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Use of Transcranial Cerebral Oximetry to Monitor Regional Cerebral
Oxygen Saturation during Neuroendovascular Procedures

Gerardo Hernandez-Avila, Manuel Dujovny, Konstantin V. Slavin, Mark S. Luer, Eduardo Nijensohn, Glen Geremia,

and James I. Ausman

Summary: Using transcranial cerebral oximetry, we monitored
30 patients who underwent cerebral angiography by the femoral
route. Transcranial cerebral oximetry is a noninvasive technique
of regional cerebral oxygen saturation measurement that uses
near-infrared spectroscopy to differentiate oxyhemoglobin from
reduced hemoglobin. Needle puncture, catheterization, and con-
trast media injection produced no significant peak changes in
saturation from baseline. Acute and persistent decreases in ox-
ygen saturation were associated with vascular complications
and were detected before development of clinical symptoms.
Greater changes in saturation were observed during several neu-
roendovascular procedures, indicating the development of com-
plications, signaling a need to stop further endovascular manip-
ulation.

Index terms: Brain, blood supply; Interventional neuroradiology;
Oxygen

Neurologic complications of cerebral angiog-
raphy are reported to occur in 1% to 14% of
cases (1). These complications include perma-
nent or transient neurologic deficits related to
thrombus embolism, atheromatous debris, va-
sospasm, air embolism, arterial occlusion, and
vessel rupture (1-3). Interventional neuroradi-
ology procedures may lead to ischemic or hem-
orrhagic complications secondary to vessel ma-
nipulation or directly attributable to the material
introduced during the procedure. Complication
rates in interventional neuroradiology vary ac-
cording to the procedure and the neuroradiolo-
gist’s experience. Rates can be as high as 32%
in very complicated interventions, such as bal-
loon embolization of intracranial aneurysms
(4, 5).

Techniques used to monitor for complica-
tions associated with cerebral angiography in-
clude electroencephalography, transcranial

Doppler ultrasound, continuous recording of the
brain stem auditory responses, and motor and
somatosensory evoked potentials (6-9). Each
of these methods requires trained personnel to
perform, and interpretation of their results may
not be immediately available. Therefore, we are
investigating other noninvasive monitoring
techniques that allow for fast interpretation dur-
ing angiography.

Cerebral optical spectroscopy is noninvasive
and provides real-time, easy-to-interpret re-
sults. This technique uses near-infrared light to
provide physiologic information about the
brain. Infrared light penetrates the skin, skull,
and cranial contents and is absorbed by oxyhe-
moglobin, deoxyhemoglobin, and, to a much
lesser degree, oxidized cytochrome c oxidase.
These substances all are important in brain ox-
ygen metabolism. Transcranial cerebral oxime-
try (TCCO) (INVOS 3100, Somanetics, Troy,
Mich) uses optical wavelengths between 700
and 900 nm to evaluate regional cerebrovascu-
lar supply by differentiating oxyhemoglobin
from reduced hemoglobin in the frontal lobe
(10-15). Currently, data are limited regarding
TCCO evaluations of other vascular regions of
the brain.

Near-infrared light is generated from a light
source using a light-emitting diode. The light is
focused directly on the patient’s skin and is
scattered through cerebral tissues. Previous
studies have shown that the distance between
the input source and receiving bundle deter-
mines the mean path that photons travel
through tissue; the greater the separation, the
deeper the mean path of photons penetrates the
tissue. Accordingly, the oximeter uses two de-
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tectors located in a sensor to measure the in-
tensity of diffusely transmitted light at different
depths of penetration. One detector gathers
light passed through the brain and extracerebral
contents, while the second detector measures
light passed through extracerebral tissues only
(Fig 1). From these data, the system derives the
oxygen saturation within the cerebral tissue
(16-19). The intensities of the collected infra-
red light are converted to digital information,
and oxygen saturation values are displayed in
real time (17-19).

