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Patients having surgical procedures are at risk for anoxia
that may cause cognitive impairment. Continuous mon-
itoring of cerebral oxygenation and perfusion with an
instrument such as a cerebral oximeter is desirable.The
data it provides give insight into the cause of the cerebral
insults along with the cerebral response to specific inter-
ventions, all of which could help prevent damage to the
brain.This critical review of the literature on the efficacy,
mechanics, and usefulness of the cerebral oximeter will

be helpful to anesthesia providers in evaluating the con-
troversy surrounding its use. A comprehensive under-
standing of the factors involved in cerebral perfusion
and available equipment, such as the cerebral oximeter
to monitor cerebral oxygenation, allows anesthetists to
provide the best protection for the brain.
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Objectives
At the completion of this course, the reader should be
able to:
1. Summarize the physiology of cerebral oxygenation

and perfusion.
2. Compare and contrast the methods currently used to

monitor cerebral perfusion.
3. Describe how near-infrared spectroscopy monitors

measure cerebral oxygen saturation.
4. Identify advantages and disadvantages of the cerebral

oximeter.
5. Explain clinical evidence that supports the efficacy of

the cerebral oximeter.

Introduction
Although advances in anesthesia have been achieved,
one problem that remains a source of concern is cerebral
injury. Intraoperative cerebral injury, including stroke
and brain damage, represents the single largest percent-
age (17%) of malpractice claims.1 Refined diagnostic
techniques have shown evidence of neurologic sequelae
suggesting that damage might have occurred during or
immediately after surgical procedures, which suggests
that current methods of cerebral monitoring are inade-
quate. This concern has resulted in research directed

toward development of monitoring techniques and new
strategies for cerebral protection and for the early detec-
tion of cerebral dysfunction. Standard methods of mon-
itoring do not provide a direct measure of oxygen levels
in the brain. In 1996, Samra et al2 suggested that the
near-infrared spectroscopy (NIRS) cerebral oximeter
may be clinically useful during open-heart surgery, neu-
rosurgical procedures, and management of patients with
head injury. The cerebral oximeter is a near-infrared
laser device that measures brain oxygen levels in a
mixture of arteries, capillaries, and veins. It is noninva-
sive and offers real-time information for measuring cere-
bral oxygenation and, indirectly, cerebral perfusion.
Taillefer and Denault3 concluded that this modality of
cerebral monitoring is promising not only for detecting
but also for correcting cerebral desaturation.

Conceptual Support
King’s4 goal attainment theory provides an organized
framework in which to ground practice while providing
care for patients undergoing surgery. King4 states all
areas of nursing strive to help people attain, maintain,
and restore health and maintains that a plan of care will
have positive outcomes only if all professionals involved
recognize a common goal for the recipient of care.
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When patients are under general anesthesia, their ability
to adjust to stressful situations is compromised.
Therefore, it becomes incumbent on the anesthesia
provider to have the best available information with
which to make decisions to attain patient goals. King4

further states that one of the means for goal attainment in
an organization is technology. The cerebral oximeter is
one such technology that could dramatically improve the
ability of anesthesia providers to attain the goal of better
patient outcomes.

Physiology of Cerebral Oxygenation and
Perfusion
To provide the safest anesthetic care for patients at risk
for cerebral injury, a basic understanding of the physiol-
ogy of the central nervous system is required. The brain
is normally responsible for 20% of total body oxygen con-
sumption.5 The cerebral metabolic rate (CMR) is often
expressed in terms of oxygen consumption, which aver-
ages 50 mL/min in adults. When interruption of cerebral
perfusion occurs, the relatively high oxygen consump-
tion along with the absence of significant oxygen reserves
usually results in unconsciousness within 10 seconds. If
blood flow is not reestablished within 3 to 8 minutes,
adenosine triphosphate stores are depleted and irre-
versible cellular injury begins to occur.5

