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Cerebral oximetry in patients undergoing carotid endarterectomy :

preliminary results
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Summary : Carotid endarterectomy (CEA) is an appro-
priate treatment for carotid occlusive disease. Therisk of
stroke during CEA ranges from 1.1% to 7.5%. Shunting
is usualy advised when severe ischemia during cross-
clamping of the internal carotid artery is suspected.
Routine use of an intraluminal shunt may increase the
perioperative stroke rate.

Popular and well documented methods of neurologic
monitoring for ischemia during general anesthesia are
electroencephal ography (EEG) and transcranial Doppler
ultrasonography (TCD) of the middle cerebral artery.
The purpose of this prospective study was to compare
cerebral oximetry using near infrared spectrophotometry
(NIRS) with EEG and TCD. Preliminary data on 14
patients scheduled for elective carotid endarterectomy
were included and a literature search was performed to
correlate the findings. No postoperative neurologic
events occurred. During carotid clamping there was a
significant decrease in regional oxygen saturation
(rSO2) but there was only a weak correlation with the
decrease in mean Doppler flow (R=0.74 ; P=0.02) and
no correlation with EEG changes (R = 0.49 ; P = 0.18).
A useful rSO2 cut-off value predictive for cerebral
ischemia could not be defined.

Key words: Carotid endarterectomy ; Cerebral oxime-
try ; Near infrared spectrophotometry.

INTRODUCTION

Carotid endarterectomy (CEA) is widely
accepted as an appropriate treatment for carotid
occlusive disease in patients with high grade
(> 70%) stenosis or neurologic symptoms (6, 22,
28, 32). The reported risk of stroke during CEA
ranges from 1.1% to 7.5% (15, 18, 23). The major
causes of stroke during carotid endarterectomy are
hypoperfusion during cross-clamping of the inter-
nal carotid artery (ICA) and distal embolisation of
a portion of the atherosclerotic plaque or thrombus
by surgical manipulation (5, 21, 23).

The use of an intraluminal shunt may prevent
hypoperfusion during cross-clamping but bears the
risk of air and plaque embolism, carotid artery dis-
section and shunt dysfunction. In addition it may

increase the risk of local complications such as
nerve injury, hematoma, infection and long-term
restenosis (6, 7, 18, 21). Therefore shunting is only
advised for severe persisting ischemia during
cross-clamping of the ICA (18).

Popular and well documented methods of
neurologic monitoring for ischemia during CEA
under general anesthesia are electroencephalogra-
phy (EEG), somatosensory evoked potentials
(SEPP), transcranial Doppler ultrasonography
(TCD) of the middle cerebral artery (MCA) and
determination of the ICA stump pressure (23).
However, these techniques lack sensitivity and
specificity and may be difficult to interpret (10).
More recently, cerebral oximetry using near
infrared spectrophotometry (NIRS) has become
commercially available and can be used as a non-
invasive technique to monitor cerebral oxygena
tion. Cerebral oximetry using NIRS has proven its
value during cardiac surgery, but the correct use
and surplus value during CEA is still debated in lit-
erature (2, 4, 12, 27).

The purpose of this study was to evaluate the
performance and the potential additional value of
cerebral oximetry in vascular surgery patients under-
going CEA and to relate our findings with literature.

METHODS
Anesthesia and surgery

After approval of the ethical committee and
informed written consent, a prospective study was
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performed in patients scheduled for elective CEA.
Patients were premedicated with lorazepam 2.5 mg
sublingual 30 to 60 min before arriving in the oper-
ation room. All patients had aradial artery cannula
placed for continuous arterial pressure monitoring
during the operation and in the early postoperative
period. Pulse oximetry and 5-leads ECG were con-
tinuously monitored. After induction with remifen-
tanil, thiopental and cisatracurium, anesthesia was
maintained with a continuous infusion of remifen-
tanil (0.15-0.4 pg.kg*.min) and with desflurane in
an oxygen-air mixture.

Considering the importance of sufficient cere-
bral blood flow during the carotid clamp period, the
blood flow was guided by the TCD and corrected
with boluses of fluid, ephedrine and/or phenyle-
phrine. If needed, a continuous infusion of nore-
pinephrine (0.1-0.3 pg.kg*.min?) was started.

Carotid surgery was performed by a standard
technique. The decision to insert a shunt was made
by the surgeon on the basis of Doppler flow (mean
velocity < 30% of preclamp value) and EEG read-
ings (> 20% left-right asymmetry). Postoperatively,
patients were admitted to the post anesthesia care
unit where vital and neurologic parameters were
followed.