Previous clinical applications of TCCO in-
clude intraoperative monitoring of carotid end-
arterectomy and assessment of oxygen supply
in patients experiencing vasospasm or stroke
or undergoing hypothermia and circulatory ar-

TABLE 1: Effect of intravascular catheter manipulation on rSO,
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Fig 1. The unique dual sensor design.

rest for repair of difficult aneurysms (1, 16, 18-
21). It is a beneficial monitoring device in cir-
cumstances in which oxygen supply may be
compromised. TCCO provides current physio-
logic information assisting in the management

Baseline rSO,,

Case Diagnosis R/L Vessel: A go,™™ Final rSO, Comment
1A R CCF R : 80-85 ICA: | 11 76 Partial balloon obstruction of ICA
lumen
2A  Giant cervical AVM R : 65-90 highly variable 49-80 Steal phenomenon
3A  RCCF 63/65 RICA: | 9 64/64 ICA thrombosis, final rSO,, after
urokinase injection

4A R occipital AVM 66/68 basilar artery : | 18-30 46/70-76 Basilar artery rupture
5A L parietal giant AVM 77/81 LMCA: 1 7-12 73/79 Catheter occlusion of AVM feeder
6B L CVA - L carotid artery stenosis L:65 L carotid : | 1-2 64

7B L CVA - bilateral carotid stenosis L:57 No change 60 Oxygen administered
8B L CVA - bilateral carotid disease R:73 No change 75 Oxygen administered
9B R CVA - bilateral carotid stenosis R:58 R subclavian : | 2 56

10B L CVA - L ICA occlusion 66/55 No change 64/52

11B R CVA - L carotid ulcerated plaque 68/74 L ICA +1-2 68/76 cee
12B L carotid stenosis 66/60 No change 71/61 Oxygen administered
13B R carotid stenosis 72/69 R carotid : | 1-2 76/70 Oxygen administered

L vert: | 3 (<1 min)

14B TIA - L ICA stenosis 58/58 LICA: x1-2 58/61 Oxygen administered
15B  Syncope - bilateral ICA occlusion 73/73 LICA: | 10 74/73 Cerebral infarct

16B Bilateral occipital infarct - severe 73/72 No change 76/78 Oxygen administered

Vertebrobasilar atherosclerotic disease

17B  TIA - L vertebral stenosis 69/73 No change 77/79 Oxygen administered
18B ICA giant aneurysm R: 64 No change 64 .-

19B L basal ganglia infarct 81/76 No change 82/74

20B L occipital AVM 68/73 No change 67/73

21B R temporoparietal giant AVM 54/57 No change 54/56

22B LICH 45/57 No change 47/57 Oxygen administered
23B R occipital tumor R:64 No change 63 Oxygen administered
24B L temporal meningioma L:76 No change 74 .-
25B  Brain stem tumor L:65 L vert: | 2 62

Rvert: 1 3

26B L parietal astrocytoma 64/67 No change 66/67

27B Epilepsy 60/70 No change 72/82

28B Epilepsy 69/64 No change 69/63

29B L parietal hemorrhagic contusion L:55 No change 56

30B Syncope R:79 No change 78

Note.—A indicates neuroendovascular therapy in conjunction with cerebral angiography; B, cerebral angiography alone; CVA, cerebrovas-
cular accident; ICH, intracranial hemorrhage; MCA, middle cerebral artery; TIA, transient ischemic attack; vert, vertebral artery; | , decrease; and

1, increase.
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TABLE 2: Effect of oxygen administration on rSO,
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max

Oxygen Dose, Peripheral Oxygen Arso,™,

Case L/min Saturation Change, % R/L Comment
7B 2 .- L: 14
8B 2 1 4 R: 1 4
12B 3 T3 1 7/1 4 Sedation | 3% onR
13B e 16 13 /1 4 Effect started within 1 min and stabilized at 90 s
14B 3 .o 1 4 /17 6 Nasal cannula displacement resulted in a decrease in rSO, to baseline; rSO,
subsequently increased once the nasal cannula was repositioned
16B 2-5 16 1 4 /1 3 Effect started in 1-2 min and stabilized after 3 min
17B 2 s 19 6 Nasal cannula displacement resulted in a decrease in rSO, to baseline; rSO,
subsequently increased once the nasal cannula was repositioned
22B 3 19 1 12 /7 7 Nasal cannula displacement resulted in a decrease in rSO, to baseline; rSO,
subsequently increased once the nasal cannula was repositioned
23B 2 T3 R: 13

Note.— 1 indicates increase and | , decrease.

and possible prevention of clinical complica-
tions.

This report presents data from patients who
underwent cerebral angiography with concom-
itant TCCO monitoring to evaluate the useful-
ness of continuous regional cerebral oxygen
saturation (rSO,) as a possible means of iden-
tifying and preventing clinical complications as-
sociated with this procedure.