Most general anesthetics have a favorable effect on the
central nervous system by decreasing electrical activity.
Determination of the effects of specific agents is compli-
cated by the simultaneous use of other drugs, surgical
stimulation, blood pressure, intracranial compliance, and
carbon dioxide tension. In general, anesthetic gases
produce varying dose-dependent decreases in CMR. All
induction agents with the exception of ketamine have
little effect on or reduce CMR.5

Cerebral blood flow (CBF) averages 50 mL/100 g per-
minute. When CBF rates fall between 15 and 20 mL/100
g/min, cerebral impairment occurs. Normally, the brain
has the capability of regulating CBF to maintain a con-
stant perfusion, regardless of blood pressure changes.
This autoregulation protects the brain from variations in

blood pressure. In healthy people, CBF remains constant
between mean arterial blood pressures of about 60 and
160 mm Hg.5 Pressures above or below these values cause
the blood flow to become dependent on the systemic
blood pressure. In some medical conditions such as head
injuries and cerebrovascular accidents and during general
anesthesia, CBF may be impaired.

Patients undergoing certain procedures, such as
carotid, cardiac, and aortic surgeries, are most at risk for
neurologic events, including cerebral infarction and tran-
sient ischemic disorders such as confusion or disorienta-
tion.6 These disorders most likely result from an arterial
embolism or malperfusion of the brain. While diagnosis
of an embolic event is of little value for prevention, early
recognition of brain malperfusion for the prevention of
ischemia during surgery is essential. Ischemia can be
avoided only by early detection of malperfusion, followed
by immediate restoration of adequate perfusion before ir-
reversible damage develops.7 For this purpose, sensitive,
real-time monitoring of cerebral perfusion is needed.

Current Methods of Cerebral Perfusion
Monitoring
For most types of procedures, standard methods of mon-
itoring cerebral perfusion are adequate. These standard
methods include noninvasive blood pressure, arterial
blood pressure, arterial blood gases, and pulse oximetry.
However, in some cases in which a decrease in CBF is an-
ticipated, there is a need for more specific methods of
monitoring cerebral perfusion. These methods include
transcranial Doppler (TCD) sonography, electroen-
cephalogram (EEG), jugular venous bulb oxygen satura-
tion, and NIRS cerebral oximetry (Table 1).

The TCD method is a noninvasive technique that
allows real-time continuous measurements of blood flow
velocity in major intracranial vessels within the circle of
Willis. During TCD, sound waves, inaudible to the
human ear, are transmitted through the tissues of the
skull and reflect off blood cells moving within the blood
vessels. Diagnoses made with TCD are based on the de-
tection of increased or decreased blood flow velocity,

Table 1. Methods of Cerebral Perfusion Monitoring

Method Advantages Disadvantages

Transcranial Doppler sonography Real-time measurements Global oxygen saturation obtained
Noninvasive Shows velocities rather than direct blood flow

Requires an experienced ultrasonographer

Electroencephalogram Noninvasive Global oxygen saturation obtained
(including bispectral index) Reliability currently being studied

Jugular venous bulb oximetry Accurate, if correct placement Global oxygen saturation obtained
Invasive
Prone to artifact

Near-infrared cerebral oximetry Regional oxygen saturation obtained Able to monitor only areas with no hair follicles
Real-time measurements Electrocautery interference
No special skill required
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absence of blood flow, or changes in pulsatility.8 The TCD
method can show blocked or reduced blood flow in the
arteries that could cause cerebral impairment. While this
type of monitoring has been proven accurate for detect-
ing decreased CBF, there are limitations. Monitoring by
TCD requires an experienced ultrasonographer dedicated
to monitoring.9 Another limitation to TCD is that it does
not quantify actual blood flow but rather velocities,
which is especially a limitation in surgery because minor
adjustments in surgical techniques can alter blood flow to
vital organs like the brain.

Another type of cerebral perfusion monitoring is the
EEG, one of the older neurophysiologic tests available. It
is understood that evidence of neuronal dysfunction due
to inadequate cortical perfusion or oxygenation is detect-
ed by slowing of the EEG. As a result, research has been
directed to improving the quality of EEG recordings
during surgical procedures for the detection of cerebral is-
chemia. Newer types of EEG monitors evaluate the depth
of anesthesia and can serve as an outcome predictor in a
variety of situations associated with brain damage.

