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Transcranial Doppler 

Evaluation of Closed Head Injur)' Patients Using 
Transcranial Doppler Monitoring 

D.W . NEWEl l. R . AAS I.I D . R . S 1ooss. ami 11..1 . RE LI I I·. 

Dcrartmc nl n f 1\i c·uwln~ic d · S u r!! c· n . (J) \V . Ri\ l li nl\·n"l' n l V.· :l' hln ~ l<lll Sc·:lll k . \\ .-\ . lJ S,\ 
Ocrartmcnl p f 1\icurPsur!!n' . ( R ,\. RS . 11.1 R l Univcrsi l\· p f Hem . Hc-rn . Swll zn l:llh! 

Introduction 

Continuou~ recording of hasal ce rehra l a rt cn· ve lociti es using tra nscra ni al 
Dopple r rna\· provid e: a more: practica l a lt e rna ti ve to CBF me thod~ tor th e 
assessme nt of ce rehrovascular responses in patients with head injury and o ther 
ne uro logical conditions req uiring ICP management. A method i~ descri bed 
where continuo us recordings of blood flo\\" velocity (BFV ). a rt eria l blood 
pressure (ABP). intracra nial pressure (ICP). and e nd tidal co~ (E t COC) arc 
obtained by porta ble equipme nt which can easil y be taken to the !C U . This 
unit can then be used to test blood fl o w response to COc changes . auto regul a­
tio n . respo nse to barbitura tes and response to ma nni to l th crar\·. By obta ining 
in fo rmatio n o n the effective ness of these responses in head injury pa ti ent s . it 
may be feas ible to use th is in fo rm atio n to guide the rapy. 

Clinical Material and Methods 

The feas ibility of T CD mo nito ring was eva lua ted in 22 pati ent s with a diagnos is 
of closed head injury Age range was 16- 69 with a 'mea n of 36. Average 
Glasgow co ma score (GCS) was 6. These patients had continuous ABP . ICP . 
and E t COc monitoring and were a rtifici a ll y ve ntil a ted during th eir initi al 
hospital course . 

Middle ce rebral ve locit y (MCV) signals were loca ted thro ugh a transtem­
poral window. using probes fixed with a n e lasti c headba nd during the recording 
sessio ns. A na log signa ls fro m the 4 di ffe re nt moda litie s were then stored 
digitally by computer and a custo m software program was used to analyze th e 
resul ts·. 

Reacti vit y to COc was tested by inducing step cha nges in art e ri a l COc 
concentra tio n by temporaril y disconnecting th e patient fro m the ve nt ilator a nd 
hand ve ntil a ting. for at least 2 minutes . The va lues from stabl e recording 
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pe riods fro m before a nd afte r the manipulation were then ave raged. a nd the 
percentage response (b lood fl ow ve locity change per mm co" change) was 
calcula ted. 

A utoregul a tio n was tested according to the me thod of Aaslid e t a l. by 
infla ting leg cuffs a ro und both thighs to a suprasystolic blood pressure for a 
pe riod of 2 minutes and then rapidly deflating them. inducing a systemic blood 
p ressure drop . T he re la tive change in C BF (evaluated by the change in mea n 
MCA veloci ty) was obse rved following the sudden blood pressure decrease a nd 
recove ry. Relative changes in velocity in comparison to relative ABP changes 
were examined re lative to their control values immediately following the BP 
drop. The rate of regulation ( Ro R) . was defined as the change in calculated 
ce reb rovascular res ista nce / the change in time. divided by the change in ABP. 
In a previous study of a group of healthy volunteers a t normocapnia. the 
normal va lue fo r RoR was found to be 20 ± 3 [l]. 

Response to mannitol was tested by giving 4 mg/kg o f 20% mannitol 
intraveno usly over 5 minutes . Continuous recording of all parameters was 
the n perfo rmed fo r a t least 20 minutes following the e nd of the infusion . 
Change in blood flow ve locity was then calculated as the maximum percentage 
change tha t occurred fo llowing the infusion. This usually occurred lO minutes 
afte r the mannitol was given . 

