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Abstract

Introduction of the transcranial Doppler method in 1982 made it possible to monitor
noninvasively the cerebral hemodynamic changes. With the advancement of ultrasound,
transcranial ultrasound (TCD) becomes an important instrument in screening or diagnosis
of head injury, cerebrovascular diseases, hydrocephalus, and so on. The noninvasive
characteristic is especially suitable for the children with thin skull and infants with open
fontanel. In neurosurgery, TCD has been used to evaluate the hemodynamic changes
following shunting procedure for hydrocephalus and some cerebraovascular diseases such
as moyamoya disease and arteriovenous malformation. The previous studies focused on
the hemodynamic changes after the operation.

This study focus on analyzing the disease patterns that may use TCD as a diagnostic tool and

the disease associated some TCD characters that may be beneficial from neurosurgical intervention.

Keywords: Transcranial Doppler Ultrasound, Pediatric Neurosurgery

AR EREY
AAGBEGAB O H NIRRT EBRERBEZEANRARH R RREZRAE -
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Ultrasound * TCD) * A XBREA ¥ ok R R L2 4B > & R4 EANH KA
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REMSFHZ %5 BRI A 4 B (extracorporeal membrane oxygenator ' ECMO )
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. AmE

2. smEX

3. ®rXD

4. Heart rate (HR) ~ respiratory rate (RR) ~ S,0, » P,CO, (4o R # arterial line )

5. CT # MRI

6. TCD&E : L3t Hfl
A, ATRASEHIK(ACA)
B. P KA #1BR(MCA)
C. #®REEHIKEPCA)
D. &k (VA)
E.  KE&E#K (BA) —1k
F.  jash4gEsk (CCA)
G msmmHk (ICA)
H.  gasSMrsEAk (ECA)

r—(

BR S B A
)& L ik & & Z mean velocity (MV) - plusatility index (PI) : & resistant index

(RI) - BASMREASHAR I Ao R Bkt @Ak (crossarea) AR ERARB 2 bR &
( cerebral blood flow, CBF) -
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A. CT-MRIZbrainecho FRAMERA  LEEFTEEA

transependymal absorption - gyrus effacement -

B. SAE&&HA -

C. 38 & # superficial vein engorgement -
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A. Brain gyrus é3 %" fluid collection # # effacement -



B. On contrast-enhanced CT % MRI =] R, hanging vein 2% 5 37 5§ 8 & % &
i o

C. # seizure ~ [ICP signs ~ %&£ 4 -
LR X AR B EH > BRLEA SEANFRLIEHZ SR -

F 45 F X4k 15 B £ 4 4 ventriculoperitoneal (VP) shunt ( for hydrocephalus) -
subduroperitoneal (S-P) shunt ( for extracerebral fluid collection) ~ external ventricular
drainage (EVD) - ventricular access device (VAD) » 2 burr-hole external drainage

( for infected subdural collection) & % -

F 47+ EH B RKEE (intracranial pressure, ICP, before ventricular tapping or

before dural opening) - 4 O BB AT BRI —RASR -
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42000 8 AZE 200247 A K 136 ARG L EHE LT FIAYE | $#F & ( Transcranial
Doppler Ultrasound, TCD ) # & - £ % BB EHZ 5 R0 HARMESHEA (25 AR 19 A) -~
AXBHA (23 AR 19A) ~BPIMG (3 AR 1T A) ~BRFE (2 AR 12A) - F
AL (I8ARI3A) ~:ikBH (6 AR 6A) BB (5 AR 5A) REeRE (14
AKX I0A) °

ARMECHBEEY 19 4 B7% B4 & complex heart disease » ¢,4% &-# anomalies » 1§ %
transposition of great artery, total anomaly of pulmonary venous return, hypoplastic left heart
syndrome, right atrium isomerism, endocardiac cushing defect, aommon atrioventricular valve,

double outlet of right ventricle, pulmonary stenosis, pulmonary hypertension, terology of Fallot,
pulmonary atresia, right ventricle sinosinoidal coronary communication %% - £ TCD 24 & {4

