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Abstract 
The development 'of transrranial colow-coded 
duplex somgmphy ~ c C S )  bas m s m a t d  the 
hope of safe, real @he bedside brain imaging 
beymd chiklhoob This review article provides an 
overview of the role ofTCCS in the mplapanent of 
patients with stroke. The objective is to aimdate 
interest in the field ofncummnology 9s a potential 
means of ~~ neurological outcome for 
stroke patients and a area for stroke research 
endeavors in f i m .  Literahre search was done an 
MEDLINE, t2ochme libmy, and Googie Scholar 
databases with the following keywords kmscmd 
colour Doppler, Transmmial duplex sonogtaphy, 
-crania1 c o l o u r d  Doppler 50~~0gaphy, 
scmke,infarctandtmanonhage.'Weako~ 
relevant aaicles f b n  thc niiacnecs Sedm of 
studies produced by our literature search. We 
discussed the roles of TCCS to dkrimhate 
ischaemic h m  haemodxgk forms; mavf:l th 
mechanism of s-, monitor temw w~htim 
of stroke and predictors of stroke outcame; and 
promote better understslnding of the epidemiology 
of stroke. Its emerging d e  as apottntpohsfbce 
imaging modality for definitive treatment in 
ischaemic stroke within and outside the hospital 
setting is also highlighted. Cornpatison of TCCS 
with alkmative modalities for neuroimaging io 
stroke is also discussed. A r m  cause aaatysis ofthe 
untenable high coat of msuhag@ foa stroke 
patients in M c a  is presented vis-gi-vis the potential 
economic relief which widespread adoption of 
TCCS may provide. We advocate capacity building 
for TCCS and snggest some action plans mired to 
achieve safe, cheap, affordable aad reliable 
ultrasound based &miaging for stroke patients 
in resoun;elimitedareas ofAfiica. 
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Introdaetb 
The sucasfd insmation of imacmial blood 
vesseLsvia~~wasrepmtedbyAasl idand 
coworkers in 1982 when the term t tmsadal  
Doppler (TCD) was intruduced into the literature.' 
TCD entails the application of low frequency 
ultrasound (US) wave through a thin aspect of the 
skull and at various depths ofinsonation to obtain 
Doppler &om the b l d  vessels at the skull 
base. Further ~ v e m e n t s  in tho tdtt010gy of 
TCD enabled its wide range of application as seen 
in dinical practice today-2 The ~ ~ o a s  of TCD 
such as its reliance on indirect parameters to 

bloodvesds, poor spatial resolution, wn- . . .  
mwbamn of anarnmical landa3args, inammk 
blood velocity d c s ,  and  cation of 
specific blood -Is In the presence of normal 
anatomical variants formed the basis for the 
invention o~TcCS.' 
Brightness male (B-mode) and Doppler US 
~ t i e s ~ ~ t o e t z e c ~ m r e n t i o n a l T C I ) b y  
Schoning et a1 in the late 1980s to overcome some 
of the lrnown shortcomings of TCD.' In its earliest 
domrmted application, TCCS was successfully 
done on 49 out of52 adult subjects examined by 
Bogdnhnetalin1990-thegroupwidelymditedas 
the first to use TCCS in adults?. The image quality 
of TCCS has been enhanced greatly since then by 
k c l m o w  actvancement in t r x m h e r  design, 
conqmktional capabilities; bener sonographic 
contrast materials; and recent introduction of 
molecular imaging." A low frequency (2-to 3- 
MHz) lincar transducbc applied to the pterion is 
recommended by the American institute of 
uleasound in d u n e  ( A T  to produce good 
transtemporal sonogmns of the brain (figure 1 A).' 
TCCS has th& v e d  as a safe, cheap, non- 
invasive, fast, portable, bedside real-time 
nearoimaging modality for the evaluation and 
follow-up monitoring of many neurological 
diseases such ab acute stroke, newdegenerative 
diseages and brain tumoms among others. It is also 
used in intawbe care units for many reasons which 
include the diagnosis of brain death and raised 
intracranial pressure. Neurosonology has been 
applied in stroke imaging only in pediatric sickle 
cell patientsin Nigeria, to thebest of our knowledge 
first byL"$"ju et a1 (TCD) and latex by Tabari et d 
(TCCS).~ The other mention of TCCS in the 
litemme in SumSaharan f i c a  was its use to 
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e h t e  cerebral haemodymmicds in patients with 
ecfampsia m SouthAfiica'o Theie however exists a 
gap in our knowledge of intracranial 
haemodynamics and intracranial vascniar 
architecture among patients with' stroke in 
indigenous Atii- as alluded to by Owoiabi et al 
and the DJTEW~TROKE &dy.l'"l 
This article therefore provides an overview of the 
role of TCCS in the mamgement of patients with 
s t m k e a i m e d a t ~ i l s c l i n i w l ~ o n  
a a d r e s e a r c h ~ t i ~ ~ ~ i n r e s a m o c p o a  
sc4tings where acnss to canvdonaln-g 
modalities remains limiaed The target is to improve 
neurologic outcome for poor patients with stroke 
t h r o a g h e r r p e d i t a d b u t ~ ~ ~ g  
availedthembyTOCS. 

