
CHAPTER 10 

Transcranial Doppler, edited by 
D. W. Newell and R. Aaslid. 
Raven Press, Ltd. , New York © 1992. 

Head Injury and Cerebral Circulatory Arrest 

David W. Newell, Rolf W. Seiler, and Rune Aaslid 

The evaluation of cerebral blood flow (CBF) following 
head injury is of great interest to clinicians and inves
tigators. Various abnormalities in CBF have been stud
ied in human head injury and in experimental animal 
models. Some of the abnormalities noted include 
impaired autoregulation, altered C02 reactivity, 
increased CBF (hyperemia), decreased CBF (olige
mia), and vasospasm (1-4). It is believed that certain 
CBF abnormalities can lead to secondary damage to 
the brain in head-injured patients (5,6). 

Various methods to evaluate CBF following head 
injury available for clinical use include 133-xenon 
clearance using portable detectors, single-photon 
emission computed tomography (SPECT), and thermal 
dilution probes (7- 10). Transcranial Doppler (TCD) 
can be used to monitor relative changes in CBF as well 
as to detect vasospasm following head injury (4, II). 
This emerging technology promises to be very valuable 
in the acute care setting . 

This chapter discusses some background informa
tion on physiological and hemodynamic changes that 
occur following head injury and how this information 
can be applied to clinical management. It also dis
cusses the potential role of TCD in the evaluation and 
assessment of these hemodynamic changes. 

BLOOD FLOW ABNORMALITIES FOLLOWING 
HEAD INJURY 

Most of the studies performed to evaluate CBF fol
lowing human head injury have been performed using 
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external detectors to detect the washout of injected 
133-xenon. Obrist et al. (9), using this method, have 
shown that CBF can be normal , increased, or de
creased following severe head injury and may or may 
not be as closely linked to cerebral metabolism as it is 
under normal circumstances. When CBF is markedly 
elevated beyond the metabolic demand, the term "hy
peremia" is applied . Hyperemia has been found to be 
associated with high intracranial pressure (lCP) and 
may lead to secondary hemorrhages (9,12). CBF can 
be abnormally low following head injury due to low 
cerebral metabolism or, in some instances, to high 
ICP. 

Autoregulation has been defined as the ability of the 
brain to maintain a constant blood flow in the face of 
changes in blood pressure. This response was initially 
observed by Lassen (13) , who measured CBF at dif
ferent blood pressures using 133-xenon blood flow 
methods. Impairment in cerebral autoregulation has 
been demonstrated in head-injured patients (2). The 
result of this impairment is that CBF can change pas
sively with alterations in blood pressure instead of 
being tightly regulated as under normal circumstances. 
In patients with impaired autoregulation, decreased 
cerebral perfusion pressure can lead to secondary 
ischemia, or unwanted increases in perfusion pressure 
may lead to vasogenic edema (12). 

Another frequently observed abnormality is impair
ment in the CBF response to changing PaC02 (1 ,2) , 
which is seen especially when the brain tissue is se
verely damaged. This may have clinical implications 
in guiding the use of hyperventilation in the intensive 
care setting and may also have value in predicting prog
nosis for recovery from brain injury. 

Clinical Aspects of Cerebral Blood Flow Evaluation 

Langfitt and Obrist (5) have stated four clinical ap
plications of 133-xenon CBF measurements following 
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head injury (5). These are: (a) insuring adequacy of 
CBF, (b) use in outcome prediction , (c) assessing 
cerebrovascular responses such as autoregulation and 
C02 reactivity , and (d) assessing the effects of various 
treatments on CBF. TCD sonography does not yield 
absolute CBF values at present and therefore cannot 
be used to try to quantitate the adequacy of CBF fol
lowing head injury. However, by observing relative 
changes in flow using TCD, autoregulation and C02 

reactivity can be assessed (14-16) , and TCD monitor
ing can potentially be used to assess the effects of var
ious treatments on CBF. 

