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v" Regional cerebral blood flow (rCBF) and regional cerebral metabolic rate of oxygen (rCMRO2) were 
measured by positron emission tomography (PET) in four patients with subarachnoid hemorrhage and 
hemiparesis due to cerebral vasospasm. With resolution of the vasospasm, two patients recovered and two 
remained hemiparetic. Contralateral to the hemiparesis, rCBF was slightly higher in the two patients who 
eventually recovered (15.0 and 16.2 ml/100 gm/min) than in the two who remained hemiparetic (12.0 and 
11.7 ml/100 gm/min). The rCMRO2 measurements showed similar differences, with values of 1.34 and 2.60 
ml/100 gm/min in the patients who recovered, and 0.72 and 1.66 ml/100 gm/min in those who did not. These 
preliminary findings indicate that with PET studies it may be possible to prospectively differentiate patients 
with neurological deficits due to reversible ischemia from patients with irreversible infarction. 
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C 
EREBRAL ischemia due to vasospasm accounts for 

a major portion of  the morbidity and mortality 
that follows intracranial aneurysm rupture. The 

neurological deficits produced by vasospastic ischemia 
are potentially reversible if adequate blood flow can be 
restored before permanent infarction has occurred. In- 
travascular volume expansion with induced arterial hy- 
pertension has proven to be the most successful treat- 
ment in this regard, reversing neurological deterioration 
in over 75% of patients. 22 Since this therapeutic ap- 
proach carries risks, especially in patients with un- 
clipped aneurysms, the ability to differentiate patients 
with reversible ischemia from those with irreversible 
infarction would be of great clinical value. 

Measurements of cerebral blood flow (CBF) during 
cerebral ischemia have demonstrated that brain electri- 
cal activity diminishes at flows below approximately 20 
ml/100 gm/min, whereas membrane failure and cell 
death do not occur until CBF falls below approximately 
l0 ml/100 gm/min. 2'5'16'21'25'36~38 Values of CBF within 
this range of l0 to 20 ml/100 gm/min have been 

correlated with reversible neurological deficits in an 
experimental study of cerebral ischemia in primates. 2~ 
Extension of these findings to clinical practice requires 
a method for accurate quantitative measurement of 
regional CBF (rCBF) in man. The development of 
positron emission tomography (PET) has provided such 
a method and, furthermore, allows measurement of the 
regional cerebral metabolic rate of oxygen ( r C M R O 2 ) .  34 

Given the normal dependence of the brain on oxidative 
metabolism, rCMRO2 is likely to be a sensitive indicator 
of the development of irreversible infarction. Although 
PET has been widely used to study cerebral hemody- 
namics and metabolism in human subjects with cere- 
brovascular d i s e a s e ,  La'~2,26'3L32'4~ n o  quantitative studies 
of patients with transient reversible neurological deficits 
have been reported. 

As part of an ongoing study of rCBF and rCMRO2 
in patients with subarachnoid hemorrhage (SAH) 
caused by ruptured aneurysms, 3'~4'27 we have used PET 
to serially study four patients who developed focal 
neurological deficits in association with arteriographic 
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vasospasm. Our findings are reported here. With reso- 
lution of the vasospasm, two patients recovered and 
two remained hemiparetic. The PET measurements of 
rCBF and rCMRO2, obtained early in the course of 
vasospasm, prior to computerized tomography (CT) 
demonstration of infarction, showed higher values in 
those patients who eventually recovered. These prelim- 
inary data indicate that it may be possible to prospec- 
tively differentiate patients with reversible ischemic 
neurological deficits from those with irreversible infarc- 
tion. Furthermore, these data indicate that patients with 
neurological deficits caused by cerebral vasospasm pro- 
vide an excellent opportunity to study such phenomena 
in man. 

Summary of Cases 

Four patients with SAH due to ruptured intracranial 
aneurysms were studied at a time when they had re- 
cently developed a focal neurological deficit in associ- 
ation with arteriographic evidence of vasospasm. All of 
these patients underwent repeat PET studies when vaso- 
spasm had resolved. In addition, three of the four had 
also undergone an initial PET study earlier in the course 
of their illness, prior to the development of vasospasm. 