*re 1. Trmtmprolgray-scale image showing 
t h e ~ b d p e d u ? l c l ~  (PI with theecho@ 
basiIarcistem (*) ibdea"e&' 

management ofstmke. 
Idendfy the potedltial challenges and latent 

prosp~cfs for thc clinical use of TCCS in managing 
strokepatientsinresourcechallengedsettings. 

Role of TCCS in maqgxnent of Iheanorrhagic 
Stroke 
Hacmoarhagic strake constitutes 5-15% of all 
strokes in Chcasieas thoup the proportian is 
about twice that in Afiica and has a 30-day 
mortality rate of 25-43% with overall worse 
prognosis than iscfiatmic stroke.'"" Brain 
haematom appeers on TCCS as an echodense 
panmchymal lesion in the acute phase, with 
~ e d e a t a s e i n & e ~  . . of its 
central region as time passed(figure 3). 
Spontaneous subarachnoid haemonhage (SAH) 
appears as marked increase in the mhogenicity of 
t h c b g S B f ~ ~ ~ ~ T ~ . T C C S c a n t h ~ b e n s e d  
for bedside cksaht ion of hac kgic stroke 

into either inmu:-I or subarachnoid subtypes 
Learning objedhes: while awaiting further imaging. It is also a 

Tdentify the clinical uses of TCCS in dependable alcctnative stand- alone imaging 
diagnosis, treaanent and folloar up ofpatie& with 
stroke. 

-itY - mwwhy (Cr) and 
m a g a h  rtsorramcr: imaging (MR1) services are not 

Appreciate the comparative advantage of accessible for any reason as is common in most 
TCCS over other neuroimaging modalities in developing and resource poor environments. 
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n=csmaybe~toimsarerperPiBgitGLHricaf 
~ m s a c h a s t h c s i n : d ; 6 i L e a f  
~ w i t h d c s c o m p a r a M e 6 0 t h o e e  
obtainable fiam (TT,'5'9 TCCS via an adequate t r a ~ ~ -  
temporaldcwindowddectnhaeaaatomasin 
the 

inmrcr;mialhaemoIcrhagesO[~loc;ncedin~ 
tranwemparalbliwlspofwerealnio~ina 
T C C W T C ~  study via the -*w.'' 
These workerrs were tinther abie to Qctect a 
~ ~ t ~ 0 1 1 0 f a s s o c i a t c d ~ ~  
haesnomhage (MI) even in the f d  ventricle- " 
Other workas reported an excelbd cgtllelatian 
between TCCS and CT measurements for 
hacmatoma diameters (1ongituW r4.91, 
1r<0.001; sagittal: r=0.85, p=0.002; comnal: 
1-0.79, p=0.022) and for total liaernam volume 
(r=0.82, p=0.001) in the patients who hJtd 