MANAGEMENT OF HEAD INJURY 

The strategy for the management of closed head in
jury is to provide the brain with the optimal conditions 
required for the recovery of neurological damage and 
to prevent secondary injury from occurring. Recovery 
of neurological function following severe head injury 
can occur to a remarkable degree if secondary insult s 
do not compound the initial damage (6, 17). Secondary 
injury can occur as a result of ischemia from hypoten
sion or increased ICP during the postinjury period. 
Ischemic brain damage has been found in a large num
ber of patients dying from head injury (18). Neuro
surgical intervention is often needed to remove mass 
lesions such as epidural, subdural, and intracerebral 
hemorrhages and contusions that threaten to cause ad
ditional neural damage by compression, di stortion , and 
ischemia of brain ti ssue . ICP monitoring is commonly 
used in the manageme nt of head injury to detect ex
pansion of mass lesions and to guide therapy directed 
at providing optimal conditions for cerebral perfusion . 
An essential consideration in management of head in
jury , whether in the emergency room or the intensive 
care unit, is to maintain adequate cerebral perfu sion 
and oxygenation. Aggressive measures to treat sec
ondary injury and insure adequate cerebral perfusion 
during the resuscitation and intensive care phases of 
head injury treatment can be benefici al (19). It is there
fore desirable to be able to detect changes in the ce
rebral circulation that can lead to secondary damage, 
and TCD may prove to be useful for this purpose. 

TCD MONITORING IN HEAD INJURY 

Theoretical Considerations 

Monitoring of the blood flow velocity of the middle 
cerebral artery (MCA) , both intraoperativel y and in the 
intensive care unit , has been reported (I I , 16). In order 
to record continuously, the Doppler velocity signal can 
be taken from the outline of the velocity spectrum , 
which is normally calculated by the TCD instrument. 

This tracing corresponds to the blood flow velocity at 
the center of the MCA. During laminar flow, which 
will occur in the basal arteries in the absence of any 
significant turbulence, the flow velocity at the center 
of the MCA will be directly proportional to the cross
sectional velocity. Changes in velocity will directly re
flect changes in blood flow through this conducting 
artery, provided its diameter does not change signifi
cantly, since flow is a product of the velocity multiplied 
by the cross-sectional area of the vessel. There is a 
linear correlation between the outline of the velocity 
spectrum of the MCA and volume flow in the internal 
carotid artery (ICA), measured by an electromagnetic 
flowmeter during flow variations (II). This finding in
dicates that the MCA diameter does not change sig
nificantly with variations of flow under these circum
stances. Therefore , changes in the outline of the MCA 
velocity spectrum will directly reflect relative changes 
in flow. By using a fixed monitoring probe in the in
tensive care unit , information about cerebrovascular 
response in head injury patients can be obtained. Sev
eral recent publications report the use of TCD moni
toring in the intensive care se tting to evaluate cere
brovascular responses such as autoregulation and C02 

reactivity in neurosurgical pa tient s (I 5, I 6). 

Clinical Evaluation of TCD Monitoring 

We studied a group of 2 I patients admitted to the 
intensive care unit with a diagnosis of closed head in
jury to evaluate the clinical utilit y of continuous TCD 
monitoring. Testing of autoregulation, C02 reactivity, 
and response to barbiturates was performed in se lected 
patients . We have employed a computerized digital 
storage system to obtain continuous simultaneous re
cordings of arterial blood pressure , ICP , end-tidal C02 

(ET C02), and mean velocity. A computerized analysis 
was then performed to evaluate cerebrovascular re
sponses. Figure I shows simultaneous recording of 
blood pressure , ICP , C02 , and MCA velocity in a pa
ti ent following head injury. 

Autoregulation 

TCD can be used to record changes in flow velocity 
in the MCA , which reflect relative changes in CBF. 
The response of the CBF to blood pressure fluctu ations 
can be used to evaluate the autoregulation response. 
Correlations can be observed between the velocity 
change and spontaneous changes in blood pressure , or , 
alternatively, changes in blood pressure can be in
duced while observing the velocity response. The ef
fect s of many antihypertensive medications on the 
MCA diameter has not been adequately studied a t this 
time and therefore it may not be appropriate to use 
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FIG. 1. Continuous recording of arterial blood pressure 
(ABP) in mm Hg, middle cerebral artery velocity (MCV) in 
centimeters per second, intracranial pressure (ICP) in 
mm Hg, and end-tidal C02 (ET C02 ) concentration in mm 
Hg in a patient after closed head injury. 

these drugs to induce blood pressure changes for this 
purpose. 