Materials and Methods

Thirty patients undergoing angiographic procedures
were monitored during the procedure with TCCO to detect
regional changes in hemoglobin oxygen saturation. Spec-
ifications and technology of this device have been previ-
ously described (22). Each patient’s forehead was pre-
pared with acetone alcohol swabs. Sensor pads were
placed bilaterally on the forehead 3 cm from the midline,
because the sagittal sinus causes abnormal rSO, values.
The unit was set up to provide continuous digital readout
with data recording into a computer data base. Clinical
events were recorded by study personnel, who noted the
times of events such as contrast media injection or cath-
eter manipulation. An initial rSO, value was obtained be-
fore the angiographic procedure. These data served as a
baseline value for comparisons between individual events
and concurrent rSO,, value changes from baseline.

In most cases, cerebral angiography was performed
under sedation, and, when necessary, oxygen was admin-
istered via nasal cannula. A catheter was introduced into
the right common femoral artery and selectively directed
according to the specific angiographic procedure. Either
ioversol (Optiray, Mallinckrodt, St Louis, Mo) or iohexol
(Omnipaque, Sterling Pharmaceuticals, Barceloneta,
Puerto Rico) was used as the contrast agent. After selec-
tive catheterization and contrast injection, digital subtrac-
tion angiography was performed.

Results

Of this group of 30 patients, 5 had advanced
neurovascular diseases (two carotid cavernous
fistulas [CFFs] and three arteriovenous malfor-
mations [AVMs]) and underwent procedures
that included neuroendovascular therapy in
combination with cerebral angiography. The re-
maining 25 patients all underwent isolated ce-
rebral angiography.

Baseline Values

Baseline rSO, values were obtained from
both the ipsilateral and contralateral sensor in
18 of 30 patients; in 11 of 30 patients, values
were obtained from the ipsilateral sensor only.
The remaining patient had values collected
from the contralateral sensor only, because of
loss of the ipsilateral recording. Baseline rSO,
values were highly variable between patients
with mean stable rSO, values ranging from 45%
to 90%. Among these patients, baseline rSO,
values varied by only a few percentage points
with one exception. This patient had a giant
cervical AVM and was exhibiting a steal phe-
nomenon with rSO, values varying from 65% to
90%.

Endovascular Manipulation

Femoral artery catheter placement and ad-
vancement up to the aortic arch produced no
alterations in peak rSO, changes from baseline
values (A,go,max) greater than 1%. Continued
progression of the catheter into the cerebral ar-
teries resulted in a more pronounced effect on
rSO, (Table 1). One patient with syncope un-
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dergoing isolated cerebral angiography and 4
of 5 patients undergoing neuroendovascular
therapy had the greatest A 5o max during the
course of the procedures. These patlents are
described in detail below. Of the remaining 25
cases, no Ago max dgreater than 2% for more
than 1 minute was observed during catheter
placement or manipulation.

A patient with a traumatic right CCF showed
significant change in rSO, when, in an attempt
to occlude the fistula, a balloon was placed
bulging into the lumen of the internal carotid
artery (ICA). Immediate A g5 max of —11% was
detected. Contrast medium was injected show-
ing partial balloon occlusion of the ICA lumen.
The balloon was subsequently deflated with a
return of rSO, to baseline values. The balloon
was repositioned and then inflated without af-
fecting the lumen of the ICA. Again rSO,, values
decreased, but to a lesser extent, developing a
new baseline value 6% lower than before.

A second patient with a right CCF had a sta-
ble baseline rSO, until manipulation of the cath-
eter in the ICA resulted in a A g5 max of —9%.
Mechanical injection of contrast showed a
newly developed thrombosis above the origin of
the posterior communicating artery. Further pa-
tient evaluation showed progressive clinical de-
terioration resulting in stupor and severe con-
tralateral hemiparesis. Urokinase injections
were performed until ICA lumen patency was
obtained. Original baseline rSO, values were
reestablished once the artery lumen was
opened.

One patient with an occipital AVM (Fig 2A)
who underwent embolization had a stable rSO,
until catheter manipulation in the basilar artery.
This produced an acute Arso max of —18% to
—30%. (Fig 2B) This drop in rSO, was noted
before clinical manifestations developed. The
procedure was stopped, but the patient became
increasingly drowsy and lost consciousness.
Computed tomographic scanning confirmed
subarachnoid and prepontine hemorrhage (Fig
2Q).