Response to ba rbitura te was assessed by rapidly infusing a loading dose 
(5 mg/kg) of thiopentone acco rding to the method of Cold et al.. a nd observing 
the response in blood flow ve locity. A BP. and ICP . Rela tive. blood flow change 
was determined fro m the percent change in blood flow velocity following the 
infusion. 

Results 

CO:: Tes ting 

Midd le ce rebral artery ve locity response to C02 was tested in 20 patients. The 
res ults ob tai ned showed reactivities between 0 a nd 4.63 % change /mmHg. The 
res ults of COc reac ti vit.y within -+8 hours o f admission for both hemispheres 
we re combined and co mpa red to Glasgow o utcome score at I month in 15 
pa ti e nts. COc reactivity was higher in patients who made a good recovery or 
had a mode rate disabilit y (2.25'Y.,/rnm C0 2 ± 0 .87 ) than those who died . were 
seve rely disab led. ur were in a persistant vegetative state ( 1.5 1 % /mm C0

2 
± 

0.25). but the differe nce was not statistically significant (0.1 > p > !1.05) . 

.-\uwregullllion 

T he rate of reg ul a tio n. whi ch was calculated from the change in cerebrovascular 
res istance induced by sudden transient decreases in blood pressure. va ri ed 
from tJ to 2lJ . .f in the IlK studies pe rformed . The results indicated that in this 
group of patients the ;lutorcgula!lon response was not e ither absent or present 
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Manniwl l<.csfiiJI/sc 

Followin~ rnannit ul infusion most p;tticnt~ h;td an lllcrca 'L' in middk ccrL·hr;tl 
artcrv vl'iocitv. The ~reatest increaSL' occurred ten minute' ft,llo win ~ thL' end o f 
the infusJ oll . The de~rL·e of increaSl' in MCV was ~ n.:atcs t in thosl· patient s with 
the most Impaired autore~ulation and least 111 patients 11·ith int;Jct autore~ulation 
but the number of patients with complete/\· intact autore!!ulatJon was smal l. 
Regression analvsis showed an inverse correlation hct11·een RoR and MC\' 
increase following mannitol infusion (r = -(J.)IJ ). 

Barhirurare Response 

Following barbiturate administration th e t~ · pical response 11·hich was seen 11 · a ~ a 
transient drop in blood pressure followed tw a return to pre-inlusion or nca r 
pre-infusion values in some patients. and a more pcrsistant blood pressure drop 
in others. Patient s _judged to have a favorable responsc to barbiturates had a 
decreased blood flow velocity and a decreased ICP . without a signilicant drop . 
or in some cases an improvemen t. in perfusion pressure. Patients who were 
judged to have an unfa vorable response had either a minimal change in blood 
flow velocit y and ICP or a signilicant drop in cerebral perfusion pressure . 

Discussion 

Recording of blood flow velocities in th e basal cerebral arteries does not g iw 
an absolute value for CBF: however. th e velocit1· change is direc tly propor­
tional to the changes in blood flow provided the diame ter of the conducting 
artery remains constant [1. 2]. Thi s has been demonstrated by Lindegaard et 
al. [7] in humans by observing spontaneous blood flow changes during caro ti d 
endarterectomy while simultaneously recording MCV using Doppler ultrasound 
and carotid blood flow usinu an e lectroma!!ne tic flowmeter . These res ul h 
indicate that unde r these circ~mstances basal ~ rt e rv diameter must not varv to 

any significant degree because the majo rit v of the velocity changes are direct/~ 
retl ecting changes in flo11. To gain an index of th e effectiveness of autore~ula ­
tion or co] responsiveness in pati e nt ~ . knowledge of th e absol ut e blood tlow i ~ 
not necessary [3. -L .'i. ~ ~- More \·al uabl e is a continuous measure of relative 
changes in blood flow under changing conditions of ICP. ABP. or CO~ . Recent 
experimental evidence has supported th e validity of the TCD method ior dete r­
mining autoregulation [2 . 6]. More research is needed to dete rmin e th L· re la­
tionship between CBF and MCA l'eloci ty in respo nse to dilt e rent medicatiom . 
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