We have used the method of Aaslid et al. (14) to 
study the autoregulatory response by inducing rapid 
blood pressure changes. Recent experimental evi
dence supports the validity of this method (20). The 
rapid blood pressure changes are produced using large 
blood pressure cuffs placed around the thighs. These 
are then inflated for a period of time and quickly re
leased, inducing a rapid blood pressure drop. The ve
locity response is measured and then a calculation is 
made of the change in cerebrovascular resistance 
(CYR) in response to this blood pressure drop to evalu
ate the effectiveness of the autoregulation. The CYR 
is calculated by dividing the mean velocity (used as an 
index of relative CBF) by the arterial blood pressure 
(ABP) for each time point. The CYR changes in a linear 
fashion over the period of time between I and 5 sec 
following the blood pressure drop. A regression line is 
then fitted to the slope of this change, which defines 
the rate at which the CYR changes. The CBF would 
be regulated back to the initial value if the change in 
resistance fully compensated for the drop in blood 
pressure. An index of the rate of regulation (RoR) was 
therefore defined as the change in CYR divided by the 
change in time over the change in ABP. The final index 
(RoR) gives the percentage of the adjustment required 
to correct the CBF back to its baseline value, which 
occurs per second. In a group of normal volunteers at 
normocapnia, Aaslid et al. (14) found the normal value 
for RoR to be 20.0 ± 3 .0% . 

Using this method we have evaluated the autoreg
ulatory response in 20 head injury patients in the in-

tensive care unit. The RoR value was analyzed sepa
rately for the individual hemispheres . The values 
ranged from 0 to 29.4 in the 118 studies performed. 
The range of values indicated that in head injury the 
autoregulatory response could be completely absent, 
completely intact, or impaired to various degrees. In 
the patients with RoR values of 15 or above, sponta
neous blood pressure changes of at least 20 sec du
ration produced minimal changes in velocity. In pa
tients with RoR values of 5 or below , similar 
spontaneous blood pressure changes produced passive 
changes in MCA velocity, indicating that the CBF was 
pressure passive. Figure 2 illustrates examples of in
tact and absent autoregulation, assessed by this 
method, in patients following head injury. 

C02 Reactivity 

Reactivity to C02 was tested using continuous re
cording methods by observing the velocity change in 
the MCA following hyperventilation , which reflects 
blood flow changes caused by changes in the regula
tory arteries. Experimental evidence strongly supports 
the rationale for this method. Measurements of the ce
rebral arteries in humans during angiography indicate 
that the diameter does not change significantly in the 
large basal arteries in response to changes in arterial 
C02 concentration (21 ). In contrast, the more distal 
arteries undergo marked changes. The results of C02 
reactivity in normal volunteers, as well as in patients 
with pathological conditions , yield results similar to 
those obtained using other methods (22-24). 

The response was measured in 143 tests performed 
in the same group of 21 patients with closed head in
jury . Patients were temporarily disconnected from 
ventilators and hyperventilated using Ambu bags for 
a period of at least 2 min. The percentage of change 
in velocity was used as an index of the relative change 
in CBF. This value was then divided by the change in 
ET C02 in mm Hg to yield a % change/mm Hg. Hy
poventilation was also performed in selected patients 
but often caused significant increases in ICP. Figure 
3 illustrates examples of intact and absent C02 reac
tivity in head injury patients. 

The MCA response to hyperventilation varied be
tween 0% and 4.63% change/mm Hg in this group of 
patients. Absent C02 reactivity was generally found in 
patients with very severe brain injury or in MCA dis
tributions with extensive focal lesions. Knowledge of 
the integrity of the C02 response was helpful in de
termining the potential effectiveness of hyperventila
tion for ICP control in individual patients. 

Barbiturate Reactivity 

Barbiturates have been used to lower elevated ICP 
in patients with head injuries. The mechanism of action 
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FIG. 2. A: Illustration of the MCA velocity response to an induced blood pressure drop, using 
leg cuffs, in a patient with intact cerebral autoregulation (rate of regulation = 20). B: Response 
in a patient with absent cerebral autoregulation (rate of regulation = 0). Middle cerebral artery 
velocity response to spontaneous blood pressure in patients with good (C) and poor (D) cerebral 
autoregulation. APB , arterial blood pressure in mm Hg ; MCV, middle cerebral artery velocity in 
centimeters per second ; ICP, intracranial pressure in mm Hg; ET C02 , end-tidal C02 concentra
tion in mm Hg ; RoR , rate of regulation ; CVR, cerebrovascular resistance. 

