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- Abstract -

Vasoconstriction of intracerebral arteries is the leading cause of delayed cerebral infarction and mortality following

aneurysmal subarachnoid hemorrhage. Transcranial Doppler studies show an increase in the flow velocities of basal

cerebral arteries, which usually start around day 4 following a subarachnoid hemorrhage, and peaking by days 7 to

14. Angiographic studies confirm the presence of at least some degree of MCA vasospasm when the flow velocities

are higher than 100 em/sec. Mean velocities in the 120 to 200 em/sec range correspond to 25 to 50% angiographically

determined diameter reduction, and values exceeding 200 em/sec correspond to more than 50% luminal narrowine.
£

MCA and ACA vasospasm is detected with around 90% specificity. Sensitivity is 80% and 50% respectively. A 200

cm/sec threshold and rapid flow velocity increase exceeding 50 em/sec on consecutive days, has been associated with

subsequent infarction.

Transcranial Doppler is also used to monitor the effects of endovascular treatment of vasospasm. Flow velocities

decrease following successful angioplasty or papaverine infusion. Overall, transcranial Doppler studies are consid-

ered to have acceptable accuracy for the evaluation of vasospasm in aneurysmal subarachnoid hemorrahge, with limi-

tations that have to be taken into consideration in the clinical setting.
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General Aspects of Vasospasm after
Subarachnoid Hemorrhage
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annual riskEe 0.7%°|t}. SAH9] incidence:= =7}
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years®] & 2jo]& HelY.
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of HE #Ao] Hiedy, 7124 Aloldl maximal
severity/7} A E 3 3~4F oA A& He A= £
ol2] @A 5 & o]} A& E FHE JduC. Sym-
ptomatic VSP (delayed ischemic deficit)¢] inci-
dencex 12~57% % R %Yt Symptomatic
VSPe A#¥ factors2F older age, hyperten-
sion, cardiovascular factors, poor clinical grade,
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intraventricular hemorrhage (IVH) 123
impaired cerebral blood flow (CBF) response to
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Transcranial Doppler Sonography in
Aneurysmal Subarachnoid Hemorrhage

TCD AAll A= 1% SAH 49 FH-E| basal cere-
bral arteries®] flow velocities (FV)7} S7}&h™
7~144Y Ale]e] peakE °l&tt. 7HH severe hemor-
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A arterial segmentsellA] highest velocities&
ERyli )
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diameter narrowingg 221t} SAHe| %ol TCD
A Aol viel= 92 delayed clinical deterioration
2 prediction & 4 %3 1HOEM therapeutic
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Table 1. Proposed criteria for optimal diagnosis o vasospasm
after subarachnotid hemorrhage by transcranial Doppler
sonography.

Vessel Possible Probable Definite
VSP* VSPp* VSP*
Intracranial internal
carotid artery =80 =110 =130
Anterior cerebral artery =110 =120 2130
Vertebral artery =255 =60 =80
Basilar artery =60 = 80 =90
Posterior cerebral artery =80 =90 2110

ty (VMR)E incipient cerebral ischemia Z1#]it
poor prognosis<} ¥ o}

ol & thE¥i-e] A7t MCA® tiéle] o] Fo] 71 7o
™ Table 12 3 99 & cerebral arteryel Sl
°] mean FV$} stenosis grade?] #4418 Ko Fo}

Cerebral blood flow (CBF)+ SAH A% £+ 2~
37 AA MA 8] Aasttrt 35 ZAHE 3 &) Al
A5k severe VSPSF CBFE| #H4 Alolel| AFatabA| 7}
#EA= 3 severe vasospasmolA CBF7Z} #dade
24 FV 94] 4% 4 1. Sekhar et al.’e] B
o] eldhd CBFe ¥sle % FVe] 371 2ela ¢
d Fdel oslet AadA st d2e, CBF7F 20ml/
100g/min ©|3t&2 Zadie AL severe VSPE 7}
H FVer A3kE . Spencerst Reide] B at'el A Ho
i stenosis?t F7kgtel]l wel E# diameter, blood
flow 12]31 flow velocity ¢ ®olA Hxe] FV
E Va7t Z7181 CBFE 243}t 3 single
FV valueZ} F70e] B+ degree of stenosisel|A 3
Ao FVe CBFE] W3kl 19l non linear 333
AE 2 & utt. VBP =+ DIDs®| ischemic
threshold& W7sle=t] vasomotor reactivity test
E 8% 4 god VSPY A= AP wet
vasomotor reactivity= Zagcl. SAHe SleiA
autoregulatione] H¢A g 7% FVE pressure
dependentd}”] wjite| BPE WH=A] s dfejof &}
. Het, Pco2 Z12]31 intracranial pressure (ICP)
o 3 E ddef k. ICP7F F71stH CBF$
cerebral perfusion pressure (CPP) 7} #4@ba
resistance index of Pourcelot?} %7}8}3. mean
MCA-FVs7} 748k}