Case 1 
This 34-year-old fight-handed woman was admitted 

to Barnes Hospital 1 day after experiencing a severe 
headache, loss of consciousness, nausea, and vomiting. 
Examination on admission was normal except for men- 
ingismus. Computerized tomography scanning revealed 
blood in the suprasellar, interhemispheric, and Sylvian 
cisterns. The ventricles were larger than anticipated for 
the patient's age. Three-vessel arteriography performed 
on Day 2 revealed a right posterior communicating 
artery aneurysm with no evidence of vasospasm. An 
initial PET study was performed (Fig. 1 left column). 
At this time the patient was awake and alert with no 
focal neurological deficits. On Day 8 she developed a 
right hemiparesis and nonfluent dysphasia. Computer- 
ized tomography showed residual subarachnoid blood 
with no increase in ventricular size. The hemiparesis 
and dysphasia improved over the next 2 days but were 
still present on Day 10 when bilateral carotid arteriog- 
raphy demonstrated severe spasm of the internal ca- 
rotid, middle cerebral, and anterior cerebral arteries 
bilaterally. Positron emission tomography studies (Fig. 
1 center column) were performed immediately follow- 
ing arteriography. The hemiparesis and dysphasia con- 
tinued to improve, and by Day 19 the patient was 
neurologically normal. Computerized tomography on 
Day 20 showed moderate hydrocephalus with no evi- 
dence of cerebral infarction. Right carotid arteriogra- 
phy on Day 23 showed marked relief of spasm with 
only slight residual narrowing of the A~ segment. A 
third PET study (Fig. 1 right column) was performed 
immediately following arteriography. The aneurysm 
was successfully clipped on Day 24 and the postopera- 
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tive course was uneventful. The patient was neurologi- 
cally normal at the time of discharge. 

Case 2 
This 53-year-old fight-handed woman was admitted 

after the sudden onset of occipital headache accompa- 
nied by loss of consciousness. On admission, she was 
awake and oriented, with no focal neurological deficits. 
Computerized tomography on Day 1 demonstrated 
subarachnoid blood with an intracerebral hematoma in 
the fight frontal operculum. Three-vessel arteriography 
performed on Day 2 showed an aneurysm at the bifur- 
cation of the fight middle cerebral artery, with no 
evidence of vasospasm. Initial PET studies were per- 
formed on Day 4 when the patient was lethargic but 
without focal neurological deficits. She remained some- 
what sleepy. On Day 9 she became progressively more 
lethargic and developed a left hemiparesis. Computer- 
ized tomography showed some increase in edema 
around the fight-sided hematoma. A second series of 
PET studies was performed at this time. A right brachial 
arteriogram obtained on Day 10 revealed marked spasm 
of the internal carotid, middle cerebral, and anterior 
cerebral arteries. Over the next week her left hemi- 
paresis gradually resolved. On Day 18 she was alert and 
oriented, with no focal weakness. Right carotid arteri- 
ography performed at this time showed marked im- 
provement of the vasospasm. A third set of PET studies 
was performed immediately following arteriography. 
On Day 19 the aneurysm was successfully clipped. 
Postoperatively, the patient developed a left hemiparesis 
in association with marked edema of the fight frontal 
and temporal lobes. Over the next 2 weeks the edema 
resolved and the hemiparesis improved, leaving her 
with only minimal left-sided weakness at the time of 
discharge. 

Case 3 
This 66-year-old left-handed man was admitted to 

another hospital because of severe headache and vom- 
iting. Computerized tomography showed blood in the 
basal cisterns, and arteriography demonstrated a right 
posterior communicating artery aneurysm. Examina- 
tion on admission was normal except for meningismus. 
On Day 7 he became drowsy and confused, and was 
transferred to Barnes Hospital on Day 9. At that time, 
he was lethargic and disoriented with mild left facial 
weakness, a clumsy left hand, and inattention to the 
left visual field. Computerized tomography showed 
minimal SAH. Over the next few days his clinical 
condition worsened. He became sleepier and developed 
dense left facial weakness with mild weakness of the 
left arm. Three-vessel carotid arteriography performed 
on Day 13 showed spasm of the M~ and A~ segments 
bilaterally. Initial PET studies were performed imme- 
diately thereafter. At this time the patient had left facial 
weakness and mild left arm weakness, which persisted. 
Right carotid arteriography on Day 23 showed no evi- 
dence of spasm. Repeat PET studies were performed. 
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PET in evaluation of vasospastic ischemia 