is believed to be secondary to barbiturate-induced re
duction of cerebral metaboli sm. Thi s in turn reduces 
CBF and thus cerebral blood volume, which results in 
a reduction of ICP. The change in CBF in response to 
barbiturate infusion has been found to correlate with 
the potential effectiveness of barbiturates to lower ICP 
in individual patients (25) . In head injury patients, bar
biturates are often ineffective in lowering ICP. This 
can be either because of already severely reduced cere
bral metabolism or failure of CBF to respond to a 
reduction in metabolism(!) . Although changes in me
tabolism cannot be assessed using TCD monitoring , 
this technique can be used to evaluate relative blood 

flow changes and also to assess blood pressure and 
ICP, before and after the administration of a test dose 
of barbiturates. The available evidence indicates MCA 
velocity closely reflects CBF changes following bar
biturate infusion (II) , but further studies are needed 
to confirm these results . 

Testing of barbiturate response using TCD moni
toring was performed on 20 occasions in a group of 
patients with head injury. Thiopentone, which is a 
commonl y used barbiturate , was given intravenously 
at a dose of 5 mg/kg according to the method of Cold 
(1). The results of ABP, ICP, ET C02, and MCA ve
locity were observed for a period of at least 10 min . 
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FIG. 3. Responses to hyperventilation. A: Good C02 response with marked decrease in middle 
cerebral artery (MCA) velocity and decreased intracranial pressure (ICP). B: Absent C02 response 
with no change in MCA velocity or ICP following hyperventilation . Abbreviations as in Fig. 2. 
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The percentage of reduction of MCA velocity was then 
calculated. Responses of ABP, cerebral perfusion 
pressure (ABP-ICP), and ICP were also observed to 
evaluate whether or not the induced changes had ben
eficial or detrimental effects. 

All patients had a reduction in MCA velocity fol
lowing barbiturate administration. The percentage of 
reduction varied between 3.7% and 27.8% . ICP was 
decreased by barbiturate infusion on 16 occasions, un
changed on three , and increased on one. The ABP de
creased on all tests. The cerebral perfusion pressure 
was increased on three occasions and decreased on 17. 
It was possible, by observing individual responses, to 
gain insight into the potential effects of the therapy. 
Figure 4 shows selected responses in this group of pa
tients. 

Conclusions 

These results indicate that it is feasible to use TCD 
monitoring to evaluate cerebrovascular responses 
such as autoregulation, C02 reactivity, and barbiturate 
responses in neurosurgical patients. This information 
may be valuable in guiding therapy in the intensive care 
unit. 

VASOSPASM 

Vasospasm is well recognized as a cause of clinical 
deterioration following subarachnoid hemorrhage due 
to aneurysm rupture and can be produced experimen
tally by placing blood around the cerebral arteries of 
experimental animals (26,27). Since subarachnoid 
bleeding is common in head injury , it is likely that 
spasm of the intracranial arteries is produced by a sim
ilar mechanism. Angiographic vasospasm has been re
ported in patients following closed head injury (28). 
Clinical deterioration following head injury due to va
sospasm is not commonly reported. It is possible that 
the entity is not well recognized due to the underlying 
severe neurological dysfunction caused by head injury 
during the period when the vasospasm in manifest. 

Several studies of serial recordings of TCD veloci
ties following head injury have been reported , and in
creased velocities in the basal arteries have been rec
ognized (4 ,29). Increased velocity can be due to 
increased CBF as well as narrowing of the intracranial 
arteries, and hyperemia is a common occurrence after 
severe head injury. Therefore , a simultaneous index 
of CBF is needed to differentiate the two conditions. 
The index of intracranial/extracranial velocity record
ings may be used for this purpose. By dividing the 
MCA velocity by the extracranial internal carotid ar
tery (ICA) velocity (V MeAlY te A), an index can be ob
tained to correct for CBF changes . Lindegaard et al. 
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FIG. 5. Mean time course of the MCA/ICA ratio of patients 
with CT scans predicting low risk of vasospasm based 
on blood distribution (broken line) compared to patients 
with CT scans predicting high risk for vasospasm (solid 
line) . Abbreviations as in Fig. 2. (From ref. 4 , with per
mission .) 