No changes in rSO, were seen in a patient
with a parietal AVM until a catheter was placed
in the parietal branch close to the main feeding
artery of the AVM. At that point, A, max rang-
ing up to +7% to +12% were observed. Only
one patient not undergoing neuroendovascular
therapy had significant changes in rSO, during
the procedure. During manipulation of the cath-
eter in the left ICA, a sudden A, g5 max of —10%
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was observed, followed by progressive clinical
deterioration of the patient (new onset of agita-
tion, stupor, and right hemiplegia). A computed
tomography scan confirmed a left cerebral em-
bolic infarction.

Contrast Injection

Multiple manual and mechanical injections
of contrast media were done during catheter-
ization of the vessels. When possible, inject-
ions were performed once rSO, values had re-
turned to baseline after catheter manipulation.
No A,gomax dreater than 2% was observed
as the result of the manual injections, and in no
case did any change in rSO, persist for longer
than 1 minute. Immediately after mechanical
injections, large fluctuations in A, g5 max were
observed; however, beyond 1 minute, a
A,so,max greater than *£1% to 2% was found in
only 19 (6.7%) of 282 mechanical injections.
Three patients who had a more prolonged and
pronounced A, g5 max greater than 2% for
longer than 1 minute are discussed below. In
every case, changes in rSO, were detected only
in the ipsilateral sensor.

In one patient with a right CCF, mechanical
injection of contrast media produced no
changes in rSO, as long as the fistula was
patent. However, once the balloon was placed,
injection produced a Agomax of —24% with
gradual recovery of baseline values over the next
10 minutes. The second patient with a right CCF
experienced a temporary A g5 max of +4% dur-
ing concomitant contrast medium and uroki-
nase injection. The patient with syncope had
fluctuations in rSO, after mechanical injections
of contrast media into the left ICA. Catheter
manipulation produced a A,go max of —10%
with no return of baseline values; contrast me-
dium was subsequently 1njected A sharp in-
crease in rSO, of 23% was observed followed by
a sudden decrease in rSO, of 34% (net
Aso,max of —11%). A computed tomography
scan confirmed the development of a cerebral
infarct.

Supplemental Oxygen

Nine patients received supplemental oxygen
via nasal cannula at 2 to 5 L/min during the
procedure. Changes in both peripheral oximetry
and rSO, were detected after oxygen was
started (Table 2). Stable changes in rSO, were
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Fig 2. A, Carotid angiogram shows a large occipital arteriovenous malformation. B, rSO, during attempted embolization of the right
occipital AVM (case 4). The sudden change in saturation pattern indicated a rupture of a branch of the basilar artery. This change
preceded the patient’s clinical deterioration. C, Computed tomography scan performed after the drop in rSO, was recorded, revealing a

massive subarachnoid hemorrhage.

usually detected within 1 to 2 minutes after
placing the nasal cannula (Fig 3). In three pa-
tients, the nasal cannula became displaced dur-
ing the procedures, resulting in a decrease in
rSO,. Upon cannula repositioning, rSO, values
stabilized.

Discussion
Baseline Values

A “normal” baseline rSO,, value has not been
established. Subtle differences in skin alter
baseline rSO, values as the result of differences
in melanocyte light absorption (17). Because of
this pattern, comparisons among patient base-

line rSO, values are not possible. However,
looking at changes in rSO, (A,so max) elimi-
nates uncontrolled patient-specific variables such
as skin tone or underlying disease state. An
rSO, value cannot be evaluated individually,
and, therefore, each measurement may be con-
sidered not independent but only relative as a
change over time. The progression or trend in
rSO, changes provides physiologic information
regarding cerebrovascular hemodynamic ef-
fects, including compensatory effects, of a pro-
cedure or disease state.

Abnormal trends in baseline values of rSO,
were found in a few patients and felt to be pri-
marily related to the underlying disease. Be-
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Fig 3. rSO, during the administration of supplemental oxygen. The drop in saturation 15 minutes after oxygen administration was
started indicated the displacement of the nasal cannula. The adjustment of the cannula resulted in the recovery of saturation values.

cause blood distribution in brain parenchyma is
approximately 75% venous and 25% arterial,
the rSO,, obtained by near-infrared light reflects
this ratio. The patient with a right CCF who
experienced partial lumen occlusion with a bal-
loon exhibited the highest baseline rSO, values
ranging from 80% to 85%. This high value is
explained by the increased venous compart-
ment pressure caused by shunting of arterial
blood through the fistula to the ipsilateral oph-
thalmic vein. A patient with a giant cervical
AVM showed a “steal phenomenon” hemody-
namic effect reflected as a highly variable base-
line rSO, value. The higher baseline rSO, val-
ues in the patient with the giant parietal AVM
reflected the presence of available collateral cir-
culation that had developed to compensate a
diminished vascular supply. In each case, ana-
tomic anomalies could explain the altered
TCCO measurements. These examples accen-
tuate the importance of individualizing baseline
rSO, values for each patient.

