD RV THS D
23, BEEH50 cm Hitk CIREEOES), MEREEOEBHLO
b o, ERHES, HEFERECKT 2T
REONERLEEERIERORVWEEEHZ01 L L
hizv, EEREEI PR Y OKE S ThHhITHREREY
BAEN S - THHE, EPEEREEIEN L 02K %

, EEIVRORET LR TELLT 22 2SN E
HIEE LN,

BABHBEA L TWBEPE P ORI E#L AT 5 Z
b d BN, KEENEROTh ORI RIS <
BZLE»PRYVOEETRAOND LI THD. —ROHE
W oM, EE, MEOSERE, RMHRER E1F2
WroBTichsZ bbb,

3. M OESE/) (Reduction in the size of the
sella turcica)

MV aBEOPONIEETOIRY AN, ThERKT
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REBHESZVEVDRLTWAY, /e X TERLL
TRERMTEABERTE, REHxVEVRBESN
mbhTns,

FRBIC PV ERRENT A LR EVRESRT
Wi Kaufman 5 ik shuntE {4 TEZE O foramen)s
SELELTNEL 2B, MaBoB/hbEEREOL
B I OCRRA~DEORED DB Z B b0 LEXT
W%, Griscom } Oh?® 3% 3 fi¥== > anterior recesses?®
HEINEEL 2B L M alRNE X T BT
HERoTWBELTWS.

Shunt /LD b 2 BEE/ MO EERIIZEEIC OV TR
AL SR TRV, Fx OEFTOEBIEINE
 BEHICE UIEAR DR, S %R HE,
RE, ZOMASWIEESCERTIVNE DD EE
ZTW5, :
4. IRFSEIKkIEE (Diploic lamination)

Diploic lamination ¥ Loop & Foltz'® jz X % E, B
WhDTRFEMNBZLT VA TRLN, 240 B TIXEEFIE
B R HREE D & L S TEEBEO R b EMIC
RECRON, ZOMEELEV. Shunt BEOERK L1H
xS, FHREZEORERIOAIARTNE
HARTWE, ZOBRFBEOE IR L AMREORT
BRI BEBSIEE T 5D TEB LEILND D,
ZORECELTERHDOEANRE V. BRADEH T b
shunt FREEEEN T CILREPoLbOICADN, B
LEIEE, Aok, RARHRAREEMHI TR
BEhote. LirL, Loop & Foltz!® b Z & { BRI
BRbhRM-T
5. Z0homEEBREL

ZOMEx OFEZEFOEN, GROEE, BEEYE
DIEER X CNE~DER, fHE0%GT~OEHh, R
R 4 S FEEE D foramina AUNE L 725, HITER,
T BTRS ORIBIE, FRIES SR L XRERER
REL DR EOBBREONS. ZhbEEHMOKE
JRAE O 7e DR B PR NI~ 22 o CRET B Teic
B AELLBBAER TN B,

6. FilHEROMESR

FHFE LESBRMC L OBFRERML TH 5 &,
V-A, V-P shunt DWFHCHELBR O, ZREIR
2o fz. Anderson® [Z{EE valve B{ERH LIERICE <
FEEBLILE X7 L LIRRTWS, Fok 0 Bl © %
Pudentz FIHIE valve & LTWA2, ThTHEBE
BEEEXLLTWS., 20X RASRED K & 2B
% BMEE b o eKEEICH LT, BIERSBESL,
TRBRENBRIBESH S L&, TSR EELD

N5 L %% siphonfh RS SN BT, MEER HED
THFFTERVWIE S T5ZLick VERE R X AEET
Blbx: F oL O shunt FIHBROAIHEEZ DR TS T
LRTELOTRANILEZ, BECTRELLTEE
valve #{FH L T3, %7z antisiphon valve Z#{FfH-§
B2 b—¥ETHAH. LirLWWFho shunt system %
AWThzhboBeE: T L, 2014537 shunt R
EHE TSI LREEETHS Y. oL bMERI LI
KEESE 2 BRRIC2HT L, T, NEREEIILKT 55
CERIBREEITV, T 0% follow up ZEERITH T
LTHHS.

IV #& |

B3k 6 ERic 12061 D /NRAKTERE I3 L TR O EY
£ (V-A shunt), ¥ 72 2 RERWAH (V-P shunt) %
fT>T&7eas, shunt FHREHISEN, 1 BUGICFH
BTV, E4E 2 L) R TOER] (2041) oS X
ke OB R b, ZLTERDE LoD
1%, shuntiflc BEZE, UBILRSBERER CH -7 (15
B) . XBEE LOFRRIE, EEBIEE, A B EHEK
&, v, REREREERE Thok. Th
bOEFERFLTHS L, shunt FHIEHEBBRRD
FrThBZ L, NRICEEILIRNZ R EPLDL, B
VPR B RERIZ [ 72 - CAEEE LT L B 2 &, %7z shunt
FHRIEMEEL &7 L, TEENOJRE (pulse pressure)
PR LEE LB LT 2 05H kY, ZOBRID
YO REEEOBE X LIzbDEZLNT. i
R L > TV A EFTHERELB RO,

e OBELE TR T 5icik, KEEEE Hc 20
L, HE, MEXBECEKRT SANCFNEEEITO
L, Eoh b OEFO T IZiZ shunt EHEOBRRICHE
BETBILThHB.
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