(30) found the normal value for this ratio to be I . 7 ± 0.4, 
and a ratio greater than 3 corresponded to MCA spasm 
seen on angiograms . In a group of 35 patients with 
severe head injury examined serially with TCD, Weber 
et al. (4) found a 40% incidence of vasospasm during 
the first several weeks , indicated by a V MeAl Y te A ratio 
of greater than 3. The increase in velocity that occurred 
in this group of patients began as early as 48 hr and 
reached maximal values between 5 and 7 days after 
injury , which is slightly earlier than previously re
ported for subarachnoid hemorrhage. The occurrence 
of vasospasm also correlated with the amount of cis
ternal and intracerebral blood seen on computed to
mography (CT) scan (Fig. 5). This correlation has been 
well established previously in subarachnoid hemor
rhage (31 ,32). 

Illustrative Case 

A 43-year-old female was involved in a motor ve
hicle accident and was brought to the hospital in an 
unconscious state . Her CT scan revealed a right acute 
subdural hematoma , and in addition there was dense 
blood in the left sylvian fissure. A right craniotomy 
was performed to evacuate the subdural hematoma. 
Serial TCD examinations were performed. A postop
erative scan documented removal of the subdural he
matoma and showed that there were no infarctions 
present (Fig. 6). She improved clinically to the point 
where she was following commands and conversing. 
On the 6th postoperative day she became confused but 
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FIG. 6. A, B: Preoperative CT scan showing right subdural hematoma 
and blood in the left sylvian fissure (arrows) . C: Postoperative CT scan 
showing no infarction present. R, right; L, left. 

had no new focal neurological deficit s. Her left MCA 
velocity was markedly e levated to a mean velocity of 
306 em/sec at thi s time, and there had been a decrease 
in her extracranial ICA velocity. An angiogram was 
performed that demon strated severe spasm of the left 
MCA . A CT scan was subsequentl y obtained that 
showed two small infarctions in the left hemisphere 
that were not present on her postoperative CT scan, 
before the vasospasm occurred (Fig . 7). 

Comment 

This case illu stra tes that vasospasm can occur fol
lowing head injury and can cause secondary damage 

to the brain in the form of infarctions. It is probabl y 
produced by a mechani sm similar to that which pro
duces the vasospasm seen following subarachnoid 
he morrhage from ruptured ane urysms, name ly , a re
sponse to the presence of blood deposited a ro und the 
basal a rteries . It is therefore important to be aware of 
thi s potentia l complication , pa rticula rl y in head injury 
patients whose CT reveals blood in the basal ciste rns. 

INCREASED INTRACRANIAL PRESSURE 

Increased ICP is common following severe head in
jury, and ICP mo nito ring is now widely used. Sus-

-
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FIG. 7. Angiogram illustrating no vasospasm on the right (R) side (A) and severe vasospasm on 
the left (L) side (B) (arrow) . C: Serial recordings of middle cerebral artery internal carotid artery 
velocity (Vmca/Vica) after head injury over t ime revealing high velocities on the left side. D: CT 
scan after vasospasm revealing infarctions in the middle cerebral artery distribution (arrows) . R, 
right ; L, left. 

tained and severe increases in lCP following head in
jury indicate a poor prognosis and can cause secondary 
damage due to brain di stortion and herniation (33 ,34). 
Elevated ICP can also cause ischemia by causing de
creases in CBF. Normall y, during moderate increases 
in ICP , compensato ry mechani sms such as cerebral 
autoregulation and increases in blood pressure can 
maintain CBF at adequate levels (35) . If these mech
anisms are overcome by high ICP, CBF can become 
dangerously reduced . TCD has the potential to be used 
to detect reductions in CBF under certa in conditions. 

With increased ICP, characteristic changes can 
occur in the TCD waveform due to decreased pe r-

fusion pressure (36- 38). The fir st change is a reduction 
in diastolic velocity and an inc rease in systolic ve loc
ity, which cause an increase in pulsatility without sig
nificant changes in the mean ve locit y. As the ICP ap
proaches the diastolic pressure at the level of the 
microcirculation, the velocity then begins to approach 
zero in end-diastole. F urthe r increases cause a reversal 
of flow in diastole as the ICP increases above the blood 
pressure at the microcirculation in diastole (Fig. 8). 
Recognition of these characteri stic TCD waveforms by 
experienced observers can provide valuable informa
tion and warn of compromi se of the cerebral circula
tion. Moderate increases in pul satility alone, however , 
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are not specific to increased ICP and can be seen with 
vasoconstriction due to low metabolic rate or de
creased C02 concentration. 