(PI-RI) #rEH% - £+ 4 3 582K LA 6 A hydrocephalus * % £ % £ ventriculoperitoneal
shunt (1, TGA, 2 VSD/ASD/hear failure/pulmonary stenosis or PDA) ;3 HBS$E# K » 123
BRGELE R FE F #4548 5 2 5] &% b brain edema (1, TAPVR ; 1TOF) ;5 4] % hypoxic
ischemic cerebral injury( all had combination of multiple cardiac anomalies ); 4 ] % subdural fluid
collection (all had combination of multiple cardiac anomalies, but less severe) ; 2 5] A FE R & &

(Intracerebral hemorrhage, intraventricular/subarachnoid hemorrhage ; one used ECMO ; the other

had VSD and pulmonary hypertension complicated with heart failure) -



R A G 20 FlE & 0 K 3 AKX RMAKBE 5 3 ] A craniosynostosis (£ ¥+ 1 #F &K
£ ventriculoperitoneal shunt ; 3 # & A XA EE (% F £ £ F cystoperitoneal shunt) ; X
4, 10 1] 4 %] & inborn error (1) , polymicrogyria (1) , CATCH syndrome (1) , myopathy (1),
post-transplantation (2 ; one was adrenoleucodystrophy, the other was biliary atresia),encephalocele

(1, VP shunt was needed. ) » lumbosacral myelomeningecele (1) ,multiple anomaly (1) ,dural
arterivenous malformation ( VP shunt was needed ) -

FREIME G 17 5)5% & » A 11 48] & subdural hematoma (9 5] % chronic, X F 75 E# §
subduroperitoneal shunt ; 2 {#] & acute, £ ¥ 1 4 % 547 craniotomy, 1 | EH % FHRELF
B#AE) ;3194 brainswelling (1 4% £ % ¥F intracranial pressure monitor) ; 1 5| % chronic
extradural hematoma ( & # 4T craniotomy) ; 1 45| % subgaleal hematoma ; 1 %] % brain atrophy o

Bty 12 5)5% B » & 3 )& DIC ; 3 4] & encephalitis ; 2 1] % meningitis (1 5 EEE §
VP shunt) ; 2 {9 % ventriculitis (‘% % &% & VPshunt) ; 1 )% mycotic aneurysm ; 1 %] %
subgaleal infection

FEREY 13 #mE > AL EER intraventricular hemorrhage & # 4 posthemorrhagic
hydrocephalus - & % 3 5| % & % & ventricular access device 3% VP shunt

f ik 6 A 7% B % %] A hemolytic anemia - idipathic thromcytopenic purpura - aplastic
anemia * hemophiliac A - Acute lymphocytic leukemia -

B S5 A ' # B % % A neuroblastoma - hepatocellular carcinoma -~ brain sten glioma >
intracranial teratoma -~ intracerebral tumor ( teratoma is suspected, shunt was needed ) -

H 4% B 10 A - 4 ] & macrocrania ~ 2 45 & hypoxic cerebral injury ~ 2 4] % seizure with
unknown cause * 1 4] & NSAID related hemorrhage ~ 1 4] & small for gestational age -

KR

A RMCHE AR R complex heart disease && FE TCD 24k & » M BHMH REFH
TCD 2B/ - ARBUAHRBREABSNILE (45%) FZRENRE - AMIMGE 17 4
FEFTHESENGABZTFHRE - REN 126K & F > &4 ventriculitis &> B FEKE
VP shunt)- & & 52,84 13 5% & > #8 & % B # intraventricular hemorrhage & & 4 posthemorrhagic
hydrocephalus ; & 23%#9# % % & % ¥ ventricular access device 2 VP shunt -

Sk~ R AR B AR D E BRI G



£ Ok

Yoshida h, Yasuhara A, Kobayashi Y: Transcranial Doppler sonographic studies of cerebral blood
flow velocity in neonates. Pediatric Neurology 7:105-110,1991.

Bode H, Eden A: Transcranial Doppler sonography in children. J Child Neurol. 4
supp:S68-76,1989.

Byrd SE, Seibert JI: Transcranial Doppler imaging in pediatric abnormalities in older children.
Neuroimag. Clinics of North Am. 9:17-40,1999.

Limoni P: Transcranial ultrasonography in neurosurgery. Clinic. Therapeutica 147:559-566,1996.
Klotzch C, Henkes H, Nahser HC, Kuhne D, Berlit P: Transcranial color-coded duplex sonography
in cerebral arteriovenous malformations. Stroke 26:2298-2301, 1995.