FIG. 1. Three sequential positron emission tomography studies performed in Case 1, a 34-year-old woman 
with a ruptured posterior communicating artery aneurysm. Left Column: The first study, performed on Day 
2 after hemorrhage when the patient was neurologically normal, reveals no abnormalities in regional cerebral 
blood flow (rCBF, top row), regional cerebral metabolic rate of oxygen (rCMRO2, second row), regional 
oxygen extraction fraction (rOEF, third row), or regional blood volume (rCBV, bottom row). Center Column: 
The second study, performed on Day 10 when the patient was dysphasic with a fight hemiparesis due to 
vasospasm, shows a widespread decrease in rCBF to both hemispheres, worse on the left. The rCMROz is also 
decreased bilaterally, more so on the left. The rOEF is elevated on the left compared to the right, whereas 
rCBV is lower. Right Column: The third study, performed on Day 23 well after the dysphasia had cleared, 
reveals improved hemodynamics and metabolism bilaterally. Quantitative regional measurements derived 
from these scans are shown in Table 1. 

J. Neurosurg. / Volume 62/April, 1985 541 



The patient continued to have marked left facial weak- 
ness and mild left arm weakness. The aneurysm was 
successfully clipped on Day 24. The postoperative 
course was complicated by the development of com- 
municating hydrocephalus, requiring placement of a 
shunt. Computerized tomography performed on Day 
59 showed a well demarcated infarct in the fight frontal 
lobe. He was discharged with left facial weakness. 

Case 4 
This 54-year-old right-handed woman was found in 

bed, lethargic and complaining of headache. On admis- 
sion to Barnes Hospital, she was drowsy but arousable, 
with no focal neurological deficits. Computerized to- 
mography showed diffuse subarachnoid and intraven- 
tricular blood, ventricular dilation, and an intracerebral 
hematoma in the right frontotemporal region. Right 
carotid arteriography demonstrated a right posterior 
communicating artery aneurysm and no vasospasm. A 
left frontal ventriculostomy was performed. Initial PET 
studies were performed on Day 4 when the patient was 
lethargic but had no focal neurological deficits. On Day 
8 she developed left hemiparesis involving the face and 
arm. This deficit persisted. Right carotid arteriography 
performed on Day 10 revealed spasm of the internal 
carotid and middle cerebral arteries bilaterally. A sec- 
ond PET study was performed immediately following 
the angiogram. Computerized tomography on Day 10 
showed partial resolution of the intracerebral hema- 
toma with no evidence of infarction or hydrocephalus. 
On Day 17 the hemiparesis was still present. Right 
carotid arteriography showed no spasm of the middle 
cerebral artery and only slight residual spasm of the AI 
segment. A third series of PET studies was then per- 
formed. The aneurysm was successfully clipped on Day 
19. Left hemiparesis persisted, and CT performed on 
Day 27 showed an infarct of the right internal capsule 
and temporoparietal white matter. 

Positron Emission Tomography Studies 

Materials and Methods 
Measurements of regional cerebral hemodynamics 

and metabolism were performed on a PETT VI ma- 
chine in the low-resolution mode. This machine, which 
was developed at our institution, collects seven contig- 
uous tomographic slices 14.4 mm apart, with a trans- 
verse resolution of 12.4 to 14.9 mm and an axial 
resolution of 9.7 to 20.5 mm. 41 Patients were positioned 
so that the lowest tomographic slice was at the cantho- 
meatal line. Calibration of the PETT VI to achieve 
quantitative measurements of local tissue radioactivity 
was performed as described previously. 35 Venous and 
arterial catheters were placed to permit injection of 
radiotracer and collection of arterial blood samples. 

A transmission scan with a germanium-68/gallium- 
68 ring source was obtained for each subject to provide 
the data on attenuation of photons that is necessary for 
quantitative reconstruction of subsequent scans. Three 
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separate physiological studies were then carried out. 
During each, sequential arterial blood samples were 
drawn to permit conversion of the quantitative regional 
radioactivity data obtained with the PETT VI machine 
to quantitative physiological measurement. All studies 
were carried out in a darkened room with a low ambient 
noise level. The patients' eyes and ears were not masked. 
The rCBF was measured using a bolus intravenous 
injection of oxygen- 15 (JsO)-labeled water. 17,35 Regional 
cerebral blood volume (rCBV) was measured following 
single-breath inhalation of air containing trace amounts 
of 1SO-labeled carbon monoxide. 15.29 The rCMRO2 was 
measured using single-breath inhalation of 150-labeled 
oxygen in combination with data supplied from the 
previous rCBF and rCBV studies. This technique di- 
rectly measures the regional oxygen extraction fraction 
(rOEF). The rCMRO2 is then calculated as the product 
of rOEF, rCBF, and the arterial oxygen content. 29 The 
short half-life (123 seconds) of 150 permitted all these 
studies to be performed in rapid succession. All radio- 
nuclides were produced in the Washington University 
Medical Cyclotron. Identical studies were performed in 
10 normal subjects, aged between 20 and 74 years. 