The bispectral index (BIS) monitor is one such EEG
device. The BIS monitor detects electrical activity in the
brain via a single electrode on the forehead. This activity
depends on metabolism and the state of consciousness,
which are affected by anesthetics. The BIS monitor ap-
proved by the US Food and Drug Administration only for
detecting anesthetic depth. The accuracy of using the BIS
monitor continues to be evaluated for effectiveness in
monitoring cerebral perfusion pressure.6 While this
could be a promising new technique for detecting inade-
quate cerebral perfusion, the research has not shown ev-
idence of its reliability in this application.

A third type of monitoring is jugular venous bulb
oximetry. This type involves placing a sampling catheter
in the internal jugular vein, directed upward, so that its tip
rests in the jugular venous bulb at the base of the brain.
Blood samples drawn from here measure the mixed
venous oxygen saturation of blood leaving the brain.10

This is normally in the range of 50% to 75%. The mixed
venous oxygen saturation decreases when there is an im-
balance between oxygen consumption and delivery. There
are several disadvantages to this type of monitoring. It is
invasive and prone to artifact leading to an increased per-

centage of results being discarded as erroneous.10

Desaturations may be missed because of complications as-
sociated with the catheter and its placement.10 Daubeney
et al10 suggested that high values of jugular bulb venous
oxygen saturation correlated with low regional saturation
of oxygen (rSO2) values and at low jugular bulb venous
oxygen saturation values, the rSO2 may be high leading to
unrecognized desaturation of jugular venous return if it is
severe. A study by Gupta et al11 showed that measurement
of brain tissue oxygenation may need a more sensitive
measure of regional oxygenation than jugular bulb
oxygen saturation can provide.

Continuous monitoring of cerebral effects is desirable
because it allows an understanding of the nature of the
brain insult and the cerebral response to specific inter-
ventions. While TCD sonography, EEG, and jugular
venous bulb oxygen saturation all have advantages and
disadvantages for monitoring cerebral perfusion, the main
disadvantage of these measures is that they are all global
in nature, and it is likely that there are significant region-
al differences in CBF and oxygen utilization in the injured
brain. Near-infrared spectroscopy cerebral oximetry is a
noninvasive test of regional cerebral oxygen saturation.12

Mechanics of the Cerebral Oximeter
There is a variety of commercially available equipment
that allows cerebral tissue spectroscopy.13 Two main types
of NIRS monitors are available for use: nonquantitative
measurement monitors (cerebral oximeters) and quanti-
tative concentration measurement monitors. Two brands
of nonquantitative cerebral oximeters are the INVOS
systems (Somanetics, Troy, Michigan), and the TOS-96
(TOSTEC Co, Tokyo, Japan). Brands of the quantitative
concentration measurement monitors are the NIRO
systems (Hamamatsu Photonics, Hamamatsu, Japan),
Critikon (Ascot, Berkshire, England), and Radiometer
(Copenhagen, Denmark).14 The primary difference in the
2 types is in interpretation of the data received from the
monitors (Table 2).

The nonquantitative cerebral oximeter uses 2 wave-
lengths of near-infrared light (730 and 810 nm) and
measures the ratio of oxyhemoglobin to total hemoglo-
bin, which is a percentage value of the rSO2. The non-
quantitative cerebral oximeter measures the ratio of oxy-

Table 2. Near-Infrared Spectroscopy Monitors
HbO2 indicates oxyhemoglobin; HbT, total hemoglobin; rSO2, regional saturation of oxygen; and TOI, tissue oxygen index.