~ ~ o n b o t h ~ ~ ~ ~ a m d c r ~ . ' "  
Mirmerafal"rcpaeedthatTC(=Shasasatsitivity 
of 94Yi specificity of %?A, @tive predictive 
vdue VPV) of 91 %, and negative predictive value 
OVPV)Bf9S%~enCT~psbd~sthettfc~~nce 
~ f b r * ~ o f I C H .  
~ t i L e P i Q e d B i a c d J C & t i i a e a r t s e v a a l  
o t h a ~ ~ a t e d w i t h p o o p p w ~ i n  
in$.acembral haemorrhagic stroke.'%" The 
pmsmce of prw,r mastic factors such as 
hnffnatnrna-daseociaatdm&tct 
are easily unraveled by TCCS. The usefnlness of 
T C C S t o d e t e d d y ~ ~ o n w a s  
m t l y  a d  ~ v o l y  dadid by 0vt&4n a 01." 
TBeselm3rha t h t & ~ o n  
~ ~ b y s a i ; r l ~ o f i t s v o f i g n c  
on TCCS perfmd in 25 patients who were 
recruited wiw 4.5 hours of onset of symptoms. 
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Their findings confirmed tke preliminary 
observations o f o t k a ~ ~ ~  aad validaBui TCCS as a 
reliable tool f a  buIside monitoring ofbaanatoma 
w@o= 
Midbe shift (MLS) is an evidence of mtss effect 
and an idependent predictor of pwr oatsame in 
haem&s.tmke.* 

FIGURE 3: B-moik b a n s m & m d s h a v s  
acute intracerebra1 LamnorrRage (la) as an 
ee-e-lesion imapmdd tke 
cranial computed tomographic {CT) image of the 
smne lesiou in the lower image. V3 is the echogmic 
line that mpresgnts the third venbicle which is 
dispkedrn an edence qfRzirgine skf Adapkd 
j5wnKiphath ~ C e t  8- 

The k t  that the third ventricle i s r e r n d l y  easy to 
identi9 on TCCS as the prominent echogettic 
midline (figure 3), regardless of the insonation 
window, allows confident d d m  of MLS. Stolz 
et al" found no significant difference in 
measurements of MLS by TCCS and CT scans. 
Tang et & reported a very high correlation between 
these modalities far MLS measurement ((rc0.91, 
~ ~ 0 . 0 1 ) .  Other specific utilities of MLS as 
detmniued by TCCS in acute ICH have been 
descriid by Kiphuth etalfSl'hese authors observed 
fiom Receiver Operating Characteristic (ROC) 
curve analysis that MLS of )4.5 -7.5 mm detected 
on TCCS indicated an impending failure of 

c-e: therapy. A MLS of a12 mm at any 
time indicates mm&y with a sensitivity of 69%, 
specificity lO(pi6, positive predictive value (Pw) 
and negative @dive vahie (NPV) of 100 and 
74% mpctively. They The d e d  that a &-off 
hrLLS of>5 ~ ~ 2 4  hours i&ntifles@ents 
twithre13le#tingwirhadtyoflW? 
TCCS can aid the bedside ddeetion of SAH; 
elucidatetheprobaMecauseasanantmysmor 
~~ M a E d -  ( A m ;  and help 
monitor patients for early detection of 
complications such as cerebralvasospam. Even in 
its infancy, TCCS was recommended as an 
alternative im&g modality for screening or 
~ i n r r a c r a a i a l a n c m y s n 7 R - h e n ~  
tomography angiography (CTA)/ magnetic 
resonance angiography ( M U )  is not readily 
available. This is because 85% of saccular 
aneurysms occur in the circle of Williqn a region 
imaged excelleatly on conmst enhanced power 
mode TCCS (figure 4). In a large p.ospective 
multicenter blinded study," power mode TCCS 
had an accuracy of 85% (Sensitivity= 7896, 
Specificiry-90%, PPV= 8576, NPV= 84%) for 
detecting aneurysms in 157 patients who also 
underwent intra-arterial digital subtraction 
angiogqlhy @SA) examitlation. Otha !3tudics 
reported sensitivities that ranged between 40 and 
91% d e p d b g  on the sample size, prevalence of 
anewjrsm, avmge size of aneurysm, mode of 
image acquisition, experience of operator and use 
of contrast agent. There was also no significant 
difference in the performance of TCCS for 
detscttng larger aneurysms (>5mm) compared with 
CTA and IlrlRA, although it is the Ieast sensitive 
among them, 