Informed written consent from the subject or next 
of kin was obtained prior to each PET study. All 
protocols were approved by the Human Studies Com- 
mittee and the Radioactive Drug Research Committee 
of the Washington University School of Medicine. 

Data Analysis 
For each patient, two regions of interest were con- 

structed using the rCBF scan obtained during vaso- 
spasm. First, a rectangular region measuring 4.7 to 7.3 
sq cm was drawn around the area of decreased rCBF 
in the hemisphere contralateral to the neurological def- 
icit. This region was superior to and clearly separate 
from the region of decreased rCBF caused by the intra- 
cerebral hematoma in Cases 2 and 4. A homologous 
region in the opposite hemisphere located symmetri- 
cally around the biparietal midline was then outlined. 
Values for rCBF, rCMRO2, rCBV, and rOEF for these 
two regions during vasospasm were then determined. 
Using a computer-based stereotaxic method for ana- 
tomical localization recently developed in this labora- 
tory, 8 the same regions were then placed on the subject's 
other PET studies and the corresponding regional phys- 
iological values were obtained. 

Results 

Values for rCBF, rCMROz, rOEF, and rCBV ob- 
tained from the three studies performed prior to the 
development of vasospasm were all within the normal 
range (Table 1 and Fig. 2). With the development of 
cerebral vasospasm, rCBF and rCMRO2 in both hemi- 
spheres decreased in all four patients: however, the 
values were always lower in the symptomatic hemi- 
sphere contralateral to the clinical neurological deficit 
(Table 1 and Fig. 2). The rCBF in the symptomatic 
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TABLE 1 

Regional measurements of cerebral hemodynamics and metabolism in Cases I to 4* 

Case Days Post- Neurologi- Focal 
No. SAH cal Grade]" Deficits 

Vasospasm 
rCBF rCMRO2 

(ml/100 gm/min) (ml/100 gm/min) rOEF rCBV (ml/100 gm) 

Right Left Right Left Right Left Right Left 

1 3 I none none 45.3 37.8 2.54 2.27 0.30 0.33 4.13 3.43 
10 III rt HP severe 24.4 15.0 1.49 1.34 0.35 0.49 5.03 3.53 
23 I1 none minimal 30.5 25.1 2.20 1.94 0.42 0.45 3.71 3.53 

2 4 II1 none none 34.1 35.7 2.70 2.40 0.40 0.43 3.14 3.63 
9 Ill-IV It HP severe 16.2 28.1 2.60 3.07 0.99 0.68 4.01 3.58 

18 III none minimal 36.4 37.2 1.16 1.42 0.23 0.28 3.92 4.54 
3 13 III It HP severe 12.0 16.4 0.72 1.49 0.33 0.50 3.70 2.91 

23 Ill It HP none 14.9 19.6 0.77 1.34 0.33 0.43 2.39 2.79 
4 4 11 none none 35.1 42.6 2.29 3.11 0.37 0.41 2.70 3.33 

10 III It HP severe 11.7 23.6 1.66 2.29 0.76 0.51 2.18 2.19 
17 III It HP none 23.1 24.9 1.21 2.07 0.27 0.42 3.91 3.99 

normal mean values 50.7 3.19 0.40 3.98 
normal range 31.1-83.7 2.34-4.22 0.23-0.60 2.61-6.50 

* SAH = subarachnoid hemorrhage; rCBF = regional cerebral blood flow; ICMRO2 = regional cerebral metabolic rate of oxygen; rOEF = 
regional oxygen extraction fraction; rCBV = regional cerebral blood volume; HP = hemiparesis. 