Aneurysmal SAH $x}59] 30~70%°1X VSP7}
angiographically detection 2 4 A% 20~40%
gro] cerebral ischemia®] %4 5745 vehdo. 2
gug VP &4 of 2o & clinical focal ischemic
deficit E@e] ST 70| 5#] %3l the severi-
ty of vasospasm, the presence of collateral flow,
condition of patient s intravascular volume ~1&]

il CPP 5% E¥% o] 717 94E5& e stefo}
o, ® AFE9)A clinical grade, CBF &)
I FVARele] J3aA7E Bgdsite A8 He F
Red o] Ao diste] Fas] dysir]= oAHA T
concurrent nimodipine treatment, nimodipine<
angiographic VSPel& 9 %0] A9 FVe A A
Zlchal g}l 18] 3 adequate collateral pathways,
technical limitation, significant VSP in other
vessels §o| €¢e] € F & Ao},

VEPE 7% 4 9 TCDE accuracye & =
oA AE HA ), °o]& involved arterial seg-
ment2| location®l ¢l8l] < %& g + Avk. TCD7}
MCA®} anterior cerebral artery (ACA) VSPE 7
A &H=dl 2ol 90% ©ldel specificitys Ho]A| §
sensitivitye 2t2} 80% < 50% co|deolt}. Basilar
artery VSPel SolM & 75% sensitivity® 80%
specificity d%=o]t}?®. Hyperemia, increased ICP,
BP W3}, the presence of VSP in convexity
branches not accessed by TCD, Zt2] it difficulties
in assessing VSP by angiography §¢] 4&| 84F
o] olF ZA¥d| IF¥E F 4 Y. False positive
TCD studies®] %0_?;
i+ physiologically linked vessels 2] moderate to
severe stenosis®t d#=o] F7HE collateral flow,
unintended insonation of VSP in a nearby ves-
sel, hyperemia, hyperperfusion 123 unknown
causeZ} 2ok, £33 ACAY PCAAA = false posi-
tive for occlusion®] YERE 4 le=H, o] AL ves-
sel& 2L ¢ 9o aberrant course’} S1el opti-
mal doppler angle® °©|F2] %3874, proximal
hemodynamically significant lesion - operator
error 59 o] f= <135l vesselS: WA Eoh=
Zeg o] % primary and secondary analysisZ}
g @ 3lt}, False negative TCD studies?] 91910 &
E A% angle of insonation® #3182 2344 &
o FVE
factors, proximal hemodynamic lesion 12|31l
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approach — & A& 4 U}, Systemic hyper-
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Table 2. TCD criteria for grading MCA vasospasm utilized in the
Neurosonology Laboratory of the Wake Forest University
Bapmr Mea'u al Center

MCA Vasospasm  Mean Flow Velocity ~ MCA/ICA Ratio*

Normal < 85 em/fs <30
Mild =85, <120 cm/s < 3.0
Moderate = 120, <150 em/s =230,<6.0
Severe > 150, <200 em/s =60
Critical =200 cm/s =2 6.0

tension?} intravenous volume expansion¥ <
AH7t FVE S7H12 o+ 9l B2 clinical condition
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S5 dAaEg Zeln, VSP7 4sld Zelgw
MCAS| A gF &34 8k Zlol}, Table 2 VMCA/VICA
ratio® #8383 2l Wake Forest University
School of Medicine 2| MCA vasospasm criteria
olt}. Mean FV7F ) 80em/s ©1®|AM Vyea/Viea
ratio”t ¢ 3 ¢l A4 mean FV7} 150-200em/s ©]%
A VM(JA/VI(‘A ratio?} 3-4 91 3%, =& mean FV7}
> 200em/s ©1HA Vyea/Vies ratioZ} (6% A% 5
= VSPY hyperemiazt o] e AR AL
gt} Sloan et al®] ®i17] 2]8t¥ posterior circu-
lation velocity index — Vpa/Vya — & A28t
basilar artery (BA) vasospasmo] thg TCD
specificity® T4 AlA el Vea/Vya (2.5 €1 4%
hyperemia, dysautoregulation %+ collateral
effets® W9 dctxn 3o, Non-contrast
enhanced 12|31 contrast enhanced transcranial
color-coded sonography (TCCS)E E3le] vessel
courses 21 doppler insonatlon angles 3@
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