Type of monitor Examples Method of use

Nonquantitative (cerebral oximeter) INVOS systems, Somanetics, Troy, Michigan; Uses 2 wavelengths to measure ratio of
TOS- 96, TOSTEC Co, Tokyo, Japan HbO2 to HbT expressed as a percentage

indicating rSO2
Quantitative NIRO systems, Hamamatsu Photonics, Uses 4 wavelengths to measure ratio of

Hamamatsu, Japan; Critikon, Ascot, Berkshire, HbO2 to HbT expressed as a number
England; Radiometer, Copenhagen, Denmark indicating TOI



140 AANA Journal � April 2009 � Vol. 77, No. 2 www.aana.com/aanajournal.aspx

hemoglobin to total hemoglobin levels in the total tissue
bed, including capillaries, venules, and arterioles, and is
expressed as an absolute regional oxygen saturation
index.14 The result is displayed as a percentage value. The
quantitative concentration measurements monitor uses 4
wavelengths of near-infrared light (775, 825, 850, and
904 nm), and the sensor contains a laser diode and 3 de-
tectors. It can measure a tissue oxygen index, which is
the ratio of oxyhemoglobin to total hemoglobin. This
type of monitor displays a change in total hemoglobin
concentration and oxyhemoglobin concentration and
does not show the percentage value.14 Because there was
limited literature for quantitative concentration measure-
ment monitors, only nonquantitative measurement cere-
bral oximeters or monitors detecting rSO2 are discussed.

A cerebral oximeter system includes a portable bedside
monitor connected to 2 disposable optical sensors applied
to the right and left regions of the forehead with adhesive
(Figure 1). The cerebral oximeter measurement is made
by transmitting and detecting low-intensity, near-infrared
light through these sensors. Light of known wavelengths
is sent into the brain through the skin, muscle, and the
skull. The signals are received and analyzed to determine
the oxygen saturation of the blood in the cerebral cortex
beneath the sensors. This information is displayed in the
form of a number and graph (Figure 2).15 The oximeter
uses NIRS to continuously monitor changes in the rSO2 in
the capillary bed of the frontal cerebral cortex. It provides
immediate, real-time information on changes in the
balance between brain oxygen supply and demand, allow-
ing anesthesia providers the opportunity to intervene
before damage occurs.15

The cerebral oximeter does not provide an absolute
measure of oxygen saturation; instead, it measures
changes in the rSO2 and is most useful for monitoring
trends in oxygenation levels. Rather than assessing brain
oxygenation from indirect methods such as blood pres-
sure and pulse oximetry, which are not specific, cerebral
oximetry can provide a direct measure of blood oxygen
saturation in brain tissue under the sensor.15 When the

rSO2 decreases, measures may be taken to restore oxygen
saturation: ruling out mechanical causes such as head po-
sition or cannula position, decreasing cerebral oxygen
demand by increasing anesthetics or decreasing tempera-
ture, and increasing oxygen delivery by increasing the
fraction of inspired oxygen, CBF, carbon dioxide to a
physiologic level, blood pressure, or hematocrit.

The cerebral oximeter has several advantages over
other methods of monitoring cerebral perfusion. When
compared with other current monitors used specifically
to detect cerebral ischemia, the cerebral oximeter offers
the advantage of being noninvasive and requiring no spe-
cialized skill by the practitioner for effective use. Another
advantage of cerebral oximeter technology in cardiac
surgery specifically is its potential cost-efficacy ratio. It is
estimated the use of the cerebral oximeter (including the
monitor and electrodes) costs about $375 per patient.3

Edmonds et al12 demonstrated that patients not moni-
tored by the cerebral oximeter stayed an average 43 hours
longer in the intensive care unit, representing an excess
cost of $3,569 per patient (43 h × $83/h), which is almost
10 times the cost of the device.

A limitation to the cerebral oximeter is that the sensor
can be applied only to skin that does not have hair folli-
cles, which leaves several areas of the brain unmoni-
tored.17 Another limitation is that intravascular oxygena-
tion may not always accurately reflect intracellular oxygen
availability.10 Because of electrical interference, electro-
cautery may also interfere with cerebral oximeter moni-
toring, leading to another limitation of the cerebral
oximeter.6 The cerebral oximeter alone cannot differenti-
ate the cause of every neurologic event. It can, however,
alert practitioners to cerebral ischemia that is taking place
at a given moment regardless of the cause. Once ischemia
is detected, anesthesia providers can institute early assess-
ment of potential causes and quickly intervene.