t Neurological grading according to Hunt and Hess. as 
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FIG. 2. Regional measurements  of cerebral blood flow (CBF), cerebral metabolic rate of oxygen (CMRO2), 

cerebral blood volume (CBV), and  oxygen extraction fraction (OEF) in four patients with neurological deficits 
due to cerebral vasospasm following subarachnoid hemorrhage (SAH). Values from the symptomatic  hemi- 
sphere contralateral to the neurological deficit in the two patients with irreversible deficits (I) are compared 
with those from the two patients with reversible deficits (II). Values from the other hemisphere during 
vasospasm are given for all four patients (III). Three of these patients also underwent  positron emission 
tomography studies early in the course of their  disease prior to vasospasm and these values are shown for 
comparison. White circles = Case 1; white squares = Case 2; black circles = Case 3; and black squares = 
Case 4. 
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hemisphere was below 20 ml/100 gm/min in all four 
patients, but was slightly higher (15.0 and 16.2 ml/100 
gm/min) in the patients who eventually recovered from 
their hemiparesis (Cases 1 and 2) than it was in those 
who did not (12.0 and 11.7 ml/100 gm/min in Cases 3 
and 4). A similar but not as consistent pattern was also 
seen for rCMRO2. In Cases 1 and 2, rCMRO2 in the 
hemisphere contralateral to the neurological deficit was 
1.34 and 2.60 ml/100 gm/min, respectively, whereas in 
Cases 3 and 4 it was 0.72 and 1.66. With resolution of 
vasospasm, all four patients showed an increase in CBF 
bilaterally regardless of the clinical outcome. The rCBF 
rose above 20 ml/100 gm/min in both patients who 
recovered and in one who did not (Case 4). Changes in 
rCMRO2 were more variable. Values of 2.20 and 1.16 
ml/100 gm/min occurred in the contralateral hemi- 
sphere of those two patients who recovered from hemi- 
paresis, and values of 0.77 and 1.21 ml/100 gm/min 
occurred in those who did not. Measurements of rCBV 
and rOEF exhibited no consistent pattern (Table 1 and 
Fig. 2). 

Discussion 

Measurements of rCBF in these four cases have 
demonstrated thresholds for reversible ischemia and 
irreversible infarction similar to those described in ex- 
perimental animals by other investigators. 2'5'16'21 Re- 
gional values for CBF below 20 but higher than 12 ml/ 
100 gm/min were associated with clinical neurological 
deficits that were reversible. Regional values for CBF 
of 12 ml/100 gm/min or less were associated with 
clinical deficits that were not reversible when vasospasm 
resolved. Previous studies of ischemic thresholds in 
man have been primarily restricted to establishing the 
relationship between rCBF and electroencephalo- 
graphic (EEG) changes in patients undergoing carotid 
endarterectomy while under general anesthesia. 25,36,38 
These studies have demonstrated that slowing or flat- 
tening of the EEG occurs when rCBF is less than 17 or 
18 ml/100 gm/min. Using drug-induced hypotension, 
Finnerty and colleagues 7 demonstrated that signs of 
global cerebral ischemia appear when CBF falls to ap- 
proximately 30 ml/100 gm/min without any change in 
CMRO2. Our observations represent the first correla- 
tion between rCBF and rCMRO2 and the reversibility 
of focal neurological deficits in man. 

Experimental models of cerebral ischemia have dem- 
onstrated that the relationship between ICBF and the 
occurrence of cerebral infarction is more complex than 
a simple threshold phenomenon. The development of 
irreversible neuronal damage depends not only on the 
magnitude of blood flow reduction but also on its 
duration, as well as on a variety of other factors includ- 
ing antecedent cerebral glucose stores and the selective 
vulnerability of specific neuronal popula t ions .  2'9'16'21'33 

The complexity of these interactions, taken together 
with the well known phenomenon of luxury per- 
fus ion 24"3~ (as seen in the third PET study in Case 4), 
makes it unlikely that measurements of rCBF alone 
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will be adequate for reliable identification of tissues in 
which ischemia is reversible. Given the normal depend- 
ence of the brain on oxidative metabolism, it seems 
probable that the level of regional oxygen consumption 
will also be critical in determining the survival of 
cerebral tissue. Measurements of rCMRO2 in combi- 
nation with rCBF determinations may therefore aid in 
the identification of reversible ischemia. Our data in- 
dicate that there is a threshold for irreversible infarction 
at rCMRO2 levels of  1.0 to 1.5 ml/100 gm/min. The 
data are not as consistent as those for rCBF, however. 
These findings are in accord with our previous obser- 
vation that patients with carotid occlusion and no neu- 
rological deficits have rCMRO2 values of 1.43 ml/100 
gm/min or greater. 31 They are also in agreement with a 
recent PET study of 25 patients with acute ischemic 
stroke" in which those areas of brain that later showed 
CT evidence of infarction had values for rCMRO2 
below 1.5 ml/100 gm/min. 