Illustrative Case 

An 8-year-old male was admitted following a bicycle 
acc ident in an unconscious state and was found to have 
a right subdural hematoma. This was removed by a 
craniotomy with subsequent improvement in clinical 
condition. The following day he deteriorated neuro
logically and a repeat CT scan showed swelling of the 
right hemisphere. TCD examination of the MCAs 
showed a pattern consistent with a high resistance to 
flow on the left side and a patte rn of impending cerebral 
circula tory arrest on the right side. A right-sided de
compressive craniectomy was performed, and post
operative TCD examination showed that both wave
forms had returned to a less resistive pattern (Fig. 9). 
Despite improvement in the blood flow velocity on 
both sides, he developed extensive infarction s 
throughout the right hemisphere . 

Comment 

This case demonstrated impairment of the cerebral 
circulation due to brain swelling and increased ICP. It 
is of particular interest that the findings were more 
pronounced on one side than the other and that the 
patient subsequently developed infarc tions on the 
more severely affected side. The TCD was helpful in 
defining the pathophys iology and may prove useful in 
the future to monitor changes similar to those seen in 
this case. 

ARREST OF THE CEREBRAL CIRCULATION 
AND BRAIN DEATH 

CBF measurements have demonstrated that at very 
high ICP, CBF can decrease (39) . The reduction of 

FIG. 8. Progression of the TCD wave
form seen with progressive decrease 
in the cerebral perfusion pressure 
(CPP). (From ref. 37, with permis
sion.) 

CBF at elevated ICP will depend on each individual' s 
blood pressure response as well as the state of auto
regulation . Miller et a l. (35) have de monstrated ex
perimenta ll y that increased ICP reduces CBF much 
earlier when autoregulation is impaired . 

When one examines the Doppler signals from the 
basal cerebral arteries during increas ing ICP to flow 
leading to cerebral circ ulatory arrest, a characteristic 
progress ive change in the waveform is seen . The first 
change seen is progress ive decrease in diastolic ve
locity. Subsequently diastolic velocity becomes zero 
in end-diastole, indicating that all of the forward flow 
is taking place in sys tole . With further increases in 
ICP, there is flow reversal during diastole demon
strated by negat ive velocity readings during the dia
stolic phase . The next stage seen reveals the presence 
of small systolic peaks in early systole, indicating a 
brief forward thrust of blood during expansion of the 
artery. In the final stage, no signals can be obtained 
from the basal arteries. By detecting and recognizing 
this characteristic progress ion of changes, one can use 
TCD to identify patients with arrest of the cerebral 
circulation . 

Experimental studies indicate that as the distal ce
rebral vessels become smaller , the intravascular pres
sure drops (40) . When the ICP reaches the level at 
which it obstructs the circulation, the functional ob
struction probably takes place at the microcirculation. 
Arteriographic studies in humans indicate that during 
the initial stages of intracranial circulatory arrest , the 
larger conducting arteries remain patent despite no net 
forward flow (41). The presence of patent conducting 
arteries di stal to the TCD recording site allows to and 
fro blood movement to occur during the cardiac cycle. 
Forward flow , which occurs in systole , expands the 
arterial tree, but due to the very high distal resistance , 
little or no flow occurs through the microcirculation. 
During diastole, the flow is forced in the reverse di
rection by the contractive force s of the arteries. 
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FIG. 9. A: Initial CT scan on a patient with a small right-sided subdural hematoma (arrow) . 8: 
Repeat CT scan 48 hr later showing swelling of the right hemisphere . C: Middle cerebral artery 
(MCA) velocity signals from both sides illustrating high resistance to flow on the left and im
pending cerebral circulatory arrest on the right. D: Repeat recordings after decompressive cra
niectomy was performed showing improved flow velocity on both sides. R, right ; L, left ; SOH, 
subdural hematoma. 