Figure 1. Placement of Cerebral Oximeter

Figure 2. The Cerebral Oximeter
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Studies of Cerebral Oximeter Use
Several studies have been conducted that examined the
efficacy of the cerebral oximeter (Table 3).2,7,10,16-21

These studies suggest that when the rSO2 decreases, there
are detrimental effects. While each of these studies had
slightly different methods, the common purpose was to
compare cerebral oximeter data with postoperative cog-
nitive dysfunction. Samra et al2 described a study of 41
patients undergoing carotid endarterectomies with re-
gional anesthesia and compared data from the cerebral
oximeter with data for neurologic function. Because this
surgery and type of anesthesia allowed patients to be
awake, trends in the cerebral oximeter values and actual
cognitive function were compared. The study describes 1
patient requiring shunt placement to restore antegrade
CBF because she became obtunded 3 minutes after cross-
clamping. During this same period, the cerebral oximeter
showed a 27.5% decrease in cerebrovascular oxygen sat-
uration from the preclamp value based on the cerebral
oximeter reading.

A few years later, another study was performed to
compare the performance of the cerebral oximeter with
neurologic function as a means of detecting cerebral is-
chemia induced by carotid cross-clamping in a group of
100 patients undergoing carotid endarterectomies.16

After the procedure, patients were placed in 1 of 2
groups: patients who had a change in mental status or
contralateral motor deficit that was noted after internal
carotid clamping (n = 10) and patients who did not show
any neurologic change (n = 90). The data showed that the
mean decrease in rSO2 after carotid occlusion in the group
with neurologic symptoms was significantly greater (P =
.0002) than in the group with no neurologic symptoms.
The research suggests that a change in the rSO2 after
carotid cross-clamping during carotid endarterectomies
can be used to an extent to monitor trends for predicting
ischemia.

Another study with similar results examined 59 pa-
tients who underwent aortic surgery with selective cere-
bral perfusion under moderately hypothermic circulatory
arrest.6 This study was performed to evaluate the rela-
tionship of a sustained decrease in the rSO2 in the frontal
lobes to the occurrence of neurologic events. The rSO2

was measured every 5 seconds throughout the procedure
and saved on the hard disk of the cerebral oximeter
system. Clinically problematic events during and follow-
ing surgery were focused on for interpretation of the re-
lationship of the cerebral oximeter data to the neurologic
symptoms. The operation time and the durations for
which the rSO2 decreased below 60% were all significant-
ly (P = .0032) longer for patients with neurologic events.
Transient neurologic events occurred in 5.7% of patients
who showed a decrease in the rSO2 below 55% that was
sustained for less than 5 minutes, while such events oc-
curred in 44.4% with a decrease in the rSO2 longer than 5
minutes.6 The researchers concluded that the occurrence
of a neurologic event is related to a sustained decrease in
the rSO2 during surgery.

A similar study done by Olsson and Thelin17 was per-
formed to examine the diagnostic performance of the cere-
bral oximeter monitoring method on 46 patients undergo-
ing operations involving the aortic arch with the aid of
selective antegrade cerebral perfusion. In selective cerebral
perfusion, the patient’s brain receives a small quantity of
blood via a cannula installed in the subclavian artery, while
circulation in the rest of the circulatory system is halted.
The authors stated that when the values of the cerebral
oximeter were expressed as a percentage of baseline, a dif-
ference was found in patients free of stroke compared with
patients who had a stroke. Patients who had left hemi-
spheric strokes had lower rSO2 values on the left side than
on the right, and a corresponding similar but less pro-
nounced pattern was found for right hemispheric strokes.
The researchers concluded that while not perfect, NIRS

Table 3. Summary of Cerebral Oximeters Studies

Supports
the use of

Sample Date of Surgical Anesthetic cerebral
Reference size study procedure type oximetry

Daubeney et al10 40 1996 Cardiac procedures General Yes

Samra et al2 41 1996 Carotid endarterectomy Regional Yes

Samra et al16 100 2000 Carotid endarterectomy Regional Yes

Reents et al21 47 2002 Coronary artery bypass grafting General No

Orihashi et al7 59 2004 Aortic repair General Yes

Plachky et al20 16 2004 Liver transplant General Yes

Casati et al18 122 2005 Abdominal surgery General Yes

Hofer et al19 10 2005 Aortic repair (neonates) General Yes

Olsson and Thelin17 46 2006 Aortic arch repair General Yes
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allows the detection of clinically important cerebral desat-
uration during selective antegrade cerebral perfusion.