Endovascular Manipulation

The process of catheterization occasionally
produced brief changes in rSO, from baseline,
whereas endovascular manipulation produced
prolonged changes in rSO,. These changes
generally persisted as long as the intravascular
device was in place. Acute changes occurred in
conjunction with clinical events that took place
during the procedure. These changes in rSO,

represented vessel occlusion, hemorrhage, or a
redistribution of arterial blood.

Contrast Injection

Changes in rSO,, after contrast medium injec-
tion often fluctuated initially but generally lasted
no longer than 1 minute after injection. The only
significant decrease in rSO, that persisted after
contrast injection occurred during concomitant
balloon occlusion of a CCF. The initial injections
of contrast medium produced no measurable
effect as the contrast was shunted through the
fistula into the venous system. However, once
the fistula was occluded, arterial blood was re-
routed to territories normally fed by the ICA.
Subsequent contrast medium filled the previ-
ously hypoperfused ICA territory with a larger
percentage of contrast, producing an endovas-
cular effect decreasing perfusion and rSO,
and/or an interference with the near-infrared
light absorption and unreliable rSO, measure-
ments. In no other cases did contrast injections
produce a greater than 2% decrease in rSO,
values for longer than 1 minute. In the patient
with a CCF who had an ICA thrombosis requir-
ing thrombolysis, the TCCO also proved useful
as a guide for additional mechanical injections
of contrast media in the evaluation of lumen
patency after urokinase injection by preventing
multiple untimed and unnecessary injections of
contrast medium.
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Supplemental Oxygen

TCCO was a useful tool in evaluating the
adequacy of oxygen supply in patients under-
going cerebral angiography. Changes in rSO,
correlated with changes in peripheral oxygen
saturation as measured by pulse oximetry. The
TCCO identified nasal cannula displacement
once previously stable rSO, values dropped
more than 1% to 2%; subsequent cannula ad-
justment resulted in a return of rSO,, to baseline.
Such monitoring might be considered useful in
patients with known cerebrovascular distur-
bances that require supplemental oxygen ad-
ministration during procedures.

Adverse Effects

Two of 5 patients undergoing neuroendovas-
cular therapy and 1 of 25 patients undergoing
isolated cerebral angiography experienced
complications during the study. One patient
had a thrombosis of the posterior communicat-
ing artery, a second patient experienced a pre-
pontine and subarachnoid hemorrhage, and the
third patient had an embolic infarction. In each
case, the complication occurred during catheter
manipulation and was not associated with the
concomitant TCCO monitoring. All of the pa-
tients studied who underwent endovascular
therapy had advanced neurovascular diseases,
which selectively enhanced their probability of
procedural complications.

Conclusion

Transcranial cerebral oximetry is a noninva-
sive, real-time technique that provided an easy-
to-read method to continuously monitor rSO,.
The rSO, values between patients cannot be
compared because of the wide variability in
baseline values. Each patient’s cerebral oxy-
genation should be viewed as a change in sat-
uration over time and not as a given value.
Acute and permanent changes in rSO, were
helpful in identifying physical alterations in the
cerebral vasculature. Nonionic contrast me-
dium injected by femoral catheterization did not
deleteriously affect rSO, as determined by
TCCO, whereas supplemental oxygen adminis-
tration by nasal cannula provided increases in
rSO,.

Immediate changes in rSO, provided reliable,
real-time assessment of regional brain oxygen
supply. In this way, TCCO was useful in the
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assessment of neuroendovascular procedures
with acute and permanent decreases in rSO,
being closely related to vascular and neurologic
complications. Identifying changes in rSO, was
useful in the early detection and medical man-
agement of these complications. The TCCO ap-
pears to be a beneficial device for monitoring
neuroendovascular procedures in circum-
stances in which brain oxygen delivery may be
compromised; however, further evaluation is
warranted.

The Somanetics INVOS 3100 cerebral
oximeter currently has investigational status
with the Food and Drug Administration. It is
expected to be cleared for commercial sale in
the near future at an approximate price of
$8995 for the entire unit and $59 for disposable
sensors (22).
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