FIGURE 4: A small rerninaliqtt i n t d  cmtid 
artery a n e q m  (An) o n p o w  mode tr-& 
Duplex ultrasound. A1 is pre-communicating 
segment of I% anterior cmbral artey, Lt MC4 h 
the IeJtmiclliile cmbdmrep,  PC2 is the postentenor 
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comunicating artery, a d  BAS is the bclsilar 
artqv. Adapted- mite ~iWet&- 
AVMs appcar on TCCS as a ~ C J I C O U S  echo- 
dense lesion with focal acdatio11$ of vascular 
networks which have turbulent flow, low 
~ c e , m i K e d a r k r i a l a n d ~ i l a c R s . A V M  
detection rates of 95.7% and 7w by contrast 
enhanced and native TCCS respectively with DSA 
as the retkrence modality have been reportedm 
TCCS imaging of A M  is howeveb limitsd by its 
inability to detect the drainingveins. 
Symptomatic cncbral vasospasm occurs in 12-57% 
of patients with subarachnoid haemorhge (SAH), 
is essentially an 'ischaemic transfontmion' of the 
haemombgic stroke baxmw delayed ischemic 
neurologic-deficit ensues, and is associaQed with 
poor prognosis-w' TCCS is the only safe wn- 
invasive test of proven reliability far detbcting and 
monitaing post SAH cerebral v- The 
questionable accuracy of condioaal  TCB for 
mnhring this complicatiaa, mdascora the 
i m p o m  ofTCCS as a great improvement in this 
clinical context. TCCS derived peak systolic 
velocity in the middle cerebral artery and the 
Lindegaatd index (Vm~a:~c .a  ratio) hiwe rimilar 
utility for the detection and monitoring of 
vesospasm when DSA is the gold standard" 
Role of TCCS inmanagement o m c  Ssrake 
Ischaernic stroke is the more common form 
globally, and the second mogt cammon cause of 
mortality in developed countries." The rising 
prevalence and higher morbidity associated with 
ischaemic stroke in the low-&middle income 
countries (LMIC) makes rapid affordable 
neuroimaging a crucial factor for improving 
treatment outcome. 
TCCS has the inherent capability to cvahte the 
brain parenchyma and the plltency of blood pipes in 
the acute phase of stroke- The Ippticatiam ofTCCS 
in acute ischaemic stroke (ATS) cover d i m i s ,  
screening, treatment and prognostication. The 
periinent diagnostic clinical questions in AIS, which 
include the type- thmmbotic or mbolic, small 
vessel or l a g  vessel; and severity- stenosis or 
occlusion, can all be resolved partially or totally by 
TCCS. 
TCCS has an i* mle for nemwascular 
evaluation in AIS to detsct or exclude inb;laanial 
stenosis or occlusion. This has huge potential to 
positively impact management of ATS in Africa 
since intracranial atherosclerotic disease is nmre 
prevalent in the black race.= In a grormdbreaking 
work, Baumgarber ct a1 p i o n d t h c  use ofTCCS 
for detection of intracratd sten&, and published 
velocity-based criteria which were candated with 
DSA findiugs." They concluded that TCCS may 
provide a reliable rnad m-invasive V of 
patients with symptomatic inlracrauiai stenosis, and 
supply the information needed to initiate adequate 