While most studies using the cerebral oximeter were
searching for the reliability of the device, other studies
have compared postoperative recovery time with and
without the system. One such study sought to evaluate
whether using rSO2 monitoring in 122 elderly patients
undergoing major abdominal surgery reduced the pro-
longed exposure of the brain to inadequate oxygen
supply causing postoperative effects.18 The patients were
placed into 2 groups: an intervention group (n = 56), in
which a cerebral oximeter was present and the rSO2 was
maintained at more than 75% of preinduction values, and
a control group (n = 66), in which the monitor was not
visible to the anesthesia provider during surgery and
anesthesia was managed routinely. The cerebral oximeter
results for the control group were reviewed after surgery.
The researchers based the differences in the control and
intervention groups postoperatively on the assumption
that the anesthesia provider was able to observe the cere-
bral desaturation and quickly correct it. Patients in the
control group with intraoperative cerebral desaturation
experienced a longer time to discharge from the
postanesthesia care unit and a longer hospital stay. The
average time to discharge from the postanesthesia care
unit for the control group was 47 minutes compared with
an average of 25 minutes for the patients in the interven-
tion group (P = .01). The control group had an average
hospital stay of 24 days compared with an average 10-day
hospital stay for the intervention group (P = .007).18

The efficacy of the cerebral oximeter has also been
tested in children. Tirotta22 described a case of a 4-year-
old boy undergoing a residual ventriculoseptal defect
closure, infundibular muscle resection, a right ventricular
outflow tract reconstruction with a pulmonary homograft,
and bilateral pulmonary artery plasties. After cardiopul-
monary bypass, the cerebral oximeter reading decreased
from 80 to a low of 15 in 4 minutes. There were no other
changes in any other hemodynamic variables. The
surgeon was notified, and the aortic cannula was reposi-
tioned further out from the aortic arch to a point distal to
the takeoff of the left subclavian artery, allowing the tip to
no longer hit the back wall of the aorta. The cerebral
oximeter reading immediately improved. The patient re-
covered uneventfully without neurologic deficits.

While this is only an isolated incident, other studies of
the usefulness of rSO2 monitoring in children undergoing
major surgeries have been conducted with similar find-
ings. A study of 40 children undergoing cardiac proce-
dures in the cardiac catheter laboratory and during
cardiac operations was done to compare results of the
cerebral oximeter and jugular bulb saturations.10 All pa-
tients were monitored using jugular bulb saturations and
the near-infrared cerebral oximeter. For all patients com-
bined, the correlation between rSO2 and jugular bulb

venous saturation was 0.69 (P < .0001) and was similar
for the 2 types of procedures. It was concluded that while
individual numbers were not always the same, trends
correlated. The researchers concluded that NIRS, using
the INVOS 3100 cerebral oximeter, may be the most
useful tool for indicating trends in cerebral oxygenation
status in individual children.

Another study was conducted to evaluate the effect of
different antegrade cerebral perfusion flow rates on cere-
bral oxygen saturation obtained by the cerebral oximeter
in 10 neonates undergoing aortic arch repair surgery.19

Mean arterial pressure and TCD flow velocity were meas-
ured continuously and arterial and jugular venous oxygen
saturation intermittently. The NIRS signal could be ob-
tained in all children at all measurement points, whereas
TCD failed to provide a measurement in several neonates
at different flow rates. With the reduction of flow, there
was a significant (P < .001) decrease of cerebral oxygen
saturation in both hemispheres, a significant (P < .001)
decrease in jugular venous oxygen saturation, and a sig-
nificant (P < .001) increase in the oxygen extraction ratio.
The researchers concluded that NIRS reliably detects flow
alterations during antegrade cerebral perfusion.