Baumgartner RW, Mattle HP, Aaslid R: Transcranial color-coded duplex sonography, magnetic
resonance angiography, and computed tomography angiography: methods, applications, advantages,
and limitations. J. Clinic. Ultrasound 23:89-111,1995.

Lindegaard KF, Sorteberg W, Nornes H: Transcranial Doppler in neurosurgery. ~Adv. Tech.
Standards Neurosurg. 20:39-80,1993.

Takase K, Kashihara M, Hashimoto T: Transcranial Doppler ultrasonography in patients with
moyamoya disease. Clin. Neurol. Neurosurg. 99:5101-105,1997.

Halpern EJ, Nack TL: Prospective diagnosis of moyamoya disease with Doppler ultrasonography.
J. Ultrasound Med. 14:157-160,1995.

Muttagin Z, Ohba S, Arita K, Nakahara T, Pant B, Uozumi T, Kuwabara S, Oki S, Kurisu K, Yano
T: Cerebral circulation in moyamoya disease: a clinical study using transcranial Doppler
sonography. Surg. Neurol. 40:306-313,1993.

Laborde G, Harders A, Klimek L, Hardenack M: Correlation between clinical, angiographic and
transcranial Doppler sonographic findings in patients with moyamoya disease. Neurol Res.
15:87-92,1993.

Hombura AM, Jakobsen M, Enevoldsen E: Tanscranial Doppler recordings in raised intracranial
pressure. Acta Neurol. Scad. 87:488-493,1993.

Cardoso ER, Kupchak JA: Evaluation of intracranial pressure gradients by means of transcranial
Doppler sonography. Acta Neurochiruigica Supp.55:1-5,1992.

Iacopino DG, Zaccone C, Molina D, Todaro C, Tomasello F, Cardia E: Intraoperative monitoring
of cerebral blood flow during ventricular shunting in hydrocephalic pediatric patients. Child’s
Nerve. Sys. 11:483-486,1995.

Lee EJ, Huang YC, Chang CH, Pai MC, Chen HH: Cerebral blood flow velocity and vasomotor
reactivity before and after shunting surgery in patients with normal pressure hydrocephalus. Acta
Neurochirurgica 140:599-604,1998.

Weatra SJ, Lazareff J, Curran JG, Sayre JW, Kawamoto HJr: Transcranial Doppler ulrasonography
to evaluate need for cerebrospinal fluid drainage in hydrocephalic children. J. Ultrasoud Med.

7



17:561-569,1998.
Hanlo PW, Gooskens RH, Nijhuis 1J, Faber JA, Peters RJ, van Huffelen AC, Tulleken CA,

Willemse J: Value of transcranial Doppler indicies in predicting raised ICP in infantile
hydrocephalus. A study with review of the literature. Childs Nerv. Sys. 1 1:595-603,1995.
Nadvi SS, Van Dellen JR, Gouws E: Transcranial Doppler ultrasound in hydrocephalic children
with tuberculous meningitis. Br. J. Neurosurg. 9:519-526,1995.

Pople IK: Doppler flow velocities in children with controlled hydrocephalus: reference values for
the diagnosis of blocked cerebral fluid shunts. Childs Nerv. Syst. 8:124-125,1992.

Goh D, Minns RA, Pye SD: Transcranial Doppler (TCD) ultrasound as a noninvasive means of
monitoring cerebrohaemodynamic change in hydrocephalus. Europ. J. Pediatr. Surg. Supp.
1:14-17,1991.

Norelle A, Fischer AQ, Flannery AM: Transcranial Doppler: a noninvasive method to monitor
hydrocephalus. J. Child Neurol. Supp. 4:587-90,1989.

Fischer AQ, Livingstone JN: Transcranial Doppler and real-time cranial sonography in neonatal
hydrocephalus. J. Child Neurology. 4:64-69,1989.

Snoning M, Hartig B: The development of hemodynamics in the extracranial carotid and vertebral
arteries. Ultrasound Med. Biol. 24:655-662,1998.

Schoning M, Niemann G, Hartig B: Transcranial color duplex sonography of basal cerebral arteries:
reference data of flow velocities from childhood and adulthood. Neuropediatrics
27:249-255,1996.

Schoning M, Hartig B: Age dependence of total cerebral blood flow volume from childhood to
adulthood. J. Cereb. Blood Flow Metab. 16:827-833,1996.