Neurologic monitoring

The basic principle of measurement of cere-
bral oxygen saturation is the differential photon
absorbency of oxyhemoglobin and deoxyhe-
moglobin for near-infrared light (700-1300 nm).
Cerebral oximetry using NIRS is applied in
reflectance mode because pterional transmission is
not possible in the adult head (3). A popular com-
mercial available device like the INVOS 3100 or
4100 (Somanetics Corp., Troy, Wisconsin, USA)
consists of a near-infrared light source and two
photo detectors housed within an adhesive plastic
holder for easy attachment to the skin. The photo
detectors are situated at respectively 30 and 40mm
distance of the light source. Emitted near-infrared
light will be reflected in a parabolic pattern and
will be received by the two detectors (32). The
received light will be attenuated by scalp, skull and
asmall (30mm detector) or alarger (40mm detec-
tor) portion of the brain (Fig. 1). The oximeter sub-
tracts the reflected signal of the superficia struc-
tures from that of the deeper tissues, thereby calcu-
lating the oxygen saturation of the blood in the
brain (23). The reported regional oxygen saturation
(rS0O2) is biased toward venous oxygen saturation
because on average, cerebral blood flow is com-

Photodetectors
Light source }\ II

Fig. 1. — The oximeter sensor consists of a near-infrared light
source and two photo detectors. The detectors are situated
at 30 and 40 mm distance of the light source. Emitted near-
infrared light will be reflected in a parabolic pattern. The
received light will be attenuated by scalp, skull and superficia
(30 mm detector) or deeper (40 mm detector) portion of the
brain. The oximeter subtracts the reflected signal of the super-
ficid structures from that of the deeper tissues, thereby calcu-
lating the oxygen saturation of the blood in the brain.

posed of 75% venous and 25% arterial blood (23).
Normal baseline rSO2 values in healthy volunteers
are reported to be wide scattered (24). Routinely,
two sensor pads are used, one for each hemisphere.
By this way, rSO2 alterations due to non-ischemic
origin are more likely differentiated from ischemic
events during the carotid clamp period. In our
study, an INVOS 4100 (Somanetics, Troy,
Wisconsin, USA) was used for cerebral oximetry.

TCD and four channel EEG were used in our
study as the gold standard for detecting of cerebral
ischemia during carotid clamp. The transcrania
Doppler probe was positioned on the ipsilatera
side in order to find a flow signal of the MCA.
Severe cerebral perfusion was defined as mean
velocity less than 20% of preclamp value in accor-
dance with previous reports (9, 17, 18, 19).

After induction a four channel EEG monitor
was installed with needle electrodes temporo-
occipital just dorsal to the ear lobe and fronto-pari-
etal just dorsal to the eyebrow. A reference plaster
electrode was placed median just above the eye-
brows. In order to interpret the EEG signals, a
power spectral analysis was performed. The EEG
response to carotid clamp was categorized in no or
minimal (< 20%) versus significant left-right
asymmetry.

Baseline readings for pulse saturation, heart
rate, invasive blood pressure, rSO2 and mean
Doppler flow were recorded after a brief stabiliza-
tion time but before induction of anesthesia. Left
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Table 1
Summary of cases. A carotid shunt was inserted in patients 4, 10, 11

Fig. 2. — The sensor pads are placed hilaterally on the
patient’s forehead just under the hairline and approximately
2 cm laterally from the midline. By this manner, an attenuated
signal will be received from tissue perfused by the anterior
(ACA) and by the middle cerebra artery (ACM).

and right rSO2, mean Doppler flow and EEG
response were recorded just before clamping the
carotid artery, 1 minute after clamping and subse-
guently each 2 minutes until removal of the clamp
and finally 5 minutes after unclamping the com-
mon carotid artery.