Similarly, others studied 16 patients undergoing or-
thotopic liver transplantation to review the relationship
between intraoperative changes in rSO2 and postoperative
values of neuron-specific enolase (NSE) and S-100,
which are specific variables that indicate cerebral prob-
lems due to hypoxia or ischemia.20 The NSE and S-100
levels were determined in arterial blood before surgery
and 24 hours after reperfusion of the donor liver. Baseline
levels of NSE and S-100 were not different in the 2
groups. However, 8 patients with a decline in the rSO2

after clamping of the vena cava showed increases in NSE
and S-100 levels 24 hours after reperfusion of the donor
liver. There was an inverse correlation between the rSO2

and NSE (baseline during the preparation period com-
pared with the mean rSO2 value 20 minutes after clamp-
ing) (P = .05). The S-100 levels also increased in patients
with a significant reduction of rSO2 (P = .05). Patients
with almost unchanged rSO2 readings did not show
changes in either neuromarker. The researchers conclud-
ed that cerebral oximetry is a useful method that predicts
the risk of cerebral hypoxia at a time when interventions
are possible to improve cerebral oxygenation.

While most studies reviewed support the use of the
cerebral oximeter as an additional tool to standard mon-
itoring for measuring cerebral oxygenation, the reliabili-
ty of the cerebral oximeter has been questioned in other
studies. One such study involved 47 patients undergoing
elective coronary artery bypass grafting with cardiopul-
monary bypass to evaluate the value of the cerebral
oximeter for predicting postoperative cognitive perform-
ance.21 All patients underwent preoperative and postop-
erative neuropsychological evaluation. Postoperatively,
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patients were classified according to the presence or
absence of cognitive dysfunction. Cognitive dysfunction
was defined as an individual test score decrease of more
than 1 SD in 2 or more of the 5 tests. These tests meas-
ured concentration, attention, hand-eye coordination,
visuomotor abilities, short-term memory, clumsiness, and
verbal immediate memory. Regional cerebral oxygen sat-
uration values were analyzed with reference to 2 cutoff
points: an rSO2 value of less than 40% and a decrease in
the rSO2 of more than 25% from individual baseline
values. The duration and extent of rSO2 values below
these 2 cutoff points were compared and found to be
similar between patients with and without cognitive dys-
function. The researchers concluded that intraoperative
rSO2 as assessed by NIRS is not predictive of postopera-
tive cognitive performance in patients undergoing coro-
nary artery bypass grafting with cardiopulmonary bypass.

Discussion
Cerebral oximetry has undergone much controversy
about the effectiveness of its use in certain types of pro-
cedures. Despite uncertainty as to the exact values that
indicate cerebral ischemia, a sudden unilateral decrease
in the rSO2 has been shown to provide evidence to
prompt a change in anesthetic care that restores the rSO2

to baseline levels. Most researchers concluded that using
the cerebral oximeter can alert anesthesia providers to de-
creases in the rSO2, allowing them to make changes to
improve cerebral oxygenation to decrease postoperative
cognitive deficits.

Summary
The reviewed studies, with 1 exception, found cerebral
oximetry to be valid in all patient populations undergo-
ing carotid endarterectomies, aortic surgeries, liver trans-
plantation, and cardiac procedures. Based on research
data, the cerebral oximeter seems to provide important
information that can be used to improve intraoperative
cerebral perfusion and to prevent postoperative neuro-
logic deficits. Helping to prevent these deficits can de-
crease financial burdens associated with postoperative
cognitive dysfunction and the devastating effects to the
patient’s life and the lives of those around them. Because
there is not a “gold standard” for monitoring cerebral
oxygenation, the cerebral oximeter should be considered
an additional tool for monitoring cerebral oxygenation
with recognition of its limitations. More studies need to
be conducted to cement its clinical effectiveness in pre-
dicting and preventing cerebral ischemia in at-risk surgi-
cal patients.
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