medical-at. 
The ~ t e r w o r k  in Ckrmany and Switzerland 
tQmod the DIAS study @upla-Sonography in 
Acute Stroke) evaluated the intracranial 
vasculatun with respect to the pmsezlce of blood 
cEds;stenosisorocdnsi(~~within6homsofonset 
of AIS." TCCS was found useful to detect 
abnormalities in the htmmmial circulation inAIS. 
TCCS was also used in the Neurosonology in Acute 
Ischemic Stroke (NAIS) study to systematically 
dekmiue the pattem of stenosis and occlusion of 
thc inhmukl arteries in AIS.~ The rnalticmtex 
Italian ELIGIBLE study discovered that TCCS 
allows identification of the presence and site of 
clots in the intmaahl vessels in ATS.'" Other 
workeas have also need TCCS to dacnnine the 
prevalence of htmmnial carotid atherosclerotic 
disease (IChD) in their population and screen for 
ICAD fn p a h a  with CVD4'. The perfixmawe of 
TCCS for dekedon of htmcmhl aztmhl stenosis 
(scnsitivity=88.9%, speeificity=94.8%, 
PPV-5 I. lK, NPV=99.3%) also compare 
kvorably with that of CTA (sensitivity=81.5%, 
specificiQ=98.7%, PPV=78.6%, NPV=98.6%) 
w h e n ~ ~ ~ w a s t f r e ~ f ~ ~ ~ ~ ~  eta1 
in Taiwan publishedvelocity criteria and diagnostic 
validity tables for various grades of MCA stenosis 
derived from TCCS examhation of 193 patients." 
llq c 0 1 l c M  that TCCS has high dbbility for 
detsctionofMCA~osisrrlmost~toMRA. 
The adequacy of collateral circulation in AIS, 
which is a known factor affecting treatment 
-come, is mmntly being assessed with TCCS 
Leading expeas in the field m e a y  released the 
Chinese caasensus statement on the evaluation and 
intervention of collaterai circulation for AIS." A 
main r e c o w o n  by this gmup of exptrts, 
who also acknowledged the superiority ofn=CS, is 
that"TCI3orTCCScan beuscdasscrceningtools 
for primary evaluation of collateral circulation in 
stroke patients". 
Perfasion imaging is another fascinating 
applidon of TCCS m AIS. It aims to determine 
perfusion of the cerebral microvasculature, 
estimate the size of the infarct and ischemic 
ptnmbra with implications for therapeutic clinical 
decisions. The legacy means of carrying out 
pet%sion imaging such as MRI, CT, positron 
emission tomography (PET) and single photon 
emission computed tomography (SPECT) are not 
easily done by the bedside among many of their 
timitations. Ultrasound pafusion imaging (UPI) 
dcpcnds on h m t  hamonic imaging and inkion 
of echo-ampli@b. ultrasound contrast media. 
Weismam et al ' published repom of their 
landmark work in healthy human subjects to 
deinonstrate f- of the w e 1  appnrach to 
c&-m imaging in the year 2000. Many 
studies have since been done on clinical uses of 
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UPIinsmokewithimpm&eresultswhichoften 
a g n c w i t h M R I ~ & E y ~ c t a l ~  
that -on anomalies and ~ c t i o n a l  but 
ViabletisglesatxiskarereIiablydetectedbyUPI, 
which can give alternative supplementary 
i n f d ~ t ~ p e r f n s ~ ~ + ~ ~ ~ ~ ~  
Sonothrombolysis is on&, of the therapeutic 
applications of TCCS. Thc combination of f d  
continuous insomtian of m idedied blood clot, . . 
admmshtion of an ccho-ampE@hg contrast 
medium, and ultrasound guided *ion of a 
~ l y t i c a g e n t h a s b a n ~ w i t h ~ e r  
rccidkt ion rate than blind thrombolytic therapy 
or spontaneous reanahdon a l o n t ~ b 5 8 ~ ~ r a t . e  
of madbation is also achieved without any 
significant increase in compliation such as 
h a r m w c  W-tion of AISmn P a t i e  so 
treated have been shown to recover more speedily 
with better long tam prognosis compared with 
thoseueatedby immsive tlAlniqncs ofaay degree." 
S o n o ~ b o 1 y s h  is now advocated as the non- 
invasive method ofchoice to achieve recanabzatl . . 