Patient rsSO2 (%) A rSO2 (%) A rSO2 (%) + TCD (%) A TCD (%)
preclamp clamp + 1 min clamp + 3 min clamp + 1 min clamp + 3 min
1 65 -2 0 No signa No signal
2 52 3 -3 No signa No signal
3 69 3 4 -24 -24
4 61 No data 15 No data -70
5 69 -1 0 No signa No signal
6 48 -8 -3 -42 - 64
7 59 4 1 44 42
8 62 -9 -10 -42 - 48
9 81 -11 -17 -21 - 16
10 65 -17 -15 - 100 - 100
11 51 -5 -5 No signa No signal
12 62 -9 -8 - 60 No signal
13 7 -4 -4 - 57 - 36
14 70 -12 -12 -34 -40
Analysis of data

Statistical analysis was performed using
SigmaStat software (SPSS, Leuven, Belgium).
Because of the wide interindividua variation in
variables between patients, analysis of absolute
values of rSO2 is hazardous (16, 29). Therefore
percentage change in rSO2 was calculated using
the formula: Change in rSO2 = (rSO2 preclamp -
rSO2 cross-clamp) (5, 18, 33). As there was con-
siderable variation in mean arterial blood velocity
of the MCA between patients, the changes in mean
TCD during carotid clamping were expressed as a
percentage of the baseline mean blood velocity
(Vm). A linear regression analysis was performed
for comparing relative changes in Vm and rSO2.
Values of P < 0.05 were considered significant.

ResuLTs

A stable rSO2 signal could be obtained in all
patients. There were no perioperative cases of 10ss
of cerebral oximetry signal due to surgical or elec-
tro-mechanical interference. A shunt was placed in
3 out of 14 (21%) patients but only one of these
patients had a decrease in Vm of the MCA of >
80% (Table 1). In the other 2 patients, the surgeon
decided to use a shunt because there was a 70%
decreasein Vm.

During clamping of the common carotid
artery no EEG asymmetry (> 20%) was seen in any
patient. In 2 patients the signal of one channel of
the EEG was lost during the operation due to sur-
gical manipulation. In 4 out of 14 patients (29%)
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no MCA Doppler flow signals could be detected.
No Doppler signals were permanent lost during the
operation and none even temporarily during the
clamp period. Nevertheless, disturbance associated
with surgical manipulation leading to alterations of
the signal did occur in 4 patients.

Cross-clamping of the common carotid artery
resulted in a decrease in Vm of the MCA (-39% +
40%) and of rSO2 (-6% + 7%). The relative alter-
ation of Vm and rSO2 was correlated after 1min.
carotid clamping (R = 0.74 ; P = 0.02) but not any-
more after 3 min. clamping (R = 0.49 ; P=0.18).

No complications were observed in the post
anesthesia care unit other than some mild nausea
and hypertension. No patient showed any sings of
new neurologic deficit and no patient needed a re-
exploration of the carotid artery after initial
surgery.

Discussion

There are several well documented methods
of central neurologic monitoring during general
anesthesia. In many institutions, EEG is considered
to be the gold standard for determining cerebral
ischemia during carotid endarterectomy (23). EEG
is reported to have a sensitivity of 83-92% and a
specificity of 80-92% for detection of ischemia
during clamping of the ICA and can therefore be
used to determine the need for a temporary shunt
(11, 23, 30). However, EEG is inadeguate for the
assessment of marginally perfused cerebral
regions, can not detect small areas of hypoperfu-
sion (e.g. micro emboli) and is influenced by most
intravenous and volatile anesthetics (21, 23). In
addition the installation of EEG istime consuming,
highly sensible for electromechanical interference
and rather difficult to interpret (13, 21, 23). The
sensibility for electromechanical interference was
also noted in our study as illustrated by the loss of
one of four EEG channels in two patients during
the carotid clamp period.

Transcranial Doppler provides reliable infor-
mation on blood velocity inthe MCA and isagood
indicator for the necessity of shunting (8, 25, 26,
31). Because it gives true continuous velocity
information, it can also be used to detect shunt dys-
function and emboli during the surgical procedure.
On the other hand, the MCA can not be insonated
in 10-20% of patients (28% in our study), is time
consuming to install and is very sensitive to the
dlightest surgical disturbance (1, 18, 21, 32). In sev-
eral patients in our population, finding a decent

Doppler flow pattern of the MCA could take more
than 30 minutes. Although the surgeons were very
aware of the susceptibility of the Doppler probe,
disturbance of the probe did occur in 4 out of 10
patients where the MCA could be insonated.