By comparing the TCD waveforms during the var
ious stages of cerebral circulatory arrest with arte ri
ographic findings, Hass ler et al. (4 I) identified the TCD 
patterns that correspond to arrest of the circulation by 
angiographic criteria (Fig. 10) . The presence of to and 
fro TCD signals in the MCAs indicating net zero flow 
indicates supratentorial circulatory arrest. This has 

now been confirmed by angiography as well as by tech
netium scanning (41-43). It has also been noted , how
ever, that arrest of the cerebral circulation can be a 
reversible phenomenon if it occurs for short periods 
of time . Grote and Hassler (44) recorded TCD signals 
during rebleeding episodes in patients with cerebral 
aneurysms. One patient maintained a to and fro flow 
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pattern for 2 min, and then the pattern gradually re
turned to normal. This patient went on to recover. 

The ability to detect the arrest of the cerebral cir
culation is useful for clinical purposes , one of which 
is the confirmation of cerebral circulatory arrest in 
cases of brain death. The guidelines set forth for the 
determination of brain death in the United States by 
the President's Commission state that the diagnosis of 
brain death must be made by a qualified physician on 
the basis of clinical findings and that CBF studies can 
only be used as confirmatory tests (45). Therefore, ar
rest of the cerebral circulation is not synonymous with 
brain death in all cases according to these guidelines, 
unless cessation of all brain function for at least 6 hr 
is observed. Arrest of the cerebral circulation may 
occur briefly due to short episodes of increased ICP 
and be associated with clinical recovery. Supratento
rial circulatory arrest has also been noted to occur in 
certain cases progressing to brain death before all the 
brainstem reflexes have disappeared (37 ,46,47). Con
versely brain death has been diagnosed clinically on 
the basis of absent brainstem function, in cases in 
which the supratentorial circulation is preserved for a 
period of time (47 ,48). This may occur in cases of mas
sive destructive brainstem hemorrhage or posterior 
fossa lesions that compress the brainstem. 

TCD as well as other types of blood flow studies can 
nonetheless be helpful to evaluate the intracranial cir
culation and confirm intracranial circulatory arrest in 
cases of suspected brain death. This is especially use
ful in cases in which clinical evaluation is made difficult 
due to drugs, cranial nerve damage , or other factors. 
It must be emphasized, however , that even though pa
tients with intracranial circulatory arrest will all 
progress to brain death if the time period is sufficient, 
under some circumstances, the two conditions are not 
synonymous. 

FIG. 10. The progressive changes in 
the TCD waveform seen with condi
tions leading to cerebral circulatory 
arrest compared with angiographic 
findings_ (From ref_ 41, with permis
sion.) 

A number of publications have appeared that have 
addressed the usefulness of TCD in confirming the di
agnosis of brain death (42,43,47-51). Kirkham et al. 
(51) described MCA signals obtained in 23 children 
with a poor outcome due to intracranial lesions. No 
patients survived who were observed to have an MCA 
mean velocity less than 10 em/sec for longer than 30 
min. Ropper et al. (48) reported TCD findings in a 
group of 24 adult brain dead patients. To and fro pat
terns or variants of them were found in 19 patients. In 
three patients with absent brainstem reflexes but per
sistent electroencephalographic activity, indicating 
cortical activity , TCD patterns were normal. Powers 
et al. (43) reported TCD findings in a group of 24 pa
tients with cranial injuries, of which 23 progressed to 
brain death. No survivors were found if they had a 
mean forward flow velocity less than I 0 em/sec in the 
MCAs. Petty et al. (47) obtained results from 49 co
matose patients , 23 of whom progressed to brain death. 
When TCD signals were found that demonstrated ab
sent or reversed diastolic flow or small early systolic 
spikes in at least two intracranial arteries , these find
ings had a 91.3% sensitivity and a 100% specificity for 
brain death . 

SUMMARY 

Abnormalities of CBF are known to occur following 
human head injury, and information about these ab
normalities can help in the neurosurgical management. 
Currently TCD cannot quantitatively measure volume 
flow through the intracranial arteries, but it can detect 
relative changes in CBF during changes in blood pres
sure and ICP and during changes in C02 concentration. 
This permits the assessment of physiological responses 
such as autoregulation and C02 reactivity , which can 



120 / TRANSC RAN IAL D O PPLER 

be impaired in head injury. TCD al so offers the ability 
to noninvasively detect vasospasm, which can be a 
cause of secondary deterioration in head injury pa
tients. Decreased CBF and the arrest of the intracra
nial circulation from increased ICP can be evaluated 
using thi s technique , making it a valuable ancilla ry test 
in cases of suspected brain death . 
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