on 
within and even beyoad the prescribed winaaw 
period, with a Shift in the paradigm i bm 'time is 
brain' to ' ~ o l o g y  is brain'. l.Wxmnd &led 
targeted delivery of microbubbles laden with 
thrombolytic agent is another evolving -tic 
application of TCCS in AIs?' Monitoring of 
~ o n w i t h f h e ~ i n b n z i n ~  
iudex~duc ingandaf tamadmtmn . . isalso 
be t t adaaewi th~~c~?  
The diagnostic utility of TCCS in AIS at the pre- 
hospital level has been eval~ated'~"'. The 
htematimal Pmhospii Skoke Project (IPS* 
providesampleevi~and~enceofthis.The 
IPSP team established the feasibility of using 
portable TCCS device for c m a g a q  assessmeat of 
intracraaial arteries shortly aftea arrival of the 
emergency team at the patient's site" Pdtospid 
brain ultrasound scan in the emergency phase ofAlS 
war, done with high diagnostic accuracy even during 
patient's transport via air or road ambulance. 
Reports fmm the second phase of the IPSPsuggest a 
bright outlook for TCCS as the st&- of the 
stroke n e m o l ~ s t / n d o l o g i s t  in the fieldn. 
Pnliminary qmts also indicate that TCCS can 
guide the pre-hospital initiation of definitive 
thrombolytic management of AIS, and is a way to 
recnrit many patients within the golden window 
pcriodwhentheyeanbcnefitfromthrombolysis. 

Limit8tims 
Insnf f i c icntacousr ic~ i s thcmajor~that  
may hinder TCCS in adults. This tictor is more 
common in the elderly, wrnnen and n a a d h m s h  
races. It 8ccoUnts for 10-20% of inoonclnsi . - ve 
~ ~ t o t h c ~ o n o f t c h o -  
amp- ultrammd cuntrast agents? The ust of 
contrast agents has reduced the map-Can rate to 

fcwa than 7 . ~ ~  Supplemenby acoustic windows 
w c h a s t 8 t ~ a n d d d r o m e s  
are also advocated to improve inchmion for TCCS. 
It is known than20% of stroke patients are unable to 
mdergo MRI bacause of sundry W 