While the present findings indicate that measure- 
ments of rCBF and rCMRO2 early in the course of 
vasospastic ischemia may be useful in differentiating 
patients with reversible ischemia from those with irre- 
versible infarction, there are several factors that must 
be taken into account when interpreting these results. 
The response of the brain to ischemia is a dynamic 
one, involving a complex cascade of biochemical reac- 
tions that may eventually culminate in cell death. 33 
Threshold values for rCBF and rCMRO2 may be differ- 
ent at different points during this cascade. Furthermore, 
cerebral vasospasm itself is not a static process. Revers- 
ible ischemia may become irreversible as vasospasm 
worsens and blood flow decreases further. Our failure 
to find absolutely consistent thresholds for reversible 
ischemia and irreversible infarction, especially for 
rCMRO2, may reflect the fact that we were studying a 
dynamic process with only a single set of measurements 
at one point in time during the period of ischemia. 

The accuracy of PET in measuring rCBF and 
rCMRO2 in small cerebral lesions is limited by the 
resolution of the PET scanner, which was 1 to 2 cm for 
the machine that we used. This means that rCBF or 
rCMRO2 measured at any point in the brain represents 
a weighted average of the actual values at that point 
and of the values in the surrounding several centimeters 
of tissue. As a result, PET measurements of small 
regions tend to be higher or lower than they actually 
are, depending upon the values in the surrounding 
tissue. This partial volume effect may also account for 
some of the scatter in our data. 

Previous studies of  cerebral ischemia have also 
demonstrated increases in both rCBV and rOEF.I'7'~ 2-14, 
20,27,31,32 These increases are believed to reflect the com- 
pensatory mechanisms used by the brain to maintain 
oxidative metabolism in the face of decreased perfusion 
pressure. 31 Positron emission tomography measure- 
ments of rCBV and rOEF in human cerebrovascular 
disease have recently shown that focal increases of both 
rCBV and rOEF can occur in infarcted as well as in 
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ischemic tissue, demonstrating the nonspecific nature 
of  these findings. 4'23'26,4~ The underlying pathophysio- 
logical basis for the changes observed in rCBV and 
rOEF is still poorly understood and requires further 
study.31 We did not find these two measurements useful 
in differentiating reversible ischemia from irreversible 
infarction in the present study. 

Clinical deterioration following SAH can occur for a 
variety of  reasons in addition to vasospasm. Changes 
in CBF and neurological status may also be caused by 
edema, hydrocephalus, or rebleeding. 6:9'28~39 Although 
none of these factors appeared to be of major impor- 
tance in our four cases, some contribution cannot be 
entirely excluded. Since our primary purpose was to 
investigate the relationship between rCBF, rCMRO2, 
and neurological function, the precise cause of the 
changes in rCBF and rCMRO2 is less important than 
the consequences that these changes produced. 

Previous studies of CBF following aneurysm rupture 
have often shown a poor correlation between focal areas 
of decreased blood flow and the presence of neurolog- 
ical deficits) ~ 1.14.37 Our findings suggest that these dis- 
crepancies can be explained by the variable degree of 
local CBF reduction. Unless flow is reduced below 20 
ml/100 gm/min,  no corresponding clinical findings 
would be expected. 

The results of this study suggest that accurate quan- 
titative measurements of rCBF and rCMRO2 may be 
useful in differentiating patients with reversible ische- 
mic neurological deficits from those with irreversible 
infarction. Although of great clinical importance, in- 
vestigations of  the reversibility of  ischemic neurological 
deficits in man are difficult to perform. Patients who 
develop vasospasm present a unique opportunity to 
perform studies of  cerebral hemodynamics and metab- 
olism before, during, and after an ischemic insult that 
may produce no clinical symptoms, a transient neuro- 
logical deficit, or permanent infarction. During the past 
3 years we have been fortunate to study four such 
patients who developed neurological deficits, two of 
whom recovered completely. Even though our findings 
are consistent with other experimental and clinical ob- 
servations, this small number  of  patients provides in- 
sufficient data to draw any firm conclusions. We would 
suggest, however, that this approach to the study of 
reversible ischemia is important as well as clinically 
feasible, and that further research along these lines 
should be pursued. 
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