More recently, NIRS has been introduced as a
promising technique to monitor cerebral oxygena
tion. It has particularly proven its merits during car-
diac surgery (2, 4, 12, 27). Cerebral oximetry using
NIRS during CEA was also the subject of severa
studies. Compared to EEG, Hirorumi €t al. report-
ed a correlation between the main frequency of the
ipsilateral EEG signal and rSO2 (20). De LETTER et
al. calculated a receiver operating characteristic
curve of the percentual decrease of rSO2 versus
EEG asymmetry and found the 95% confidence
interval of the area under the curve was 0.66-0.93
(14). The current results indicated no correlation
between EEG and rSO2. However this is probably
related to the absence of EEG asymmetry in our
relative small study population. More data are
available on the correlation between transcranial
Doppler flow of the MCA and rSO2 using NIRS.
Several studies reported a strong correlation
between the decrease in rSO2 and the relative
change in peak flow readings (23, 32). However,
GrusHorER €t al. found a weaker correlation (R =
0.63; P = 0.003) between the relative (%) change
of Vm and rSO2 during cross-clamping (18). A
weaker correlation was also observed in our study
and by other authors (16, 33). A possible explana-
tion suggested by Duncan et al. is that NIRS mea-
sures the saturation mainly over the cerebral cortex
primarily perfused by the anterior cerebral
artery (16). It should be noted that transcranial
Doppler flow measurement of the MCA is not
aways a reliable indicator of cerebral perfusion
because extensive cerebral collateralization can
maintain adequate perfusion despite significant
decreases in MCA flow (23).

To be of any use for carotid endarterectomy, a
neurologic monitor system has to detect severe
cerebral ischemia accurately. Not only is a high
sensitivity required for ischemia, but also a high
specificity in order to avoid too high numbers of
unnecessary interventions such as shunting. The
sensitivity and specificity for cerebral oximetry
using NIRS for detecting cerebral ischemia
depends on the used rSO2 cut-off value (5, 18). As
compared to SSEP, data in literature are widely
scattered regarding the performance of cerebral
oximetry using NIRS (5, 11). Only one study has
calculated the positive and negative predictive
value of cerebral oximetry using NIRS as com-
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pared to TCD of the MCA (18). In this study,
assuming areduction to less than 20% of the initial
mean flow velocity of the MCA during carotid
clamp indicative for cerebral ischemia, a relative
decrease of 13% rSO2 had a sensitivity of 100%
and a specificity of 87%. Thisresulted in anegative
predictive value of 100% but a positive predictive
value of only 22%. However, studies comparing
cerebral oximetry using NIRS with an indirect gold
standard as EEG, TCD and SSEP may in redlity
underestimate the performance of NIRS. For exam-
ple in awake patients undergoing carotid
endarterectomy with cervical plexus bloc, a study
of Samra et al. suggested that a 20% decrease in
rSO2 readings from the preclamp baseline had a
somewhat better positive predictive value of 33%
and a negative predictive value of 97% for neuro-
logic compromise during carotid clamping (29).
Using the same cut-off value of -13% rSO2 as
GrusHoFER €t al. in our population, we calculated a
sensitivity of 100% and a specificity of 78%. The
resulting low positive predictive value of 33% may
be rather low compared to TCD, EEG or SSEP.

Cerebra oximetry using NIRS may be valid
for assessing the functionality of a shunt inserted
for ischemia. This was also noted in the three
patients requiring ashunt in our study. Theincrease
in cerebral oxygenation after insertion of a shunt
was indicative for proper shunt function. Samra et
al. suggested aso a role for cerebral oximetry
using NIRS in the immediate postoperative phase.
A postoperative decrease in rSO2 after carotid
endarterectomy might demonstrate carotid reocclu-
sion before the sensorium is altered, thereby reduc-
ing the time needed to make a decision to reexplore
the vessels (28). This was not the subject of our
investigation.

CoNCLUSION

Cerebral oximetry using NIRS can be used as
a non-invasive technigue to monitor cerebral oxy-
genation during cardiac surgical procedures. Itisa
non-invasive continuous monitor, insensitive to
electrical or surgical interference, smple and little
time-consuming to use and easy to interpret.
Furthermore cerebral oximetry using NIRS has a
valuable use for assessing the functionality of a
shunt inserted for ischemia and may be of use in
the immediate postoperative phase.

However, at thistime no reliable cut-off value
of rSO2 or rSO2 change during carotid clamp
indicative for cerebral ischemia can be proposed.

The reported cut-off values in literature may seem
to have acceptable sensitivity and specificity to
detect the need for shunting but, due to the relative
low incidence of perioperative stroke, the positive
predictive value remains rather low, while the neg-
ative predictive value is very good. It seems there-
fore that the use of cerebral oximetry using NIRS
as a single monitor device during CEA can not be
formally recommended to date.
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