. .  . 
and such saviccs ari naely available round the 
clockMThc tkopcmrare ofn=CS, ifiaxnprctadin 
the light of the foregoin& may be of negligible 
clinical sigdiame. The other hitation is that 
TCCS isopcretaadepndat 'Ihiscenbcmitigated 
by adequate training of p o n a t l  to improve 
dexterity and allow confident TCCS based 
diagnosis andintemention. 
Implications for stroke can in Afiica 
TCCS offer new rays of hope f a  xmmhqjq to 
the typical patient with stroke in Africa. The 
endemic poverty in most African nations i m p b  
that the majority of patients with stroke are unable 
t o a f f o P d t h a c o s t o f n e u r o ~ d i ~ w i t h  
the few avaiEaMe CT d MR ihdities. This often 
leads to delay in accurate diagnosis of stroke and 
initiation of matme& It is also one of the reasons 
whythrombolytic agents; arenot used far treatuum 
of AIS in many dewtoping nathm~.~ Inadequate 
p o w e r ~ d b i g h k m p e s a t u r e s i n m o s t  
Africaa d o n s  also predisposes the aqnmive CT 
and MR equipment to break down fi-equently. 
These, in addition to the paucity of qualified 
biomedical e r s  results in high cost of 
mnintea4accdthefew~leneuroimaging 
modalities which are ultimately t m n s S d  to the 
pati- 
In cootrast to CT and MRI, U L M  based 
imepinn, wherwerapplicable in the haman body, is 
widely howledged to be cheaper, safer and more 
affordable for the end users. It is known to be d e r  
to maintain and require less ~ d i o u s  electricity 
S U p p l y m o p e r a t e ~ I J l t m m d h a s ~ i b e e n  
the badmck of c-onal imaging for most 
African nations. Its ubiquitous presence in our 
imaging emsystem is implicit evidence of easy 
adaptatian to the aopical environment. Though 
there is dearth of litemure an the cost analysis of 
TCCS m stroke care, anecdotal evidence suggest 
that it is a fm cheaper alternative to the pre-existing 
~imagingmodalities. 
Thefimdswnseivedfmmacheapermeamof 
nemmmk imghg may be available to the 
patients to offset care related bills, and generally 
improve physical, psychosocial and financial 
wellness given the prevalent 'am of pocket' model 
of heahhue ikancing in Aiiica. The time saved m 
making acmmt~  diagnosis of stroke and its 
subtypes man: raptidly by TCCS will encolnage 
fhaex ~ ~ ~ M o I I  of M v e  treatment with positive 
i m p a c t o n p r o g n a s i s . ~ ~ 1 e f ~ o f T C C S  
scanners, which can be ~ p o w e r e d ,  will 
insulate stroke care fjrom the unrtliable utility 
power supply and facilitate community based 
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inmentions such as d g  forICAD. 
Investment in training of mupow-er is the prime 
rcqpkment in order to b e f i t  from the tcdmology 
of TCCS which is remarkably operator dependent. 
The radiologist, neuroloj$st and sonogmphers need 
to be well trained and certified m neurosoaography 
to guarantee reliable repah of bcain oltrasolBnd 
scans. These pesarmel will thentmnder knowledge 
and skills to others thereafter. A feasibility study on 
the adequacy of transcranial insonation in 
w g ~ 1 0 u s ~ c a n ~ 0 ~ l ~ w i l l b e ~ t o  
determine the proportion to augment with 
ultrasound contrast media 

There appears to be sdicient aridence for the 
inclusion of TCCS in a standard stroke imaging 
protocol, especially in raaurce poor settings. Its 
ability to provide complcmmtq information on 
cerebral architecture cum vasdmm in stroke 
serves as a veritable altemthe to CT/MRI for tbe 
critically ill patient. This technology competes 
fairly well with the more developed CTMR 
technologies. Thefore no sttoke patient would be 
denied a form ofneumimagiq even in the LMIC 
when TCCS is added to the diagnostic toolbox for 
stroke care. 

T ~ ~ p 6 i u ~  
TCCS is a non-invasive ultrasound 

examination used to image the brain parenchyma, 
vifllalize the intracraaial Mood vessels, measure 
blood flow velocity, and observe cerebral 
hernodynamics in real time on bpigbew ar -ex 
modes as an bpwcment on on-image guided 
(blind) aaasuanial Doppler. 

TCCS can be used to distinguish 
haemorrhagic from ischaemic fonns of stroke and 
i&ntifypoorpmgnostic fadors such as haematoma 
expansion and mass effect. 

The circle of Willis, where 85% of saccular 
aneurysms are found, is better e v a l M i n  real time 
on TCCS. 

Narrowing or occlusion of intracfanial 
vessels in post-haemorrhagic vasospasm, 
intracranial atherosclerotic disease and embolic 
phenomenon can be reliably detec6edoo TCCS. 

Wtmound contrast medium is indicated in 
TCCS if the transcranial acoustic window is 
inadequate; for perfusion imaging to diagnose 
viable n d  tissue at risk of inkction in acute 
ischaemic stroke; and for vessel recanalization 
pnrpose in smothmmbolyis. 

Diagnosis and definitive treatment of 
stroke can be commenced in the pmhospital phase 
with the aid of TCCS which saves time, money and 
lift where this relatively low-cost technology and 
technical expaise is available. 
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